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Microbial therapy has been increasingly developed in the medical and health
fields and has triggered advances in the process of formulating skincare
products. The skin microbiota becomes the target in the development of active
ingredients to produce an optimal effect in the balance of its composition which
leads to its usefulness in maintaining skin health and providing protection.
Postbiotic bacteria can maintain homeostasis of the skin microbiome so that it
has the potential to be used as an active ingredient in Active Pharmaceutical
Ingredient (API) in skincare products and have broad benefits due to its various
active substances. The aim of this study was to examine the metabolites profile
contained in the bacterial fermented lysate fraction, which is also served as a
marker in identifying the metabolite variations of the lysate fractions and their
API dosage forms. Ferment lysate API preparations were prepared in the form
of freeze dried and spray dried. The metabolite profile analysis was carried out
using the untargeted LC-QTOF-MS/MS metabolomic approach and multivariate
analysis. Result revealed 30 differential features of the putative metabolites, and
by performing metabolites annotationfor their bioactivities through intensive
literature research, such as antimicrobial, antioxidant, and anti-inflammatory,
we elucidated these compounds are discovered in dry form of lysates.
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1. Introduction

The development of technology in cosmetics has
spawned new innovations, one of whichis the trend of
using microbial-based therapies. In the last decades,
skincare products have used skin microbiomes as
its active ingredients, such as skincare industry in
England, Korea, and America. Microbial therapy is a
new class of active pharmaceutical ingredient in a
form of probiotic or postbiotic (Jimenez et al. 2019).
However, several studies reported the disadvantages
of probiotic when applied to individuals with a
weak immune system because it can increase
the immunogenicity response and is harmful to
the function of the skin’s protective layer so that
currently, active pharmaceutical ingredients tend
to use postbiotics as an alternative. Postbiotics
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have advantages compared to probiotic, such as for
skin metabolism, protection from immunogenicity
responses and maintain the balance of skin
microbiome so that postbiotics have the potential to
be used as active ingredients in skincare preparations
(Malik 2020). There were several skin microbiomes
from Indonesian skin isolated by previous study,
those were Staphylococcus warneri MBF02-19],
Staphylococcus hominis MBF12-19], Micrococcus luteus
MBFO05-19], Bacillus subtilis MBF10-19] (Khayyira
et al. 2020). These bacteria were reported to have
antimicrobial activity against Legionella by producing
nukacinISK-1 and warnericin RK, potential toincrease
the effectiveness of DNA repair and melanogenesis
in melanoma cells, and protect the skin through the
production of microbial compounds as were reported
(Pauer et al. 2019), (Hofer et al. 2011), (Hernandez-
Valdes et al. 2020). The combination of bacteria or
bacterial cocktail have been conducted in microbial
therapy in a form of postbiotic. The study (Vazquez-
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Castellanos et al. 2019) showed that the formulation
of double strains of bacteria were more efficient
compared to single bacterium and the interaction
among bacterial strains can increase the metabolite
production and efficacy which are potential as
biotherapy. The quality of metabolites produced
needs to be monitored to understand its activity and
mechanism through metabolomic profile analysis.
Recent technological advances have enabled the
creation of high throughput profiling of a large
number of nontargeted metabolites or metabolomic
fingerprinting using liquid chromatography-mass
spectrometry (Li et al. 2019). Metabolomic profile
is a systematic and comprehensive overview of the
overall characterization of metabolites or important
compounds (Jalu et al. 2020). Metabolomic profile
analysis can be used to identify and quantify
various metabolites to investigate the activity
of each bacterium and synergistic effect from
bacterial cocktail (Warsito 2018). Various activities
of postbiotics and bacterial lysates have been
reported, one of which was in the management
of skin inflammation associated with photoaging
and skin barrier claims such as dry and sensitive
skin (Khmaladze et al. 2019), reduce vasodilatation,
edema, degranulation, mast cells, and TNF-alpha.
An assay of trans epidermal water loss showed
improvement with application of a postbiotic
product (Guéniche et al. 2010), a clinical study on the
skin of volunteers with mixed atopic dermatitis gave
the result that postbiotics have a beneficial effect on
skin health and can improve red and itchy skin by
increasing the moisture score, inflammation index,
and skin brightness score (Ho et al. 2021). Therefore,
this study analyzed the metabolite profile of single
bacterium lysate consist of Staphylococcus warneri
MBF02-19], Staphylococcus hominis MBF12-19],
Micrococcus luteus MBF05-19], and Bacillus subtilis
MBF10-19] compared to metabolite profile of cocktail
lysate of the four bacterial combinations prepared by
freeze drying and spray drying.

2. Materials and Methods

2.1. Bacterial and Subculture Growth
Condition

Cryo-stock Staphylococcus hominis MBF12-19],
Staphylococcus warneri MBF02-19], Bacillus subtilis
MBF10-19], and Micrococcus luteus MBF05-19] were
obtained from frozen stock collection in Microbiology

and Biotechnology Laboratory, Faculty of Pharmacy,

Universitas Indonesia that were isolated by previous
study.

Strains were grown in its optimum media;
Staphylococcus hominis MBF12-19], Staphylococcus
warneri MBF02-19] were streaked on Tryptic Soy Agar
(TSA), while Bacillus subtilis MBF10-19] on Nutrient
Agar, and Micrococcus luteus MBF05-19] on blood
agar, this is the best growth condition for Micrococcus
luteus MBF05-19] according to our previous studies
(Grazia et al. 2017; Khayyira et al. 2020; Malik et al.
2016). All agar cultures were aerobically incubated
for 24-48 hours at 37°C. A further subculture step
would be conducted by taking pure single colonies
using loop and re-scraped on new agar plates. Then,
each strain was routinely confirmed by macroscopic
and microscopic observation through gram strains
(Khayyira et al. 2020). All strains were cultured into
Tryptic Soy Broth (TSB) production media and the
OD,,, was measured every hour until stationary
OD,,, value is achieved to see the bacteria growth.
The data of OD obtained were recorded and then
made a growth curve.

0

2.2. Subculture, Fermentation, and
Preparation of Single Bacterial Ferment Lysate

Tryptic Soy Broth was used to culture each strain
of bacteria for aerobic enrichment at 37°C without
shaking for 24 hours. The reference 0.5 Mc Farland
suspension was referred to measure the individual
cultures of the strains in the liquid medium, which
is equalivalent to the absorbance 0.1+0.05 and the
cell density 1.5 x 10® CFU/ml, and by measuring the
initial Optical Density (OD_, ) respectively of each
individual culture.

Each strain of bacteria that had been rejuvenated
and quality controlled was then fermented in Tryptic
Soy Broth (TSB) at 37°C, 50 RPM agitation, and 5%
dissolved oxygen aeration with optimum time
Micrococcus luteus MBF05-19] = 30 hours; Bacillus
subtilis MBF10-19] = 7 hours; Staphylococccus warneri
MBF02-19] = 17 hours; Staphylococcus hominis
MBF12-19 = 15 hours.

Harvesting was carried out according to the
respective growth curve profiles with the optimum
OD,,, by centrifugating to separate the cell pellets
and Cell Free Supernatant (CFS). Cell pellets were
lysed using an ultrasonicator with duration ratio
0.5 second, 40 cycles, amplitude 75%, 75 seconds
duration with 15 seconds pause per cycle. Cell pellets
were suspended in a buffer solution, then a protease
inhibitor was added before being processed for lysis,

600)



Baikuni A et al.

and then lysed on crushed ice. The result of the lysis
as fermented lysates was stored at 4°C for further
processing for metabolomic analysis.

2.3. Fermentation and Preparation of Bacterial
Cocktail Ferment Lysate and Drying Method

The rejuvenation of each bacterial strain was
conducted according to their growth curves with
the optimum OD,,,. The bacteria were mixed in the
fermenter for 3 hours with theratio of the composition
asreported in our previous study (Baikuni et al. 2022),
i.e. Micrococcus luteus MBF05-19]: Bacillus subtilis
MBF10-19]: Staphylococccus warneri MBF02-19]:
Staphylococcus hominis MBF12-19] 1 = 1.5:1:0.5:0.5
(K2) or 43%:28%:14.5%:14.5%. Sampling at 1, 2, and
3 hours was carried out to observe the effect of
incubation time on the metabolite content, then the
bacterial cocktail was harvested and centrifuged. The
cell pellets were lysed in the same way as above, and
the lysed fractions were dried by freeze drying and
spray drying methods. Freeze drying process uses
a freeze dryer (Labconco), lyoprotectant inulin 10%
was added to the ferment cocktail lysate before being
entered into freeze dryer with a temperature of -50°C
at a pressure of 0.5-1 mbar for 48 hours and for the
Spray Dryer (Buchi), bacterial cocktail ferment lysate
was first encapsulated using inulin and maltodextrin
25% before being entered into spray dryer with the
inlet temperature of 150°C, outlet temperature of
70°C, nozzle pressure 45 Psi, and flow rate/flow 15%.
2.4. Sample for Metabolite
Analysis

Sample preparation was done by performing an
extraction of 1 part of sample dissolved in 4 parts of
cold 80% methanol (v/v), which was previously chilled
at -20°C for 60 minutes, centrifuged at 14,000 rpm,
4°C, and for 15 minutes. Supernatant resulted was
filtered using a 0.22 pm. The storage for all samples
was at 4°C within 3 days prior to analyzed (Chan et al.
2021).

Preparation

2.5. Metabolite Analysis by LC-QTOF

All samples were analyzed by LC-QTOF-MS/
MS Xevo G2-XS QTOF Quadrupole Time-of-Flight
Mass Spectrometry (Waters, USA) with electrospray
ionization (ESI) sources under positive and negative
modes. In the ESI+ and ESI- modes, the mobile
phases A and B were 0,1% formic acid in water and
methanol, respectively. The injection volume was 5 L.

The separation of chromatograph was reached with
an Hss C18 column (2.1 x 100 mm, 1.7 pm; Waters
Pacific Pte. Ltd., Singapore), at a flow rate of 0.35 ml/
min using the following gradient: Initial 0.300 97.0
3.0 0.0 0.0 97% A for 2 minutes, increases to % B in
8 minutes, 30-80% B in 5 minutes, 80-95% B in 0.5
minute, holds at 95% for 1 minute, then decreases
to 5% B in 0.1 minute, and equilibrate at 3% B for 3.5
minutes. Mass ranges obtained were set as 50-1,500
for the TOF and product ion scans. Accumulation
time was set at 0.2 second and 0.1 second for TOF and
product ion scan. The ESI source parameters were:
nebuliser gas and heater set at 50 Psi, curtain gas
at 25 Psi, and heater temperature at 500°C. The ion
spray voltage was 3,000 and 2,500 V for ESI+ and ESI-
modes, respectively. The declustering potential and
impact energy were set at 40 V, respectively. The top
ten most abundantions were subjected to theion scan
product where the declustering potential was set at
40V, and the collision enerfy at 10-70 V for the ESI+
and ESI- modes. The injection sequence consisted of
blanks (TSB), single bacteria BS, ML, SH, SW, bacterial
cocktail samples with incubation time of 1, 2, 3 hours,
blanks (cocktail lysates), bacterial cocktail lysates,
blanks (spray and freeze-dried powder), spray dried
powder, freeze dried powder. Then, the sample was
randomly injected into the system.

2.6. Data Processing and Statistical Analysis
The results of the analysis using LC-QTOF-MS/MS
files are converted to mzML files using ProteoWizard
(ver. 3.0.23011) to be converted to ABF file using
Analysis Base File Converter (ver. 1.3.7815.14260).
This was done for the results of ES+ mode and ES-
mode respectively. Furthermore, the ABF file of each
ES+ and ES- ABF files were analyzed using MS-DIAL
(ver. 4.90). Analysis with MS-DIAL already includes
peak detection, identification, alignment, and
normalization based on the total ion chromatogram
(TIC). The results of the analysis are exported to
Excel to filter out metabolites that were: duplicated,
the intensity less than 3 times the intensity in the
blank sample and present in less than 75% of the
total sample. After filtering, missing data (data with
intensity ‘0’) is replaced with the lowest half of the
data from the related metabolite (half of minimum
value). The data was then analyzed by heatmap
and PCA using R software (ver. 4.2.0). The data is
then analyzed in principal components (PCA) using
R-Studio (Chan et al. 2021). PCA is performed to
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observe outliers, assure sample clustering and find
inherent sample clustering.

2.7. Putative Annotations of Metabolites
Suspected metabolites are anotated based on

retention time and spectral similarity (<15 ppm)

by matching against databases such as MassBank

(https://massbank.eu/MassBank/), and METLIN
(https://metlin.scripps.edu/).

3. Results

3.1. The Confirmation of Bacterial Strains

Identity
The confirmation of bacterial strains identity from
rejuvenation of frozen stock using macroscopic and
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microscopic morphological observation is presented
in Table 1, and culture for confirmation of growth
curve is presented in Figure 1.

3.2. Growth Profile and Fermentation Results

The

by measuring OD

growth curve of bacterial isolates was made

s00 Value every hour until it reached

the highest OD,,, value and entered the stationary

phase.

Table 1. Morphological characteristics of isolates

Name of bacteria  Colony shape  Colony color  Gram
S. warneri Circular White +
S. hominis Circular White +
B. subtilis Rod-like Brown +
M. luteus Circular Yellow +
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Figure 1. The growth curve of bacterial isolates. Growth curve of Micrococcus luteus MBF05-19] with optimum time of 21
hours (A), growth curve of Staphylococcus warneri MBF02-19] with optimum time of 17 hours (B), growth curve
of Bacillus subtilis MBF10-19] with optimum time of 7 hours (C), growth curve of Staphylococcus hominis MBF12-

19] with optimum time of 15 hours (D)
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The observation of growth curve every hour
on bacterial isolates in TSB medium showed that
final logarithmic phase or exponential phase of
Staphylococcus warneri MBF02-19] was at 17 hours,
Staphylococcus hominis MBF12-19] at 15 hours,
Bacillus subtilis MBF10-19] at 7 hours, Micrococcus
luteus MBF05-19] at 21 hours. By implementing the
growth depiction, the finest result for the fermentation
of bacterial cocktail was obtained. The fermentation
would be done with 3 hours of incubation time at

3.4. Metabolite Analysis by LC-QTOF-MS-MS
The result obtained from LC-QTOF-MS/MS
and all its conversion and analysis can be seen in
Supplementary data. In order to obtain the prediction
of the metabolites profile existed in various samples,
PCA plot score was employed as shown in Figure 2.

Table 2. Powder consistencies of bacterial cocktail ferment
lysate from freeze and spray drying
Powder of bacterial cocktail ferment

37°C, 50 RPM agitation, and 5% dissolved oxygen consistencies lysate
aeration. 3 hours of incubation was the most proper By freeze drying By spray drying
time for all bacteria to live together and interactina  Types of powder  Coarse powder  Fine powder
cocktail form. Color Yellowish white ~ White
Odor Lysate-like Lysate-like

3.3. Dry form of Bacterial Cocktail Ferment Figure
Lysate

The powder consistencies of bacterial cocktail
lysates obtained by both drying processes are shown
in Table 2.
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Figure 2. The whole sample PCA score plot. PC1 represented 17.73% samples and PC2 represented 13.42% samples. The
coloured ellipses represent for each Froup. BTSB: blank TSB, BS: Bacillus subtilis; ML: Micrococcus luteus; SH:

Staphylococcus hominis: SW: Staphy

ococcus warneri; 1 J: bacterial cocktail samples with incubation time

of 1 hour; 2 J: bacterial cocktail samples with incubation time of 2 hour; 3 J: bacterial cocktail samples with
incubation time of 3 hours; BLC: blanks cocktail lysates; LC: bacterial cocktail lysates; BSP: blanks (spray and
freeze-dried powder); SP: spray dried powder; F: freeze-dried powder
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The PCA results showed, that only the spray dry
cocktail fermented lysate powder and 3-hour cocktail
fermented lysate had the same metabolites due to
overlapping PCA plot results.

In addition, a separate PCA analysis was performed
between positive mode (ES+) and negative mode (ES-).
The first analysis was on the single bacterial fermented
lysate group and bacterial cocktail ferment lysate as
shown in Figure 3. The second analysis was carried
out on the 1 hour, 2 hours, and 3 hours bacterial
cocktail ferment lysate group as shown in Figure 4.
The last analysis was on the fermented lysate group
and bacterial cocktail fermented lysate powder either
by freeze or spray dry method as shown in Figure 5.

PCA results showed that each single bacterium
(BS, ML, SH, SW) and bacterial cocktail ferment
lysates had different metabolite profiles. The results
also showed that the long incubation time of the
bacterial ferment cocktail and the different drying
methods produced different metabolite profiles.
Such outcomes were obtained because none of the
PCA plots overlapped or were located very closely.

After the clustering and separation confirmed
the whole sample PCA score plot, we proceeded
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to identify feature differentials by performing
separate PCA analysis between the ES+ mode and
the ES- mode. A total of 935 metabolites and 118
differentiation feature metabolites were preferred
in ESI+ and ESI- modes, respectively. In addition,
the properties were compared to spectral databases
to identify compounds most likely derived from
individual bacteria BS, ML, SH, SW, bacterial cocktail
samples cultured for 1, 2, and 3 hours, and fermented
bacterial cocktail lysates. A total of 30 differential
presumptive features properties are described
for spray-dried and freeze-dried powders. Table
2 summarizes metabolite experimental mass for
charge ratio (m/z), retention time (RT), molecular
formula, and MS/MS fragment spectrum.

To reveal metabolites from all samples, we used
an LC-QTOF-MS/MS-based non-targeted approach
to detect and identify metabolites. A total of 30
differential features of the putative metabolites were
described in Table 3. The annotated metabolites
suspected in this study have been studied for their
bioactivities through literature research, such as
antimicrobial, antioxidant, and anti-inflammatory as
shown in Figure 6.
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Figure 3. PCA analysis on single bacterial ferment lysates and bacterial cocktail fermented lysates. The coloured
ellipses represent each group. BS: Bacillus subtilis; ML: Micrococcus luteus; SH: Staphylococcus hominis: SW:
Staphylococcus warneri; LC: bacterial cocktail lysates
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Figure 4. PCA analysis on bacterial cocktail ferment lysate group 1 hour, 2 hours, and 3 hours. The coloured ellipses
represent each group. 1 J: bacterial cocktail samples with incubation time of 1 hour; 2 J: bacterial cocktail
samples with incubation time of 2 hour; 3 J: bacterial cocktail samples with incubation time of 3 hours
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Figure 5. PCA analysis on bacterial cocktail ferment lysate and bacterial cocktail fermented lysate powder. The coloured
ellipses represent each group. LC: bacterial cocktail lysates; SP: spray dried powder; F: freeze-dried powder
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Table 3. Annotations of suspected metabolites from all samples BS, ML, SH, SW, bacterial cocktail samples with incubation
time of 1 hour, 2 hours, 3 hours, bacterial cocktail ferment lysate, spray dried powder, freeze dried powder

Metabolites m/z RT (Min) Adduct Formula MS/MS fragments
Pyroglutamic acid 130,051 1578 [M-2H]- CH,NO, 41,996, 52,020, 82,030
Chalcone base + 30, 1MeO, 1Prenyl 353,139 3,364 [M-H]- C, H,,0, 150,024, 300,097,
353,139
Flavone base + 20, 1MeO, C-Hex 445115 4,097 [M-H]- C,H,0, 282,048, 297,042,
445,115
Hexose + C,;H,,0, 395,149 5,207 [M-H]- C,H, 0, 113,027, 161,046,
349,198
Benzyl alcohol + Hex-Hex 431142 1,263 [M-H]- C H,0,, 101,015, 161,044,
431,142
Licoricesaponin G2 837275 1142 [M-2H]2- C,H.,0,, 469,331, 487,342,
837,275
Ginsenoside Rc 1077.476  0.844 [M-H]- C,,H,,0,, 459,386, 783,486,
945,547
Spirostane -2H, + 10, O-Pen-dHex 753,381 1348 [M-2H]2- C,H,0,, 707400,753,381
Rosmarinic acid 359,081 1,022 [M+K-2H]- C, H O, 161,027, 197,047,
359,081
Germinaline 750,286 1,331 [M-H]- C,,H,,NO,, 175,065, 750,286
Soyasapogenol B base + O-HexA 953,330 1,177 [M-H]- C,H,0,,  339,095,497117,
953,330
+HexA+dHex
Corosolic acid 471,261 13,898 [M-H]- C,H,0, 393318,423,327,
471,261
Phenyl-butyryl-glutamine 291,125 1,177 [M-H]- C,H,,)N,0, 119,051, 171,091,
291,125
Flavonol base + 40, 1MeO, O-Hex, O-Hex, O-Hex 817259 1,451 [M-H]- C,H,0,, 331,046,493,098,
655,152, 817,259
LPE 18:2 476,359 18,919 [M-H]- C,,H,,NO.P 196,037, 279,232,
476,359
Vanillic acid + O-sulfonateHex 409,092 0913 [M+K-2H]- C H,0,,S 96,957, 241,002,
409,092
Medicagenic acid base + O-Hex 663,207 1,142 [M-H]- C,H,0,, 89,024,439,318,
663,207
Vincanidine 307,154 0.759 [M-H]- C, H,)N,0, 170,059, 239,092,
307,154
Mitragynine 397,243 11,722 [M-H]- C,,H,,N,0, 174,090, 226,143,
238,142
Abietin 34314114 3,627 [M+HJ]+ CH,0, 365,122, 364,826,
287,001
Paprazine 306.11374 12,430 [M+Na]+ C_H_NO, 147,043,284,125
233,044, 245,044,
Phellopterin 301,1551 8,076 [M+H]+  C_H, O, 308,020
301,307, 289,307,
Neoandrographolide 503.2641 14,522 [M+2H]2+ C,H, 0O, 319,229
130,063, 122,066,
Tyramine; PlaSMA ID-59 130.06695 1,835 [M+K]+  CH,NO 138,088
226,100, 301,074,
Magnolol; PlaSMA ID-1190 26712311 10,348 [M+H]+ CH,O, 197,060
securinine 240.09251 7,377 [M+H]+ sH,sNO, 308,117
arborinine 286.10251 8,751 [M+K]+ CH,NO, 182,059, 168,079,
196,075
alpha-oxo-1h-indole-3-propanoic acid 204.08833 0913 [M+H]+ C,H/NO, 130,065, 172,075,
190,086
Paprazine 306.11374 12,430 [M+Na]+ C_H_NO, 147,043,284,125,
130,062
Roemerine 280,13391 12,816 [M+H]+  CH_NO, 279,999, 280,940,

279,789
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Figure 6. Heatmaps of annotated metabolites suspected of having bioactive properties. The color scale represents the

differential intensity of the metabolites, with dark blue and dark brown representing high and low peak intensities,
res%ectively. BS: Bacillus subtilis; ML: Micrococcus luteus; SH: Staphylococcus hominis: SW: Staphylococcus warneri,
1]: bacterial cocktail samples with incubation time of 1 hour; 2J: bacterial cocktail samples with incubation time of
2 hour; 3]: bacterial cocktail samples with incubation time of 3 hours; LC: bacterial cocktail lysates; SP: spray dried

powder; F: freeze-dried powder

4. Discussion

The growth curve is information about the life
phase of the bacteria. Generally, the life phase of
bacteria includes condition, log (exponential growth),
stationary and dead (Sharah et al. 2015). The growth
curve for each bacterial strain is intended because
each bacterium has a different growth pattern, the
length of time it takes to grow or adapt, and the
metabolites it produces (Yuliana 2008). The length
of the bacterial growth curve is caused by several
factors such as the number of cells inoculated,
the appropriate physiological and morphological
conditions and the cultivation medium used (Sharah
et al. 2015). By ensuring this growth profile, the
amount of each bacteria that will be mixed in
cooling the form of a cocktail can be proportional.
Proportioned cocktail conditions are designed to
allow cocktails to grow and interact by expressing
genes close to the state of their products when they
are incorporated as components of the microbiome.

Each bacterial isolate that had been rejuvenated
and quality controlled and fermented in Tryptic Soy
Broth (TSB) media, was harvested at that time based
on the respective growth curve profile that had been
carried out previously. Aftereachbacteriais harvested,
centrifugation is carried out to sell cell pellets and
Cell Free Supernatant (CFS) by centrifugation. As for
the cocktail bacteria, each isolate was mixed in a 2
liter fermenter for 3 hours. The lysis was carried out
using the ultrasonic method. The choice of the lysis

method is based on several things, namely analysis of
the target molecule, the quality of the final product
and the degree of ease of purification (Malik 2020).

The preparation of fermented bacterial lysate in
dry form was carried out using freeze drying and
spray drying methods. Prior to the drying process,
lyoprotectant was added to the fermented lysate to
prevent significant aggregation formation caused
by the buffer. If aggregation occurs during the
lyophilization or drying process, the fermented
lysate will not be in the form of powder but in the
form of caramel (Kolhe et al. 2010). Inulin has been
shown to be a therapeutic protection for proteins
and viruses during drying and storage. It has also
been tested as a protective barrier to maintain the
stability of probiotics (yogurt) during freeze drying
(Rodriguez Furlan et al. 2009).

This type of oligosaccharide is an effective
lyoprotectant because it is a stabilizer with a high
glass transition temperature (Tg), less number of
reducing groups and low crystallization rate, thus
extending product shelf life (Rodriguez Furlan et
al. 2009). In addition, research conducted by Shang
et al. (2018) reported that inulin has the effect of
increasing DPPH antiradical activity.

The universal solvent 80% methanol is used to
extract metabolites and precipitate proteins from
samples, as it is a common choice for studying
non-targeted metabolism due to its non-binding
characteristics and wide range of metabolites (e.g.,
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amino acids, organic acids, alkaloids, and phenolic
compounds). Liquid chromatography methods
coupled with high resolution mass spectra such
as ultra high performance liquid chromatography
coupled with quadrupole time of flight mass
spectrometry (UPLC-Q-TOF/MS) are generally used
for unbiased investigations of global metabolite
profiles due to their high sensitivity and dynamic
range large (Chan et al. 2021).

The results obtained from LC-QTOF-MS/MS were
then traced and analyzed to obtain predictions
of the profile of metabolites present in various
samples using PCA plot scores. The PCA grouping
results showed that only the lysate powder treated
by spray dry cocktail and lysate brewed for 3 hours
had the same metabolites due to overlapping PCA
plot results. In addition, separate PCA analyzes were
performed between the positive (ES+) and negative
(ES-) modes, the PCA results showed that individual
single bacteria (BS, ML, SH, SW) and cocktail cocktail
lysates had distinct metabolite profiles. The results
also showed that the incubation time of the bacterial
excrement cocktail and the different drying methods
produced different metabolite profiles. These results
were obtained because there were no PCA plots that
overlapped or were located very close together.

After clustering and confirmation spoofing of the
entire PCA sample score plots, we proceed to identify
feature differences. A total of 935 metabolites and 118
metabolite features of differentiation were chosen in
the ESI+ and ESI- modes, respectively. Features were
compared with the spectral database to identify
compounds most likely to be derived from individual
bacteria BS, ML, SH, SW, bacterial cocktail samples
cultured for 1, 2, and 3 h, and fermented bacterial
cocktail lysates. Approximately 30 differentially
predicted features are described based on their
experimental mass to charge ratio (m/z), retention
time (RT), molecular formula, and MS/MS fragment
spectra. The results of the annotated metabolites
suspected in this study, we have further studied their
bioactivity through intensive literature research
and have antimicrobial, antioxidant, and anti-
inflammatory activities, we explained that these
compounds are also found in the form of dry lysates.
The focus of this research is to identify metabolites
that have activity for skin care. One of the metabolites
contained in the sample, namely pyroglutamic
acid, has activity as a humectant (National Center
for Biotechnology Information 2022a). Although

until now there are no clinically approved and/or
marketed pharmaceutical products using these active
ingredients. Pyroglutamicacidis anaturally occurring
amino acid derivative but little information indicates
that it can also be formed enzymatically or non-
enzymatically (Schilling et al. 2008). pyroglutamic
acid is generally found in large quantities in brain
tissue and other tissues such as skin (National Center
for Biotechnology Information 2022a).

Several other metabolites show activity for
skin care as an anti-inflammatory including alpha
solanine (Hassan et al. 2021), licoricesaponin G2
(National Center for Biotechnology Information
2022b), corosolic acid (Sharma et al. 2018), paprazine
(National Center for Biotechnology Information
2022c), neoandrographolide (Mussard et al. 2020),
and magnolol (Chen et al. 2019). Alpha solanine is
also called a glycoalkaloid poison which is found in
the genus Solanum such as potatoes, tomatoes and
eggplants and is included in the class of saponin
compounds (National Center for Biotechnology
Information 2022d).

The corosolic acid compound is a common
pentacyclic triterpenoid derived from the leaves of
banaba or Lagerstroemia speciosa (a tropical plant
found in abundance in the Philippines, Vietnam,
Malaysia and southern China) (Park and Lee 2011).
The compound paprazine or P-coumaroyltyramine is
a natural product that can be found in Ophiopogon
japonicus, Polyalthia suberosa, and other organismes.
while the neoandrographolide compound is a natural
product derived from Tabernaemontana corymbosa,
Andrographis paniculata, and Potamogeton natans.
Magnolol compounds are natural products that can
be found in Magnolia garrettii, Illicium simonsii, and
other organisms (National Center for Biotechnology
Information 2022c¢).

Overall, this work demonstrates the
appropriateness of LC-QTOF-MS/MS in performing
a non-targeted metabolic approach in characterizing
the metabolites of bacterial fermented lysates and
skin commensal bacterial cocktail lysates. This
approach will have broad applicability for uncovering
postbiotics or other metabolites, potentially
providing a justification for the bioactivity of the
metabolites for therapeutic purposes. Nevertheless,
further study is needed to measure these postbiotics
or metabolites and determine their overall biological
relevance, ideally in a clinical setting.
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