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Abstract The development of human society has created many synthetic materials for better convenience;
however, these innovated products usually produce unnatural side chemicals in the environment. The skin is the first
barrier of defense against pathogens and toxicants, so the health of skin is important not only on facial appearance
but also on physical health. Many people live a busy life and the habit of refined diet and over-cleaning does not
improve the quality of life. In contrary, the overuse of detergents and antibiotics may cause skin dysbiosis, and result
in a sensitive skin, aging skin, or, moreover, atopic dermatitis. In this study, the postbiotic blend of three probiotic
strains, TYCA06/AP-32/CP-9 (TAC), displayed the growth inhibition against Staphylococcus aureus, and the
stimulation of the anti-inflammatory cytokine in vitro, such as transforming growth factor (TGF)-β and interleukin
(IL)-10. This TAC formula enhanced the wound healing in keratinocytes HaCaT cell culture and increased moisture
content on skin in vivo. The TAC formula was further incorporated into a cosmetic lotion, and the human clinical
trial was carried out by applying this lotion on volunteers’ face or hand with atopic dermatitis (AD). The result
showed the TAC lotion improved the moisture score, inflammation index, and brightening score of the skin. In
addition, this TAC lotion also improved the wound repair of cracked skin in volunteers with AD. Moreover, this
TAC lotion reduced the number of the speckle and wrinkles on facial skin. Taken together, this postbiotic blend of
TAC has beneficial effects on skin health, and is able to ameliorate the red and itchy skin in AD patients.
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1. Introduction
Environmental stimuli derived from the microbiome
and a material is referred as allergens in general, and
provokes inflammation responses when it comes in
contact with the skin [1]. Atopic dermatitis (AD) is a
long-term type of inflammation of the skin, and affects
about 20% of people at some point in their lives [2]. The
cause of AD remains unclear and may be a combination of
different factors, e.g. genetics, hygiene, allergens,
pathogens, and even hard water [3]. Although treatments
can ameliorate the severity and frequency of symptoms,
e.g. itchy, red, swollen, and cracked skin, there is no
known cure for AD. The growth of Staphylococcus aureus

on skin shows an extreme prevalence in those with atopic
dermatitis [4], and abnormalities of the epidermal barrier
in AD decline the protection against S. aureus entry into
the dermis. The colonization of S. aureus can trigger the
expression of cytokine, and result in increased
inflammatory and itchiness [5]. Scratching the affected
areas increases the risk of skin infections, and antibiotics
may be needed if a bacterial infection develops.
The medical use of probiotics and prebiotics appear to
be effective in reducing the incidence of skin problems.
The role of probiotic product in acne, wound healing, and
photoprotection is promising; however, their role in atopic
dermatitis treatment is controversial [6]. At the beginning,
the approach focused on the balance of the microbiota in
intestine, and the immunomodulatory effects which
suppress the Th2 response and stimulate Th1 cytokines.
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The oral supplementary of probiotics is found to prevent
or treat allergic diseases, including atopic dermatitis, by
modulation of the intestinal microbiota [7]. Recently,
more and more studies have focused on the balance of the
microbiota on skin, and the support of the skin's immune
system which is affected by age, climate, hygiene or
antibiotic consumption [8]. Skin microbiota compositions
in AD showed distinct differences compared with healthy
skin, and the restoration of host-microbiota homeostasis
could be future strategies [9].
Although only few clinical trials were done for the
therapeutic effect of probiotics on AD in human [10], the
concept of commensal homeostasis promotes the topical
use of probiotics currently. Skin care is delicate and
necessary in AD patients, so the market of AD cosmetics
or products for sensitive skin is growing rapidly. In order
to apply the beneficial effects of probiotics on skin into
daily life, many cosmetic products have tried to
incorporate live probiotic bacteria in their ingredients.
However, it brings up the doubt that if probiotics are still
alive in the cosmetics that have preservatives. In fact, 90
percent of cosmetic products that carry “probiotic labels”
actually have “postbiotics”, which consists of metabolic
byproducts from probiotics [11]. In other words, the
efficacy of these cosmetics, if any, actually comes from
the postbiotics, rather than probiotics itself.
This is a novel study focused solely on the effect of
postbiotics on skin health. Based on the result of growth
inhibitions against S. aureus and inductions of TGF-β/IL10 in vitro, the postbiotic blend of three probiotic strains,
TYCA06/AP-32/CP-9, was created as the TAC formula.
The effect of TAC on wound healing was performed in
HaCaT cells, and two concentrations of this TAC formula
were tested for the effect of moisturizing on skin in vivo.
This TAC formula was further incorporated into a
cosmetic lotion, and values of moisture score, sebum
content, inflammation index, and brightening score were
compared with the control lotion without TAC. The
amelioration of atopic dermatitis was evaluated in AD
patients, and the improvement of skin speckle and wrinkle
was investigated in volunteers.

2. Materials and Methods
2.1. Isolation, Identification and Culture of
Bacterial Strains
Eight lactic acid bacteria (LAB) strains were isolated at
Glac Biotech Co., Ltd., including Lactobacillus salivarius
AP-32, L. acidophilus TYCA06 and L. reuteri GL-104
were isolated from the intestines of healthy individuals.
Bifidobacterium animalis subsp. lactis CP-9, B. longum
subsp. infantis BLI-02, B. breve Bv-889, L. gasseri AI-88
and B. bifidum Bf-688 were isolated from breast milk. All
strains were identified using their entire 16S rDNA
sequences as described previously [12-14] and using the
National Center for Biotechnology Information nucleotide
Basic Local Alignment Search Tool (BLAST). All strains
were each successfully activated three times by incubation
in de Man, Rogosa, and Sharpe (MRS) broth (Difco,
Detroit, USA) at 37°C for 24 h and then centrifuged at
10,000×g at 4°C for 10 min. The supernatant will be

19

collected separately and named lactobacillus postbiotics.
TAC postbiotics were 1:1:1 mixed with TYCA06, AP-32
and CP-9.

2.2. Antimicrobial Activity Assay for Live
LAB
The modified method of overlay agar [15-16] was used
to test the antimicrobial activities of the LAB. The LAB
was cultured on the basal layer of Lactobacilli MRS agar
(Creative, Taiwan) in the form of a 2-cm-wide stripe
across the plate. The plate was incubated in either aerobic,
facultative anaerobic, or anaerobic conditions at 37°C for
24 h. The LAB/MRS plate was then overlaid with the top
layer of melted NA agar (Merck, Louis, USA), then
applied the S. aureus (BCRC 12154 from Bioresource
Collection and Research Center, Hsinchu, Taiwan) by
sterile swab after NA solidification. The overlay plate was
incubated under aerobic conditions at 37°C for 20 h. After
incubation, the inhibition zone against the pathogen was
measured and quantified using a semi-quantitative scale as
following: (+/-), < 2 cm growth inhibition; (++), < 3 cm
growth inhibition; (+++), < 4 cm growth inhibition;
(++++), < 5 cm growth inhibition; (+++++), < 8.5 cm
growth inhibition; and (++++++), ≥8.5 cm growth
inhibition.

2.3. Antimicrobial Activity Assay for LAB
Postbiotics
S. aureus was cultured in a Nutrient broth or agar (NB
or NA) (Merck, Louis, USA) under the 37°C for 20 h, and
adjusted to the concentration of 1 × 109 CFU ml-1. 100 μl
of pathogenic culture was mixed with 4.9 ml LAB
postbiotics (4%), and incubated for 6 h. The culture was
three serial diluted after the master dilution of 1:10,000,
and plated on the appropriate agar for 24 h. The inhibition
rate was calculated as {inhibition rate (%) = [1- (colony
count of the test group/colony count of the control group)]
* 100}.

2.4. Assay for Cytokines and Proliferation of
PBMC
Human denfritic cells (DCs) were generated from
peripheral blood mononuclear cells (PBMCs). PBMCs
were obtained from blood samples of two subjects with
atopic dermatitis by centrifugation through a Ficoll-Hypaque
gradient (Pharmacia, Sweden). The clinical research was
approved by the ethics committee of the Antai Medical
care corporation Anti Tian-Sheng Memorial Hospital (IRB
No. 20-027-A). Anti-inflammatory cytokines, i.e. IL-10,
and TGF-β, were assayed in culture supernatants from
co-cultures of DCs and Lactobacillus sp. postbiotics (4%)
were mixed at a ratio of 1:10 and incubated at 37°C for 2
days. As a positive control, cells were treated with
phytohemagglutinin (PHA, 1 μg/ml, Sigma-Aldrich) to
induce cytokines, while untreated cells and medium only
were treated as the control. Cytokines were assayed with
an enzyme-linked immunosorbent assay (ELISA) kit by
following the manufacturer’s instructions (R&D Systems
Minneapolis, MN, U.S.A.; eBioscience, San Diego, CA,
U.S.A.).
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2.5. Cell Culture
HaCaT cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) medium (Gibco, Carlsbad, CA,
U.S.A.) supplemented with 10% fetal bovine serum
(EMD millipore, U.S.A) and 1% penicillin/streptomycin
(Sigma-Aldrich, St Louis, MO, U.S.A.). Cells were
incubated at 37°C in 5% CO2.

2.6. Assay of Cell Viability
HaCaT cells (2 × 104 cell/ml) were seeded in 96-well
plates. In the following day, cells were treated with
DMSM and TAC postbiotics (0-1%). After incubation for
24 or 48 h with cells, 10 µl of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide] solution
(10 mg/ml) was added to each well, and cells were
incubated for an additional 4 h at 37°C. The medium was
removed and replaced with 150 µl DMSO, and the plate
was incubated for 30 min at room temperature with
shaking. Absorbance was measured at 570 nm using a
spectrophotometer

2.7. Assay of Scratch Wound Healing
HaCaT cells were seeded in 48-well plates at a density
of 1 × 106 cells/well for 24 h. A scratch was made on the
cell monolayer by drawing a pipette tip across the well.
The culture medium was supplemented with medium
DMEM or with TAC postbiotics dose-dependently. At
time 0 and 24 h post-treatment, wound closure was
captured using an Olympus IX70 microscope (Tokyo,
Japan) equipped with a digital camera at 40×
magnification. The distance migrated was measured using
the Image J software (Lviv, Ukraine), and calculated by
comparing between the initial and final width of the
scratch.

2.8. Quantification of Free Amino Acids
To evaluate the variation in the amino acid
concentration, samples were analyzed by HPLC (A-10
Solvent & Sample module, A-10 PDA detector and A-10
RI detector Altus, PerkinElmer, U.S.A), after a
derivatization using an AccQ-Tag chemistry package kit
(Waters Corp., Milford, MA, U.S.A.) according to the
method described by Montanari et al [17]. The separation
of amino acids was performed using an AccQ-TagTM
column (3.9 × 150 mm; Waters Corp.) at 30°C using
mobile phase A (ddH2O), mobile phase B (100 mL of
AccQ-Tag Eluent (Waters Corp., Milford, MA, U.S.A.),
diluted 1:10 with H2O for chromatography (SigmaAldrich, St. Louis, MO, USA) and mobile phase C (100%
acetonitrile for chromatography (Sigma-Aldrich, St. Louis,
MO, U.S.A.) at a flow rate of 1 mL/min. Amino acid
standard H (Waters Corp., Milford, MA, U.S.A.) was used
as the standard. The fluorescent detector was set at an
excitation wavelength of 247 nm. Under the adopted
conditions, good separation of the amino acids was
obtained with the exception of the couples of histidine +
glutamine and serine + asparagine, which were co-eluted
in single peaks. Tryptophan was not detectable with this
protocol.

2.9. Study Design-double-blind,
Placebo-control Trail Study
The clinical research was approved by the ethics
committee of the Antai Medical care corporation Antai
Tian-Sheng Memorial Hospital (IRB No.20-027-A). All
subjects recruited in this trail returned the written consent
forms before the study.
2.9.1. Human Skin Hydration Detection in a Short
Time
Ten subjects were recruited and asked to apply 0%,
0.2% or 0.4%, of placebo/TAC lotion (formula showed as
Table S1) on different visits. The skin hydration was
detected at two time points, right after the application at 0
h and 3h after by intelligent skin analysis system (ES3100,
Yi Li Mei technology, China). Every visit was at least
one-week apart, and subjects were only allowed to wait in
certain indoor spaces during the 3 h waiting period. Note
that participants and the experimental operators, who
conducted the measurement, were not aware of the content
of the lotion.
2.9.2. Human Skin Efficacy Assessment in a Long
Time
Each subject was asked to apply TAC lotion (named A
lotion) on their right face and placebo lotion (named B
lotion) on their left face (formula showed as Table S1).
Twenty subjects were recruited and were informed to
apply twice per day (3-5 mg/cm2 once) for 4 weeks.
Ordinary cosmetics usage was permitted but the change of
usage was not allowed during the intervention period other
than the provided product/placebo. Outdoor activities (sun
exposure) and the usage of sunscreen lotion were not
limited in this study. Each subject was required to undergo
skin condition inspection on week 0, 1, 2 and 4. Every
subject should wash face with water and wait for 30 min
at room temperature environment (25°C, humility 55 ±
5%) before instrument detection.
Skin hydration (Corneometer CM825, Courage + Khazaka
Electroni, Germany), sebum (Callegari 1930, Italy),
inflammation detection and brightness/color (Chroma
Meter MM-500, Minolta, Japan) of each subject’s upper
cheek were measured. The degree of improvement in
inflammation detection or skin brightness are positively
correlated with the decrease of a* value or increase of L*.
VISIA® Complexion Analysis (VISIA® Complexion
Analysis, U.S.A.) was also employed to measure the skin
inflammation, pores and wrinkles of full face. The results
were presented as the mean value and the relative
percentage (%) to the baseline.

2.10. Effect of TAC Lotion on Skin Wound
The skin of upper arm is the sensitive to stimulus, and
the area was selected to test for the skin irritation caused
by TAC lotion. About 20 µl of TAC lotion/ddH2O was
prepared on the medical film (1.0 ⅹ 1.0 cm) (3MTM
TegadermTM, Minnesota, U.S.A.) and attached to the
subjects` upper arm skin with waterproof bandage (4.4ⅹ
4.4 cm) (3MTM TegadermTM, Minnesota, U.S.A.) for 24 h.
Skin irritation such as erythema, papules, blisters and
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other irritation reactions was observed and evaluated for
48 h after removing the taps. Once the irritation occurred
at any time during the period, the test would be halted and
the film would be removed immediately.

2.11. Statistical Analysis
Data are presented as the mean ± standard error of
mean (SEM) obtained from three repeats of per sample.
All values from different treatment groups were compared
using Tukey's post hoc test through GraphPad Prism, as
p < 0.05 was considered statistical significance. The
values of the measurement results for skin parameter were
transfer to standard deviation (%) and set 100% as the
initial value. The comparison of measurement results for
skin parameters among groups and between groups was
analyzed by one-way repeated measurement ANOVA and
one-way ANOVA, respectively, followed by Tukey's post
hoc test through GraphPad Prism, as p < 0.05 was
considered statistical significance.

3. Results
3.1. The Determination of LAB Postbiotics by
the Antibacterial Activity against
S. aureus and Stimulation of
Cytokine Level in vitro
S. aureus is frequently isolated from the skin of AD
patients [18]. The resistance of LAB strains against

S. aureus was the first priority of the screening. In the
antibacterial assay (Figure 1A), Bf-688 performed the best
anti-pathogenic ability (≥ 8.5 cm growth inhibition),
followed by TYCA06 and Bv-889 (5~8.5 cm growth
inhibition), and GL-104 showed the lowest value (< 2 cm
growth inhibition). There are many mechanisms for
probiotics to resist pathogen and their postbiotics are one
of the strategies [19]. To clarify whether their postbiotics
can inhibit S. aureus, sterile postbiotics of these trains
were collected and co-cultured with S. aureus for 6 h. The
postbiotics of three strains, CP-9, AP-32, and TYCA06,
showed the best ability in the resistance of S. aureus,
which displayed inhibition rates of 30.37 ± 14.1%, 30.19
± 19.1% and 30.19 ± 19.1%, respectively (Fig. 1B), as
compared with that of control (0.0%, p < 0.05, p < 0.05
and p < 0.05, respectively). The S. aureus inhibition rate
in postbiotics was different from the result in overlay agar
(Figure 1A and Figure 1B), which indicated that the
antibacterial substances metabolized by each strain were
not the same. Furthermore, the TGF-β and IL-10 levels in
PBMC of atopic dermatitis patients were used to evaluate
the anti-inflammatory cytokines expression. The postbiotics
of all LAB strains showed significantly higher TGF-β and
IL-10 expression than control (p < 0.001, respectively),
except for Bv-889 and Bf-688 (Figure 1C and Figure1D). The
result revealed that anti-inflammatory cytokines of LAB
postbiotics was not exactly the same as the antibacterial
effect against S. aureus. Based on those results (Figure 1), the
postbiotics of these three strains (TYCA06, AP-32 and CP-9),
which showed the highest S. aureus inhibition rate and good
anti-inflammatory level, and named TAC for the further study.

B
120
100
80
60

#

#

#

40
20
0

C

C

A

P9
P3
TY 2
C
A
0
B 6
LI
-0
B 2
v88
G 9
L10
4
A
I-8
B 8
f-6
C 88
on
tr
ol

S.aureus
Relative inhibition rate (%)

A

21

D
400

160

***

***

120
100
80
60
40

***
***
***

***
***
***

IL-10 (pg/ml)

TGF-β (pg/ml)

140

300

***
200

***
100

20

***
***

***

C
A
G 06
L1
B 04
LI
-0
A 2
P32
C
PA 9
IB 88
v8
B 89
f-6
88
C PH
on A
t
M oro
ed l
iu
m

0

TY

A
P
G -32
LTY 1 0
C 4
A
B 06
LI
-0
2
C
PA 9
I
B -88
v8
B 89
f-6
88
C PH
on A
t
M oro
ed l
iu
m

0

***

Figure 1. Eight LAB strains and their postbiotics screening on anti-S.aureus and anti-inflammatory cytokine repression. (A) Bacteriostatic activity of
different viable LAB strains against S. aureus determined by measuring the inhibition area. Scale: (-), 0 cm growth inhibition; (+++) < 4 cm growth
inhibition; (++++) < 5 cm growth inhibition; (+++++) < 8.5 cm growth inhibition; (++++++) > 8.5 cm growth inhibition. (B) S. aureus relative
inhibition rate in eight 4% LAB postbiotics for 20 min. (C) TGF-β and (D) IL-10 inflammatory cytokine expression. PHA: phytohemagglutinin as the
positive control; untreated cells and medium: MRS broth only as the control; # p < 0.05 vs. control; *** p <0.001 vs. control
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3.2. TAC Postbiotic Amino Acid Composition
and Its Effects on Basal Layer of Human
Keratinocytes

3.3. Effects of the Different Concentrations of
TAC Postbiotics Lotion on Human Skin
Hydration in a Short-term Test

LAB postbiotics gained special importance in the
treatment of the inflammatory response [20]. To further
examine whether the TAC postbiotics could affect the reepithelization, the wound healing assay was applied on
human keratinocytes HaCaT cells and compared the
migration after 24 h with/without 0.3125% TAC treatment
(Figure 2). A better healing ability was displayed in the
medium with TAC treatment (Figure 2D) and showed a
migration of 62.8 ± 7.7% (Figure 2E), which was
significantly higher than in control treatment (52.2 ± 1.8%,
p < 0.05) (Figure 2B and Figure 2E). Furthermore, amino
acid compositions of TAC postbiotics were analyzed by
HPLC (Table S2), and the result showed the contents of
alanine, glutamate and leucine were the most abundant,
which presented 18.37%, 12.61% and 12.59%, respectively.

Skin hydration and moisturizing play a key role for
AD patients [21]. In this study, three concentrations,
0%, 0.2% or 0.4%, of TAC postbiotic lotion were
respectively applied on the 10 subjects` face on different
visits and the degree of hydration was recorded at two
time points, 0 and 3 h (Figure 3A and Figure 3B). The
moisturizing degree at 0 h displayed no significant
difference among three concentrations of TAC postbiotic
lotions (Figure 3A). The 0.4% TAC postbiotic lotion
showed a better moisturizing effect than 0.2% lotion, and
a significant increase in the degree of hydration
when comparing to the control group (p < 0.05)
(Figure 3B). Therefore, the concentration of 0.4% TAC
postbiotics was selected for the further clinic trail of a
long-term treatment.

Figure 2. TAC postbiotics increases basal layer of human keratinocytes (HaCaT) (2 × 106 cells) migration. (A) Control, 0 h; (B) Control, 24 h;
(C) 0.3125% TAC, 0 h; (B) 0.3125% TAC, 24 h; (E) Wound healing assay compared TAC with control in 24 h treatment. Migration distance was
measured using Image J program. ** p < 0.01 as compared to that of the control. Scare bar is 5 μm
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for 0 h; (B) Apply for 3 h. n =10 in each concentrations, * p < 0.05 vs. 0% concentration

International Journal of Clinical and Diagnostic Research

23

3.4. Effects of a Long-term Treatment of
the TAC Postbiotic Lotion on Human
Clinic Trail

and the effect lasted from week 1 to 4 throughout the trail.

To evaluate the effect of TAC lotion in a long-term
application, twenty subjects were participated in the
human clinic trail. Medical visits were scheduled on week
0, 1, 2, and 4. All subjects were submitted to a pre-test and
passed the evaluation of the skin safety test (Figure S1).
All participants accomplished and no withdrawal occurred
before the end of the trail. The overall results of the
4-week treatment were summarized in Table 1.

After 4 weeks of application, no significant difference
in relative sebum content was displayed between placebo
and TAC lotion groups when comparing to that baseline
of each group (Figure 4B). However, the relative sebum
content showed a gradual reduction from 100 to 93.8,
which indicated a decrease by 6.2% during the 4 weeks of
TAC lotion application (Figure 4B; Table 1). In contrast,
the value only decreased by 3.0% in placebo group during
the 4 weeks as compared with the baseline on week 0
(Table 1).

3.4.2. Effects of the TAC Postbiotic Lotion on Human
Skin Sebum

3.4.1. Effects of the TAC Postbiotic Lotion on Human
Skin Hydration
The level of skin hydration was improved in TAC
lotion group, and showed values of 107.3, 108.3 and 108.3,
on week 1, 2, and 4, respectively, when comparing to that
baseline (100.0, p <0.05; 100.0, p < 0.001; 100.0,
p <0.001, respectively) of each group. The level of skin
hydration was also improved in placebo lotion group, and
showed values of 106.5, 107.9 and 108.1, on week 1, 2,
and 4, respectively, when comparing to that baseline
(100.0, p < 0.05; 100.0, p < 0.05; 100.0, p < 0.01,
respectively) (Figure 4A). The improvement of skin
hydration was observed both in TAC and placebo groups,

Table 1. Summary of improvement effects of skin condition after the
study (n =20; + positive improvement; - negative improvement)
Item
Hydration
Sebum
Skin inflammation index
Brightness
Spots
Wrinkles

Ratio of improved subjects
(improvement of skin parameter (%))
Placebo lotion
TAC lotion
+8.1%
+8.3%
-3.0%
-6.2%
-7.3%
-9.2%
+2.1%
+2.7%
-4.2%
-9.7%
-10.5%
-20.7%

Note: Improvement of skin parameter (%): (the mean value at week 4the mean value at the baseline)/ the mean value ate the baseline × 100%
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Figure 4. Improvement of hydration and sebum content for TAC and place lotion on 0, 1th, 2th and 4th weeks. (A) Hydration; (B) Sebum content. Bars
represent mean ± SEM. n = 20 in each group. *** p < 0.01, ** p < 0.01,* p < 0.01 vs. 0 week with in group
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Figure 5. Improvement of inflammation for TAC and place lotion. (A) Relative inflammation index detected by chroma meter at 0, 1, 2 and 4th weeks;
n = 20 in each groups. *** p < 0.01, ** p < 0.01,* p < 0.01 vs. 0 week with in group. Bars represent mean ± SEM. (B) Red zone (inflammation)
detected by VISIA at 0 and 4th weeks. (a) Placebo lotion treatment on left face at 0 week. (b) Placebo lotion treatment on left face at 4th week. (c) TAC
lotion treatment on right face at 0 week. (d) TAC lotion treatment on right face at 4th week. The value showed the degree of inflammation
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3.4.3. Effects of the TAC Postbiotic Lotion on Human
Skin Inflammation
The index of skin relative inflammation was detected
by chroma meter (Figure 5A). The level of inflammation
index was significantly reduced to 93.3 from 100 on week
1 as compared to baseline on week 0 (100.0, p < 0.001),
and the improvement remained significant throughout
the 4 weeks. In contrast, the improvement in the placebo
lotion group was not significant on week 1, and
showed significance later on week 2 (Figure 5A). The skin
inflammation of the subjects in TAC group was
significantly decreased by 9.7% on week 4 as compared
with the value of the baseline on week 0. In contrast, the
result in placebo group was only decreased by 7.3%
(Table 1). Further, the inflammation of blood vessels in
the deep layers of the skin was observed by VISIA
microanalysis skin image analyzer. The optical red zone in
deep skin was detected and indicated with pale blue. After
applying with placebo lotion for 4 weeks, the number of
red zone area showed only a reduction of 23 (from 154 to
131) (Figure 5B and Figure 5C). A better reduction of 69
was seen in TAC group than in placebo group, of which
the number of red zone area decreased from 191 to 122
(Figure 5D and Figure 5E). Hence, TAC lotion could
effectively improve skin inflammation.
3.4.4. Effects of the TAC Postbiotic Lotion on Human
Skin Brightness
The level of skin brightness was evaluated by the color
performance after placebo or TAC lotion treatment. The
skin brightness of the subjects in TAC group was
significantly increased to 100.6 and 102.7 on week 2 and 4,
respectively, as compared with baseline (100.0, p <0.01;
100.0, p < 0.001, respectively) on week 0 (Figure 6A). In
contrast, the value in placebo group was only increased to
102.1 on week 4 as compared with baseline on week 0
(Figure 6A). In conclusion, the skin brightness of the
subjects in TAC groups was significantly increased by

2.7% on week 4 as compared to the baseline on week 0
(Table 1).
3.4.5. Effects of the TAC Postbiotic Lotion on Human
Skin Spots and Wrinkles
The results show the spots in the TAC lotion group
were significantly decreased on week 2 and 4. The value
of baseline was normalized to 100 by the analyzer and the
value was reduced to 94.9 and 90.3, respectively, in TAC
group on week 2 and 4 as compared to the baseline (100.0,
p < 0.05; 100.0, p < 0.01) on week 0. In contrast, the spots
in the placebo lotion group showed no difference as
compared to the baseline on week 0 (Figure 6B).
After 4 weeks of application, the skin wrinkles of the
subjects in TAC group were significantly decreased from
100 to 79.3 as compared with baseline (100.0, p < 0.05)
on week 0 (Figure 6B). In contrast, the value was only
decreased to 89.5 in placebo groups on week 4 and showed
no significant difference as compared with baseline on
week 0 (Figure 6C). In conclusion, the skin spots and
wrinkle of the subjects in TAC groups were significantly
decreased by 9.7% and 20.7%, respectively, on week 4 as
compared to the baseline on week 0 (Table 1).

3.5. Effect of TAC Lotion on Skin Wound
Two of the subjects were atopic dermatitis (AD)
patients, and came into this trial with cracked skin on
hands. The effect of TAC lotion on the wound healing was
observed in these two atopic dermatitis subjects after the
human clinic trail. On day 0, subject-1 had a wound on the
finger, and subject-2 had multiple wounds on the palm.
The wound on the finger of subject-1 showed a significant
improvement, especially after 7 days of TAC application
(Figure 7A and Figure 7B). The multiple wounds on the
palm of subject-2 also healed significantly after 7 days of
TAC application (Figure 7C and Figure 7D). The result
suggested that TAC lotion was applicable on AD skin
without irritation, and could improve the wound healing.

Figure 6. Improvement of skin brightness, spots and wrinkle for TAC and placebo lotion applied at 0, 1st, 2nd and 4th weeks. (A) Relative brightening
score; (B) Relative skin spot numbers; (C) Relative wrinkle number. n = 20 in each group. *** p < 0.01, ** p < 0.01,* p < 0.01 vs. 0 week with in group
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Figure 7. Improvement of atopic dermatitis skin wound repair with TAC lotion applied for 7 day. (A) Subject-1`s finger at 0 day; (B) Subject -1`s
finger at 7th day; (C) Subject -2`s palm at 0 day; (D) Subject -2`s palm at 7th day. Arrow indicated the place of skin wound

4. Discussion
The antibacterial activity of probiotic bacterium is a
living strategy for its own survival, and the mechanism of
the competition exists diversities. TYCA06 is a strain of
Lactobacillus acidophilus, and the antibacterial activity of
this species was noted very early in 1949 [22]. AP-32 is a
strain of L. salivarius, and a novel bacteriocin-like
substance produced by this species with activity against
Enterococcus faecalis, E. faecium, and Neisseria
gonorrhoeae was characterized in 1999 [23]. CP-9 is a
strain of Bifidobacterium animalis, and Bificin C6165 is a
novel bacteriocin isolated from another strain of this
species with remarkable potency for Alicyclobacillus control
in 2013 [24]. Studies have shown that a common benign
bacterium can modify its local habitat and inhibit growth
of a pathogenic bacterium by releasing antibacterial free
fatty acids from host skin surface triacylglycerol [25]. In
other words, the antibacterial activity of probiotic
bacterium was performed highly through its postbiotics,
which comprise metabolites and/or cell-wall components
released by probiotics [19]. In this study, the growth
inhibition against the pathogenic bacteria S. aureus was
seen in eight cell-free postbiotics, and three postbiotics of
probiotic strains, TYCA06, AP-32, and CP-9, showed
significantly better inhibition rates than other five.
Despite of the equivalent antibacterial activities, these
three postbiotics showed different capabilities of cytokine
inductions on TGF-β and IL-10 in vitro. TYCA06 showed
a moderate induction on TGF-β levels, and the best
induction on IL-10 levels among eight postbiotics. AP-32
displayed the best induction on TGF-β levels, and a
moderate induction on IL-10 levels among eight
postbiotics. Although CP-9 presented an antibacterial
activity as strong as TYCA06 and AP-32, the inductions
on TGF-β and IL-10 levels were relatively mild. Studies
have shown the intervention of probiotics can modulate
the immune response [26]; however, immunomodulatory effects

of probiotics on pro-inflammatory and anti-inflammatory
cytokine production have both been seen in different
animal models [27]. The immune response toward
different probiotic strains and their postbiotics cannot be
interpreted easily, and sometime the result can be opposite.
For instance, the amounts of secreted cytokines by
dendritic cells after stimulation with cells of three trains
of L. plantarum, Lp790, Lp813 and Lp998, resulted
pro-inflammatory whereas stimulation with culture
supernatants (postbiotics) increased the release of the
anti-inflammatory IL-10 cytokine and inhibited the release
of IL-12p70 [28]. Therefore, more investigation is needed
to elucidate the role of postbiotics of TYCA06, AP-32 or
CP-9 in the immunomodulatory. The aim of this study
focused on screening for outstanding antibacterial
activities, which can solely be exerted by the postbiotics.
The postbiotics of TYCA06, AP-32 and CP-9 were
combined and the effect of this postbiotic blend on skin
health was evaluated by a clinical trial in human.
Healthy skin is the primary defense system of human
body from pathogens, and open wound on skin can
increase the opportunity for bacterial load. The facilitation
of wound healing can reduce the risk of bacterial infection,
and probiotics have shown such beneficial effects in burn
patients [29]. Another research has shown that oral
supplementation with a sterile lysate of probiotics is
sufficient to boost systemic oxytocin levels and improve
wound repair capacity [30]. AD is a common
dermatologic disease which is frequently accompanied
with inflamed and cracked skin. The human trial in this
study did not set any specific criteria for enrollment, and
most of our volunteers were healthy subjects. Only two
subjects happened to be AD patients, and this TAC lotion
improved the wound healing of their cracked skin without
any irritation or side effects. Although the case number of
AD was low, this preliminary result sheds some light on
the topical use of postbiotics for sensitive skin. The theory
behind this potential use of TAC formula was also
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supported by our antibacterial activity and antiinflammation assay in vitro. The present of S. aureus can
aggravate the symptom due to abnormalities in the skin
barrier of persons with AD [31]. The antibacterial activity
of TAC formula is able to reduce the population of S.
aureus, and the induction of TGF-β and IL-10 is able to
ameliorate the inflammation on AD skin. Besides, TAC
postbiotics increased the cell migration in HaCaT cells,
and indicated a potential promotion on wound healing.
Therefore, another clinical trial specifically for AD
patients is worthy and necessary to validate the beneficial
effect of TAC formula on AD skin.
A right balance between skin hydration (moisture) and
sebum (skin surface lipids) is an indication of healthy skin
and plays a central role in protecting and preserving skin
integrity [32]. In modern life, people often go back and
forth between air-conditioning and open area. The rapid
change of temperature and humidity can cause stress on
skin. The transepidermal water loss increases when
staying indoor under dry air and synthesis of stratum
corneum lipids increases when going outdoor under
sunshine [33]. The TAC lotion helped to maintain the
balance by improving the skin hydration and stabilizing
the sebum content. Healthy skin is the fundamental
requirement for good physical health and well external
appearance. In addition to the health, the bright, spotless,
and wrinkleless facial skin is a beauty goal for the
majority nowadays. In the past two decades, the interest in
natural remedies has increased, and so as in research on
the use of natural ingredients in dermatology [34]. The
TAC postbiotics contain amino acids and compounds
naturally fermented by probiotic bacteria, and improved
skin speckles and wrinkles in our subjects. The content of
postbiotics is complex and can be varied by the procedure
of collection. Studies have found the abundance of shortchain fatty acids, vitamins, phenols, egzopolisaccharides,
and enzymes are usually rich in postbiotics [35]. In order
to have a better understanding on the effect of TAC
postbiotics, further studies on the functional ingredient of
the TAC postbiotics are warranted.
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Supplementary Results
Table S1. Placebo/TAC lotion formula
Ingredient
TAC lactobacillus ferment (L. acidophilus TYCA06, L. salivarius AP-32, B. animals subsp. lactis CP-9

Percentage (%)
0

0.2

Water

75-85

Glycerol

< 10

Sea water

<5

Citric acid

<5

Aole extract

<5

Cucurbita pepo (pumpkin) seed extract

<5

Hexadecanoic acid

<5

Isononyl isononanoate

<5

Prunus amygdalus dulcis oil

<5

Shea butter

<5

Sodium hydroxide

<1

Polysorbate 20

<1

Essential oil

< 0.5

Carbopol 940

< 0.5

Xantham gum

< 0.5

Zanthoxylum piperitum fruit extract

< 0.5

Pulsatilla koreana extract

< 0.5

Usnea barbata (Lichen) extract

< 0.5

Dipropylene glycol

< 0.5

Hydroxyacetophenone

< 0.5

Caprylyl glycol

< 0.5

Dipotassium glycyrrhizinate

< 0.5

Sodium hyaluronate

< 0.5

Allantoin

< 0.5

Note: TAC lactobacillus ferment 0% as the placebo.

0.4
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Table S2. The proportion of amino acid concentrations in TAC powder
Name
ALA
GLU
LEU
SER
LYS
ASP
TYR
PRO
ILE
GLY
ARG
THR
PHE
CYS
VAL
MET
HIS

Con. (mM)
11.3782
7.8119
7.8009
4.8361
4.1603
4.0543
3.3720
3.0889
2.7788
2.3842
2.1176
2.0987
2.0562
1.2207
1.0793
0.9868
0.7185

(%)
18.37
12.61
12.59
7.81
6.72
6.00
5.44
4.99
4.49
3.85
3.42
3.39
3.32
1.97
1.74
1.59
1.16

Total

61.9433

100.00

Figure S1. Skin safety test evaluation. (A) placebo, (B) TAC
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