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Abstract

In this study, bacteria belonging to the genus Lactobacillus were isolated
and tested for their uses in bio-industry such as bacterial cellulose production
and manufacture of antioxidant food or anti-inflammatory cosmetics.

Lactobacillus plantarum KC-09 (KCCM 80077) was isolated and tested for
its effect on bacterial cellulose production. The effects of initial concentration
of acetate and mixed culture with L. plantarum KC-09 (KCCM 80077) on
production of bacterial cellulose by Gluconacetobacter sp. gel_SEA623-2 were
examined. In mixed culture with 0.5% acetate added, the wviable cell count
increased from 2.4 x 10° CFU/ml to 1.1 x 10° CFU/ml after 14 days of
culture, and total acidity was about 0.3% higher than in single culture, which
implies that additional lactate was produced by L. plantarum KC-09 (KCCM
80077). In single culture, although bacterial cellulose productivity was higher
when the initial concentration of acetate was 0.0% or 0.5%, than when it was
1.0%, there was no significant difference. However, concentration and
thickness of bacterial cellulose pellicle were 37.8316.81 g/L and 10.33£0.58 mm
in mixed culture with 0.5% acetate added, respectively, which are significantly
different from 28.40+1.23 g/I. and 7.50£0.50 mm in single culture with 1%
acetate added.

Meanwhile, lactobacillus was used as a starter for fermentation of green
barley (Hordeum vulgare 1.) extract. Three isolates of L. paraplantarum
(AMI-1101), L. plantarum (AMI-1103), and L. brevis (AMI-1109) were
cultivated in the extract of barley leaves. The resulting culture products were
examined for their antioxidant activity. The antioxidant capacity of H.
vulgare L. extract was improved through bacterial fermentation. Especially,
the culture product of L. paraplantarum (AMI-1101) showed the highest
DPPH and ABTS  radical scavenging activity of 554% and 59.1%,



respectively at a concentration 500 ug/ml. In addition, the cultured
lactobacillus cells were heat-killed and split into nano-size particles with a
microfluidizer in order to maximize skin penetration and efficacy. The
antioxidant capacity of heat—killed lactobacilli was also improved through size
conversion process. The lactobacillus cells microfluidized at 20,000 psi showed
89.9% of ABTS" radical scavenging activity at a concentration of 1,000 ng/ml,
which was higher than 61% of normal size cell products.

As another approach for industrial application of lactobacilli, the skin
microbiome was analyzed. It was confirmed that there was a difference in the
distribution of the microbiome between the testers with normal skin and acne
skin. In addition, a new lactic acid bacteria(L.rhamnosus AMI-1301) was
1solated from the skin of the only healthy infant among microbiome analysis
samples, and a study was conducted to utilize it as an antioxidant and
anti—-inflammatory material.

First, the isolated lactic acid bacteria were cultured using green tea, centella
asiatica, mandarin orange, green barley and broccoli as substrates, and the
antioxidant enhancing effect of the fermented product recovered from the
culture was investigated. DPPH radical scavenging activity was typically
increased by 27.2% in fermented green barley, and ABTS radical scavenging
activity in fermented mandarin orange increased by 17.4%.

On the other hand, the effect of lactic acid bacteria extracellular vesicles
(LEVs) on cell wviability and NO production was investigated. LEVs
concentration up to 20 npg/mL did not affect the cell viability(%). NO
production was inhibited by 61% at a concentration of 20 pg/mL, confirming
the inflammatory response inhibitory effect of LEVs. In addition, the effect on
the production of cytokines IL-6, IL-18 and TNF-a that regulate the
inflammatory response was investigated. Although there were some changes
depending on the type of these cytokines in the concentration of LEVs

ranging from 10 pg/mL to 20 pg/mlL, the production of those cytokines was



inhibited by 6.3-49.6%.
These results show that LEVs and nano-size lactobacillus cells can be

utilized as functional ingredients of food or cosmetic products.
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A A(cellulose) = Aol 7 F5F-eA SAlsts A Aol QA 7t
s AYo2A D-glucose”} B-1,4 Agtel ot} Fgd Abs o wFoltt
T2 Aegd o AAHY  dF algae, fungi ¥l Acetobacter,
Agrobacterium, Pseudomonas, Rhizobium% S T3 Alato| A AgtA]o] el
¥l oW (Matthysse et al, 1981; Ko et al, 2000), 7L o= FozHE ZAF
]_

Sttt Had Hvp AtHKo et al, 2000; Son et al, 2000). Bacterial

N
ot

U s B3] A%xE 9t=x 2AFQ Acetobacter £0] cellulose A AFE o]

cellulose(BC)E A st= AT 2= A xylinum, G. hansenii 5°] <& A U
o 53|, Acetobacter xylinum °|&|* AAit¥= cellulose7} THiE A o]aL
cellulose it o]l 71 -8 #5752 @2 A57F A H o kh(Matsuoka et
al., 1996; Lee et al., 2005). BC AT S 2 Gluconacetobacter sp.2] #7]+= H]
WA HZ AF7F AEE I 9lom 16S rRNA A7|AES o] &3dte] AHAE
TR HOZ Acetobacter 2. ZHH AEF S AtHLee et al, 2002; Choi et

, 2004). BC+= A&/ cellulose®t= Z37] lignin, hemicellulose’} 3 >3}

HA] &= oFdEHE A EH(Klemm et al., 2001, Jung et al., 2003), %=, X
T4 B Aol Fob gstHom QHAstal HAdo] e S o® Qlste] A
L& TPAE, BT 2 9E& AE T 90U &2 &8 rtestt

(Jeon et al., 2013; Cho et al., 2014). BC2] A A 34S 98] fHd4 o=z oA
& A=Y 2, EFAME, AAA R gz de vEd A Rasa
o (Lee et al, 2003; Mikkelsen et al., 2009; Park et al., 2010), pH 3 -4¢]
kel o® 30-35C AAMIYe] FHdttte A2 dAHom dAEa 3
(Choi et al., 2004). ®=3+ glucose, fructose 59 ©2¥3 TCA cycled] o3}
+ lactate, pyruvate, succinate 52 7|&EujA|e] H7tste] BCe AAHES SVt
A7l A7 RaEa 9o (Matsuoka et al., 1996; Naritomi et al., 1998;
Choi et al., 2004), A. xylinum® 74-% fructose ©]2|9| lactateE wiA # 7|35}k
o] BC A4S Z7INA T B aE el oy (Matsuoka et al., 1996; Naritomi et
, 1998), G. hansenii®] 7 -$-l& lactate®] =7} oA ke 7HAA 7]
™ succinate T3 BC AJ4tell AL JgFs v XA LGethe A7 By o]
(Jung et al., 2003; Jang and Jeong, 2005) zto]E YERHIL At} s}HAFEo] ALE
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(Jun et al, 2018). T3+ o]# 3k BCE 20-50 nmel W] A Al (Microfibril) 7}
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F7H o2 lactate H7bel wEk BCO Aol TulEHddtE ATZAH
(Matsuoka et al., 1996; Naritomi et al, 1998)E ®lE O & =& Al-o] 317 of A
T thEFe]l ZHAS WA EE(Sim et al., 1995; Cho et al., 2007) A X oA HE&=
Lactobacillus plantarum KCCM 80077 -r2bits &3] % (mixed culture)d}to]
BC AibAell WA= @3S dolr izt skgt.
R 2 (Hordeum vulgare L.)E W 3(Poaceae/Gramineae)®ll &3l= AlAl 49 =+
2 F 3lyoly, E3] ®Hy Yol kA el superoxide dismutase (SOD)<}
Z9¥E 39E, v EYIC, B EFYE, catechin, B-carotene %9 vk A &
FTHEHA 5o vt B tHOhkawa et al., 1998; Park et al.,
2008). FHRE = FEYS v dn BEos dy FEUS 0E HEE 9y
st R 7F g5E7] 169 o]de] 83 Zloz ddtH glo] H]3] chlorophyll
o] ¥& ¥k ofye} &tslsS ZEHKim and Kim, 2015; Park et al., 2019).
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I2E3 =4 (hydrogen peroxide, Hz0.), 3}o]=24  &t]Z(hydroxyl radical,
‘OH) &9 24 33t=E& T80 &4 AFAF(reactive oxygen species, ROS)©]
gt 3k, AlEe Abstd 2E#AE fWste Ao®E 4EAd JAHKim et dl,
2007; Jun et al, 2014). ol°o] & AFolM= Fibde ko] HuY A F=E
=2 WEsHL, Microfludizer® W3t Abgt A e] 22-diphenyl-1-picrylhydrazyl
(DPPH) % 22'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cation (ABTS") =}
Oz 274 248 SAste] Akt 29E gdlsta, R HEE R AMTAE
o]-§3 7|54 vtole A NS AT VEARE AT ® &t gt

vpo] L Zuko] Z(microbiome)ol 2t &oj= =1 Aot} AR
Lederberg®t McCray2] 20013 The Scientist#] 7|15 F3] %= Ao ¥ Ar}.
I “mlolamutol e A EAEY 8 w& A TFsk Ao AR
1 Feh Aoy Awe] Yoz A KA 2 A, FAAT

R2E nmAEESY E3olgtn Ao A= A+ (bacteriome)ERE o}y &

vlo] 2 2 (virome) 2} 3% °] (mycobiome)7HA] EE U ES ¥E3E fo2 AL
£¥ ) vfol A Znlo]32 mho]l A Zufo] @ EH(microbiota) 2t &o]9f EFdle] 2

of=d] vholautol oEbe Al Mt AR THEL FHA £FO] ohd

2 g AA 58 2E Ao

22 5% 99 o= o

BEh e A% 49 cm’d 10°7] )5k vrelEelE X 4 Uk

W= oz deAd e AR wked o) & S Hste] ol AlAole] 3
= BAe A W M3 [FAYSHAl Lactobacillus, Prevotella, Sneathia &

(species)o] o] L&, AFAN= Bjojd APote] v F= mA 9 v]y-of
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H] =3} Al Staphylococcus, Corynebacterium, Propionibacterium &°] o] 2A
= 1 tH(Dominguez-Bello et al., 2010). NA o= <Q1zke]l ME o 10vf] i3
= oF 10M719 mAE o] EAEY, &3 A FASH A7+ 43 7,
FEE T, "W AA soA o8 FaF 98 ¥ Y (The human
microbiome project consortium, 2013). &= WA E9 wjd7ts o

kst Aol EAsts dFEe] vAES AW FHdA A (next
generation sequencing) WH oz Hs & = HEAE B4 Wyl 4ds

S
aL olgdol wel vAE BE ok Ak FHHor Fojua e FAo
= &

o
ol
K
X0

(0]
i)
ks
rol
o
bl
X
WE,
r >
e
X
9
>
ki
fic]
=2
_0|L
)

>
>
oo
i

K

o,
id
=
=
@]
=]
[
~

al., 2019)

M3zl A A (extracellualr vesicles)w E& AMXEZ7F oF o= FH|SI=
A olFgFoz Ee8 Y 7|9 AFEA o
1t (bacteria), 1A= (archaea), XA & (eukarya)oll ©|Z27]7}A] EE AEA A
AepHow HEE @dolrh BE AX

WS 98 s EdEs o S o m FHlst=t, Aol E7F (eytokines),
A Z 7} (chemokines), T2, ANAANYE S22 FI AL LA¥XAE T3 AH
wgho] HA FEwu QI (Choi el al, 2015). AES] A2¥AE= 719, Eu71%

2 H97] 58 7Fo 7 dAhZF(exosomes), WFo] = Z M| Al (microvesicles), <

Lt

ZF(ectosomes), PFo] = 2 3}E]Z (microparticles), 43 A (membrane vesicles),
= #] Al Z(nanovesicles), € %A ¥ A (outer membrane vesicles) 5 thgFd WA
o7 E¥YTHChoi el al, 2015). AES] AFAE duld A4 34k tiab=E
(metabolites) 5 A &34 FAS Hol= tgdst EAS E3slar i, o] 59
frefehes AEES AEE vhgsta Jow dwrAQl b glol FEEo|y A A
5 HY g gydor HE SHCHKIm et al., 2020). €3] =He| g
ofol A et MEe AXA= FAA A, A wH ol AA, F4A0A A

g &F AE 23 S #93HGho et al., 2017).
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interleukin(IL)-1, IL-6, tumor necrosis

s}
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ko)

A 8¢l lipopolysaccharides(LPS)¢] A= &2
[e)

A o)

al
21,
P

3
3

& AlolEFFel 2 itric oxide(NO)¢] W3 o] =7ty =

1

=3

LPSZ =A}=
z

7}

At Al

=

=

(macrophages) &

=1 s R R R
factors(TNF)-a &

%1 QdtH(Zhao et al., 2005). ]
frobe] 3] Hof A



o. Al 1%

Gluconacetobacter sp.E ©]& 3 bacterial cellulose AJAFd

ZA5 % 9 Lactobacillus v go] v X & g3
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1. Az 2 3y

1) AHgaF 2 A sgFde A=

B Ao ALE3 bacterial cellulose(BC) AAS L E=0e aA
S o A B WS Gluconacetobacter sp. gel SEA623-25 ©]83l 2™ (Lee
et al, 2011), 5 E@MF Aol ol &d Fabet> HAANAM A Eeld L
plantarum KCCM 800775 o] &3FA Tt frabite] 542 16S rRNA 32 7]
A A4S 98t 27F9F 1492R 270¢] primerE AF&-3te] PCRS $33% 1L

S|
ARE F719S GenBank Tlo]El Mol =8} Hlw AAate] FALE} b =S

BCE AA3= gel_SEA623-2+= WA GI10 agar (glucose 100g/L, yeast
extract 10 g/L, calcium carbonate 20 g/L, agar 15 g/L)°ll &3t 30°ColA 4
Azt wjgFete] FHel Frsto] AAHE colonys A wiSFHFERFN 10%,
sucrose 8.8%, ethanol 1%, acetate 1%, AA| 79.2%)° HEsFa vy L
2 "3t filter paper(HYUNDAI Micro)® ©-S 3 30°Coll A 547 A x| vl oF3}o]
2= s Agt Tt (seed) &2 AFE-3H AT

s 9% faktel Lo plantarum KCCM 80077 BCP(Bromocresol
purple) plate count agar (yeast extract 2.5 g/L, peptone 5 g/L, dextrose 1
g/L, Tween 80 1 g/L, L-cysteine 0.1 g/L, bromocresol purple 0.04 g/L, agar
15 g/L)el AFstar 35°ColA 293+ wjdste] FwWol| F3A Sho] HAH
colonyE MRS broth (mixed peptones 10 g/L, yeast extract 5 g/L, meat
extract 10 g/L, glucose 20 g/L, potassium phosphate 2 g/L, sodium acetate 5
g/L, magnesium sulphate 0.2 g/L, magnasese sulphate 0.05 g/L, Tween 80
1.08 g/L, ammonium citrate 2 g/L)°| HE3tx 35°Ce %A 150rpme &=

Z24AZE EQt A" Fste] lactateE A Sk Ff(seed) 22 ARG8T

BCE AAste HHxds Ldotr7] $3k d=ufd(single culture) vl

N} FAsHA 10%2] HAEFFA, 1%9] ethanol R 10% & =(w/w)el A&
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88-89% H| &= A|Fxdte] o] &3ttt & uj A o] 7] 2AF F
w2 BC A4t AolE Wty fa A4S 05-15% H&2 Hrhskla,
cellulose BAFs 918 A wiFAdES 247 1%/ HEste] 30°Ce =% A

149 B WFHEA BC AYTE wsgn dETe 29

ji3
rlo

gel_SEA623-224 SRS anbstd g @AW o4 BCE Axsts wg)
g JlFom AgHdon, 2ol 1% A7ke w@Eu|gelth,

N

T3l =3hu) Y (mixed culture)S = Hl U (single culture)?} & L3+ v gH]| = v}
o2 WAakidol ZFsl fAktel L plantarum KCCM 800775 F71= 1%(v/v)
A HFoto] wFetlon, o] TS T3 FUHA SR BC AE "l o
Wk FEFs A=A dolr okt 7] 2AF e wE wEaek 2 S

o] #jgnl &2 Table 1o ettt

3) WYg a5 F
Gluconacetobacter sp. gel_SEA623-2 # djF} o] A¥ 4= hemacytometer

(Marienfeld) & ©°]&3% MxEX AFTHS &83te FAHSI oW L plantarum

plate count agarE ©]&3}o] 35CY

Hj kol o] pH+ pH meter (Starter3000, OHAUS)E o] &3} th. wjokol o] F
Z)2 @Ee AOACH(1990)9] me 2484905 100 ml o] 7 el wjekel A2
10 ml& 3 % phenolphthalein &5 2-3 W&S& 7Fskal 0.1 N-NaOH #E+

gHo g HAsto] Av)E FS EYE total acidity (%)S A=3S ).

5) bacterial cellulose A ZF9 =3
BC A ZFS WA vjg AFo AAdE 7] (pellicle) 2
Fo = Hrstdow, 74 FAE FEI b gke RE T 3RS =AHE o] H

ko= e, Fdel wEk mm @92 FA sl

7 (thickness) & 7]

4



Table 1. Medium composition for single culture and mixed culture

Acetate  Citrus juice Ethanol 109 Sugar solution

(%) (%) (%) (%)
1.0 10.0 1.0 88.0
sc? 0.5 10.0 1.0 88.5
0.0 10.0 1.0 89.0
1.0 10.0 1.0 88.0
MC? 0.5 10.0 1.0 88.5
0.0 10.0 1.0 89.0

DUSC : single culture(inoculated with 1% preculture : Gluconacetobacter sp. gel_SEA623-2)
PMC : mixed culture(inoculated with 1% preculture : Gluconacetobacter sp. gel_ SEA623-2 and
Lactobacillus plantarum KC-09)
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T3 AEE BCe AxFTH(dry weight)s =A3sH7] fsl Ax & Hd=x7]

(OF-22, #2dulo] Q)o] Yil 60°Ce] LA 24A7F 7 Zxste] Fo 71%7) 9

6) A
218 A¥= SPSS 120 EAEAN T2 38 o]lg3le] A ¥ FEAXANE S
st o, EAEA(ANOVA)¥ Duncan’s multiple range test® 2 A &}o]

P<0.05 =AM BC AxsEH T2 o4 zeol& At

_19_



AN 2RE Eelg $AHES 165 rRNA 971984 S E5 Fig. 13 2& 9
7144 2 Clustal omega®] T4 <€A 2 (multiple sequence alignment, MSA)
248 %53 7% S (phylogenetic tree) ¥4 Z23= delsde}. A5AS v g

L. plantarum™} 99.8%% AEAS Hel HF #FEA I AEREAE
of 718 % L. plantarum KC-09(KCCM 80077)% ™ ™ &} ¢t}

2) A wEFAe d#5 FH

BC A4S 913 gel SEA623-2 7 wjYAe F I+ hemacytometer
(Marienfeld) & o] &3 A¥ ATHS Ed2 SAsom 25 x 100 CFU/ml9]
T7h GAEAT. EF FAE Sl kel wE BC LMY RluE 98 L
plantarum KC-09(KCCM 80077) v e] At ZFH A SFHS o] &3]
AlF3kdar 2.9 x 10° CFU/mle] At 471 gl= ek

3) Wl ¥ @ pH ¥ bacterial cellulose A4 B o
Sk (SOl 27] % =
g BC A4S Fig. 200 Yehuidich w271 24Hs H7bebA] @& g

el 149 o] Fol = 2457bA] AT A4S 05% 2 1.0% FH7FEE wEa) ok
oo 7bzh Wk z71(0%) 3.207 3.0400 A4 Al FFste] wigE7|(7d) = 242 2.74
2728 it FaAH04D)0M = A2 2358 26374 F Ak o= pH
7} 366 - 3.860 A wHSF 149 ¥ 226 - 27474 #AEthE B3(Choi et al,

2004)¢} "]k AFES Beow, BCE AT Ao 37 A %

MFERAH 149 Fole 242 A7hsHA 2 M FA(SC-0.0)3 05% A7}



(A)

GTCACCTTAG
TCATGGTGTG
CCGCGATTAC
GAATGGCTTT
TAGCACGTGT
TCCGGTTTGT
AGGGTTGCGC
TGCACCACCT
GTCAAGACCT
TGCGGGCCCC
GCTTAATGCG
TTTACGGTAT
GCGTCAGTTA
TTTCACCGCT
ATGCACTTCT
GCTTTACGCC
ACGTAGTTAG
TATGTTCTTC
TGCTCCATCA
TGGGCCGTGT
CCATGGTGAG
AGCCGAAGCC
GCCACTCACT
TGCANTATAG

(B)

GCGGCTGGTT
ACGGGCGGTG
TAGCGATTCC
AAGAGATTAG
GTAGCCCAGG
CACCGGCAGT
TCGTTGCGGG
GTATCCATGT
GGTAAGGTTC
CGTCAATTCC
TTAGCTGCAG
GGACTACCAG
CAGACCAGAC
ACACATGGAG
TCGGTTGAGC
CAATAAATCC
CCGTGACTTT
TTTAACAACA
GACTTTCGTC
CTCAGTCCCA
CCGTTACCNC
ATCTTTCAAA
CAAATGTAAA
CA

CCTAAAAGGT
TGTACAAGGC
GACTTCATGT
CTTACTCTCG
TCATAAGGGG
CTCACCAGAG
ACTTAACCCA
CCOCGAAGEGE
TTCGCGTAGC
TTTGAGTTTC
CACTGAAGGG
GGTATCTAAT
AGCCGCCTTC
TTCCACTGTC
CGAAGGCTTT
GGACAACGCT
CTGGTTAAAT
GAGTTTTACG
CATTGTGGAA
ATGTGGCCGA
ACCATCTAGC
CTCGGACCAT
TCATGATGCA

TACCCCACCG
CCGGGAACGT
AGGCGAGTTG
CGAGTTCGCA
CATGATGATT
TGCCCAACTT
ACATCTCACG
AACGTCTAAT
TTCGAATTAA
AGCCTTGCGG
CGGAAACCCT
CCTGTTTGCT
GCCACTGGTG
CTCTTCTGCA
CACATCAGAC
TGCCACCTAC
ACCGTCAATA
AGCCGAAACC
GATTCCCTAC
TTACCCTCTC
TAATACGCCG
GCGGTCCAAG
AGCACCAATC

KC-09

—

—

ACTTTGGGTG
ATTCACCGCG
CAGCCTACAA
ACTCGTTGTA
TGACGTCATC
AATGCTGGCA
ACACGAGCTG
CTCTTAGATT
ACCACATGCT
CCGTACTCCC
CCAACACTTA
ACCCATACTT
TTCTTCCATA
CTCAAGTTTC
TTAAAAAACC
GTATTACCGC
CCTGAACAGT
CTTCTTCACT
TGCTGCCTCC
AGGTCGGCTA
CGGGACCATC
TTGTTATGCG
AATACCAGAG

TTACAAACTC
GCATGCTGAT
TCCGAACTGA
CCATCCATTG
CCCACCTTCC
ACTGATAATA
ACGACAACCA
TGCATAGTAT
CCACCGCTTG
CAGGCGGAAT
GCATTCATCG
TCGAGCCTCA
TATCTACGCA
CCAGTTTCCG
GCCTGCGCTC
GGCTGCTGGC
TACTCTCAGA
CACGCGGCGT
CGTAGGAGTT
CGTATCATTG
CAAAAGT GAT
GTATTAGCAT
TTCGTTGGAG

Lactobacillus nangangensis (98.89%)
Lactobacillus daoliensis (98.89%)
Lactobacillus garii (98.75%)
Lactobacillus xiangfangensis (98.68%)
Lactobacillus fabifermentans (98.82%)

Lactobacillus plantarum (99.79%)
Lactobacillus argentoratensis (99.72%)
Lactobacillus daowaiensis (98.75%)
Lactobacillus pentosus (99.79%)
Lactobacillus herbarum (98.82%)

Fig. 1. Nucleotide sequences(a) and phylogenetic tree(b) of 16S rRNA gene
from Lactobacillus plantarum KC-09(KCCM&0077).
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80 1 4.0

70 4 3.5

T 60 4 30
2 C—1BC_SC-0.0
D —e
3 50 | \ 4 25 C—1BC_SC-0.5
S
2 0!l 1 20 I EEEBCSCLO
iq'; —a—PH_SC-0.0
3 00 11 —e—PH_SC-0.5
Q
@ 20 f -4 1.0 —e—PH_SC-1.0

10 4 o5

0 T T O-O

0 7 14

Culture time(days)

Fig. 2. Culture time-dependent changes in cellulose concentration and pH on

single culture(SC, single culture).
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eEpulof

KX
=

& g (SC-0.5)¢ BC A 7ol z+7} 31.93+1.96, 32.57+4.83 (g/L)

ToR

;Ot

Fulf & <4 (MC-0.0) €]

Fig. 301 JEhQlen], Wk 27 248 #7}

3.94

LR A =

pH

ZE7}A]

W F} v

Ren MF FEAHA4Y)

i
v

o
=0

Uk 2ARE 05% Z 1.0% H7Fg wl

o}o
=)

e

e A ekokth 283 BC

= 2 Aolg

I

of

Fal & (MC-0.5)0ll A A3 =

Fge vhERlle] BEEjk(SC) nk -5

A
pul

A

BC7} 37.846.80(g/L) o2 7} =&

<717

%

7F vl Z271(09) 0.10%°1 A Y

WHAl 0.40% 2 A 5=

<
T

(149

0.40%7kA] ok vk Wi F 5 A

)oll =

<
T

e
o
<
!

il

oW

%

Wr

el

e

7] AF=7}

=

2 HolH (Jung et al, 2003; Kim and Choi, 2005),

Ao Z wHEujg(SC) K

o FEI} obo

ol

el
700

Jmu-o

)

o,

A7V 0.10%00 4l

<

7HA =

e

el

H A HFig. 4).

1.10%7}A

-
1

e AT 7E w5 A Al
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70 | 4 35
060 4 3.0
2 C—1BC_MC-0.0
% 50 | 425
o : C—1BC_MC-0.5
3
E 40 | 41 2.0 E EEmBC_MC-1.0
= —&—PH_MC-0.0
= 30 | 4 1.5
% —4—PH_MC-0.5
g 20 4 1.0 —e—PH_MC-1.0

10 F 4 05

0 . . 0.0

0 7 14

Culture time(days)

Fig. 3. Culture time-dependent changes in cellulose concentration and pH on

mixed culture(MC, mixed culture).
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2.0

1.8 +
1.6 +
S 14 ¢ —&—5C-00
E 1.2 ——5C-0.5
2 1.0
s 10 ¢ —e—5C-1.0
g 08 r -—&--MC-0.0
0.6 |
= -—4--MC0.5
04 |
--@--MC-1.0
02 |
0-0 T T 1

Culture time(days)

Fig. 4. Culture time-dependent changes in total acidity on single culture(SC,

single culture) and mixed culture(MC, mixed culture).
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5 wWgFd & EFuFe FATE TS A
57 29 x 10° CFU/ml 52 A vjokel S 24 Hrbeke] wpE Eguj

oo 7} 194 FE3to] wje} ©A M= =43 A7 Table 200 Feuich

F9 farel JRsst
we T 10%2) 22

S A7 EFMGAMOCIAME wWEF F71Tdel B 1.3 x 107

Y
o
Lo,
0%,
4
-
il
e
o
_0|L
8
M
N}
N\
0
=~
X
—
<
@
z
~.
8
=
oy

seldd me 27] e dFS vAA Ee= AL

CFU/mLE=74 Z7bskelat, vl 271(149)el &= 0.8 x 10° CFU/mL7IA] 7H4
o] 7hd v A &S veEhdlt aga 05%9 2AMS H7EE wjgd
A FT71(7Y) 1.6 x 107 CFU/mLZAA A7 Aoz S7hebela, g
71(149)el 1.1 x 10" CFU/mL FE7bA fabet A7 A9 et s g$
SAEA PSS fFAREY AR A EHE idE2Ads g3 9l
Atk wrde] ZAbS HbsA ek wlddle] A wdEr|(14Y) 14 x 10°
CFU/mLo. 2 &%, §2Hte] AiE57 0
oF gujo] zolE Ho] wiF %27 HHEI ZAFLE(05%)7F Akt eSS F

1% FA ke

k1
oo
o
N
rlr
po
o
fr
il
.
it}
32
s

1% =4S Z7Fe @5 g (SOe &7 (controD® A8t 24 F529
Aol of F7bE HEFS AT I S M EFAIZ EFEFAMO) A ABdE BC
o] A4, total acidity ¥ pHE WY 5 & vlwst A3= Table 337 2t}
HA 1%9] A4S H7ESE diE&ZF(controDE 7HE w2 2.36+0.01¢] pHe}
1.16+£0.35(%)2]  FAF=(total acidity)E WEFA I, BCe dry weight®}
thickness= 28.40+1.23 (g/L)¢} 750050 (mm)e. 2 7FF w2 AAAS e
Atk 283 SColAM = 00 2 05% x4F H7F vjgd BT JaHoz xa
zpol & YR A
= Reklrh AR 0.5%9] A4S A7FEE MC kool M= 2.42+0.059] pHet
1.04+0.35(%6) 9] total acidity®} 74 BC A2 S 37.8316.81 (g/L)2] dry weight
¢} 10.33+0.58 (mm)®] thickness® 7} & F= UHeUAew FAgHoR

—_

€ BC AN Beol7l: shgou BASHoR f9o49

¢
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Table 2. Effect of initial acetate added on viable cell counts of lactic acid bacteria during mixed culture

Acetate Culture time(days)
concentration(%) 0 7 14
ey 1.0 2.2 x 10° 1.3 x 10’ 0.8 x 10°
(CFU/mL) 0.5 2.4 x 10° 1.6 x 10’ 1.1 x 107
0.0 2.3 x 10° 3.3 x 10’ 1.4 x 10°

U MC-V : mixed culture viable cell count of lactic acid bacteria
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Table 3. Effect of initial acetate added on cellulose production and total acidity

after 14 days’ single culture or mixed

culture
Acetate Bacterial cellulose Total
concentration(%) DW(g/L)" Thickness(mm) acidity(%) pH

SC(control)” 1.0 28.40+1.23% 7.50+0.50° 1.16+0.35 2.36+0.01
59 0.5 32.57+4.83%° 8.50+1.32%° 0.74+0.35 2.36+0.01

0.0 31.93+1.96%° 9.00+1.00%"¢ 0.42+0.00 2.45+0.02

1.0 34.73+5.44% 9.67+1.15 1.10+0.35 2.39+0.03

Mc? 0.5 37.83+6.81° 10.33+0.58° 1.04+0.35 2.42+0.05

0.0 32.27+£1.17%° 9.33+0.58™ 0.74+0.35 2.42+0.01

UDW : dry weight

YControl : single culture solution contained in acetate of 1.0 %
YSC : single culture(Gluconacetobacter sp. gel_ SEA623-2)
YMC : mixed culture(Gluconacetobacter sp. gel_SEA623-2 and Lactobacillus plantarum KC-09)

YValues are mean+SD and those with different subscripts are significantly different at p<0.05 by Duncan’s multiple range

test.
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12 -

10

Thickness of BC (mm)
(o2}

0O 7days
4 r m 14days
2 L
0 T T T T T

control SC-0.5 SC-0.0 MC-1.0 MC-0.5 MC-0.0

Culture solution

Fig. 5. Comparison of bacterial cellulose pellicle thickness on SC(single
culture) and MC(mixed culture). (Control : single culture in medium

containing 1.0% acetate initially.)
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3. 8.9

H A= BCE A= gel SEA623-25 o] 83Fe] vk
o} L. plantarum KCCM 80077 rAitite] E3ujeys S8 dojA = BC A+

P

7] Z=A4h

off

H

o

dry weight¥} thicknessE 7|2 2 H7}3Fth. @58 % (single culture)eol A
z27] 2AbFE7F 00 2 05%Y W 1.0%<9F vlaste] AdlHoz =& BC ALt
FS UEhdglen olw %7] pHE 3913 320932 BC A9 wid %7] HA
pH7F 3.0 - 4022 &A% Ath=(Choi et al, 2004) A7+A e} v=2dk AE
B ATE. 3l YF(mixed culture)®] - Akt At wiF FEAIF
1.1 x 10" CFU/ml F&7HA 7F¢ 2ol §X1H 05% Z4F H7H+(MC-0.5)° A
7 =S BC A S BYom o= BC A DA lactates H7beh AEF
oA T2 AMAEE HYt=(Matsuoka et al, 1996; Naritomi et al., 1998)4 3}
o dAsa glom FAETE G FA(SONM = 0.74+0342 S Ao
S FAMO) M = 1.04£0.352 S ut2 vFo]rol fakto] o3k 7}
el lactate Aol BC AL @3S mx Aow dddn odx B A
& %3 lactate® A= L plantarum KC-09(KCCM 80077)e] vl %F whAl 4
2k dig WS FAE & Aok BC AL el =5l 2 F Uts=

A B @ 5 oqglom AF TE Fo FARS ol8F TN 29
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m. Al 2%
AR A E&E & Lactobacillus & FATS 883 JH
AdFEDR AT A IS FU)
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1. Az 2 3y

dAs L AHE EF
B Ao AMR3 H B Y (Hordeum vulgare L)E BEES Aujtho] &4 Al
T 45 A A e AREYE (F)vH CEA(Korea)oll Al F-miste] A E
of AR&stATh AMEHE fabwe AXERYH EE 2 SAHE  Lactobacillus
paraplantarum AMI-1101(LPP), Lactobacillus plantarum AMI-1103 (LP),
Lactobacillus brevis AMI-1109 (LB) Akt A do] A&l o, Clustal
omega®] T A <€A & (multiple sequence alignment, MSA) #A41& %531 A%<
(phylogenetic tree) &4 235 &3 th(Fig. 6, Fig. 7, Fig. 8). =3 2018

119 129 (=2 3= nAdE 2E AEH(KCCM)O =A  7]Esta

ol

KCCM12383P, KCCM12384P, KCCM12385P¢] 7|EtH 5 & H-of vkttt

2) AR HE L AFA AZDY
pelg AA F AASZ AHen

(G AF)E 121°C, 1581 1%

o)
N
>,
)
oX!
f
ik
e
il
N
Sh
i
ol
2
D
S
=
lo
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LPP, LP ¥ LB& AM&atdon wjdo] gkmdl F AW 53t 1 x 107
CFU/ml s=2 HKre FEHE FFsdvh Tie= HaxE o] &3t LPP=
35°CE 1¥¢7F LPE 35°CE 29Uz LBE 30°CE 297 A8ty Aagstalar, o
27F gEE JHe F

2 2Ysgnh Gy ®Ye 9AQ #AE AAFE Aoluel H5F ¥, 44
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rlo
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2
(el
v
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ot
rlo
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w715 ol&ete] AP FAE 3Fstdth 4] HE #AE 121°Cel A 15
w3F 7rdetel AbEAIZl §, "atste] 54 dx ®Bdsistslich LPP, LP, LB 3
b dEE #2863 53 @HgES UWow AEAE Az
Microfluidizer(M110EH, Mfic)®= Wi=3tel b= Abd Aol digt ditstsS 3

7haheet.
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(A)

GTGGGAAACC
CAACTTGGAC
CCGCGGCGTA
CCTGAGAGGG
GCAGTAGGGA
AAGGGTTTCG
AGGTATTGAC
TACGTAGGTG
TAAGTCTGAT
GAGTGCAGAA
GAACACCAGT
GGTAGCAAAC
TGGAGGGTTT
CGGCCGCAAG
GGTTTAATTC
GAGATTAGAC
TGTCGTGAGA
ATTAAGTTGG
TCAAATCATC
AGTTGCGAAC
CTGCAACTCG
AATACGTTCC
AGTCGGTGGG
AGTCGTCAAA

(B)

TGCCCAGAAG
CGCATGGTCC
TTAGCTAGAT
TAATCGGCCA
ATCTTCCACA
GCTCGTAAAA
GGTATTTAAC
GCAAGCGTTG
GTGAAAGCCT
GAGGACAGTG
GGCGAAGGCG
AGGATTAGAT
CCGCCCTTCA
GCTGAAACTC
GAAGCTACGC
GTTCCCTTCG
TGTTGGGTTA
GCACTCTGGT
ATGCCCCTTA
TCGCGAGAGT
CCTACATGAA
CGGGCCTTGT
GTAACCTTTT
GG

CGGGGGATAA
GAGTTTGAAA
GGTGAGGTAA
CATTGGGACT
ATGGACGAAA
CTCTGTTGTT

CAGAAAGCCA
TCCGGATTTA
TCGGCTCAAC
GAACTCCATG
GCTGTCTGGT
ACCCTGGTAG
GTGCTGCAGC

AAAGGAATTG
GAAGAACCTT
GGGACATGGA
AGTCCCGCAA
GAGACTGCCG
TGACCTGGGC
AAGCTAATCT
GTCGGAATCG
ACACACCGCC
AGGAACCAGC

CACCTGGAAA
GATGGCTTCG
CGGCTCACCA
GAGACACGGC
GTCTGATGGA
AAAGAAGAAC
CGGCTAACTA
TTGGGCGTAA
CGAAGAAGTG
TGTAGCGGTG
CTGTAACTGA
TCCATACCGT
TAACGCATTA
ACGGGGGCCC
ACCAGGTCTT
TACAGGTGGT
CGAGCGCAAC
GTGACAAACC
TACACACGTG
CTTAAAGCCA
CTAGTAATCG
CGTCACACCA
CGCCTAAGGT

—

CAGATGCTAA
GCTATCACTT
TGGCAATGAT
CCAAACTCCT
GCAACGCCGC
ATATCTGAGA
CGTGCCAGCA
AGCGAGCGCA
CATCGGAAAC
AMAATGCGTAG
CGCTGAGGCT
AAACGATGAA
AGCATTCCGC
GCACAAGCGG
GACATACTAT
GCATGGTTGT
CCTTATTATC
GGAGGAAGGT
CTACAATGGA
TTCTCAGTTC
CGGATCAGCA
TGAGAGTTTG
GGGACAGATG

TACCGCATAA
TTGGATGGTC
ACGTAGCCGA
ACGGGAGGCA
GTGAGTGAAG
GTAACTGTTC
GCCGCGGTAA
GGCGGTTTTT
TGGGGAACTT
ATATATGGAA
CGAAAGTATG
TGCTAAGTGT
CTGGGGAGTA
TGGAGCATGT
GCAAATCTAA
CGTCAGCTCG
AGTTGCCAGC
GGGGATGACG
TGGTACAACG
GGATTGTAGG
TGCCGCGGTG
TAACACCCAA
ATTAGGGTGA

Lactobacillus fabifermentans (98.92%)
Lactobacillus garii (98.85%)
Lactobacillus pentosus (99.71%)
Lactobacillus argentoratensis (99.64%)
Lactobacillus nangangensis (98.99%)
Lactobacillus daoliensis (98.92%)
Lactobacillus herbarum (99%)
Lactobacillus pingfangensis (99.14%)
AMI-1101
Lactobacillus paraplantarum (100%)
Lactobacillus plantarum (99.71%)

Fig. 6. Nucleotide sequences(a) and phylogenetic tree(b) of 16S rRNA gene
from Lactobacillus paraplantarum AMI-1101(KCCM12383P).
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(A)

ATAGAGGTGT TTTCTTCCTC GTCAGACGAA CGCTGGCGGC GTGCCTAATA CATGCAAGTC
GAACGAACTC TGGTATTGAT TGGTGCTTGC ATCATGATTT ACATTTGAGT GAGTGGCGAA
CTGGTGAGTA ACACGTGGGA AACCTGCCCA GAAGCGGGGG ATAACACCTG GAAACAGATG
CTAATACCGC ATAACAACTT GGACCGCATG GTCCGAGCTT GAAAGATGGC TTCGGCTATC
ACTTTTGGAT GGTCCCGCGG CGTATTAGCT AGATGGTGGG GTAACGGCTC ACCATGGCAA
TGATACGTAG CCGACCTGAG AGGGTAATCG GCCACATTGG GACTGAGACA CGGCCCAAAC
TCCTACGGGA GGCAGCAGTA GGGAATCTTC CACAATGGAC GAAAGTCTGA TGGAGCAACG
CCGCGTGAGT GAAGAAGGGT TTCGGCTCGT AAAACTCTGT TGTTAAAGAA GAACATATCT
GAGAGTAACT GTTCAGGTAT TGACGGTATT TAACCAGAAA GCCACGGCTA ACTACGTGCC
AGCAGCCGCG GTAATACGTA GGTGGCAAGC GTTGTCCGGA TTTATTGGGC GTAAAGCGAG
CGCAGGCGGT TTTTTAAGTC TGATGTGAAA GCCTTCGGCT CAACCGAAGA AGTGCATCGG
AAACTGGGAA ACTTGAGTGC AGAAGAGGAC AGTGGAACTC CATGTGTAGC GGTGAAATGC
GTAGATATAT GGAAGAACAC CAGTGGCGAA GGCGGCTGTC TGGTCTGTAA CTGACGCTGA
GGCTCGAAAG TATGGGTAGC AAACAGGATT AGATACCCTG GTAGTCCATA CCGTAAACGA
TGAATGCTAA GTGTTGGAGG GTTTCCGCCC TTCAGTGCTG CAGCTAACGC ATTAAGCATT
CCGCCTGGGG AGTACGGCCG CAAGGCTGAA ACTCAAAGGA ATTGACGGGG GCCCGCACAA
GCGGTGGAGC ATGTGGTTTA ATTCGAAGCT ACGCGAAGAA CCTTACCAGG TCTTGACATA
CTATGCAAAT CTAAGAGATT AGACGTTCCC TTCGGGGACA TGGATACAGG TGGTGCATGG
TTGTCGTCAG CTCGTGTCGT GAGATGTTGG GTTAAGTCCC GCAACGAGCG CAACCCTTAT
TATCAGTTGC CAGCATTAAG TTGGGCACTC TGGTGAGACT GCCGGTGACA AACCGGAGGA
AGGTGGGGAT GACGTCAAAT CATCATGCCC CTTATGACCT GGGCTACACA CGTGCTACAA
TGGATGGTAC AACGAGTTGC GAACTCGCGA GAGTAAGCTA ATCTCTTAAA GCCATTCTCA
GTTCGGATTG TAGGCTGCAA CTCGCCTACA TGAAGTCGGA ATCGCTAGTA ATCGCGGATC
AGCATGCCGC GGTTGAATAC GTTCCCGGGC CTTGTACACA CCGCCCGTCA CACCATGAGA
GTTTGTAACA CCCAAAGTCG GTGGGGTAAC CTTTTAGGAA CCAGCCGCCT AAGGTG

(B)

Lactobacillus fabifermentans (98.65%)
Lactobacillus garii (98.72%)
Lactobacillus plajomi (98.58%)

Lactobacillus pentosus (99.66%)
_: Lactobacillus argentoratensis (99.60%)

Lactobacillus daoliensis (98.79%)
_: Lactobacillus nangangensis (98.72%)
Lactobacillus daowaiensis (98.72%)
Lactobacillus herbarum (98.58%)

__: AMI-1103
Lactobacillus plantarum (99.73%)

Fig. 7. Nucleotide sequences(a) and phylogenetic tree(b) of 16S rRNA gene
from Lactobacillus plantarum AMI-1103(KCCM12384P).
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(A)

TTTTTTTTTT TCGTCAGACG AACGCTGGCG GCATGCCTAA TACATGCAAG TCGAACGAGC
TTCCGTTGAA TGACGTGCTT GCACTGATTT CAACAATGAA GCGAGTGGCG AACTGGTGAG
TAACACGTGG GAAATCTGCC CAGAAGCAGG GGATAACACT TGGAAACAGG TGCTAATACC
GTATAACAAC AAAATCCGCA TGGATTTTGT TTGAAAGGTG GCTTCGGCTA TCACTTCTGG
ATGATCCCGC GGCGTATTAG TTAGTTGGTG AGGTAAAGGC CCACCAAGAC GATGATACGT
AGCCGACCTG AGAGGGTAAT CGGCCACATT GGGACTGAGA CACGGCCCAA ACTCCTACGG
GAGGCAGCAG TAGGGAATCT TCCACAATGG ACGAAAGTCT GATGGAGCAA TGCCGCGTGA
GTGAAGAAGG GTTTCGGCTC GTAAAACTCT GTTGTTAAAG AAGAACACCT TTGAGAGTAA
CTGTTCAAGG GTTGACGGTA TTTAACCAGA AAGCCACGGC TAACTACGTG CCAGCAGCCG
CGGTAATACG TAGGTGGCAA GCGTTGTCCG GATTTATTGG GCGTAAAGCG AGCGCAGGCG
GTTTTTTAAG TCTGATGTGA AAGCCTTCGG CTTAACCGGA GAAGTGCATC GGAAACTGGG
AGACTTGAGT GCAGAAGAGG ACAGTGGAAC TCCATGTGTA GCGGTGGAAT GCGTAGATAT
ATGGAAGAAC ACCAGTGGCG AAGGCGGCTG TCTAGTCTGT AACTGACGCT GAGGCTCGAA
AGCATGGGTA GCGAACAGGA TTAGATACCC TGGTAGTCCA TGCCGTAAAC GATGAGTGCT
AAGTGTTGGA GGGTTTCCGC CCTTCAGTGC TGCAGCTAAC GCATTAAGCA CTCCGCCTGG
GGAGTACGAC CGCAAGGTTG AAACTCAAAG GAATTGACGG GGGCCCGCAC AAGCGGTGGA
GCATGTGGTT TAATTCGAAG CTACGCGAAG AACCTTACCA GGTCTTGACA TCTTCTGCCA
ATCTTAGAGA TAAGACGTTC CCTTCGGGGA CAGAATGACA GGTGGTGCAT GGTTGTCGTC
AGCTCGTGTC GTGAGATGTT GGGTTAAGTC CCGCAACGAG CGCAACCCTT ATTATCAGTT
GCCAGCATTC AGTTGGGCAC TCTGGTGAGA CTGCCGGTGA CAAACCGGAG GAAGGTGGGG
ATGACGTCAA ATCATCATGC CCCTTATGAC CTGGGCTACA CACGTGCTAC AATGGACGGT
ACAACGAGTC GCGAAGTCGT GAGGCTAAGC TAATCTCTTA AAGCCGTTCT CAGTTCGGAT
TGTAGGCTGC AACTCGCCTA CATGAAGTTG GAATCGCTAG TAATCGCGGA TCAGCATGCC
GCGGTGAATA CGTTCCCGGG CCTTGTACAC ACCGCCCGTC ACACCATGAG AGTTTGTAAC
ACCCAAAGCC GGTGAGATAA CCTTCGGGAG TCAGCCGTCT AAGGTGGGAC AGATGA

(B)

—— AMI-1109
b——  Lactobacillus brevis (99.93%)
Lactobacillus angrenensis (98.99%)
Lactobacillus senmaizukei (98.32%)
Lactobacillus parabrevis (97.98%)
Lactobacillus fujinensis (97.98%)
——  Lactobacillus yonginensis (98.45%)
b Lactobacillus tongjiangensis (98.32%)
_: Lactobacillus cerevisiae (98.18%)
Lactobacillus mulengensis (98.11%)
Lactobacillus koreensis (98.11%)

Fig. 8. Nucleotide sequences(a) and phylogenetic tree(b) of 16S rRNA gene
from Lactobacillus brevis AMI-1109(KCCM12385P).
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frAtd B AT A9 Y3}

ARz AEA G9HE 70% ethanol §990 0.1%=2 EF3te] FHH AEE
Microfluidizer(M110EH, Mfic)E ©]-&3}e] 10,000, 15,000 ¥ 20,000 psie] ==
2 7} 334 "bEsle]l #A3 ¥ et ada 35E b AL AE

40°C A g w3 5, 4 Ad=xsto] L83} sl

4 AEA 44 BA

Microfluidizer 2 =38 AbeFA|o] BG5S sty &, $E FAE AN
7 (Field Emission Scanning Electron Microscope, TESCAN, MIRA3)S °] &3}
of Jnsl® AbAe 37 @ moks BAEgu

5) 2,2-diphenyl-1-picrylhydrazyl &9z &2A &4

2,2-diphenyl-1-picrylhydrazyl (DPPH) =}tz A7 &4 232 Blois W
(Brand-williams et al., 1995)& &-8&3%te] tha3 o] At 9A AlgsE
1 mg/ml 52 T $ o] & 31.25 625, 125 250 ¥ 500 pg/ml == 34
stelth. DPPH Alef& DMSOE AHE-8te] 2mM s k= =olF ¥ o] ethanol
ol 0.2 mM=Z 2]4sto] ALgaint. o] § FEERE AT A5 F4S 96 well
plateo] 27+ 20 pl® ¥ 3 multi pipetteg AFE3Fe] 0.2 mM DPPH 180 pl& 4
o] Ao 10%7F ¥-gA17] 3L, ELISA readerZ ©]83le] 515 nmold &F4=
S 34 39tk DPPH #dZ 24 8(%)2 ofgle] 2o &) Aitstden, 7}

X

ARE 38 wE A9 Axste] Hirghe Fohach

Scavenging effect (%)= {1 - B_—L}x 100

A : 515 nmolA DPPH® &%=
B : 515 nmol A A& DPPH ®wtg-olo] 3%
C : 515 nmolA A5 AA 9] &4 =
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6) 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cation @Yz
A2A &4

2,2' —azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) cation tH]Z 4
7 F4L2 Re 59 WH[Re et al, 1999)S S8, A2 v 2ol 3
g3t 7.0 mM ABTS £33 245 mM potassium persulfate £H4S 1:1
(v/ V)2 E&ste] 16417 ol 234 el A RS AA ABTS' #@tozs vt
S o] ABTS' ¢pojZt & d& o gk A ste] 700 nmol A F3=7F 0

+ 0.0027} HEE xdste] Ago] AFESIAT o] ¢ 96 well plated] FEH=Z
sIAg A5 & ZH7 20 plek ABTS' &z &9 180 plE E3ste] 161t
2p4 Aol A WESA] 7] a1 ELISA readerE ©]83te] 700 nmolA SF=E =
gatith. ABTS' etz 2718(%)2 ot o] Aol o) Alitaetdlon, 72+ Als
= 33 hE AYES AAste] Hdghes et

B—C
A

Scavenging effect (%) = {1 - }x 100

A 700 nmol A ABTS® &3%
B : 700 nmol Al Al &59F ABTS HFg ool 334 n
C : 700 nmolA A= A9 TF%

7 AR
ARel BAAY BAEe BT 3w wE s, PAe U

(Mean + SD)#to =2 ZAISITh &4 #4112 Excel software (version 2007,

5

el

Microsoft Corp.) T2 2 student’s t-testE AA& EAA8 33, AE
7b 23 A &2 txaet Hlawste] foAd AAS AAElew, p valueZt
0.05 mwred of FAGH R FojAo] Avkar AASAT. (+ p < 0.05, *x p <
0.01, **x p < 0.001.)
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2. 2% 2 3F

1) Microfluidizer2 Yx3ld R TE-FAT AT A FAAAEF
s

drel A& LPP, LP ¥ LB fAtdS &83te] 2aE § of& 7|vtor &3t
TAE AzxzsF o, FAHAAEA T H(SEM, Scanning Electron Microscope)S
o] g&ate] Yi=ste AlwtAle] 7|5 FRIsHATh AT A HolE VFom o
Mg shA & d¥k ARdEAE Hyr 1,368+24nm A olE H AW, 10,000 psi
o] d=HS Ak AbitrAle 1,046+£33nm, 15,000 psiel =S A d AT A=
985+276nm<e] Zol= YElAaL, 20,000 psiel =L 4HS AI A=
861+115nme] ZolZ A7|7} ZFolti AFgS BT AEHo= FAEAEY]

=

7 TS E3 Microfluidizerd] ¢ o]

=
A
do
e
=t :‘o
Lo,
H
N
ki
X
<
jua Y
o
Jo
ro
et
4>
32
E
&>
0
©

DPPH: 22 W & zS #4332 9lo]A], tocopherol, polyhydroxy W3k

gL = ofRIFl FAkstAlel o) gl A] gpr]o] aAE He
Abgol G = s kst BHY AA o] soR SAHstE WHolH,
DPPH ##}2o] €2 sloj==24 gtZ3 {FA}ako] free radical 47143 ol
gguHgy sk =3k ABTS' &z 24 843542 potassium persulfate2f
HEgate] AGE ABTS™ etvzo] 4kst &dol ola AAH gz 549
FEAMol gAY = delE ol&al I & SAHse WHlWH(Kim et dl,
2019a). FHe % wEES DPPH @z &7 24, ABTS #dZd &7 &
Ath. DPPH #HZ &27s<s #H
7F A3} 500 pg/mle] FEolA HEE FEES HAS 3b8% ~AHTS HPOon
T HaEolA 537%9 AT s v BE F A7Eo] FUteke
BaFe etttk (Fig. 10). ABTS @tH# &7 5& H 7k 23, 500 pg/mle]

ﬂsL% o H}SE

oX,
=2
)
o,
11t
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i)
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47}
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MERAY TESCAN

duju Mutienal University

SEM FIV 1AGY Wik AW | MIRAITESCANE  SEM HV 346 Wik 8 | | MIRAT TESTAN
SEM MAG: 584 ha Dicl: 5F 1 pm 3

View Nekl: 554 et Dateim/diyjc BAUR2S Rejn Matbanal Unbrerity View liekl: %20 pm | Datsim'ed'yl BB Jeju Mathmnl University

Fig. 9. Scanning electron microscope images of microfluidized lactic acid
bacterial cells obtained after cultivation in the extract of green barley leaves.
(A) Control (not treated), (B) Microfluidized at 10,000 psi, (C) Microfluidized
at 15,000 psi, (D) Microfluidized at 20,000 psi.
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70.0 -

S
~ 60.0
v
=
B
= 50.0
o
=
: 40.0
‘B
g 300
&
(=]
il 20.0
[
=
T 100
e
&
o 0.0
=)
H.vulgarelL. L. paraplantarum L. plantarum L. brevis
(control) (AMI-1101) (AMI-1103) (AMI-1109)

Sample concentration(pg/ml)

Fig. 10. DPPH radical scavenging activities of the extracts of green barley
leaves before and after cultivation of lactic acid bacteria. Data are
representative of three independent experiments and are presented as means =*

SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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o A 59.1%9]
(Fig. 11). ¢o]& &3] 28 A

Bl 27A%0] F7heh o] el glnh

3) Yistd B Atz Al ABTS' &9z &2AEA4 H7t

Microfluidizer2 YWx=3td 3% &3 AtetA|e] ddibssS H7slA o 1,000 n
g/mLe oA dut Al Aol A 61% 2ATS YEFHA S, 10,000 psiol
A YxstE ARtAl= 75.1%, 15,000 psiol Al yieskE AbirAl = 73.2%, 20,000
psidl A YwstEl AbrAlE 89.9%¢ A£A%S Bt ¢EAYE 53 g
AL Bate] AbFAlY ABTS gt]z 2A%e] Z7bHA L, 20,000 psiol A A
2lg TAo kst a7 A E YEritHFig. 12).
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g * %
- 600 -
&
=
=
Z 500 -
s
<
2 400 - .
g
300 -
=
d *
(%5
= 200 -
£
=1
& 100 -
7
[%5]
E_q
[aa]
-

125 250 500 125 250 500 125 250 500 125 250 500

H.vulgare L. L. paraplantarum L. plantarum L. brevis
(control) (AMI-1101) (AMI-1103) (AMI-1109)

Sample concentration(pg/ml)

Fig. 11. ABTS cation radical scavenging activities of the extracts of green
barley leaves before and after cultivation of lactic acid bacteria. Data are
representative of three independent experiments and are presented as means =*

SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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.
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* %

50 H

40 -

EEES
* o«
HE ok
20
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0 T T
62.5 125

15.6 31.3

ABTS+ radical scavenging activity (%)

250 500 1000

Sample Concentration (pg/ml)

O MNormal heat-killed probiotics  [@10,000 psi  W15,000 psi W 20,000 psi

Fig. 12. ABTS+ cation radical scavenging activities of mixtures of
microfluidized Lactobacillus bacterial cells. Data are representative of three
independent experiments and are presented as means * SD. (x p<0.05, =**

p<0.01, =*xp<0.001. two—tailed Student’s t-test).
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3. 8.9

2 A AR FF 2EE 2 FEY TE-FAb o] AR Al e dakst €A
B i AFE FAIF Aol HAre de HANAN FHI L
paraplantarum (AMI-1101), L. plantarum(AMI-1103), L. brevis(AMI-1109)&
ggsto] TEsIa, AldAE 5 JAFE H Ees Suiststr] Sl
Microfludizer2 W=3} 3} =l 10,000, 15000 % 20,000 psi®] =EE=Z ARt A
of AAFA AN G S Sl Alxe] FEjEs WA E=E AHe L FAks 5
< DPPH % ABTS #dZd £AALZHME &

Ueste  fabet AREAl Aol AAFANEN G ojvA SA Ay, ¢E o
20,000psi® mobdFE Alxe] AYPFEE FASHA Eefar bl os) sad
BHE BoFAoew o wel fabdt e AVi=E Aopxls Feld 5 AT A
E WaEEC st Hrk A3, 500ug/mle] s EolA 55.4% DPPH 2t
24 9 59.1%° ABTS' &tt)# &7 245 vy 28 d v &
Ozt AAGo] ddES skt AbrAl o] &4kst 7 A¥) 1,000 pg/mie
T dutk AEA Y] 9 61%, 20,000 psi A A]7F 89.9% 9] AA TS UE
Woo=zH, ARt AbtAel Hle] viestE AbEAle] ABTS' 2tz &~7so] =
7He S gl olgd AFAES FIA, R HgEd AbAlE ¥

FE
e dde THAE AE R HA SEE 2R &80 Thesd Aol A4

:(!)l_gl
Ao
r o
_OL
2
o
=
g

="
jon

e
8

=

!
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1. Az 2 3y

1) 9438 € JREPE vlojazulo]l g 4
Ad 2 IHEEYdE FRAATFe BYXEE 3y g3 AAIEE z2t=
o}, 10th, 20tH, 30, 40th, 50t 2 60the] /o] Azt 1483 =24 3

2 Al gl d/e] A 4 £ F 18 i er AMEAH 7
d o Al F Ao SWAP(ST-25 PBS, Elmex, Japan) &= olnte} 51 M
of xR AES AH3], MDA~ o (Korea)dl who]AZufo]l g A8 o
23t}

2) JEF AT 239 2 T

oAz nto]l & A4S s AMFT 54 frol vF-o i vAd= AR 200uL

£  Lactobacilli MRS broth(BD difco, USA) 20mLoll 2 a1, 35Tl A 24X 7+ &
P Fl 2 A et S e] AME R fV|dwEe] SAS frEskdvh A
g ¢Fol& BCP agar(BD difco, USA)dll FAmwsle] 35TeA 244 7F &<
ORFE =4 838 R 5YagS A¥38te] MRS agarol Al
FetAt. HFH o £ Bod Ads FAs7] 95t @& A E(Korea)d
16s TRNA A=A 245 o8ttt 2709 primer 27F¢F 1492RE AF&-3}o] ©

Wgow FAHAE FEAA P7INLS BHAAT. 16s rRNA A7 97)

O

3 AEFH FATS &8 FaLAY FAsAH HIt

= 2H(green tea), W ¥ (Centella asiatica), 7+ (mandarin orange), g X 2| (green
barley) ¥]al B2 Z#|(broccoli)E 40Tl A 48A17F FoF =713 vhgo] AA
A AT A=A A8e 208l A3ets AAGFE Aol 121°Coll A 15%
FodeR FESAY 2 ATelA fol dRERYEH EdE Akl
rhamnosus  AMI-1301)¢} S u] A EH A EH (KCCM) oAl &S o5
rhamnosus KCCM32405& &8 T o2 ALE33th

t~

_47_



SAt-S Lactobacillus MRS Broth(Difco)oll wjekst thso QA Easlo] A
2 3 58le], 1x10" CFU/ml 552 24 45FE 5 fEath 35TolA 484]

et gete] e TaE FESY REES 02 um oA R oI

AA fA D 2GRS AAS oo 5271 3(0peron, Korea)ste] aikst 2
HE ABZ2 A& AT

)
O
s
[
N
i)
o,
i

H #2 Blois %1 (Brand-williams et
al, 1995)< &&3to] th&3 o] At WA FaE ARE 1 mg/ml &
T2 9E 5 olE FAA R FAE HEFE 31.25 625, 125, 250, 500 u
g/ml2 wHEo] Agatith. DPPHE DMSO°l 2mM &2 &3z
ethanol® 3]4slo] 0.2 mM=E WHEo] AREatITh 96 well plated A 221 € A
& 20 plet 02 mM DPPH 180 plg 43014 Zd2olA 1023t wkgA121 5o,
4 st

ABTS cation radical 2~ &4 Re 59 WHRe et al, 1999 58314

ELISA readerg& AF&3}o] 515 nmollA FHF=E

A\

oy 7ol A3tk ¢4, 70 mM ABTS €93 245 mM potassium
persulfate €45 111 (v/v)= E&sto] 16A12F o] A3 Aejol A w3 AlA
ABTS' #tvz& vttt ABTS' 2tz &5 oeE2 843k 700 nmel
Mol FFE7F 0.78+0.0027F H =5 =dE thgol ARSI 96 well plateel
s|AE A= 20 plet ABTS' ez &9 180 uls &Fate] 2373 eolA 153

% WgAZ ool ELISA reader AHE3tel 700 nmol A §HEE 2454

4) fratd AEE 22X A 2

e L. rhamnosus AMI-1301(KCCM 80230)E Lactobacilli MRS broth
500mLell FEste] 37ColA 20A12F &<QF A X kstArt. wiFadE 13,000xgel
A 15 st AR ste] dAE AAsSte] A ds A, wiF e
0.22um bottle-top filter(Corning, NY, USA)Z o] 3}35to] o oS 3|43} 93 tH(Choi
et al, 2020). 18]1 FA %5342 (TFF system, MD Healthcare, Korea)=
o g3sto] o3 B F

FE3YHKim et al., 2020).

<
juv)
ftlo

%S 23 FYstda HFTHoE 3mLe] HXES AXAE
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5) FAtd A xe AFXA 9 FFEAH H7}

100mm petridishel DMEM complete media(Gibco, USA)E Y i 37C CO
incubator(BB 150, Thermo Fisher Scientific, USA)o| A wj3sk Raw 264.7 cell
S AFE3FA T 1xPBS(Gibco, USA)Z AlEE 29 WHE A2 3 3 scraper® Ul
Al cell & YAEE st FAAS FY #AASSG . DMEM complete medias
@2 A} dishol]l cell& ¥iL 48A1%F &<QF 37CoAl A vjgatdnt. cello] =xb+= A
& A5 7] (hemacytometer) 2 AlFstA o, Ao LAt celldE Ao
well  plated]  seeding §& @ wYstATE FAETY A EL] AXEA e}
lipopolysaccharide(LPS)E 549l cellS seeding?dt well plateo] =23} t}. Al
EE 24AZF Fob 37Tl wjekdt o] ELISA reader(Sunrise, Austria)®

04mg/mL X% Agste] 1A17F <t F71 st mAE A A vl
DMSO(Amresco, USA)E welld 500uL# 7}sle] formazan I AES &3]A7)

I 570nmel A FF=E SAHSA T

6) AT ATILEAY G54 A EFY A JAEFH

RAW264.6 A ZE 24 well plateol]. 1.5x10° cells/mLo. 2 H-F3}o] 241 7F wjj <k
< LPSE1 png/mLZ Ay sl Ale]E71Q1e] A S A=3F3 T} cytokine A4
o] A=d Aol sE=ERE ARE AHPste] 243 Wi § s s o] &3t
AtolEZERIS] AAIgAd S FASATY. AlE7FI2 Mouse TNF-a(BD
Bio-science, San Diego, USA), IL-1B(R&D System, Minneapolis, USA),
IL-6(Invitrogen, Carlsbad, USA) ELISA kitE AF-&3}o] 450nmoll A =7 553t

7 FAAF
EE Agel i A¥Ee 3 wbRsidla, o Zxe dFdEA e iEdA

(MeantSD)at o 2 3 A8 th. Excel software (version 2007, Microsoft Corp.)

Z2 02 student’s t-testE A A FA 2 25t
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) A% 2 NREYE solazute] g 4 AT

L

fol AR upo] FEA S Fall A% R IFEPE ARG TY BEEE TAbe
o, AE EFAAA F(phylum), “(class), H(order), (family), % (genus)
< (species)s= 2.2 A A & T}

i (phylum) FolA A& R IFEYE 7[$o82 B A=g4d 9is Zka
Q= FAAA  Firmicutes EEZ%7F Hit 563%= 7HE WA Yo,
Actinobacteria®l 73-5-olv A=EA HFE 2 e AXoAN Bx=7F Hd
48.06%= 7F¢ WA UEFSTHFig. 13). ol& X E &Heh= I HF5$190 ofnf
#, 5, 7t+ 59 HFHAA phylum oA Actinobacter7t 56%°]%2e] 3
T2 Yellts A+ 23 (Chen et al, 2013)9F A A= YeER A =3
HEEe] AAAA S HoF= FAE 224 (Prinsipal component analysis) ol 4 +=
10t, 60t B A=FEA TSzt d= APl AA AR FEe &
et At (Fig. 14).

Flclass)= 7€z ZFsds W A9 % IFESdE TVleem By,

ke

Firmicutes(56.3%)° %3t Bacilli7}l =574 JF-E 21 = FAd0A H
T 55.08%¢ EE==E ZFE WA UEtlATh ol Il EAsk= Bacilli7t
Firmicutes® W7(925%)< A &vh= A (Chen et al., 2013)9F FAS 2
H}E YeEM oW, Actinobacteria= AAEE4 IHFE ZEa Qe AAZAdA FE
E7F Br48.03% = 7HE WAl YERSth(Fig. 15). T3 FAR 4] AdeA =
20tk 30t E AL F YA ARSI A FAREE &
& = A3 (Fig. 16).

H(order)s 7l o2 E7atAs o A=, 4 2 JFEYE VFoR HY,

Bacillalesv= 91=84 359 Ao EEX=7F Hit 5296% = 73 ©iA e

kel
ol
il
}‘_,
rlr
iR
_\7:1
il

K

wor  Lactobacillales= 7V 7173k 9¥-5 2zt &= Fot
1 35.16% = 7H WA YER L, 10ol A= Hat 2844% S FEEE HAT
(Fig. 17). 2812 FA RO = A9 IFoA FH o2 Lactobacillales®] =

g ol Wey mn oSyl Ede R4
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Phylum

100%
90%
80%
B p_Firmicutes
70% B p_Proteobacteria
B p_Actinobacteria
60% W p_ Cyanobacteria
W p_Bacteroidetes
50% B p_Fusobacteria
W p_ Saccharibacteria
40% p._Verrucomicrobia
m p_Deinococcus-Thermus
S W Others
W Unassigned
20%
10%
0% — CO—— — — — — I I —

10s 20s 30s 40s 50s 60s Acne Acne Infants

(male) (female)

Fig. 13. Skin microbiome analysis at phylum rank depending on age and skin type.
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Fig. 14. Principal component analysis of beta diversity at phylum rank depending on age and skin type.
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Class

100%
W ¢_Bacilli
- W ¢_Actinobacteria
W ¢_ Gammaproteobacteria
B ¢_Alphaproteobacteria
80% o
" ¢_Chloroplast
W ¢_ Clostridia
70% am
W ¢ _Bacteroidia
W ¢_ Negativicutes
60% "
B ¢_ Betaproteobacteria
B ¢_ Flavobacteriia
50% o
W ¢_ Fusobacteriia
B p_Saccharibacteria
40% W ¢_ Coriobacteriia
W ¢_ Verrucomicrobiae
30% B ¢_ £psilonproteobacteria
B ¢_ML635/-21
20% W ¢_Sphingobacteriia
B ¢_Deinococci
10% W Others
B Unassigned
0%
— I I I — I I —

10s 20s 30s 40s 50s 60s Ache Acne Infants

(male) (female)

Fig. 15. Skin microbiome analysis at class rank depending on age and skin type.
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&

0.00 025 050 05
PC1(39.7%

Fig. 16. Principal component analysis of beta diversity at class rank depending on age and skin type.
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80%

70%

60%

50%

40%

30%

20%

10%

Ache Acne Infants
(male) (female)

Fig. 17. Skin microbiome analysis at order rank depending on age and skin type.
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Fig. 18. Principal component analysis of beta diversity at order rank depending on age and skin type.
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Family

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
—

1 £_Staphylococcaceae

W f_Streptococcaceae
f_Moraxellaceae

" £_Propionibacteriaceae

W f_Pinus greggil

W f_Corynebacteriaceae

u {_Veillonelfaceae

B [_Micrococcaceae

B £_Mitochondria

W o_Clostridiales

B {_Enterobacteriaceae

W f_Prevotellaceae

W f_Pseudomonadaceae

W f_Sphingomonadaceae

" f_Pasteurellaceae

W f_Neisseriaceae

W ¢_ Chloroplast

W f_Nocardiaceae

B f_[lachnospiraceae

B f_Actinomycetaceae

B f_Flavobacteriaceae

B f_Xanthomonadaceae

B /_Caulobacteraceae

B f_Rhodobacteraceae

B f_Porphyromonadaceae

W [_Intrasporangiaceae

W f_Ruminococcaceae

B f_Mycobacteriaceae
W Others
B Unassigned
10s 20s 30s 40s 50s 60s Acne Acne Infants
(male) (female)

Fig. 19. Skin microbiome analysis at family rank depending on age and skin type.
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Fig. 20. Principal component analysis of beta diversity at family rank depending on age and skin type.
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Genus

100%
0 g_Staphylococcus
B g _Streptococcus
“ g_Propionibacterium
W g_Pinus greggii
80% ® g_ Corynebacterium 1
B g_ Veillonella
B g_ Solanum melongena
B g _Pseudomonas
B g _Llawsonella
60% B g _Klebsiella
B ¢_ Chloroplast
B g _Haemophilus
50% " g_Micrococcus
W g_Sphingomonas
B g _Neisseria
40% ® g _Actinomyces
B g _Gordonia
B g _Brevundimonas
30% B g_ Stenotrophomonas
B g_Finegoldia
B g_Anaerococcus
20% B g_Knoellia
B g_Mycobacterium
B g _ Porphyromonas
10% 5 g_Alloprevotella
H g_Rothia
B Others
0% W Unassigned

10s Os Os 40s 50s 60s Acne Acne Infants
(male) (female)

Fig. 21. Skin microbiome analysis at genus rank depending on age and skin type.
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Fig. 22. Principal component analysis of beta diversity at genus rank depending on age and skin type.
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Ae dE 2 IAREYE Vo2 e dEFA
g {9 FA oA Staphylococcus sp.”7} Bt 52.79% = X7} 71 S A UE
WO 1 v o= Propionibacterium sp.7F HBit 2266% T S EYXLE
5 YRS ol X7 @ EHEHE FJRESA B xS H[ &
Propionibacterium sp.©] YeFStE A (Chen et al, 2013) 2 3] E o)A
A u A el AlirS FATTE A (Dreno et al., 202008 F-AMSE AdE HolF9A
o, g 7P AFS 9RE zta Qe ool A Streptococcus sp.7t It
30.66%9] 714 Y& EEXEE JelAaL(Fig. 23), ©l+= Streptococcus sp.7}
ool At IRE FAS =Y IFS = T AT T3 FRAATLRE EF
& F Ao, vol”
SIAY AN e S8 Ak 22 e HAlnh

T2l F(species) FEAA Y AT BAAARE E(genus)FFo 4 A 7o}

SRR fol, 40n) B =B RO FAS FRAS e, A
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£ 11 Staphylococcus sp.2} Propionibacterium sp.2] H]&°] &
oqy= AES HAY B AFE 53 Staphylococcus sp.$t Propionibacterium
sp.o] AHE JA sl Streptococcus sp.oF S F3 IH nAPEEo] F A

1
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Species

100%
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L — C— — —
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B g Haenophilus
W s_Micrococcus luteus
W g_Neisseria
W s_Pseudomonas sp. X-b18
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B g_ Brevundimonas
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B g_Ffinegoldia
W g _Anaerococcus
B s_Knoellia sp. LC497
M g_ Gordonia
B g_Alloprevotella
B g_ Rothia
W s_Sphingomonas sp. Ens32
W g_ Paracoccus
W Others
I —

W Unassigned

Fig. 23. Skin microbiome analysis at species rank depending on age and skin type.
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Fig. 24. Principal component analysis of beta diversity at species rank depending on age and skin type.
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s
ol mzulol $ R AL e A% L WPEYE 1899 BE

AMEZS vige
2 fhrs FEste Ad9s AYge Ay FUs A 54 frol I FolAuE {4k
ol B E A, 16S rRNA FdA d7] 4493 Clustal omega®l thEsAd44

(multiple sequence alignment, MSA) #2415 &3t 7% (phylogenetic tree) i
AA3sE g At (Fig. 25). 4243 7€ #d5F9 FAA 7ML Has
F3 L rhamnosus®t 99.1%9 FEsAdS HPow IauAEHEAE(KCCM)
of ®gliFE 7|85 L rhamnosus AMI-1301(KCCM 80230)o.2 ™3}t
T3 B Aol A s AT 9RE 2t e fold i EHolA wmlo]a®utol
BAARet A3 Streptococcus sp.g EHFAE EIHPAT H
Lactobacillus rhamnosus 2bito]l 28] 2 54 HA. o= olEy 3o =
Fraketol 0%9 Hl&& YEH RhE A e 5
A Lactobacillus % rAkito]l 213% Hl&=2 YES o= A7 (Kim et al., 2017)

2 nigow AANRE GX =4 Lactobacillus & FAiro] IR o3FS

2t

o
rlr
>,
i)
X
=

il

Lactobacillus &

3) frof JEAFH AT S 83 AALF oA FAa3A HIt
fFofulFol A EaHd FAkt L rhamnosus AMI-13012 52} (green tea),

=
(Centella asiatica), 7= (mandarin orange), X #(green barley), H ZZ%]

(broccoli)®] EFFE& Lad AE3At. FAikdto]l HEHA XS EFF5E
o Yz AAste], o]5 waEe DPPH ¥ ABTS %ole wit]zh A7 g

& F7rsksih

WA 2 HEE(AMI-1301)¢] DPPH ¥ ABTS %ol gtz A4 A3
£ Fig. 261 YeEpdQlth. DPPH &)z 2AE4 L & 250ug/mL o] dol A&
100% o] &AZH7E yepdel wel s=E Yo 156~125ug/mL ¥ 9ol A

AABE T 5 125ug/mLAl A Hakdl = (control) & 82.4+1.7%%] £~ASE H
o] whH o, At d E(AMI-1301)2 88.0+0.6%2 AAHSS Hol, 56% F%= 3
ksl Aol FUIEEAT ol HAUIEE HUESE fak wafo salksEa

B7rek A4-(Yeo et al, 201714 HE HEh HE o] Fo DPPH radical &7
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(A)

GTCGAACGAG TTCTGATTAT TGAAAGGTGC TTGCATCTTG ATTTAATTTT GAACGAGTGG
CGGACGGGTG AGTAACACGT GGGTAACCTG CCCTTAAGTG GGGGATAACA TTTGGAAACA
GATGCTAATA CCGCATAAAT CCAAGAACCG CATGGTTCTT GGCTGAAAGA TGGCGTAAGC
TATCGCTTTT GGATGGACCC GCGGCGTATT AGCTAGTTGG TGAGGTAACG GCTCACCAAG
GCAATGATAC GTAGCCGAAC TGAGAGGTTG ATCGGCCACA TTGGGACTGA GACACGGCCC
AAACTCCTAC GGGAGGCAGC AGTAGGGAAT CTTCCACAAT GGACGCAAGT CTGATGGAGC
AACGCCGCGT GAGTGAAGAA GGCTTTCGGG TCGTAAAACT CTGTTGTTGG AGAAGAATGG
TCGGCAGAGT AACTGTTGTC GGCGTGACGG TATCCAACCA GAAAGCCACG GCTAACTACG
TGCCAGCAGC CGCGGTAATA CGTAGGTGGC AAGCGTTATC CGGATTTATT GGGCGTAAAG
CGAGCGCAGG CGGTTTTTTA AGTCTGATGT GAAAGCCCTC GGCTTAACCG AGGAAGTGCA
TCGGAAACTG GAAAACTTGA GTGCAGAAGA GGACAGTGGA ACTCCATGTG TAGCGGTGAA
ATGCGTAGAT ATATGGAAGA ACACCAGTGG CGAAGGCGGC TGTCTGGTCT GTAACTGACG
CTGAGGCTCG AAAGCATGGG TAGCGAACAG GATTAGATAC CCTGGTAGTC CATGCCGTAA
ACGATGAATG CTAGGTGTTG GAGGGTTTCC GCCCTTCAGT GCCGCAGCTA ACGCATTAAG
CATTCCGCCT GGGGAGTACG ACCGCAAGGT TGAAACTCAA AGGAATTGAC GGGGGCCCGC
ACAAGCGGTG GAGCATGTGG TTTAATTCGA AGCAACGCGA AGAACCTTAC CAGGTCTTGA
CATCTTTTGA TCACCTGAGA GATCAGGTTT CCCCTTCGGG GGCAAAATGA CAGGTGGTGC
ATGGTTGTCG TCAGCTCGTG TCGTGAGATG TTGGGTTAAG TCCCGCAACG AGCGCAACCC
TTATGACTAG TTGCCAGCAT TTAGTTGGGC ACTCTAGTAA GACTGCCGGT GACAAACCGG
AGGAAGGTGG GGATGACGTC AAATCATCAT GCCCCTTATG ACCTGGGCTA CACACGTGCT
ACAATGGATG GTACAACGAG TTGCGAGACC GCGAGGTCAA GCTAATCTCT TAAAGCCATT
CTCAGTTCGG ACTGTAGGCT GCAACTCGCC TACACGAAGT CGGAATCGCT AGTAATCGCG
GATCAGCACG CCGCGGTGAA TACGTTCCCG GGCCTTGTAC ACACCGCCCG TCACACCATG
AGAGTTTGTA ACACCCGAAG CCGGTGGCGT AACCCTTTTA GGGAGCGAGC CGTCTAAG

(B)

— Lactobac{ﬂus ca;ef {98.39%)
b Lactobacillus chigyiensis (98.89%)
Lactobacillus baogingensis (95.83%)

Lactobacillus brantae (95.37%)
—: Lactobacillus saniviri (95.15%)
AMI-1301
{ Lactobacillus rhamnosus (99.93%)
Lactobacillus zeae (98.89%)
{ Lactobacillus paracasei (98.75%)
[————  Lactobacillus yichunensis(96.12%)
e Lactobacillus camelliae (94.75%)

Fig. 25. Nucleotide sequences(a) and phylogenetic tree(b) of 16S rRNA gene
from Lactobacillus rhamnosus AMI-1301 (KCCM 80230).
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Fig. 26. Radical scavenging activity of fermentation broth of green tea
extract. (A) DPPH radical scavenging activity(%) (B) ABTS+ radical
scavenging activity(%). Data are representative of three independent
experiments and are presented as means * SD. (* p<0.05, =*x p<0.01,

#3xxp<(0.001. two-tailed Student’s t-test).

_67_



ol FoAew Frtedtte A7 W& fAE AdE dEddlen, o=
Frabet el gt go] o) AGE At B {71k SOl &% #gow
"ok 283 ABTS %ol guZ AAEAHL 626ug/ml 5% o]ddA+=
100% o]/ aAZA7E vebge wet k5 Yol 3.9~31.3ug/mL H 9l
A AAEG Y. % 31.3pg/mLoll A At Z T (control) & 88.0+1.2%9] &A%
S HQ ke, HAEEE(AMI-1301)2 92.0£1.0%° EG5& Hol, 4.0%4 %
kst & o] Frkskth
ojojx WEu g E(AMI-1301)¢] DPPH % ABTS %o°]
Fig. 27¢] Yol DPPH 2tz 2A A4S A9 %% 1,000ng/mLol A H
Z o) ZF(control)+= 34.3+2.1%9 A7 %S HQ Wi WHELGgE

L 521+2.0%2 &% Hol 178% AXx dAatsl &Aoo F7stit. ol WE
AES 100ToNA 24413 EF A=A A 2AHE Ax
°] DPPH radical 21 &S H7Fsk A+ (Heong et al., 2011l A 4tst g 3
}F 2318 #Zasdos Weds g2y 295 noFdn) ojed Ay v
Fo A F8¥ Lrhamnosus fitbits o2 AH83 F i3 HE A5
o] &3t 35Tl A 48A17F Bt M TE A7l A
Aoz derdnt 1gla ABTS %o
A WEUET(contro)E  715+0.3%2] AATS H Wi, BHELEE
(AMI-1301)2 84.8+0.3%°] oo Ko, 133% A% kst &do] F7hstalrh
e g E(AMI-1301)9] DPPH 9 ABTS %°]
of Yetlidvt. DPPH #@olZ 2718449 4%, % 1,000ng/mLol A o)z
T(control)+  37.9t4.3%°] AA%S HQ W ZEwE E(AMI-1301)2
63.1+3.3%9] ETS Ho, kst FAo] 252% HAE TSRS HERU S
= ZFEHAEo Lplantarum 2 Lrhamnosus 59 2SS HE3e] EaA
71l g Eo| ¥ DPPH radical 2AE/d 50l ¢8 d div|ste] F7tgdvhe

T(Moon et al., 2006)¢} L3 AxZE Yepglon olgd Ay=E nlgow
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(AMI-1301)2 92.0£0.2%°] &%& Hol, 174% A% dAikst &go] F7hskalth
ARLEE(AMI-1301)¢ DPPH % ABTS %o
294 YERUIRITE. DPPH 2tz 2AEd 9 49, 1,000ug/mL
2 (control) &= 39.8+2.9%¢] £A%5S HQ W] A rzldgE(AMI-1301)
& 67.0+4.7%° E5E B, FAakst Ao 272% AE TItEASS UERUS

rlo
A
o,
s
of B
N
gk
o,
rlo
)
0Q

t}. oli= Lbrevis ¥ Lparacasei f2to =2 Wadh »
< By FEE BY fo4d A FAstadr SdEdts 72 R (Lee et
al, 2018)¢} Ak A& Hol 53 Hgr|d2 &8E + v dA=EdE
el = ATk A ABTS ol #dozd 4 E
Al AR ET(contro) 9t R AT E(AMI-1301)°] A= H]=3  Z+7h
99.8+0.1% <} 99.3+0.2% T2 AA TS HIT}

B22e 3 =(AMI-1301)¢] DPPH % ABTS %e°l2 @tz £7144d 5 Fig.
3001 YERRSITE DPPH ezt 2A A9 49, 1,000pg/mL sEH 223
gl =T (controD=  631£6.1%°] A7TS  HQ  §HHe] HEIUgE
(AMI-1301)2 78.2+22%°] 55 Hol, 162% A% @4kt &0l F7hstsirh
HbH o] ABTS <fol2 ZHgZd 2AEH LS 5% 1,000ug/mLelA B 2=+
(contro)¢} B 2Fgl 2FE(AMI-1301)°] M= #]=3HA 22 99.7+0.1%<}
100.0£0.3%¢] 2755 HUTh oWl kst 244 SHE Sl 2E V|dw &8&
H B2EeE QA3 3 (Brassicaceae)ol %3t wWlFE FAEEA F

= =y gEd gEo] AFAGelA T Wol AAEHE dEde AE
stifoltt, ojn B AT (Kim et al, 2014)d4 B2 Z 9] 7HAHQ EF
(floret) &} B 7F21 %91 & 7] (stalk) &5 DPPH % ABTS radical 2A &4 H71&

B3 Farsl B4l YS BT Bk ol FEBY L RFAAE A

=4
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1
e

Gl

E
off v

A
o
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FolA AT gelwnl Ao T3 Lplantarum AT R WAzl B2 27
W g EoA Aol 715 x 10° CFU/mL 5oz wj$ $53S 2l(Yang
et al., 2015)3te] BE2ZE7} 71544 SUE % ¢ Hav|dE g8E F

Aes Feded 5 AU
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Fig. 27. Radical scavenging activity of fermentation broth of Centella asiatica
extract. (A) DPPH radical scavenging activity(%) (B) ABTS+ radical
scavenging activity(%). Data are representative of three independent
experiments and are presented as means * SD. (* p<0.05, =*x p<0.01,

#5xxp<(0.001. two-tailed Student’s t-test).
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Fig. 28. Radical scavenging activity of fermentation broth of Mandarin
orange extract. (A) DPPH radical scavenging activity(%) (B) ABTS+ radical
scavenging activity(%). Data are representative of three independent
experiments and are presented as means * SD. (* p<0.05, =*x p<0.01,

#3xxp<(0.001. two-tailed Student’s t-test).
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Fig. 29. Radical scavenging activity of fermentation broth of green barley
extract. (A) DPPH radical scavenging activity(%) (B) ABTS+ radical
scavenging activity(%). Data are representative of three independent
experiments and are presented as means * SD. (* p<0.05, #*x p<0.01,

#3xxp<(0.001. two-tailed Student’s t-test).
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Fig. 30. Radical scavenging activity of fermentation broth of broccoli extract.
(A) DPPH radical scavenging activity(%) (B) ABTS+ radical scavenging
activity(%6). Data are representative of three independent experiments and are
presented as means * SD. (x p<0.05, =**x p<0.01, ***p<0.001. two-tailed

Student’s t-test).
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ABTS %ol gz 2AZA & A H(Fig. 31). DPPH vz AAEA
62.5ug/mLel Al 52t Z - (control) & 76.9+5.3%, AT x4}
=

kg 52 84.242.9%, # TF(AMI-1301)¢] =xtg &2 83.0+0.9% L ERS
0 =, BelwFsh gxTek FAEF vkl 77 111%, 3.8% A% ke 3

7_1
ata s Jehldnh aEla ABTS %ol &
g/mL el A] 52}t 2+ (control) & 69.0+0.1%, FA T St &
62.2£0.1%, =2 (AMI-1301)¢] HApdaEL 755+0.0%= e T 8
Fo A%, dxzT9 sAEFol HlelA zhzt 6.5%, 133% Bx= w2 FAkstad
E Yet ATk ol ef o] fFolyRolA Fel® w5 L rhamnosus AMI-13015
AbESE Mg Eo] gE2T F FATTE AMES dEERT & s g s

ATh ol HAACA e L rhamnosus FabitS &85t HS T adA
W DPPH % ABTS radical 2AZAd 5ol T Att= A7+ (Kim et dl,
2019)¢F GAAS LEEHUS W DPPH radical A2AZA S0 Sdsta
tyrosinase As]&Ad o] SE A= A (Park et al., 20199 FAS A3E B
JOZM L rhamnosus rAibito] tefgt AAES YRt 7lsAdS A7
v AEHE starter® Aoz &8E F
ATE FMA FFS L rhamnosus {ritrtolel @At el o] webA
Fwol Aol7F e & AeS FATd F AR, =
ol 2 AT F e HAdeS VE=E

A NEto] e Ao g JFukET
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Fig. 31. Radical scavenging activity of fermentation broth of green tea
extract by Lactobacillus rhamnosus strains. (A) DPPH radical scavenging
activity(%) (B) ABTS+ radical scavenging activity(%). Data are
representative of three independent experiments and are presented as means =*

SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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4) T AEXYEZIAY MEAEE 2L nitric oxide BH JAETH
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g

A (L.rhamnosus AMI-1301)2] M Q] A XA 7} Al
A= &= 9FS A tHFig. 32A). LPS(luyg/mL)& A=3te] <
Hh&-o] =¥ Raw 264.7 cello] M= A&xAE 0.1, 1, 10 ¥ 20 pg/mL &
2 Agste] AlgE YA Fe 54 dxT¢ vaust o (Fig. 32B). 1212
nitric oxide(NO) A4 AAEZHRE H7istr] fste] FEdHEF< 2-amino
~4-picoline(10uM) 9] A& F%= A H7FstA ok Ak (AMI-1301) Al 29 A3
AE Hes e Aot ¢4 x5 (2-amino-4-picoline) B 100% ©]/2]
AZAEES e, mebA AlZAEd 744 F3e vAA &= AEs
=2 #HAd 20ug/mLz AAste] NO B4 AA&S AT ket Al
EA FHdT EHE NO B JAER FUlstAth AEZAEA sEo o
NO A& SAUET9 100%< W aste], 1.0pg/mLAlA 93.4+25%, 10u
g/mLol Al 55.3+2.8%, 20ug/mLolA] 39.044.0% = #Asled, Z+zF 1.0ug/mLel A
6.6%, 10ug/mLollA 44.7%, 20ug/mLolAl 61% 52 NO AAQ A5y, =

AEUS AR} UL HeAsAL

do
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o|N

5 AT AMEXYLEZAY EF5AH AoEFA A AAELFH
IL-6, IL-18 ¥ TNF-a:x 9=wHs sh= i3] AlolEFRIo R, WY
Axzel &4, T4 4+ F= A2 d#A vk LPSE A 5RkSo
=% Raw 264.7 cellol]l Ak MEQAXAE A2 stA e o, o]
o] E7EQIel Al m = WIE XA

WA Alol EFFel IL-69 AL SAHET9 395ng/mLol Hste], AL AFE
A &% 10ug/mLol A 34.9+4.1ng/mL, 20ug/mLel A 285+3.0ng/mL= Z+2} A&
st tHFig. 33). 2l Ale]EZFY IL-1B9 AL A ERFolA
88.2ng/mLolR oy M¥ELQANYA % 1.0ug/mLolA 51.4+4.7ng/mL, 10ug/mL
o 1 49.0+5.5ng/mL= 77} 7FAetH th(Fig. 34). »hA 9o 2 TNF-a AFo]lE7}
olo] AL SAWETY ZH$ 576 ng/mLel Hlste], AEL]AEA FE 10
g/mLol A 46.2+3.1ng/mL, 20ug/mLolA 54.0£22ng/mLo % 27} ZFAs T}
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(Fig. 35). o] LPSE o]&3 A A E(Raw 264.7 cell) A=Hx= ZdoA A
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ANZNAE Fal AEDAEAZ TNF-a9 IL-109] BAS A ds A+42
H(Jung et al., 2016)2} L. paracasei FAbroll A falleh ML) AXEA 7 A
AIEZMHT29 celDolA LPSE fF=d ASA AfolE7rl & IL-18, L2 ¥
TNF-a2] AAS JASATHE A+ (Choi et al, 2020)9F FAe A4S e

it ole} o] B Ao &F8HE Lrhamnosus FAFrolA f@ gk AlEL A

-~

ZAE dE4TS §535E AlolEgGlom &# A IL-6, IL-18, TNF-a2] A
e ATt 9T AE 2AZA Y Addgd &8 7tsAdol e
Ho] =t
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Fig. 32. Effects of extracellular vesicles from Lactobacillus rhamnosus
AMI-1301 on cell viability and NO production. (A) Cell viability(%) (2) NO
production(%). Data are representative of three independent experiments and
are presented as means * SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed

Student’s t-test).
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Fig. 33. Effects of extracellular vesicles from Lactobacillus rhamnosus
AMI-1301 on production of cytokine IL-6(Interleukin-6). Data are
representative of three independent experiments and are presented as means =*

SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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Fig. 34. Effects of extracellular vesicles from Lactobacillus rhamnosus
AMI-1301 on production of cytokine IL-1B(Interleukin-1 beta). Data are
representative of three independent experiments and are presented as means =*

SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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Fig. 35. Effects of extracellular vesicles from Lactobacillus rhamnosus

AMI-1301 on production of cytokine TNF-a(Tumor necrosis factor—alpha).

Data are representative of three independent experiments and are presented as

means * SD. (x p<0.05, ** p<0.01, ***p<0.001. two-tailed Student’s t-test).
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VI. # =

Table 4. Skin microbiome analysis at phylum rank depending on age and skin type.

E 10s 20s 30s 40s 50s 60s Acne skin Acne skin Infants i
male | female | male |female | male |female | male |female | male |female | male |female | male | male |female | female | male |female
Firmicutes (.3555 | 05422 | 0.0311 | 0.6835 | 0.0266 | 04532 | 0.1528 | 0.3473 | 0.1096 | 0.3817 | 0.4599 | 0.4688 | 05013 | 0.6247 | 03105 | 0.1540 | 0.3653 | 0.5978 | 0.3648
Proteobacteria 0.1854 | 02920 | 0.9020 | 01273 | 0.1414 | 03532 | 04339 | 02702 | 0.5073 | 0.3079 | 0.0671 | 0.1087 | 0.0427 | 0.1699 | 0.0827 | 03298 | 04439 | 0.1459 | 0.2728
Actinobacteria (0.2786 | 0.0731 | 0.0218 | 0.0715| 00073 | 01122 | 02714 | 0.2682 | 0.3437 | 0.2481 | 0.3409 | 0.2042 | 04292 | 0.1835 | 05648 | 0.3964 | 0.0753 | 0.0984 | 0.2216
Cyanobacteria 0.0293 | 0.0000 | 0.0362 | 0.0388 | 0.8217 | 0.0314 | 0.1058 | 0.0314 | 0.0026 | 0.0096 | 0.0344 | 0.0199 | 0.0056 | 0.0701 | 0.0232 | 0.0460 | 0.0312 | 0.0449 | 0.0735
Bacteroidetes (.0849 | 0.0614 | 0.0089 | 0.0531 | 0.0014 | 0.0471 | 00283 | 0.0412 | 0.0195 | 0.0292 | 0.0926 | 0.1073 | 0.0099 | 0.0068 | 0.0070 | 0.0501 | 0.0679 | 0.0924 | 0.0450
Fusobacteria 0.0467 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0016 | 0.0034 | 0.0172 | 0.0000 | 0.0091 | 0.0002 | 0.0702 | 0.0012 | 0.0000 | 0.0046 | 0.0015 | 0.0100 | 0.0110 | 0.0098

Saccharibacteria 0.0092 | 0.0006 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0007 | 0.0150 | 0.0083 | 0.0132 | 0.0012 | 0.0706 | 0.0004 | 0.0025 | 0.0028 | 0.07108 | 0.0045 | 0.0076 | 0.0049
Verrucomicrobia 0.0000 | 0.0257 | 0.0000 | 0.0251 | 0.0000 | 0.0000 | 0.0000 | 0.0006 | 0.0000 | 0.0000 | 0.0004 | 0.0004 | 0.0028 | 0.0000 | 0.0000 | 0.0017 | 0.0000 | 0.0003 | 0.0032
Deinococcus-Thermus | 0,0008 | 0,0000 | 0.0000 | 0.0000 | 0.0017 | 0.0000 | 0.0000 | 0.0023 | 0.0029 | 0.0006 | 0.0025 | 0.0006 | 0.0031 | 0.0000 | 0.0025 | 0.0000 | 0.0006 | 0.0006 | 0.0010

Others 0.0004 | 0.0011 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0010 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0000 | 0.0000 | 0.0000 | 0.0012 | 0.0000 | 0.0002 | 0.0002
Unassigned 0.0093 | 0.0039 | 0.0000 | 0.0007 | 0.0000 | 0.0013 | 0.0037 | 0.0056 | 0.0061 | 0.0006 | 0.0008 | 0.0092 | 0.0036 | 0.0022 | 0.0018 | 0.0084 | 0.0013 | 0.0007 | 0.0033
Total 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
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Table 5. Skin microbiome analysis at class rank depending on age and skin type
10s 20s 30s 403 50s 60s Acne skin Acne skin Infants
Class Average
male | female | male | female | male | female | male | female | male | female | male | female | male male | female | female | male | female

Bacilli 0.2482 | 04372 | 00046 | 04715 00211 04168 | 09042 | 0.2839| 00953 | 03415 | 02908 | 0.2609 | 04960 | 06057 | 0.2981| 01126 | 0.3485| 04375 02930
Actinobacteria 0.2692 | 0.0525| 00218| 0.0607 | 00073 | 01107 | 02683 | 0.2653| 03434 0.2428| 03407 | 02029 | 04275 | 01773 | 05643 | 03964 | 0.0750| 00981 02180
Gammaproteobacteria | 00481 | 02853 | 08897 | 0.0961| 0.0998 | 02473 | 0.2714| 01064 | 00799 | 01413 | 00364 | 0.0308| 00124 | 00943 | 0.0427 | 0.1141| 03858 | 0.0284 | 0.1672
Alphaproteobacteria | 00833 | 0.0045| 00041 | 00298 | 00299 | 00741 | 0.1378| 0.0809 | 04182 | 01267 | 00185 | 0.0140| 0.0247 | 00676 | 0.0331| 02040 | 00094 | 0.0475| 0.0782
Chloroplast 0.0280 | 0.0000 | 0O0115| 0.0388| 08217 | 0.0314| 07054 | 00293 | 00026 | 0.0093| 00344 | 00194 | 00056 | 00101 | 0.0206| 00460 | 0.0311| 00447 | 00717
Clostridia 0.0543| 00625 | 00265| 0.2100| 00054 | 00113 | 00236 | 00103 | 00143 00174 | 01674 | 0.3505| 00036 | 00191 | 0.0052| 00121 00078 | 0.0044 | 00444
Bacteroidia 0.0686 | 0.0614 | 00089 | 0.0515| 00014 | 00410| 00092 | 00781 00052 00161 | 00709 | 0.0919| 00049 | 00000 | 00069 | 00103 0.0501| 00675 00324
Negativicutes 0.0522 | 0.0413| 00000| 0.0000| 0.0000| 00250| 0.0250| 0.0528 | 0.0000| 00227 | 00076| 0.0569| 0.0018 | 0.0000| 0.0072| 0.0292 | 00091 | 0.1557 | 0.0270
Betaproteobacteria 0.0434 | 00022 | 00046 | 00013 | 00117 | 00299 | 00228 | 00799 | 00063 | 0.0374| 00082 | 0.0555| 00053 | 00047 | 00069 | 00116 | 0.0479| 00673 | 00248
Flavobacteriia 0.0122 | 0.0000 | 0O00O0C| 0.0000| Q0000 | 0.0043| 00191 00203 | 00127 | 0.0088| 00186 | 0.0143| 00030 | 00000 | 0.0000| 00386 | 00176 | 00248 | 00108
Fusobacteriia 0.0467 | 0.0000 | 00000 | 0.0000| O.0OCOCO| 00016| 00034 0O172| 00000 00091 | 00002 | 00702| 00012 | 00000 | 00046 | 00015| 0.0100| 00110 00098
uncultured bacterium | 00064 | 0.0006 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0071| 0.0073| 0.0132| 00008 | 0.0086| 0.0004 | 00028 | 0.0028| 0.0108| 0.0045| 0.0076 | 0.0040
Coriobacteriia 0.0067 | 0.0207 | 00000 | 0.0109| 00000 | 00016 | 00002 | 00015| 00002 0.0053| 00000 00013| 00018 | 00062 | 0.0006| 00000 | 0.0003| 00003 00032
Verrucomicrobiae 0.0000 | 00257 | 00000 | 0.0251| 00000 0.0000| 00000 0Q.0003| 00000 0.0000| 00004 | 00004 | 00000 | OOQOOO| 0.0000| Q0017 0.0000| 00003 00030
Epsilonproteobacteria | 0.0106 | 00000 | 0.0036| 0.0000| 0.0000| 0.0019| 0.0004| 00026 | 0.0000| 0.0017| 0.0036| 0.0081 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0007| 0.0019| 00019
MLE351-21 0.0000 | 0.0000| 00247 | 0.0000| 0.0000| 0.0000| 0.0000| 0.0002| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0000| 0.0014
Sphingobacteriia 0.0041 | 0.0000 | 0O00OO| 00016 | 00000 | 0.0009| 00000 QO0013| 00016 0.0010| 00026 | 0.0002| 00004 | 00068 | 0.0000| 00001 | 0.0001| 00002 00012
Deinococci 0.0008 | 0.0000 | OO0O0O0O| 0.0000| 00017 0.0000| 00000 00023 00029 00006 | 00025 0.0006| 00031 | 00000| 0.0025| 0.0000| 0.0006| 00006 Q0010
Other 0.0004 | 00011 | 00000 | 0.0000| O.0CCO| 0.0000| 00000 0Q0010| 00000 0.0000| 00000 00001 | 00000 | OOOOO| 0.0000| QOO012| 0.0000| 00002 00002
Unassigned 0.0167 | 0.0050 | 00000 | 0.0028| 00000 | 00021 | 00092 00193 | 00101 0.0049| 00022 | 0.0134| 00084 | 00055| 0.0046| 00096 | 0.0015| 00020 00065
Total 1.0000 | 1.0000 | 1.0000 | 1.0000| 1.0000 | 1.0000| 1.0000| 1.0000| 1.0000| 1.0000 | 1.0000| 1.0000( 1.0000| 1.0000( 1.0000| 1.0000( 1.0000| 1.0000 | 1.0000
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Table 6. Skin microbiome analysis at order rank depending on age and skin type
10s 20s 30s 40s 50s 60s Acne skin Acne skin Infants
Order Average
male | female | male | female | male | female | male | female | male | female | male | female | male male | female | female | male | female

Bacillales 01104 | 0.00617 | 0.0046 | 04715 | 0.0098 | 0.1656 | 0.0527 | 0.1266 | 0.0816 | 0.2554 | 0.2739 | 0.0908 | 04727 | 05866 | 0.2546 | 0.0370 | 0.0211 | 0.0580 | 01711
Lactobacillales 01378 | 0.4310 | 0.0000 | 0.0000 | 00113 | 02512 | 0.0514 | 01573 | 00137 | 0.0862 | 0.0169 | 01701 | 0.0233 | 0.0191 | 0.0435 | 00756 | 03274 | 03795 | 01220
FPseudomonadales | 0.0117 | 0.0011 | 0.7917 | 0.0776 | 0.0963 | 0.1766 | 0.2476 | 0.0417 | 0.0714 | 0.0831 | 0.0277 | 0.0093 | 0.0084 | 0.0599 | 0.0249 | 0.0629 | 0.3560 | 0.0089 | 0.1198
Propionibacteriales | 0.0244 | 0.0017 | 0.0041 | 0.0169 | 0.0029 | 0.0219 | 0.0103 | 0.0212 | 0.0605 | 0.1065 | 0.0772 | 0.0855 | 0.3461 | 0.1127 | 0.5178 | 0.0146 | 0.0014 | 0.0084 | 0.0797
Corynebacteriales | 01514 | 0.0039 | 0.0075 | 0.0056 | 0.0008 | 0.0286 | 01773 | 0.1484 | 0.0281 | 0.0856 | 0.2401 | 0.0810 | 0.0680 | 0.0144 | 0.0343 | 0.2401 | 0.0341 | 0.0144 | 0.0758
Pinus gregqii 0.0054 | 0.0000 | 00115 | 0.0308 | 0.8217 | 0.0103 | 0.0367 | 0.07103 | 0.0025 | 0.0023 | 0.0031 | 0.0036 | 0.00171 | 0.0027 | 0.0024 | 0.0160 | 0.0005 | 0.0005| 0.0534
Clostridiales 0.0543 | 0.0625| 0.0265 | 0.2100 | 0.0054 | 0.0113 | 0.0233 | 0.0102 | 00143 | 0.0N70 | 01674 | 01505 | 0.0036 | 0.0191 | 0.0052 | 0.0121 | 0.0078 | 0.0044 | 0.0444
Micrococcales 0.0501 | 0.0022 | 0.0103 | 0.0381 | 0.0034 | 0.0306 | 0.0693 | 0.0508 | 0.2428 | 0.0361 | 0.0204 | 0.0707 | 0.0122 | 0.0165 | 0.0086 | 0.0968 | 0.0244 | 0.0346 | 0.0421
Bacteroidales 0.0686 | 0.0614 | 0.0089 | 0.0515| 00014 | 0.0410 | 0.0092 | 0.07181 | 0.0052 | 0.0161 | 00709 | 0.0919 | 0.0049 | 0.0000 | 0.0069 | 0.0103 | 0.0501 | 0.0675 | 0.0324
Selenomonadales | 0.0522 | 0.0413 | 0.0000 | 0.0000 | 0.0000| 0.0250 | 0.0250 | 0.0528 | 0.0000 | 0.0227 | 0.0076 | 0.0569 | 0.0018 | 0.0000 | 0.0072 | 0.0292 | 0.0091 | 0.1557 | 0.0270
Rickettsiales 0.0197 | 0.0006 | 0.0039 | 0.0272 | 00235 | 0.0215| 00078 | 0.O772 | 01784 | 0.0M75 | 0.0021 | 0.0038 | 0.0093 | 0.0048 | 0.0154 | 0.0285 | 0.0075| 0.0361 | 0.0236
Sphingomonadales | 00249 | 0.0011 | 0.0000 | 0.0000 | 0.0000 | 0.0184 | 0.0735 | 0.0142 | 0.1195 | 0.0592 | 0.0063 | 0.0020 | 0.0025 | 0.0174 | 0.0090 | 0.0528 | 0.0013 | 0.0055 | 0.0226
Enterobacteriales 0.0122 | 0.2842 | 0.0153 | 0.0000 | 0.0036 | 0.0025| 0.0036 | 0.0060 | 0.0000 | 0.0064 | 0.0039 | 0.0007 | 0.0020 | 00101 | 0.0069 | 0.0149 | 0.0002 | 0.0033 | 0.0209
Pasteurellales 0.0203 | 0.0000 | 0.0000 | 0.0000 | 0.0000| 0.0529| 0.0160 | 0.0484 | 0.0000 | 0.0452 | 0.0019 | 0.0152 | 0.0010 | 0.0059 | 0.0042 | 0.0170 | 0.0291 | 0.0141| 0.0151
Neisseriales 0.0277 | 0.0017 | 0.0000 | 0.0013 | 0.0041 | 0.0237 | 0.0043 | 0.0466 | 0.0005 | 0.0N60 | 0.0019 | 0.0323 | 0.0034 | 0.0000 | 0.0052 | 0.0008 | 00418 | 0.0583 | 0.0150
Chloroplast 0.0194 | 0.0000 | 0.0000 | 0.0052 | 0.0000| 0.0185| 0.0325| 0.0160 | 0.0001 | 0.0066 | 0.0301 | 0.0153 | 0.0042 | 0.0026 | 0.0157 | 0.0284 | 0.0300 | 0.0390 | 0.0146
Flavobacteriales 0.0122 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0043| 001791 | 0.0203| 00127 | 0.0088 | 0.0186 | 0.07143 | 0.0030 | 0.0000 | 0.0000 | 00386 | 00176 | 0.0248 | 0.0108
Actinomycetales 0.0387 | 0.0028 | 0.0000 | 0.0000| 0.0000| 0.0114| 0.0069 | 0.0404 | 0.0017 | 0.0091 | 0.0018 | 0.0257 | 0.0006 | 0.0000 | 0.0022 | 0.0018 | 0.0111 | 0.0396 | 0.0108
Xanthomonadales | 00004 | 0.0000 | 0.0828 | 0.0185| 0.0000 | 0.0153 | 0.0004 | 0.0041 | 0.0084 | 0.0039 | 0.0026 | 0.0005 | 0.0002 | 0.0183 | 0.0067 | 0.0184 | 0.0000 | 0.0011 | 0.0101
Fusobacteriales 0.0467 | 0.0000 | 0.0000 | 0.0000| 0.0000| 0.0016| 0.0034 | 0.0172| 0.0000| 0.0091 | 0.0002 | 0.0702 | 0.0012 | 0.0000 | 0.0046 | 0.0015| 0.0100 | 0.0110 | 0.0098
Caulobacterales 0.0113 | 0.0000 | 0.0000 | 0.0026 | 0.0000 | 0.0072| 00162 | 0.0110 | 0.0490 | 0.0252 | 0.0028 | 0.0015| 00012 | 0.0215| 00012 | 00184 | 0.0003 | 0.0009 | 0.0095
Rhizobisles 0.0106 | 0.0011 | 0.0000 | 0.0000 | 0.0000| 0.0116| 0.0186 | 0.0109| 00522 | 0.0168 | 0.0050 | 0.0016 | 0.0075 | 0.0088 | 0.0035 | 00173 | 0.0002 | 0.0041 | 0.0094
Burkholderiales 0.0158 | 0.0006 | 0.0000 | 0.0000 | 00076 | 0.0062 | 0.07161 | 0.0332| 00057 | 0.0212 | 0.0063 | 0.0232 | 0.0020 | 0.0047 | 00017 | 0.0080 | 0.0060 | 0.0090 | 0.0093
Rhodobacterales 0.0719 | 0.0017 | 0.0000 | 0.0000 | 0.0000 | 0.0146 | 0.0167 | 0.07120 | 0.0069 | 0.0065 | 0.0019 | 0.0040 | 0.0004 | 0.0035| 00015 | 00781 | 0.0001 | 0.0002 | 0.0089
Bifidobacteriales 0.0004 | 0.0419| 0.0000 | 0.0000 | 00002 | 0.07102 | 0.0007 | 0.0007 | 0.0000 | 0.0044 | 0.0000 | 0.0000| Q.0002 | Q0157 | 00012 | 00301 | 0.0040 | 00011 | 0.0062
Saccharibacteria 0.0064 | 0.0006 | 0.0000 | 0.0000 | 0.0000 | 0.0000| 0.0000 | Q0071 | Q0073 | 0.0132 | 0.0008 | 0.0086 | 0.0004 | 0.0028 | 0.0028 | 0.0N08 | 0.0045 | 0.0076 | 0.0040
Rhodospirillales 0.0048 | 0.0000 | 0.0002 | 0.0000 | 00064 | 0.0008 | 0.0033| 00157 | 00122 | 0.0072 | 0.0005| 0.0011 | 00038 | 00116 | 00025 | 00077 | 0.0000 | 0.0007 | 0.0040
Coriobacteriales 0.0067 | 0.0207 | 0.0000 | 0.0109 | 0.0000 | 0.0016 | 0.0002 | 0.0015| 00002 | 0.0053 | 0.0000 | 00013 | 00018 | 00062 | 0.0006 | 0.0000 | 00003 | 00003 | 00032
Other 0.0004 | 0.0017 | 0.0000 | 0.0000 | 0.0000 | 0.0000| 0.0000 | 0.0010| 00000 | 0.0000 | O.0000| 00001 | Q0000 | Q0000 | 00000 | 00012 | 00000 | 00002 00002
Unassigned 0.0434 | 0.0307 | 00329 | 0.0321 | 00017 | 0.0153 | 0.0577 | 0.0393| 00252 | 0.0133 | 0.0740 | 0.0289 | 0.0135 | 0.0353| 00098 | 0.0309 | 0.0041 | 0.0117 | 0.0244
Total 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 ( 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
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Table 7. Skin microbiome analysis at family rank depending on age and skin type

Family 10s 20s 30s 405 50s 60s Acne skin Acne skin Infants [
male female male female male female male female male female male female male male female | female male female
Staphylococcaceae 0.1013 | 0.0061 0.0046 | 04708 | 0.0027 | 01587 | 00520 | 01222 | 00795 | 0.2525 | 0.2701 0.0806 | 04702 | 0.5866 | 02540 | 0.0351 0.0034 | 0.0093 | 0.1644
Streptococcaceae 0.1195 0.3814 0.0000 0.0000 0.0000 0.2232 0.0409 0.1437 0.0095 0.0680 0.0138 0.1571 0.0177 0.0126 0.0376 0.0597 0.2766 0.3446 0.1059
Moraxellaceae 0.0047 | 0.0011 07546 | 0.0776 | 0.0963 | 01679 | 00212 | 0.0203 | 00688 | 0.0735 | 0.0242 | 0.0081 0.0074 | 0.0547 | 0.0198 | 0.0409 | 03550 | 0.0062 | 0.1001
Propionibacteriaceae 0.0238 0.0017 0.0037 0.0169 0.0029 0.0219 0.0103 0.0200 0.0605 0.1063 0.0752 0.0851 0.3461 0.1127 0.5178 0.0063 0.0014 0.0084 0.0790
Pinus greqqii 0.0054 0.0000 0.0115 0.0308 0.8217 0.0103 0.0367 0.0103 0.0025 0.0023 0.0031 0.0036 0.0011 0.0027 0.0024 0.0160 0.0005 0.0005 0.0534
Corynebacteriaceae 0.1221 0.0011 0.0059 0.0056 0.0002 0.0162 0.0718 0.1218 0.0093 0.0751 0.2345 0.0776 0.0654 0.0059 0.0207 0.0512 0.0337 0.0132 0.0517
Veiflonellaceae 0.0522 0.0413 0.0000 0.0000 0.0000 0.0250 0.0250 0.0528 0.0000 0.0227 0.0076 0.0569 0.0018 0.0000 0.0072 0.0292 0.0091 0.1557 0.0270
Micrococcaceae 0.0224 0.0022 0.0000 0.0313 0.0020 0.0113 0.0095 0.0277 0.18% 0.0275 0.0100 0.0086 0.0028 0.0084 0.0072 0.0350 0.0233 0.0227 0.0245
Mitochondria 0.0197 0.0006 0.0039 0.0272 0.0235 0.0215 0.0078 0.0172 0.1784 0.0175 0.0021 0.0038 0.0093 0.0048 0.0154 0.0285 0.0075 0.0361 0.0236
Clostridiales 0.0256 0.0000 0.0000 0.0000 0.0000 0.0099 0.0109 0.0039 0.0117 0.0124 0.1604 0.1246 0.0004 0.0166 0.0031 0.0075 0.0054 0.0012 0.0219
Enterobacteriaceae 0.0122 0.2842 0.0153 0.0000 0.0036 0.0025 0.0036 0.0060 0.0000 0.0064 0.0039 0.0007 0.0020 0.0101 0.0069 0.0149 0.0002 0.0033 0.0209
Prevotellaceae 0.0555 | 0.0151 0.0089 | 0.0266 | 0.0000 | 0.0312 | 00064 | 0.0108 | 00036 | 0.0125 | 00212 | 0.0635 | 0.0046 | 0.0000 | 0.0060 | 00103 | 00318 | 00655 | 0.0208
Pseudomonadaceae 0.0070 0.0000 0.0371 0.0000 0.0000 0.0087 0.2264 0.0214 0.0025 0.0095 0.0035 0.0012 0.0011 0.0052 0.0052 0.0220 0.0011 0.0027 0.0197
Sphingomonadaceae | 0.0231 0.0011 0.0000 | 0.0000 | 0.0000 | 0.0150 | 0.0265 | 0.0110 | 01175 | 0.0575 | 0.0061 0.0014 | 00025 | 0.0174 | 00006 | 00239 | 0.0011 0.0055 | 00172
Pasteurellacese 0.0203 0.0000 0.0000 0.0000 0.0000 0.0529 0.0160 0.0484 0.0000 0.0452 0.0019 0.0152 0.0010 0.0059 0.0042 0.0170 0.0291 0.0141 0.0151
Neisseriaceae 0.0277 0.0017 0.0000 0.0013 0.0041 0.0237 0.0043 0.0466 0.0005 0.0160 0.0019 0.0323 0.0034 0.0000 0.0052 0.0008 0.0418 0.0583 0.0150
uncultured bacterium | 0.0194 0.0000 0.0000 0.0052 0.0000 0.0185 0.0325 0.0160 0.0001 0.0066 0.0301 0.0153 0.0042 0.0026 0.0157 0.0284 0.0300 0.0390 0.0146
Nocardiaceae 0.0200 0.0022 0.0000 0.0000 0.0007 0.0035 0.0511 0.0169 0.0110 0.0079 0.0047 0.0013 0.0000 0.0000 0.0135 0.0914 0.0000 0.0002 0.0125
Lachnospiraceae 0.0167 0.0106 0.0265 0.1182 0.0041 0.0007 0.0056 0.0050 0.0026 0.0022 0.0002 0.0152 0.0006 0.0000 0.0021 0.0000 0.0009 0.0023 0.0119
Actinomycetacese 0.0387 0.0028 0.0000 0.0000 0.0000 0.0114 0.0069 0.0404 0.0017 0.0091 0.0018 0.0257 0.0006 0.0000 0.0022 0.0018 0.0111 0.0396 0.0108
Flavobacteriaceae 0.0122 0.0000 0.0000 0.0000 0.0000 0.0043 0.0191 0.0203 0.0127 0.0083 0.0186 0.0143 0.0030 0.0000 0.0000 0.0386 0.0176 0.0248 0.0108
Xanthomonadaceae 0.0004 0.0000 0.0828 0.0185 0.0000 0.0153 0.0004 0.0041 0.0084 0.0039 0.0026 0.0005 0.0002 0.0183 0.0067 0.0184 0.0000 0.0011 0.0101
Caulobacteraceae 0.0113 | 0.0000 | 0.0000 | 0.0026 | 0.0000 | 0.0072 | 00162 | 0.0110 | 0.0490 | 0.0252 | 0.0028 | 0.0015 | 0.0004 | 0.0215 | 00012 | 00184 | 00003 | 0.0007 | 0.0094
Rhodobacteraceae 0.0119 0.0017 0.0000 0.0000 0.0000 0.0146 0.0167 0.0120 0.0069 0.0065 0.0019 0.0040 0.0004 0.0035 0.0015 0.0781 0.0001 0.0002 0.0089
Porphyromonadaceae | 00122 | 00011 0.0000 | 0.0000 | 0.0000 | 0.0093 | 00019 | 0.0069 | 0.0016 | 0.0031 0.0495 | 0.0277 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0180 | 0.0020 | 0.0074
Intrasporangiaceae 0.0151 0.0000 0.0000 0.0000 0.0000 0.0112 0.0200 0.0085 0.0150 0.0055 0.0025 0.0008 0.0024 0.0046 0.0014 0.0436 0.0005 0.0001 0.0073
Ruminacaccaceae 0.0035 0.0385 0.0000 0.0637 0.0014 0.0008 0.0069 0.0000 0.0000 0.0017 0.0008 0.0039 0.0009 0.0008 0.0001 0.0047 0.0014 0.0006 0.0072
Mycobacteriaceae 0.0093 0.0000 0.0000 0.0000 0.0000 0.0089 0.0544 0.0080 0.0044 0.0008 0.0008 0.0021 0.0027 0.0085 0.0000 0.0251 0.0001 0.0009 0.0070
Other 0.0004 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0012 0.0000 0.0002 0.0002
Unassigned 0.1865 0.2044 0.0453 0.1035 0.0371 0.0944 0.1991 0.1659 0.1526 0.1142 0.0441 01672 0.0481 0.0967 0.0425 0.2520 0.0992 0.1409 0.1219
Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Table 8. Skin microbiome analysis at genus rank depending

on age and skin type

Genus 10s 20s 30s 40s 50s 60s Acne skin Acne skin Infants e
male female male female male female male female male female male female male male female | female male female

Staphylococcus 0.1012 0.0061 0.0046 04708 0.0027 0.1587 0.0520 0.1212 0.0795 02525 0.2701 0.0806 0.4698 0.5866 0.2540 0.0351 0.0034 0.0093 | 0.1643
Streptococeus 0.1189 0.3802 0.0000 0.0000 0.0000 02232 0.0409 0.1434 0.0058 0.0678 00137 0.1567 0.0177 0.0126 0.0376 0.0590 0.2766 0.3445 | 0.1055
Acinetobacter 0.0041 0.0011 0.7546 0.0776 0.0963 0.1679 00212 0.0197 0.0688 0.0729 0.0242 0.0081 0.0074 0.0547 0.0193 0.0391 0.0003 0.0058 | 0.0802
Propionibacterium 0.0238 0.0017 0.0037 0.0169 0.0029 0.0219 0.0103 0.0200 0.0605 0.1063 00752 0.0849 0.3461 01127 0.5178 0.0063 0.0014 0.0084 | 0.0789
Pinus gregqii 0.0054 0.0000 0.0115 0.0308 0.8217 0.0103 0.0367 0.0103 0.0025 0.0023 0.0031 0.0036 0.0011 0.0027 0.0024 0.0160 0.0005 0.0005 | 0.0534
Corynebacterium 1 | 0.0757 | 00011 | 0.0000 | 0.0041 | 0.0000 | 0.0089 | 00577 | 00266 | 00081 | 00121 | 0.0948 | 00396 | 0.0226 | 0.0059 | 0.0203 | 0.0495 | 00273 | 0.0068 | 0.0256
Veillonella 0.0371 0.0022 0.0000 0.0000 0.0000 00184 0.0245 0.0505 0.0000 0.0188 0.0015 0.0422 0.0018 0.0000 0.0065 0.0057 0.0083 0.1557 | 0.0207
Solanum melongena | 0.0180 | 0.0006 | 0.0039 | 00190 | 00022 | 0.0215 | 0.0040 | 00142 | 01784 | 00162 | 0.0013 | 00016 | 0.0084 | 0.0048 | 0.0138 | 0.0285 | 00040 | 0.0287 | 0.0205
Moraxella 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0018 0.3547 0.0004 | 0.0798
Pseudomonas 0.0070 0.0000 0.0371 0.0000 0.0000 0.0087 0.2264 0.0214 0.0025 0.0095 0.0035 0.0012 0.0011 0.0052 0.0052 0.0220 0.0011 0.0027 | 00197
Lawsonella 0.0001 0.0000 0.0000 0.0000 0.0002 0.0004 0.0079 0.0915 0.0011 00616 0.1375 0.0065 0.0424 0.0000 0.0001 0.0000 0.0000 0.0055 | 0.0197
Klebsiella 0.0033 0.2730 0.0053 0.0000 0.0000 0.0010 0.0030 0.0035 0.0000 0.0011 0.0005 0.0000 0.0004 0.0020 0.0010 0.0017 0.0002 0.0008 | 0.0165
Chloroplast 0.0194 | 00000 | 0.0000 | 00052 | 0.0000 | 00185 | 00325 | 00160 | 00001 | 0.0066 | 00301 | 0.0153 | 00042 | 0.0026 | 00157 | 0.0284 | 00300 | 0.0390 | 0.0146
Haemophilus 0.0177 0.0000 0.0000 0.0000 0.0000 0.0503 0.0155 0.0477 0.0000 0.0377 0.0015 0.0141 0.0009 0.0059 0.0042 0.0170 0.0281 0.0136 | 0.0141
Micrococcus 0.0021 | 0.0006 | 0.0000 | 00094 | 0.0020 | 00000 | 00026 | 00019 | 01692 | 0.0099 | 00010 | 0.0004 | 00012 | 0.0059 | 00011 | 00207 | 00003 | 0.0002 | 00127
Sphingomonas 0.0157 0.0000 0.0000 0.0000 0.0000 0.0120 0.0180 0.0073 0.0763 0.0460 0.0040 0.0011 0.0024 0.0050 0.0005 0.0218 0.0008 0.0035 | 00119
Neisseria 0.0176 0.0017 0.0000 0.0000 0.0041 0.0193 0.0011 0.0424 0.0000 0.0140 00014 0.0249 0.0006 0.0000 0.0040 0.0008 0.0342 0.032¢ | 00111
Actinomyces 0.0370 0.0028 0.0000 0.0000 0.0000 00114 0.0068 0.0351 0.0017 0.0088 0.0008 0.0221 0.0006 0.0000 0.0022 0.0018 0.0076 0.0396 | 0.0099
Gordonia 0.0126 0.0011 0.0000 0.0000 0.0000 0.0035 0.0385 0.0120 0.0037 0.0031 0.0000 0.0000 0.0000 0.0000 0.0135 0.0858 0.0000 0.0002 | 0.0097
Brevundimonas 0.0110 0.0000 0.0000 0.0026 0.0000 0.0072 0.0162 0.0088 0.0490 0.0244 0.0026 0.0015 0.0004 0.0215 0.0012 0.0184 0.0002 0.0005 | 0.0092
Stenotrophomonas | 0.0002 0.0000 0.0828 0.0185 0.0000 0.0120 0.0001 0.0025 0.0067 0.0031 00024 0.0002 0.0002 0.0118 0.0038 0.0103 0.0000 0.0010 | 0.0086
Finegoldia 0.0002 0.0000 0.0000 0.0000 0.0000 0.0044 0.0056 0.0003 0.0000 0.0055 0.0522 0.0614 0.0003 0.0086 0.0002 0.0064 0.0003 0.0005 | 0.0081
Anaerococcus 0.0145 | 00000 | 0.0000 | 00000 | 0.0000 | 00010 | 00027 | 00018 | 00117 | 00022 | 00642 | 0.0314 | 00000 | 0.0047 | 00007 | 0.0011 | 00001 | 0.0007 | 0.0076
Knoellia 0.0147 0.0000 0.0000 0.0000 0.0000 0.0112 0.0197 0.0081 0.0150 0.0053 0.0024 0.0008 0.0024 0.0046 0.0014 0.0436 0.0004 0.0001 | 0.0072
Mycobacterium 0.0093 0.0000 0.0000 0.0000 0.0000 0.0089 0.0544 0.0080 0.0044 0.0008 0.0008 0.0021 0.0027 0.0085 0.0000 0.0251 0.0001 0.000¢ | 0.0070
Porphyromonas 0.0087 0.0000 0.0000 0.0000 0.0000 0.0093 0.0018 0.0064 0.0016 0.0026 0.0495 0.0254 0.0000 0.0000 0.0000 0.0000 0.0179 0.0019 | 0.0070
Alloprevotells 0.0168 0.0000 0.0000 0.0000 0.0000 0.0270 0.0015 0.0022 0.0007 0.0005 0.0002 0.0032 0.0011 0.0000 0.0004 0.0008 0.0238 0.0470 | 0.0069
Rothia 0.0194 0.0017 0.0000 0.0000 0.0000 0.0097 0.0031 0.0206 0.0000 0.0087 0.0015 0.0075 0.0016 0.0026 0.0026 0.0019 0.0219 0.0208 | 0.0069
Others 0.0004 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0012 0.0000 0.0002 | 0.0002
Unassigned 0.3880 0.3250 0.0964 0.3451 0.0680 0.1533 0.2952 0.2552 0.2526 0.1996 0.1600 03634 0.0630 01313 0.0707 0.4502 0.1564 0.2282 | 02223
Total 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
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Table 9. Skin microbiome analysis at species rank depending on age and skin type

e 10s 20s 30s 40s 50s 60s Acne skin Acne skin Infants S
male female male female male female male female male female male female male male female | female male female

Staphylococeus 0.1011 0.0061 0.0046 04703 0.0027 0.1587 0.0507 0.1197 0.0794 02522 0.2695 0.0805 04695 0.5863 02520 0.0351 0.0033 00093 | 0.1640
Streptococeus 0.1169 0.3802 0.0000 0.0000 0.0000 0.2221 0.0384 0.1053 0.0058 0.0471 0.0133 0.1468 0.0170 0.0100 0.0349 0.0579 0.2722 0.3409 | 0.1005
Propionibacterium 0.0237 0.0017 0.0037 0.0129 0.0019 0.0205 0.0103 0.0197 0.0537 0.1058 0.0699 0.0841 0.3454 0.1078 04634 0.0053 0.0013 0.0082 | 0.0744
Acinetobacter radioresistens | 0.0006 0.0011 0.5628 0.0495 0.0853 01330 0.0087 0.0054 0.0385 0.0245 0.0160 0.0025 0.0012 0.0485 0.0109 0.0048 0.0000 00015 | 0.0553
Pinus gregagii 0.0054 0.0000 0.0115 0.0308 0.8217 0.0103 0.0367 0.0103 0.0025 0.0023 0.0031 0.0036 0.0011 0.0027 0.0024 0.0160 0.0005 0.0005 | 0.0534
Corynebacterium 1 0.0752 0.0011 0.0000 0.0041 0.0000 0.0089 0.0577 0.0266 0.0081 0.0109 0.0948 0.039% 0.0226 0.0046 0.0201 0.0245 0.0270 0.0065 | 0.0240
Acinetobacter 0.0032 0.0000 0.1918 0.0281 0.0110 0.0349 0.0085 0.0116 0.0260 0.0442 0.0080 0.0056 0.0049 0.0062 0.0084 0.0329 0.0002 0.0035 | 0.0238
veillonella 0.0371 0.0022 0.0000 0.0000 0.0000 0.0184 0.0245 0.0505 0.0000 0.0188 0.0015 0.0420 0.0017 0.0000 0.0054 0.0057 0.0083 01555 | 0.0206
Solanum melongena 0.0180 0.0006 0.0039 0.0190 0.0022 00215 00040 | 0.0142 0.1784 0.0162 0.0013 0.0016 0.0084 0.0048 00138 0.0285 0.0040 00287 | 0.0205
Moeraxella 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0018 0.3547 0.0004 | 0.0198
Lawsonella 0.0001 0.0000 0.0000 0.0000 0.0002 0.0004 0.0079 0.0915 0.0011 0.0616 0.1375 0.0065 0.0424 0.0000 0.0001 0.0000 0.0000 0.0055 | 0.0197
Klebsiella sp. 812 0.0033 0.2686 0.0053 0.0000 0.0000 0.0010 00030 | 0.0035 0.0000 0.0011 0.0005 0.0000 0.0004 0.0020 0.0010 0.0017 0.0002 00006 | 0.0162
Chloroplast 0.0194 0.0000 0.0000 0.0052 0.0000 0.0185 0.0325 0.0160 0.0001 0.0066 0.0301 0.0153 0.0042 0.0026 0.0157 0.0284 0.0300 00390 | 0.0146
Haemophilus 0.0163 0.0000 0.0000 0.0000 0.0000 00383 0.0155 0.0476 0.0000 0.0375 0.0015 0.0141 0.0007 0.0059 0.0039 0.0170 0.0278 00136 | 0.0133
Micrococcus luteus 0.0021 0.0006 0.0000 0.0094 0.0020 0.0000 0.0026 0.0019 0.1692 0.0099 0.0010 0.0004 0.0012 0.0059 0.0011 0.0207 0.0003 0.0002 | 0.0127
Neisseria 0.0176 0.0017 0.0000 0.0000 0.0041 0.0178 0.0011 0.0424 0.0000 0.0140 0.0014 0.0249 0.0006 0.0000 0.0040 0.0008 0.0342 0.0324 | 0.0109
Pseudomonas sp. X-b18 0.0000 0.0000 0.0067 0.0000 0.0000 0.0005 01790 | 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 0.00M 0.0000 0.0001 0.0105
Actinomyces 0.0355 0.0028 0.0000 0.0000 0.0000 00113 0.0068 0.0346 0.0017 0.0066 0.0008 00192 0.0006 0.0000 0.0019 0.0018 0.0072 00396 | 0.0095
Brevundimonas 0.0110 0.0000 0.0000 0.0026 0.0000 0.0072 0.0162 0.0072 0.0485 0.0236 0.0026 0.0015 0.0004 0.0215 0.0012 0.0169 0.0002 0.0004 | 0.0089
Stenotrophomonas 0.0001 0.0000 0.0817 0.0185 0.0000 0.0110 0.0000 0.0019 0.0055 0.0019 0.0024 0.0002 0.0002 0.0118 0.0038 0.0081 0.0000 0.0010 | 0.0082
Finegoldia 0.0002 0.0000 0.0000 0.0000 0.0000 0.0044 0.0056 0.0003 0.0000 0.0055 0.0522 0.0614 0.0003 0.0086 0.0002 0.0064 0.0003 0.0005 | 0.0081
Anaeracoccus 0.0145 0.0000 0.0000 0.0000 0.0000 0.0010 0.0027 0.0018 0.0117 0.0022 0.0642 0.0314 0.0000 0.0047 0.0007 0.0011 0.0001 0.0007 | 0.0076
Knoellia sp. LC497 0.0147 0.0000 0.0000 0.0000 0.0000 00112 0.0197 0.0081 0.0150 0.0053 0.0024 0.0008 0.0024 0.0046 0.0014 0.0436 0.0004 0.0001 0.0072
Gordonia sp. 0.0126 0.0011 0.0000 0.0000 0.0000 0.0035 00370 | 0.0103 0.0037 0.0014 0.0000 0.0000 0.0000 0.0000 0.0135 0.0432 0.0000 0.0000 | 0.0070
Alloprevotella 0.0164 0.0000 0.0000 0.0000 0.0000 0.0270 0.0015 0.0022 0.0007 0.0005 0.0002 0.0009 0.0011 0.0000 0.0004 0.0008 0.0238 0.0470 | 0.0068
Rothia; 0.0191 0.0017 0.0000 0.0000 0.0000 0.0096 0.0031 0.0199 0.0000 0.0087 0.0015 0.0075 0.0016 0.0026 0.0026 0.0019 0.0217 0.0208 | 0.0068
Sphingomonas sp. Ens32 0.0034 0.0000 0.0000 0.0000 0.0000 0.0056 0.0053 0.0006 0.0515 0.0321 0.0001 0.0000 0.0012 0.0000 0.0000 0.0196 0.0000 0.0002 | 0.0066
Paracoccus 0.0082 0.0011 0.0000 0.0000 0.0000 00146 0.0103 0.0087 0.0060 0.0048 0.0018 0.0027 0.0000 0.0035 0.0015 0.0548 0.0000 0.0002 | 0.0066
Others 0.0004 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 | 0.0010 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0012 0.0000 0.0002 | 0.0002
Unassigned 04237 0.3283 0.1279 0.3496 0.0690 0.1891 04106 | 03362 02928 0.2547 0.2226 0.4067 0.0713 0.1555 0.1352 0.5183 0.1823 02428 | 0.2620
Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 | 1.0000
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