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Abstract

:

In this study, we investigated the microbial community and its correlation with anti-inflammatory effects during the fermentation procedure of shindari. Since shindari is traditionally manufactured through a fermentation process of 3–4 days in summer or 5–6 days in winter, the shindari materials applied in this study were fermented for 1, 3, and 5 days, respectively. Microbial community structure in the shindari manufacturing process was analyzed by Illumina MiSeq sequencing. Results revealed different fermentation time had different influences on the community structure and microbial diversity in the shindari process. Ultimately, we found that pathogenic bacteria such as Enterococcus durans (9.3%) and Enterobacter asburiae (4.5%) dominate the shindari fermented for 1 day, while samples with a fermentation period of more than 3 days occupied lactic acid bacteria such as Pediococcus sp. (97.1%). In addition, to study the relationship between fermentation period and anti-inflammatory effect in the shindari manufacturing process, we applied RAW264.7 cells, a classic cell model for inflammation studies. First, we prepared an ethyl acetate extract of shindari fermented for 1 (S1), 3 (S3), or 5 days (S5), and then it was confirmed that all of these extracts inhibited the nitric oxide (NO) production in a concentration-dependent manner. In addition, these inhibitory effects were correlated with the suppressive effect of shindari extracts against overexpression of inducible nitric oxide synthase (iNOS). Furthermore, S3 and S5 also inhibited the production of pro-inflammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and IL-6. Overall, the anti-inflammatory effect of S3 was suggested to be mediated through the negative regulation of mitogen-activated protein kinase signaling (MAPKs) and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) signaling pathways.
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1. Introduction


Jeju Island, a volcanic island, has little fertile farmland, and transportation to the mainland is inconvenient, so people have to rely on food ingredients produced on the island itself [1]. Food availability is a major problem, especially if the ship has been cut off for a long time on the mainland due to storms or famines, and for this reason, most of the rice and food ingredients purchased on the mainland are considered very valuable [2]. In addition, in the past, it was difficult to store food in hot and humid summer due to the lack of refrigeration for storing food, and the remaining food was often stored using fermentation or drying methods.



Shindari is a traditional fermented grain beverage called dansool (i.e., sweet liquor), enjoyed by indigenous people who lived in Jeju Island, located on the southernmost point of the Korean Peninsula. Shindari can be considered a Jeju yogurt or low alcohol wine. The word “Shin” means that the food is bad and “dari” means to boil it carefully. The barley nuruk, which is used as a starter in the manufacture of shindari, is made from cleaned and dried barley, finely ground using a millstone. Water is then added—equivalent to about 25% by volume. The mixture is kneaded and molded into a circular shape of the desired size. In other words, shindari is a traditional fermented food of Jeju native people who ferment and boil the food of the spoiled grains with barley nuruk, a fermenting starter. Figure 1 is a schematic diagram of the manufacturing process for the traditional barley nuruk commonly used by Jeju indigenous people [3].



Newly developed sequencing strategies have exploded in recent years, which are commonly referred to as next-generation sequencing (NGS) technologies. NGS technology has high throughput and produces thousands or millions of sequences at the same time. These sequences allow for the precise identification of microbial taxa, including non-culturing organisms and a small number of organisms. The development of NGS technology has enabled researchers to study and understand the microbial world from a broader and deeper perspective. Many studies have emphasized the use of NGS technology to investigate microbial communities in fermented foods, such as cheese, kimchi, and sausage. The technology is developing at a rapid pace, constantly improving quality and cost, and is having a major impact on food microbiology [4].



Nitric oxide synthase (iNOS) is an inflammatory condition that produces excessive amounts of NO (nitric oxide). Consequently, NO and iNOS can be important targets for the treatment of inflammatory diseases. On the other hand, nuclear factor kappa B (NF-κB) is a transcription factor that plays a fundamental role in inflammation and acute reactions. Generally, NF-κB subunits are inactive, bind to IκB, and phosphorylation of IκB activates NF-κB into the nucleus to activate gene expression. NF-κB is one of the main regulators of pre-inflammatory gene expression and mediates the synthesis of cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and IL-8. It also regulates the transcription of other inflammatory mediators, such as cyclooxygenase (COX)-2. It also regulates the transcription of other inflammatory mediators, such as COX-2 or iNOS. Therefore, NF-κB is an essential target for the treatment of inflammatory diseases. MAPK is a protein chain that regulates NF-κB activation. These MAPKs are extracellular signal regulatory kinase 1/2 (ERK 1/2), c-Jun amino-terminal kinase (JNK) and [5,6,7] (p. 38).



This study aimed to analyze the microbial communities of shindari, a traditional Jeju beverage. Additionally, we tried to evaluate whether the microbial community generated during the fermentation process has anti-inflammatory efficacy.




2. Materials and Methods


2.1. Preparation of Extract


The rice used in this experiment was purchased from CJ CheilJedang Co., Ltd. (Seoul, Korea), and nuruk was purchased from Jeju Dongmun Market. After mixing 50 g of cooked rice and 50 g of barley nuruk in each culture container, 750 mL of water was added and left for 24 h, 72 h, or 120 h in a 30 °C incubator, instead of the traditional, 1–2 month, room temperature fermentation conditions. The three shindari samples (24, 72, and 120 h were filtered, and 99% ethanol was added to adjust the final concentration to 70%. The mixture was stirred at 25 °C for 24 h, extracted three times repeatedly, concentrated under reduced pressure with a rotary vacuum concentrator, and lyophilized in a freezer dryer.




2.2. Preparation of Ethyl Acetate (EtOAc) Fraction


After adding and mixing a predetermined amount of distilled water to the obtained shindari fermentation extract, EtOAc was added using a separatory funnel to extract the fraction. In the separatory funnel, equal amounts of distilled water and EtOAc were added, fractionated for 2 h, and shaken every 30 min. When the layers were separated, the extraction solvent was removed and the remaining filtrate was extracted three more times in the same manner, concentrated under reduced pressure with a rotary vacuum concentrator, and lyophilized in a freezer dryer. The resulting substances were named EtOAc fr. of 1-day shindari fermentation (S1), EtOAc fr. of 3-day shindari fermentation (S3), and EtOAc fr. of 5-day shindari fermentation (S5).




2.3. PCR Amplification and Sequencing


Total DNA was extracted from the shindari sample using a FastDNA® SPIN Kit for Soil (MP Biomedicals, Solon, OH, USA) according to the manufacturer’s instructions. To confirm the microbial diversity, DNA obtained from the sample was amplified using fusion primers that amplify the V3-V4 portion of the 16S rRNA gene. For bacterial amplification, the fusion primers 341F (5′-AATGATACGGCGACCACCGAGATCTACAC-XXXXXXXX-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-CCTACGGGNGGCWGCAG-3′; underlining sequence indicates the target region primer) and 805R (5′-CAAGCAGAAGACGGCATACGAGAT-XXXXXXXX-GTCTCGTGGGCTCGG-AGATGTGTATAAGAGACAG GACTACHVGGGTATCTAATCC-3′). PCR reaction conditions were as follows: denaturation at 95 °C for 3 min, followed by 25 cycles denaturation at 95 °C for 30 s, annealing at 55 °C for 30 s, extension at 72 °C for 30 s, and final elongation at 72 °C for 5 min. The PCR amplified product was loaded on 1% agarose gel and purified using CleanPCR (CleanNA). The quality and product size were assessed on a Bioanalyzer 2100 (Agilent, Palo Alto, CA, USA) using a DNA 7500 chip. Mixed amplicons were pooled and the sequencing was carried out at Chunlab, Inc. (Seoul, Korea), with Illumina MiSeq Sequencing System (Illumina, CA, USA) according to the manufacturer’s instructions.




2.4. Cell Culture


The murine macrophage cell line RAW264.7 was purchased from the Korea Cell Line Bank (Seoul, Korea). The medium for cell culture contained fetal bovine serum (FBS, Merck, Darmstadt, Germany), penicillin, and streptomycin in Dulbecco’s Modified Eagle Medium (DMEM, Gibco). Cells were cultured every 2 days and incubated in a 37 °C, 5% CO2 incubator.




2.5. Measurement of Cell Viability


Cell viability was measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromi-de (MTT, Sigma). RAW264.7 cells were seeded in a 24-well plate to generate 1.5 × 105 cells/well and incubated for 24 h. The final concentration of the sample was treated to 31.25, 62.5, 125, 250, and 500 µg/mL, and then incubated for 24 h. The culture medium was removed and MTT (0.4 mg/mL) reagent was added and treated for 4 h. After dissolving the crystal in 800 µL DMSO in each well, the absorbance was measured at 570 nm. Cell viability was expressed as a percentage (%) compared to the control group not treated with lipopolysaccharides (LPS).




2.6. Measurement of Nitric Oxide Production


To produce NO, Griess reagent was used to measure the amount of nitrite, a metabolite of NO. After seeding and treatment in the same way as the MTT assay, 100 µL of each cell culture supernatant was taken and transferred to a 96-well plate, and 100 µL of Griess reagent was mixed to measure the absorbance at 540 nm. NO production was expressed as a percentage (%) compared to the control group treated with LPS alone.




2.7. Measurement of Cytokine Production


Mouse IL-6 ELISA kit (BD bioscience, San Diego, CA, USA), mouse TNF-α ELISA kit (BD bioscience, USA), mouse IL-1β ELISA kit (R & D Systems, Minneapolis, MN, USA), and mouse prostaglandin E2 (PGE2) ELISA kit (BD bioscience, USA) were used to measure cytokine expression in the culture medium. After seeding and treating in the same way as in the MTT assay, the supernatant was collected in each well. After centrifugation at 15,000 rpm for 3 min, the supernatant was used for the experiment. Experiments were conducted according to the protocol provided by each manufacturer, and the amount of cytokine produced was expressed as a percentage (%) compared to the control group treated with LPS alone.




2.8. Western Blot Assay


Western blotting was used to check the expression level of the inflammation-related protein to determine whether the sample was an anti-inflammatory substance. RAW264.7 cells were seeded in a 60-mm dish at 8 × 105 cells/dish and incubated for 24 h. After removing the medium, the medium was treated with LPS (Sigma, St. Louis, MO, USA) and the sample was processed at the same time and incubated according to conditions from a minimum of 15 min to 24 h. The medium was removed and washed with cold phosphate buffered saline (PBS; Biosesang, Korea). Each dish was incubated with 150 µL of RIPA lysis buffer (150 mM sodium chloride, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl, pH 7.5, and 2 mM EDTA, protease inhibitor cocktail) and scraped with a scraper. The supernatant obtained by centrifugation for 15 min at 4 °C and 15,000 rpm was quantified using the BCA Protein Assay Kit (Pierce, Madison, WI, USA). After electrophoresis of 30 µg protein using 10% SDS-PAGE, the separated protein was transblotted with a PVDF membrane (Bio-Rad, Hercules, CA, USA). The cells were blocked with 3% skimmed milk for 4 h, washed thrice at 10 min intervals with Tris-buffered saline Tween-20 (TBST), and the primary antibody was incubated overnight. After washing six times at 10 min intervals, the secondary antibody was incubated for 2 h. After washing again six times, the result was confirmed by X-ray film using enhanced chemiluminescence (ECL; Biosesang, Korea) method.





3. Results


3.1. Microbial Community Analysis


We first analyzed the microbial community in the purchased barley nuruk by 16S rRNA amplicon sequencing using the MiSeq system. The taxonomic results obtained using BaseSpace (Illumina) and MEGAN were then compared. The two analytic methods agreed that Bacillus spp. dominated the samples and the predominant species was B. amyloliquefaciens (75.4%), while Ralstonia pickettii (14.4%) and Paraburkholderia kururiensis (1.1%) were the next in abundance. At the phylum level, Firmicutes was the most dominant, followed by Proteobacteria (Supplementary Materials).



Figure 2 shows the results of the investigation at the genus level to investigate changes in the microbial community with fermentation time. Pediococcus predominated with 50.04% after 1 day; by day 3 and 5, this rose to 96.75% and 93.51%, respectively. Enterobacter are bacteria that cause pyogenic abscess in the urogenital system [8,9]. When shindari was fermented for day 1, 9.87% Enterobacter was present, but on day 3, 0.15%, and on day 5, 0.11% were present, which decreased as the fermentation time increased. The genus Erwinia is also a phytopathogenic bacterium [10]. When fermented for day 1, 1.21% was present, but for day 3 and 5, 0.06% and 0.14% were present, respectively. This was the lowest on day 3. In addition, the genus Klebsiella, known as the causative agent of community pneumonia [11], was 1.75% when fermented on day 1, but was 0.08% and 0.09% on day 3 and 5, respectively, and was the lowest on day 3. Therefore, on day 3 of fermentation, the most beneficial bacteria and the least harmful bacteria were present.



On the other hand, at the phylum level, Firmicutes was the most dominant in 3-day shindari compared to 1-day, followed by Proteobacteria. The Bacilli ratio at the Class level, Lactobacillales at the Order level, and Lactobacillaceae at the Family level dramatically increased with the shindari fermentation time (1-day to 3-day), forming the dominant group (Supplementary Materials).




3.2. Measurement of Cell Viability


To investigate the cytotoxicity of EtOAc fr. of shindari fermentation, MTT assay was performed by treating extracts of various concentrations (31.25–500 µg/mL) to RAW264.7 cells (Figure 3). The cell viability of the extract was based on the cell viability (100%) of the untreated group. At S1, the cell viability was 25% at a concentration of 500 µg/mL. At 31.25–250 µg/mL, cell viability was over 90%. In the case of S3 or S5 days, cell viability was 90% or more at all concentrations, and did not show toxicity. Therefore, the NO production measurement experiment was conducted at 31.25–250 µg/mL for S1, and 31.25–500 µg/mL for S3 and S5.




3.3. Measurement of Nitric Oxide Production


NO, an inflammatory mediator produced by activating RAW264.7 cells with LPS, was measured using Griess reagent in the form of nitrite ions (NO2−) in the culture medium (Figure 4) [12]. At 1 day, NO production was suppressed in a concentration-dependent manner, and at a high concentration of 250 µg/mL, 36% was suppressed. The S3 and S5 also decreased in a concentration-dependent manner, and were suppressed by 56% and 54%, respectively, at a high concentration of 500 µg/mL. Therefore, additional experiments were conducted for S3 and S5 when they exhibited excellent effects in the range where no toxicity appeared.




3.4. Measurement of Cytokine Production


TNF-α is a cytokine that mediates acute inflammatory responses and is known as an early cytokine secreted by macrophages stimulated by LPS. In addition, it stimulates the secretion of IL-6, IL-1β, etc., thereby causing an inflammatory response [13]. COX-2 produced by these pro-inflammatory stimuli causes the secretion of PGE2, an inflammation-causing substance [14]. PGE2 causes inflammatory responses and vasodilation, and may also produce tumors when overexpressed [15]. Therefore, the expression level of cytokines was measured to examine the anti-inflammatory effect of S3 and S5 (Figure 5 and Figure 6). At S3, IL-6 was inhibited by 65%, TNF-α by 20%, PGE2 by 34%, and IL-1β by 81% at 500 µg/mL. In particular, it was observed that the production of IL-6 and IL-1β was significantly inhibited.




3.5. iNOS, COX-2 Expression in LPS-Induced RAW264.7


Western blotting was performed to measure the inhibitory effect of inflammatory inducers iNOS and COX-2 protein expression. At this time, the housekeeping gene β-actin, which has little difference in expression level even under various conditions of cells, was used as a positive control [15]. When treated with 62.5–500 µg/mL of S3 in RAW264.7 cells increased by LPS, COX-2 tended to increase and then decrease slightly, but the expression level of iNOS decreased in a concentration-dependent manner (Figure 7). At a high concentration of 500 µg/mL, iNOS expression was inhibited by 66%.



As a result of treatment with 62.5–500 µg/mL of S5 on RAW264.7 cells increased by LPS, the expression levels of iNOS and COX-2 all decreased in a concentration-dependent manner (Figure 8). At a high concentration of 500 µg/mL, iNOS expression was suppressed by 66% and COX-2 expression was suppressed by 25%.




3.6. MAPK and NF-κB Signaling Activation in LPS-Induced RAW264.7


MAPKs are representative intracellular inflammatory signaling factors expressed by inflammatory stimuli, such as LPS. There are three types of inflammation: JNK, ERK, and p38, and phosphorylation increases when stimulated, causing inflammation. NF-κB is a transcription factor that regulates the synthesis of various inflammation-related factors by external stimulation. NF-κB binds to IκB-α in the cytoplasm and remains inactive, but when stimulation is transmitted by an inflammatory substance, IκB-α is phosphorylated and separated to change into an activated form [16].



In this study, we investigated the anti-inflammatory effect of shindari fermentation EtOAc fr., the phosphorylation inhibitory effects of ERK, JNK, and IκB-α were examined. Phosphorylation of ERK was inhibited by 25% at 500 µg/mL and phosphorylation of p38 was inhibited by 15% at 500 µg/mL. Phosphorylation of JNK was not observed. Phosphorylation of IκBα also decreased in a concentration-dependent manner and was inhibited by 10% at 500 µg/mL (Figure 9). Therefore, the anti-inflammatory mechanism according to the treatment of S3 has been shown to suppress the MAPKs and NF-κB signaling system inside macrophages.





4. Discussion


Throughout the world, there are traditional fermented foods that represent the country and region that have long been handed down with the wisdom of human ancestors. These traditional fermented foods include Chinese condiments [17], “douch”, an Indonesian témpé made by fermenting soybeans [18], Sweden’s surströmming, famous for the world’s most odorless food [19], and German sauerkraut made by fermenting vegetables [20] like Korean kimchi. In addition, narezushi, a Japanese fermented natural mixture of salted fish meat mixed with rice, is a fermented food that is the beginning of today’s sushi, and in Thailand, there is a traditional fermented food called nan pla fermented with salt in fish [21]. Of course, Jeju Island, the southernmost island on the Korean Peninsula, has a fermented drink called shindari that has been handed down for hundreds of years. Jeju Island, which is composed of barren basalt soil, is a geographical environment where rice farming is not possible, and traditional fermented foods are made using barley. Shindari is also made by adding spoiled rice as a sugar source using barley nuruk and fermenting it for three to four days.



In the real environment, microorganisms adapt to the surrounding environment and form a community through interactions with other microorganisms, and the entire microbial community has various expression characteristics through interaction between individual microorganisms. Therefore, it is very important to understand the microbial community rather than the individual organisms. As a method for investigating the structure of the microbial community, molecular genetic techniques through Illumina MiSeq sequencing have been widely used in recent years. In this study, we attempted to primarily observe changes in the microbial community at each stage of the fermentation process, which is traditionally manufactured through fermentation for 3 to 4 days. As a result of analyzing the microbial community for each sample after fermentation in a microbial incubator for 1, 3, and 5 days using barley nuruk and rice, we found a very interesting result that different fermentation time had different influences on the community structure and microbial diversity in shindari manufacturing process. Ultimately, we found that samples with a fermentation period of more than 3 days contained over 97% lactic acid bacteria, such as Pediococcus, an alcohol-tolerant lactic acid bacteria. This is the fact that Saccharomyces cerevisiae is involved in the Shindari fermentation process within 24 h of fermentation, using the sugars in the rice to make ethanol, carbon dioxide, and various volatile compounds, and then following Saccharomyces cerevisiae in the 48 to 72 h of fermentation, the Pediococcus sp. is rapidly dominant. The Pediococcus genus is one of the representative lactic acid bacteria and has a growth inhibitory effect on several spoilage and pathogenic microorganisms. It has been shown to enhance immunity and reduces blood cholesterol [8].



Foods fermented by lactic acid bacteria have been reported to have various health-promoting effects, such as anti-microbial, immune-promoting, and anti-tumor effects [22]. These beneficial lactic acid bacteria were most present when fermented on day 3. Ancestors consumed shindari after 3–4 days of fermentation; therefore compared with the analysis results, the wisdom of the ancestors was evident.



In this study, we further identified microbial community and its correlation of anti-inflammatory effect in the shindari fermentation process in mouse macrophage RAW264.7 cells. As a result, S3 and S5 extracts had the best inhibitory effect on NO production. This is in line with the tendency of various studies that the anti-inflammatory activity of the extract was increased by the fermentation of lactic acid bacteria [23,24,25]. Therefore, subsequent experiments were conducted only on S3 and S5 and the expression levels of cytokines (IL-6, IL-1β, TNF-α, and PGE2) were measured. On S3 and S5 extracts, cytokines were reduced in a concentration-dependent manner, particularly IL-6 and IL-1β.



In addition, S3 and S5 extracts decreased the expression of iNOS which were related to NO production in a dose-concentration pattern. In the case of S5 extract, the expression levels of the COX-2 which were related to PGE2 production gradually decreased. Furthermore, the present study investigated whether MAPK and/or NF-kB signaling pathways were associated with the macrophage inhibition by S3 treatment. The protein expression levels of ERK, JNK. p38 and IκB-α, and their phosphorylated counterparts, were determined in the S3-treated cells via Western blotting. Compared with the untreated control group, the phosphorylated levels of ERK, p38 and IκB-α, in the S3-treated cells were significantly inhibit. Therefore, the anti-inflammatory mechanism according to the treatment of S3 extract is thought to suppress the expression of NO, cytokines, iNOS, and COX-2 by inhibiting the MAPKs and NF-κB signaling pathways in mouse macrophage RAW264.7 cells. In summary, we confirmed in this paper that shindari, a fermented food that Jeju natives have been drinking for hundreds of years, is a treasure trove of useful microorganisms, while also having anti-inflammatory effects. Through this, we are confident that we have opened a new horizon in the study of fermented foods handed down by our ancestor.




5. Conclusions


In this study, we investigated the microbial community generated during the fermentation process in the manufacture of shindari using Illumina MiSeq sequencing. Ultimately, we confirmed that shindari is a treasure trove of useful microorganisms. In addition, we tried to evaluate whether this microbial community has anti-inflammatory efficacy. We identified that anti-inflammatory effect of Shindari was mediated through the suppression of NO, PGE2, IL-6, IL-1β, and TNF-α production via the NF-κB and MAPK signaling pathways.



In conclusion, this study is, to the best of our knowledge, the first to elucidate the microbial communities and anti-inflammatory activity of shindari, a traditional fermented food that Jeju natives have been drinking for hundreds of years. Through this, we are confident that we have opened a new pathway in the study of the health benefits of traditional fermented foods.
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Figure 1. Barley nuruk manufacturing process. 
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Figure 2. Composition of microbial communities in shindari fermentation. 
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Figure 3. Cell viability in LPS-induced RAW264.7 macrophage cells. Cells were each treated with (a) EtOAc fr. of 1 day of shindari fermentation (S1; 31.25, 62.5, 125, 250, and 500 µg/mL), (b) EtOAc fr. of 3 days of shindari fermentation (S3; 31.25, 62.5, 125, 250, and 500 µg/mL), and (c) EtOAc fr. of 5 days of shindari fermentation (S5; 31.25, 62.5, 125, 250, and 500 µg/mL) for 24 h. Cell viability was determined by MTT assay. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). *** p < 0.001. 
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Figure 4. Nitric oxide production in LPS-induced RAW 264.7 macrophage cells. macrophages Cells were each treated with (a) EtOAc fr. of 1-day shindari fermentation (S1; 31.25, 62.5, 125, and 250 µg/mL), (b) EtOAc fr. of 3-day shindari fermentation (S3; 31.25, 62.5, 125, 250, and 500 µg/mL) and (c) EtOAc fr. of 5-day shindari fermentation (S5; 31.25, 62.5, 125, 250, and 500 µg/mL) for 24 h. Data are presented as mean ± standard deviation (SD) of at least four independent experiments (n = 3). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus treated control. 
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Figure 5. Effect of EtOAc fr. of 3 day shindari fermentation (S3) on LPS-induced (a) interleukin-6 (IL-6), (b) tumor necrosis factor-α (TNF-α), (c) PGE2 and (d) IL-1β production in macrophages. RAW264.7 cells incubated with LPS (1 μg/mL) for 24 h in the presence or absence of EtOAc fraction extraction. of 3 day shindari fermentation (3 days; 31.25, 62.5, 125, 250, and 500 µg/mL). Culture supernatants were collected and analyzed for the presence of induced IL-6, TNF-α, IL-1β, and PGE2 using enzyme-linked immunosorbent assays. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus treated control. 
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Figure 6. Effect of EtOAc fr. of 5 day shindari fermentation (S5) on LPS-induced (a) IL-6, (b) TNF-α, (c) PGE2 and (d) IL-1β production in macrophages. RAW264.7 cells incubated with LPS (1 μg/mL) for 24 h in the presence or absence of EtOAc fr. Extraction of 5 day shindari fermentation (S5; 31.25, 62.5, 125, 250, and 500 µg/mL). Culture supernatants were collected and analyzed for the presence of induced IL-6, TNF-α, IL-1β, and PGE2 using enzyme-linked immunosorbent assays. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus treated control. 
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Figure 7. Effect of EtOAc fr. of 3 days of shindari fermentation on the level of inducible nitric oxide synthase (iNOS) and COX-2 protein in LPS-induced RAW264.7 macrophage cells. RAW264.7 cells incubated with LPS (1 μg/mL) for 24 h in the presence or absence of EtOAc fraction extraction of 3 days of shindari fermentation (S3; 62.5, 125, 250, and 500 µg/mL). (a) iNOS protein level and (b) COX-2 protein level were validated by Image J. β-actin was used as an internal control. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus treated control. 
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Figure 8. Effect of extraction of EtOAc fr. of 5 days of shindari fermentation on the level of iNOS and COX-2 protein in LPS-induced RAW264.7 macrophage cells. RAW264.7 cells incubated with LPS (1 μg/mL) for 24 h in the presence or absence of EtOAc fr. extraction of 5 day shindari fermentation (S5; 62.5, 125, 250, and 500 µg/mL). (a) iNOS protein level and (b) COX-2 protein level were validated by Image J. β-actin was used as an internal control. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). * p < 0.05, ** p < 0.01, and *** p < 0.001 versus treated control. 
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Figure 9. Effect of EtOAc fr. of 3 days of Shindari fermentation on the level of phosphorylation of IκBα, and activation of extracellular signal regulatory kinase 1/2 (ERK ½), c-Jun amino-terminal kinase (JNK) 1/2 protein in LPS-induced RAW264.7 macrophage cells. RAW264.7 cells incubated with LPS (1 μg/mL) for 24 h in the presence or absence of EtOAc fr. of the shindari fermentation. (a) Protein levels of p-ERK, (b) p-JNK, (c) p-p38 and (d) p-IκBα were validated by Image J. β-actin was used as an internal control. Data are presented as the mean ± standard deviation (SD) of at least three independent experiments (n = 3). * p < 0.05, ** p < 0.01 versus treated control. 
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