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Objective: To evaluate the efficacy of the dandelion fermentation broth in repairing UVB-induced skin inflammation.
Methods: Detection of active ingredients in dandelion fermentation broth and water extract. The antioxidant capacity of dandelion
fermentation broth was investigated by in vitro antioxidant experiments. The influence of the broth on the content of inflammatory
factors interleukin-6 (IL-6), interleukin-8 (IL-8) and interleukin-1β (IL-1β), and tumor necrosis factor (TNF-α), in human immorta-
lized epidermal cells (HaCaT) is discussed on the basis of a UVB-induced HaCaT damage model. The effects of the broth on the
contents of skin barrier-related proteins kallikrein-7 (KLK-7), filaggrin (FLG) and aquaporin (AQP3) in the UVB-induced damage and
repair of the HaCaT mechanism are also comprehensively discussed. The effect of DF on the activation of MAPK pathway proteins
was detected by PCR. A chicken embryo chorioallantoic membrane test is used to explore the safety of the dandelion fermentation
broth.
Results: The results show that the dandelion fermentation broth is rich inTotal sugar, with good free radical scavenging ability and
antioxidant effects; it can regulate the MAPK pathway, reduce the expression of inflammatory factors, adjust the skin barrier factors
and good safety.
Conclusion: Dandelion fermentation broth exhibits repairing effect on UVB-induced skin inflammation.
Keywords: dandelion fermentation broth, ultraviolet radiation B, human immortalized epidermal cells, inflammation repair, medicine,
daily chemical raw materials

Introduction
Dandelion (Taraxacum mongolicum Hand.-Mazz.), also known as Huanghua Diding, Granny Ding, etc., is a perennial herb of
the Compositae family which is mainly distributed in North, Northeast, Northwest and Southwest China.1 Dandelion is rich in
chemical components, among which polysaccharides, flavonoids, polyphenols, steroidal terpenoids, alcohols and other active
components have been widely used in anti-tumor, anti-inflammation, anti-infection and other aspects.2–6 With advantages
including good safety, dandelion is widely used in the fields of food, medicine and health care products under the above
applications, and dandelion extraction methods are numerous, including traditional water extraction, ultrasonic extraction,
alcohol extraction and so on.7

Microbial fermentation technology is a modern form of fermentation technology based on traditional processing methods,
which has the functions of protecting the activity of traditional Chinese medicine from being destroyed, and modifying the
structures of toxic ingredients. Research shows that compared with other extraction methods, using microorganism fermenta-
tion to extract active ingredients from natural raw materials such as plants results in active extracts with fewer side effects and
greater effectiveness; moreover, the fermentation process can be used to produce new active substances, and the mild
microorganism fermentation conditions can protect the active ingredients to a certain extent.8,9
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An increasing number of studies have reported the application of fermentation to achieve reduced toxicity and
increased efficiency. Lihua Zheng et al10 found that when the fermentation method is applied to gallnut, the use of
Rhizopus can promote the production of L-lysine and improve the astringent effects of the gallnut. Pan et al11 studied the
toxic effects of fermented croton through an acute toxicity test, inflammation and hemolysis, and found that fermentation
treatment reduced the toxicity of croton.

The skin provides an effective barrier between an organism and the environment by helping to reduce the risk of
physicochemical and microbiological damage. Ultraviolet radiation will damage the skin’s barrier function and cause dry
skin, desquamate, excessive reactive oxygen species (ROS) production and so on, leading to skin inflammation.12–16

Because FLG, KLK7 and AQP3 each play an important role in maintaining the barrier function of the skin, TNF-α, IL-1β
and IL-8 are the hallmark inflammatory factors of inflamed skin.As a downstream pathway from the cell to the cell and
even the nucleus, MAPK plays a key role in the Development of inflammatory responses. Therefore, the regulation of
FLG, KLK7, AQP3, TNF-α, IL-1β, IL-8 and MAPK pathway can indirectly reflect the degree of skin inflammation.

The anti-inflammatory effects of dandelion extract have been previously reported.17 However, the role of dandelion
fermentation broth obtained by lactic acid bacteria in a UVB-induced cell inflammation model has not been reported.
This study shows that the efficacy of dandelion fermentation broth is superior to that of dandelion water extract. Through
the determination of its antioxidant capacity, skin barrier repair ability, ROS regulation ability, inflammatory factor
regulation ability and other aspects, dandelion fermentation broth may become a safe and effective medicine and daily
chemical raw material for the treatment of UVB-induced skin inflammation in the future.

Materials and Methods
Materials
Dandelion, Beijing Tongrentang Group; Lactplantibacillus plantarum, CICC-20261, China Center of Industrial Culture
Collection; Human immortal keratinocyte (HaCaT), Cell Resource Centre, Beijing Union Medical College, China; Folin
reagent, copper sulfate, anhydrous ethanol, rutin standard, sodium nitrate, Sinopharm Group; CCK8 kit, Biorigin;
Shanghai Yiheng Technology Co., Ltd.; DMEM medium, pancreatin, PBS buffer, total antioxidant capacity test kit,
Beyotime; TNF-α, IL-8, IL-1β, KLK-7, FLG and AQP3 ELISA kits, Nanjing Jiancheng Institute of Bioengineering;
microplate reader, cell incubator, Shanghai Yiheng; 6-well plate, 96-well plate, Corning; UV ultraviolet light box,
refrigerated high-speed centrifuge, Hunan Xiangyi Laboratory Instrument Development Co., Ltd.; Cell incubator,
Shanghai Yiheng Technology Co., Ltd.

Preparation of Dandelion Fermentation Broth
Dandelion is pulverized with a high-speed multifunctional pulverizer and sieved. Purified water is added to the conical
flask at a material-to-liquid ratio of 1:20. The solution is sealed and autoclaved, then cooled to room temperature. And
treated with 5% Lactplantibacillus plantarum (The bacteria were cultured in MRS medium for 48 hours, shaken, and the
absorbance at 600 nm is measured, and the absorbance is between 1–1.2.). It is then cultured in a shaker at 28°C and 180
r/min for 48 h, and centrifuged at 4800 r/min for 30 min to obtain the supernatant, which is the dandelion fermentation
broth (DF).

Dandelion water extract (blank control) (DW): The method is as above, without lactic acid bacteria.

Determination of DF Content
2.3.1 Total sugar: According to the instructions of the total sugar kit, the standard is diluted with distilled water to 1.5, 1,
0.8, 0.6, 0.5, 0.4, 0.2 and 0.1 mg/mL, then 30 μL of Reagent III is added and it is mixed well and boiled in a water bath
for 10 min (tightly covered to prevent water loss). It is then cooled to room temperature, supplemented with 180 μL of
distilled water and mixed well. A sample of 200 μL is taken and the absorbance is measured at 540 nm. A standard curve
is drawn with the concentration of the standard tube as the x-axis and the corresponding absorbance difference as the
y-axis to obtain the standard equation y=kx+b. The absorbance difference measurement is added to the equation to
calculate x (mg/mL). Sample measurement: A sample of 30 μL is taken, supplemented with 30 μL of Reagent III, mixed
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well and boiled in a water bath for 10 min (tightly covered to prevent water loss). It is then cooled to room temperature,
supplemented with 180 μL of distilled water and mixed well. A sample of 200 μL is taken and the absorbance is
measured at 540 nm.

2.3.2 Total phenols: The content of polyphenols is determined via the Folin method. A standard curve is established
with gallic acid as a positive control. The regression equation is C=0.8591A+0.0793, R2=0.9954, where C is the total
phenol content (mg/mL) in the sample and A is the absorbance of the sample.18

2.3.3 Total flavonoids: The NaNO2-AL(NO)3-NaOH colorimetric method is used to determine the content of
flavonoids. Rutin is used as a positive control to establish a standard curve. The regression equation is C=0.8554A
+0.0006, R2=0.992, where C is the total flavonoid content (mg/mL) in the sample and A is the absorbance of the
sample.18

Determination of DF Antioxidant Activity
DPPH Free Radical Scavenging Experiment
DPPH solution (2×10−4 moL/L): 20 mg of DPPH is accurately weighed, dissolved in anhydrous ethanol solution and
diluted to 250 mL.

The reaction solution is added to the test tube according to the order and added content in Table 1. Dandelion
fermentation broth is referred to as the sample, diluted with water to obtain different concentrations. It is then mixed well,
and the absorbance is measured at a wavelength of 517 nm in the microplate reader.19

Calculation of the inhibition rate of measuring solution to DPPH free radicals:
Inhibition rate = [1-(A0-A2)/A1]×100%
A1: Absorbance of DPPH free radicals when the measuring solution is not added.
A2: Absorbance of the measuring solution at the measuring wavelength.
A0: Absorbance of DPPH free radicals after adding the measuring solution.

Hydroxyl Radical Scavenging Experiment
A 0.5 mL sample of 6 mmoL/L ferrous sulfate solution is taken in a test tube, then 0.5 mL of sample and 0.5 mL of
6 mmoL/L H2O2 are added (the H2O2 needs to be added last to start the whole reaction). After mixing thoroughly, it is
allowed to stand at room temperature for 10 min before 0.5 mL of 6 mmoL/L salicylic acid is added, and it is placed in a
37°C water bath for 30 min. The absorbance is measured at a wavelength of 510 nm in the microplate reader, and the
obtained data is the absorbance value A1 of the sample tube. In the blank tube, 0.5 mL of distilled water is used to
replace the 0.5 mL sample in the sample tube. The operation method is the same as that of the sample tube, and the
absorbance value A2 of the blank tube is measured. The background value tube replaces 0.5 mL of salicylic acid in the
sample tube with 0.5 mL of distilled water. The operation method is the same as that of the sample tube, and the
absorbance value A3 of the sample tube is measured. This is conducted three times in parallel for each concentration.20

Hydroxyl radical scavenging rate/%= (A2+A3-A1) /A2×100

Determination of Total Antioxidant Capacity (ABTS Method)
Standard curve drawing: The standard is diluted with a solution prepared with distilled water. 10 mM of TroLox standard
solution is diluted to 0.15, 0.3, 0.6, 0.9, 1.2 and 1.5 mM.

Table 1 Reagent Ratios

V/mL

A0 A1 A2

Sample 2 0 2

Absolute ethanol 0 2 2
DPPH solution 2 2 0
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Sample measurement: 200 mL of ABTS working solution is added to each detection hole of a 96-well plate, and 10
mL of distilled water, PBS or other appropriate solution is added to the blank control well; 10 mL of Trolox standard of
various concentrations is added to the standard curve detection wells, and 10 mL of various samples is added into the
sample detection holes. After being gently mixed and incubated for 2–6 minutes, A734 is measured.21

Determination of Active Oxygen Content
HaCaT cells with good logarithmic growth were diluted with 2 mL DMEM complete culture medium to obtain cell
suspension, and a blank control, model group and sample group are established. The number of cells per well are
controlled to 300,000. After being cultured in a 37°C and 5% CO2 incubator for 12 hours, the medium is discarded and
switched to serum-free DMEM. After being cultured in a 37°C and 5% CO2 incubator for 12 hours, the medium is
discarded and a small amount of PBS (pH=7.4) is added. It is better just to cover the cells. The cells are then stimulated
with UVB, while the blank group is not irradiated. Aspirate the PBS and add samples of different concentrations diluted
in serum-free medium to the cells and incubate for 24 hours. 1:1000 is added to dilute 1 mL of DCFH-DA in a serum-
free culture medium, then incubated in a 37°C cell incubator for 20 min, inverted every 3–5 minutes. The cells are
washed three times with a serum-free cell culture medium to fully remove the DCFH-DA that has not entered the cells.
The cell culture medium is then discarded, 1 mL of PBS is added, and pictures are taken.

Determination of DF Anti-Inflammatory Activity
Cell Viability
HaCaT cells with a good logarithmic growth phase are seeded in a 96-well culture plate and cultured overnight at 37°C
and 5% CO2. The culture medium is aspirated and samples of different concentrations are added, with six parallels for
each sample. The cell control group is cultured for 24 hours, then the culture medium is aspirated and 100 μL of serum-
free DMEM and 10 μL of CCK8 are added to each well after washing with PBS. They are then cultured for 2–4 hours,
and the absorbance value of each well is measured at a wavelength of 450 nm.

Cell viability = (measurement well OD value-blank control OD value)/(cell control OD value-blank control OD
value) * 100%.

Inflammatory Factors
Enzyme-linked immunosorbent assay (ELISA) is used to detect the concentration of inflammatory HaCaT cytokines
TNF-α, IL-8 and IL-1β. HaCaT cells with a good logarithmic growth phase are counted and treated in a 6-well culture
plate. The number of cells in each well is about 5×105. They are then incubated overnight at 37 °C and 5% CO2, the
medium is discarded and 1 mL of PBS is added. After a certain amount of UVB irradiation, the PBS is aspirated and
samples are added to the cells for 24 hours (the blank control group is treated with a serum-free DMEM medium). They
are aspirated again and the liquid is discarded, then washed with PBS, scraped with a cell scraper, collected in a
centrifuge tube and centrifuged. The supernatant is then discarded to obtain cell pellets. 200 μL of lysis buffer is added to
lyse the cells, and they are centrifuged at 4°C for 5 min to obtain the cell lysis supernatant for the determination of
inflammatory factors. Refer to the manufacturer’s instructions for specific measurement methods.

Skin Barrier-Related Factors
As in 2.5.2, enzyme-linked immunosorbent assay (ELISA) is used to detect the concentration of inflammatory HaCaT
cytokines KLK-7, FLG, and AQP3. Refer to the manufacturer’s instructions for specific measurement methods.

MAPK Pathway
Cell Culture and Extraction and Transcription of Total RNA
As in 2.5.2, cells from blank group, model group and sample group were collected.Follow the instructions of Trizol
(Total RNA Extraction Reagent) to extract RNA, and store the extracted RNA in a refrigerator at −80 °C. The cDNA
first-strand synthesis reaction was performed using EasyScript ® One-Step gDNA Removal and cDNA Synthesis
SuperMix Reverse Transcription Kit. The reaction system is shown in Table 2.
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The reverse transcription system was mixed thoroughly, centrifuged briefly, and incubated at 42°C for 15 min, and
heated at 85°C for 5 s to complete the reverse transcription. Fill up to 100 uL with double distilled water.

Design and Synthesis of Primers and Probes
Through the gene sequence obtained from NCBI, specific primers for 4 genes (including the housekeeping gene GADPH
(internal reference gene)) were designed with Primer Express software. The primer sequences are shown in Table 3.

qPCR Detection
Perform qPCR operations according to the TransStart® Top Green qPCR SuperMix kit instructions. The total reaction
system is shown in Table 4.

Refer to the kit instructions to set the reaction conditions, a total of 40 cycles, 72 °C to collect fluorescence data. The
reactants were mixed and then carried out on the QuantStudio3 fluorescent quantitative PCR instrument.

Safety Determination of DF
Chicken embryo chorioallantoic membrane test (HET-CAM): The allantoic membrane of 9-day-old chicken embryos is
exposed, 0.3 mL of positive (0.1mol/L NaOH), negative control (0.9% NaCl), DF and DW are dropped directly on the
surface of the CAM film to observe the CAM reaction, and the times of bleeding, coagulation and vascular dissolution

Table 2 Reverse Transcription System

Reagent Volume (μL)

Total RNA 2.0
Anchored Oligo (dT) 18 Primer (0.5 μg/ mL) 1.0

2×ES Reaction Mix 10.0

EasyScript ® RT/RI Enzyme Mix 1.0
gDNA Remove 1.0

RNase-free Water 5.0

Table 3 Primer Sequences for Real-Time PCR

Gene Direction Primer

GADPH F GAGTCAACGGATTTGGTCGT
R GACAAGCTTCCCGTTCTCAG

ERK F CTGAAGAGCTCCTCCACCAC

R TTCCCGAAAGCCAAGCGTAACAAT
JNK F AGCACATTGGAATTCATGACC

R ATGCCAAAAGCTTACAGATGACC

P38 F ATGCCAAAAGCTTACAGATGACC
R ATCATCAGTGTGTCGCGCCAA

Table 4 Real-Time PCR System

Reagent Volume (μL)

Template 1.5
Forward Primer (10 μM) 0.4

Reverse Primer (10 μM) 0.4

2×TransStart® Top Green qPCR SuperMix 10.0
Passive Reference Dye (50×) 0.4

Nuclease-free Water 7.3
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are recorded within 5 minutes. The sample is tested with six chicken embryos and the reaction time method is used for
the test. The calculation formula of the stimulus score (IS) is:

I ¼
301 � secHð Þ � 5

300
þ

301 � secLð Þ � 7
300

þ
301 � secCð Þ � 9

300

In this formula, the average time for the blood vessels to melt in the allantoic membrane after sample addition is the
vascular melting time (SecL); the average time for bleeding in the allantoic membrane after sample addition is the
bleeding time (SecH); and the average time for clotting to appear in the allantoic membrane after sample addition is the
clotting time (SecC). The eye irritation of the tested substance is classified according to IS value in Table 5.

Data Analysis
Excel is used for the experimental data statistics, GraphPad Prism 8 is used for graphing and the significance t-test is
performed using IBM SPSS Statistics 22, with each experiment performed three times.

Results
Determination of DF Content
As shown in Table 6, the total sugars, phenols and flavonoids in DF and DWare determined. It can be seen from the table
that the total phenols and flavonoids contents in DF and DW are not very different, but the total sugars in DF are
significantly higher than those in DW (P<0.05), with the total sugar content as high as 17.57 mg/mL. The experimental
results show that Lactplantibacillus plantarum fermentation can increase the content of total sugar, the primary active
substance in the product, thereby improving the efficacy.

Determination of DF Antioxidant Activity
DPPH Free Radical Scavenging Experiment
The scavenging effect of DF on DPPH free radicals is shown in Figure 1. It can be seen that DF and DW have
scavenging effects on DPPH free radicals and similar scavenging rates. Before the volume fraction of 5%, the scavenging
rate increases exponentially with the increase of the sample volume fraction, then increases slowly with the increase of
the volume fraction. When the volume fraction is 10%, the scavenging rate of DF on DPPH free radicals reaches above
90%. The IC50 of DF to scavenge DPPH free radicals is 1.05%, while that of DW is 1.09%, showing that DF has a better
scavenging effect on DPPH free radicals.

Hydroxyl Radical Scavenging Experiment
The scavenging effect of DF on hydroxyl radicals is shown in Figure 2. It can be seen that DF and DW have scavenging
effects on hydroxyl radicals. As the volume fraction of the sample increases, the clearance rate continues to increase. The
IC50 of DF to scavenge hydroxyl free radicals is 36.3%, while that of DW is 37.42%, showing that DF has a better
scavenging effect on hydroxyl free radicals.

Table 5 Evaluation Results of Stimulus Scoring Method

Stimulus score IS<1 1≤IS<5 5≤IS<9 IS≥9

Classification No irritation Mild irritation Moderate irritation Strong irritation/corrosion

Table 6 Contents of Active Ingredients in DF

(mg/mL) Total Sugars Total Phenols Total Flavonoids

DW 13.15±0.0034 0.25±0.0029 0.31±0.0029
DF 17.57±0.0078*** 0.29±0.0087 0.49±0.0054*

Notes: The Student’s t-test was performed to determine statistical significance (*P < 0.05, ***P < 0.001, versus the DW group).
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Determination of Total Antioxidant Capacity (ABTS Method)
Figure 3 shows the total antioxidant capacity of DF and DW. It can be seen from Figure 3 that the total antioxidant
capacity of DF is greater than that of DW.

Determination of Active Oxygen Content
The scavenging effect of DF on active oxygen is shown in Figure 4. It can be seen that the blank group has less
fluorescence and a lower active oxygen content. After UVB irradiation, the active oxygen content increases significantly.
After adding DW and DF, both have an obvious active oxygen scavenging effect, and that of DF is better.

Determination of Anti-Inflammatory Activity of DF
Cell Viability
Figure 5A shows the effect of DF on the survival rate of HaCaT cells. It can be seen that the toxicity of DF on HaCaT
cells is less than that of DW. The relative survival rate of HaCaT cells after culturing HaCaT cells in DF before the
volume fraction of 5% is above 100%, showing that the fermentation of lactic acid bacteria can reduce the toxicity of the
product on cells. Considering the cell growth status and cost issues, 2% DF and DW were selected for the next
experiment.

Figure 1 Scavenging effects of DW and DF on DPPH free radicals.

Figure 2 Scavenging effects of DW and DF on hydroxyl radicals.
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Figure 5B shows that after UVB irradiation, the cells are damaged to a certain extent. After 24 hours of adding 2%
DW and DF, the cell viability increases, indicating that DF has better reparative effects on cells.

Inflammatory Factors
Figure 6 shows the relative expression changes of TNF-α, IL-1β and IL-8 in HaCaT cells after treatment with DF. It can
be seen that after UVB irradiation of HaCaT cells, the inflammatory factors are significantly increased, and DF can
significantly reduce the expression of inflammatory factors to a higher reduction degree than that of DW. TNF-α, IL-1β
and IL-8 are inflammatory factors whose expression increases sharply when skin inflammation occurs. The above results
indicate that the inflammation reduction effect of DF is better than that of DW.

Skin Barrier Factor
Figure 7 shows the relative expression changes of skin barrier factors KLK-7, FLG and AQP3 in HaCaT cells after
treatment with DF. It can be seen that after HaCaT cells are irradiated with UVB, KLK-7 is significantly increased,
while FLG and AQP3 are significantly decreased. DF can significantly reduce the expression of KLK-7 with a better

Figure 3 Total antioxidant capacity of DW and DF. The student’s t-test was performed to determine statistical significance (*P < 0.05, versus the control group).

Figure 4 Scavenging effects of DW and DF on active oxygen (C: Control group; M: UVB irradiation model group).
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reduction effect than that of DW. DF also significantly increases the expression of FLG and AQP3 with a higher
degree of improvement than that of DW. These results indicate that DF can repair skin inflammation more effectively
than DW.

MAPK Pathway
As shown in Figure 8, compared with the blank group, UVB irradiation significantly reduced the expression of JNK,
ERK, and P38 genes in cells. Compared with the model group, DF can significantly increase the expression of JNK,
ERK, and P38 genes in cells. These results indicate that DF had better down-regulation effect on JNK, ERK, and P38
mRNA expression than DW.

Figure 5 Effects of DF on HaCaT Cell Viability. (A) Effects of Different Concentrations of DF and DW on Cell Viability; (B) Reparative Effects of DF and DW at 2%
Concentration on Cells. (*P < 0.05, **P < 0.01, ***P < 0.001, versus the control group; ###P < 0.001, versus the control group. C: Control group; M: UVB irradiation model
group).

Figure 6 Effects of DF on relative expression of inflammatory factors in HaCaT cells (A–C): effects of DF and DW at 2% concentration on TNF-α, IL-8 and IL-1β. The
student’s t-test was performed to determine statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001, versus the control group; ###P < 0.001, versus the control group. C:
control group; M: UVB irradiation model group).

Figure 7 Effects of DF on relative expression of related skin barrier factors in HaCaT cells (A–C): effects of DF and DW at 2% concentration on KLK-7, FLG and AQP3. The
student’s t-test was performed to determine statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001, versus the control group; #P < 0.05, ##P < 0.01, ###P < 0.001, versus
the control group. C: Control group; M: UVB irradiation model group).
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Safety Determination of DF
Figure 9 shows irritation to blood vessels.The stimulation score of the positive control is 16.71 points, and obvious
vascular hemolysis and strong irritation are shown. The stimulation score of the negative control (NaCl) is 0.04 points,
and the blood vessels show no hemolysis. The stimulation scores of the two samples are 0.09 and 0.08 respectively, and
the blood vessels show no hemolysis, indicating that neither DW nor DF irritates the eyes.

Discussion
This study has verified in several aspects that DF presents a very safe and effective treatment option for repairing
inflammation caused by UVB. In the content determination and free radical experiments, It can be seen that microbial
fermentation of dandelion has the effect of scavenging free radicals, and may increase the content of active substances
with changes in structure or molecular weight. In the UVB-induced HaCaT inflammation model, radiation stimulates the
production of ROS, the increase of inflammatory cytokine levels and the disorder of skin barrier factor levels. As
expected, the dandelion extract obtained via the microbial fermentation method effectively reversed these trends.

The data shows that UVB irradiation reduced the expression of AQP3 and FLG-related proteins, and increased the
level of KLK-7. Studies have shown that FLG participates in the formation of a stable keratinized protein shell, namely
the cornified envelope (CE), which can promote the differentiation of the epidermis. In the stratum corneum, FLG is the
main barrier against physical stimuli from the external environment. It is hydrolyzed into amino acids and their
derivatives. The amino acids are also known as “hygroscopic free amino acids”. Their derivatives such as pyrrolidone

Figure 8 Effect of DF on MAPK pathway gene expression in HaCaT Cells (A–C): effects of DF and DW at 2% concentration on JNK, ERK, P38. The student’s t-test was
performed to determine statistical significance (*P < 0.05, **P < 0.01, ***P < 0.001, versus the control group; ##P < 0.01, ###P < 0.001, versus the control group. C: control
group; M: UVB irradiation model group).

Figure 9 Safety determination of DW and DF.
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carboxylic acid, uridine acid, etc., are responsible for hydration and water retention in the natural moisturizing factor
(NMF).16,17 AQP3 water channel protease is a kind of protease that resides on the skin cell membrane, forming a nutrient
channel dedicated to transporting water, controlling the entry and exit of moisture and nutrients in and out of the skin
cells, and regulating moisture in the cells.22 Therefore, the low protein expression of FLG and AQP3 accelerates the loss
of skin moisture and other forms of damage which affect the skin barrier. Desmoprotein plays a role in connecting and
fixing keratinocytes, and strengthening the skin barrier. KLK7 is a member of the serine protease family, which can
hydrolyze desmosomal proteins and cause the adhesion between stratum corneum cells to decrease. Therefore, the
increase of KLK7 content will further hydrolyze desmosomes and cause skin desquamation.15,16,23 This study shows that
DF effectively increases the expression of FLG and AQP3, and reduces the level of KLK-7, thereby playing a key role in
repairing the skin barrier function and effectively reducing inflammation.

It has been reported in the literature that UVB-induced ROS production activates mitogen-activated protein kinase
(MAPK) signaling and nuclear factor-κB (NF-κB),24 which further induce skin inflammation and may also upregulate
reactive oxygen metabolites, participating in the inflammatory response to trigger or amplify inflammation.25,26 As such,
maintaining an adequate antioxidant state may be an important way to reduce inflammatory diseases. In this study, by
observing the state of cells in the UVB-induced HaCaT inflammation model, it can be seen that UVB irradiation of cells
leads to an increase in the content of ROS and a decrease in the content of proteins related to the MAPK pathway. After
DF treatment, the cells were repaired to a greater extent, the ROS content was significantly reduced and the protein
content related to the MAPK pathway returned to normal.

In recent years, the microbial fermentation method has entered the fields of medicine, daily chemicals, food, etc., due
to its advantages of reducing toxicity and increasing the content of active ingredients. R. M. Saleh26 found that the
microbial fermentation of ginger increased its gingerol content and enhanced its antioxidant and antibacterial activity.
Yang27 found that the fermentation of turmeric by lactic acid bacteria increased its curcumin content, reduced its
cytotoxicity and increased its anti-inflammatory effect. In this study, using DW as the sample control (with the same
preparation steps as those of DF, but without the use of lactic acid bacteria), it is found that DF can increase the content
and effectiveness of the active ingredients. Thus, DF plays a role in repairing UVB-induced skin inflammation in many
ways, including preventing oxidation, repairing the skin barrier and regulating inflammatory factors in cells.
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