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Abstract: In this study in order to develop new approaches we investigated using high voltage pulsed electric fields
(PEF) technology to reduce the risks, protect the phyto-constituents and improve skin biological activities. After preparing
a Chaga mushroom (/nonotus obliquus) extracts pretreated with PEF, components measurement and skin efficacy
evaluation were performed. As a result of the content measurement, the content of polysaccharide and polyphenol were
higher in the order of extracts treated with 50 Hz and 25 Hz at 0.5 kV/cm, and the content of protein was the highest
in extracts treated with 25 Hz at 0.5k V/cm. Similar to the results of the polyphenol measurements, extracts treated
with 25 Hz and 50 Hz at 0.5 kV/cm showed leading DPPH scavenging ability. The cell protection effect against sodium
dodecyl sulfate (SDS) and UVB was finest in extracts treated with 25 Hz at 0.5 kV/cm, which had the highest protein
content. And the hyaluronic acid synthesis was leading in extracts treated with 50 Hz and 100 Hz at 0.5 kV/cm. Therefore,
the active ingredient of the high-voltage PEF pre-treatment Chaga mushroom extract can be developed as a functional
material with cell protection and moisturizing effect, and such green technology is expected to be used in various fields

of cosmetics and material development.
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2.1, O™ =A MIE X2

Y WA A7 A= AW(ELEAHVP 5, DIL
Quakenbriick, Germany)+= 5 kWJ A Y7 E 33l *ﬂ:‘?
ato] 7|13 Sdlith YRS Wl A7) Wuols 5
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N xmxw A2lsidny. 1A Ha xmxu ks
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Table 1. PEF treatment conditions

Elig\r/‘/ccnil)eld Pulse (f}rl‘:)l“emy Energy (k) Voltage (%)
2 0.7 20
05 50 13 20
100 1.6 20
1 50 24 35
2 50 142 65
22, == M=

221, M2 ==5(RT Water Extract)} 07X TA &7 |
Z Tr{2| Z===(PEF Pretreated Chaga Mushroom
Extract)

A} HA A A A B $o dES % 5
o] A5 Aol tiste] 10 vie] SHE ol8sto] 4
25 T IJM—J 2roi & FE& 5 h ZYsiGick OlT
FZES 1 pm ZEX|(Hyundai Micro, Korea)= o151 &
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222 Y4 ==Z=(Hot Water Extract)
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2.2.3. OEtZ =&Z(Ethanol Extract)
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% Zejulls 3RS FolinCiocalieu WS o] 85]9ict
[16]. 1 mgmLe] == 3A43t A]ZY 0.1 mLof 2 N
Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich, USA) 0.2
mL} S5 2 mLg 718to] A2elAl 3 mingt RESAIZ
ok 20% SR HES(Junsel, Japan) 2 mLZr 7Fsho] Zgof]
A 1 h 9E&A)Z] 3, Microplate readerE- ©]-8-51%] 600 nm
oM FE=E SESI 2T STlse] I 2E
~KSigma-aldrich, USA) Q2 HE] A& FFaA1L: o] g5]o]
A8

% Thilo] SRS BCA WIS o}8SIRIK17]. 1 mul
O] Fr= AR AlEY 10 uLof| reagent A9} reagent B
(Thermo Fisher Scientific, USAYS- 50 : 12 E315} -890 200 ul.
£ 7Iste] 37 TollA 30 mingt RESA[AE F, Microplate
readerE ©]-§-510] 560 nmolA FEEE SIS 2E
chalzlo] Sleko. AP AokHu)(Thermo Fisher Scientific,
USA) O 2 HE| A2 FAS o]8ato] A4Stk

2.4, DPPHAMS
96 well immunoplate®] 50% ofgrZo] 834171 44 =
9] AIFEAS 160 pulA B3 & 1 mM 2,2-diphenyl-

AANA FEES A &

o
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1-picrylhydrazyl (DPPH) (Alfa Aesar, USA) A|9FS 40 plA
o] ARLofA 30 minZt HESSIITE Microplate readerS
o-§51e] 490 nmef|A FFE=S 5745kl DPPH 4752
Akt

2.5. MIZLHHE

A 2E(human - keratinocyte) Q1 HaCaT AlZE #HY
Ay} AEHAEn}o| A(WELGENE, Korea), 10% fetal bovine
serum (FBS) (Thermo Fisher Scientific, USAYE 3h8-5k=
Dulbecco’s Modified Eagle’s Medium (DMEM) (Thermo
Fisher Scientific, USA) BA]o]l Wil 37 €, 5% oJAlsjetA
£ ¥361= H9F7|(FORMA STERI-CYCLE 371, Thermo
Fisher Scientific, USA)Ujol|A] vljoFstsich

QAP ObH Ehuman  fibroblast) S wL AT} e
EnfolAl, REAE §Hi3K= fibroblast basal medium
(FBM) (LONZA, Switzerland) Hi]ofl €aL 37 T, 5% oJAt
sk ksl ek IulA wierslaich

2.6. M= MEE =

96 well plateo]] HaCaT A|ZZE 1.5 X 10%cellswell 2] 53
3+ 3, 24 h B9 A7} plated]] & BE2 37 T, 5% CO,
Az w7 oll Biesigict. 24 h 5, vieFolS: wi2|al PBS
B2 A Agt ok FBSE £36HA| 92 DMEM HiA|E Al
sto] A|lEZE 7|oMdHIE wEe] =Rk o d, € &
O] AFEAS A2ste] 24 h vjesigich viA|ol 10 Hj
S A)171 WST-1 A]2f{Dogenbio, Korea)2 Z} wello]] 100 L
A 931 2 h vljoF 2, microplate readerE ©]-835}F0] 450 nm
oA FFEE ST

MNIZAEE%) = NEA7REY] S5 / dxe] &9
T x 100

27 NZES Sut

96 well plateo] HaCaTH|ZE 1.5 x 10%cellsmwelld] B3
gk &, Al wiFRdolA uideisich 24 h 5, S
HeZ|al PBSE A3 Ths FBSE 514 9= DMEM
HiAE ARESTo] AIEELE Z]oHdE|RE whEolagitt The 4,
sodium dodecyl sulfate (SDS) 15 pg/mLe} T7 4% 50
AE=ES A2ste] 24 h uieFskAY UVBRIH(GSTSE,
Sankyo Denki, Japan)E- 0|31} UVBE: 100 m/enr’ A} 5
of AIEEAS Agste] 24 h vieksiGich vix|e] 10 HY
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BAAIZ] WST-1 AJ2FS ZF wello]] 100 w2 €l 2 h )
oF &, microplate readerE ©]-83}] 450 nmoj|A] SLEE
=galer.

2.8. o|UE=2AL MMEKHyaluronic acid, HA) &
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3 %, A ol irsloT 24 h % vkl
H2]3 PBSE A3 TS FBSE $h96H4] 9k DMEM
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o]o] A fol AL Student’s tiesti ]T}LO.
o] pvalue gto] 005 W] A9 FAHOR folF Ao
= Wrlshect

ARSI )
QY WA AP AAE e T dEe A
713 K171 0.5 kViemof|A] B2 HIE 50 He, 25 Hz 202
o}

=9} gn:] 217} 123.7 + 33 mglg, 122.7 + 2.7 mgg=, 7%
ol =2 G FEEY T T 1345 = 1.5 mg/ed] oF
91% e S Figwre 1A). 2 & F2E9 F

963 + 1.9 mg/g tiy] 217} ©F 28.4%, 27.4% 57 VSIS
312 & E2nl= &
j_!x‘j o} _H/\ xJ]7];<]- X‘b(—]ﬂ] zzﬂ_4 “-"':‘E'/]-lﬂi"— _@‘%k

2 Z71A A7) 0.5 kV/emoll A H2s WIE 50 Hz, 25 Hz &
o7 =orom 7kzF 980 + 3.7 mg/g, 96.0 + 2.1 mg/g=, ©]
& 289 F EdlE 871 £ 1.7 myg Hr} $Eo|

A Al 3 Z, 2020
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S EREL L
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wotom 71 go] e 94 2B & Bolds
106.8 + 1.0 mg/g®] °F 90% A== ZAE Atk (Figure 1B).
e B FEE0 F EPlulE 777 £ 2.8 myg o] ZZ}

ok 26.0%, 23.5% Z7}3l3iTh

280§ Ty g
713 A7 0.5 kViem, B RIE 25 Hz0ﬂ/\1 A2t
Su0lA 6493 + 24 mglg R, ofekE FEEC] F T
574.0 + 5.7 mg/g Rt} 3eFo] =¢tom 7Pk dlafo] =
g4 FEES & A 7718 + 1.6 mgg] oF 84% A=
2 2A%QtFigue 10). A& & 559 & ohld
556.0 + 23.6 mg/g tH] 2F 16.8% Z7I51%ck
TG B A A Sde] Ak B SdEt
oekE FEET} vlalste] B, E2|uls, Thde] ool
7] SR ok WA WA AP A2t 2prh
9| Mol JaRe Fo} 258 Golshl o YL 1t
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3.2. DPPH A71g =l
DPPH= 3}t o & olAshe 284 free radical 2, &}
ARt o] Qb= 28 v Urth AAE ol 2
Zo] AEE|ojA] 18o] Mol Hopo] w-ghao g
HalA| Hrt o] ¥k8-S &3l DPPH 2752 S7ste] 7k
R og F2=9| et S-S B7FFITH18,19].
712 A7) 0.5 kViem, BA HI% 25 Hz, 50 Hz 23k
ZZk0) WA A A7 AAY FEE0l 2 = 7=
&3} Blwste] DPPH 4750 o 93t Zo= veyt
on, ogkE ?—"“J} 4= FZE v|wshH et W
olEa& DPPH 4750] fAlIAl: & SRlIskict
(Figure 2). 5% 100 ug/mL} 200 pg/mloflA] A2 & %
9] DPPH AA%50] 364%, 49.7%2 u110ﬂ A7 A7)
0.5 kViem, HA ®HIE 25 Hz Az 252 50.1%
584%, S0Hz AA2] =52 51.9%, 44.7%2] DPPH 274
T2 Rt o= Eeule T fARE AL
B "HA A7 A FEE0] A ' FEER
o} Spilst aalrh 4=k aAQ) FA A7 AR <l
3 d2ollA =2 Xt e f718 Ei=
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RT Water Hot Water Ethanol 25 Hz 50 Hz 100 Hz 50 Hz 50 Hz
Extract Extract Extract
0.5 k¥/cm 1 k¥/cm 2 kv/em
PEF pretreated Chaga mushroom extracts
Chaga mushroom extracts
Hkk
“\ “\ “\ | |
NT Water lot Water Ctnanol 25 1z 100 11z 50 1z £0 Iz
Fxtract Fxtract Fxtract
0.5 k¥/cm K /em 7 kviem
FEF pre:reated Chaga mushroom extracts
Chaga mushroom extracts
RT Water Ho: Yater Etnanaol 25 Hz 50 Hz 100 Hz 50 Hz 90 4z
Extract Extract Extract
0.5 k¥/cm 1 k¥iem Z k¥iem
FEF pretreated Chaga mushroom extracte

Chaga mushroom extracts

Figure 1. Components content of Chaga mushroom extracts. (A) Total polysaccharide, (b) Total polyphenol, (C) Total

protein. The results were expressed as the mean + standard deviation.

water extract.

“p < 0.01,

ok

p < 0.001 compared with RT
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Figure 2. DPPH radical scavenging activities of Chaga mushroom extracts. The results were expressed as the mean +
standard deviation. “p < 0.01, “p < 0.001 compared with RT water extract.
120
100
zo 8 .
% E 60
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Controll RT Water Extract Hot Water Extract Ethanol Extract 25 Hz 50 Hz 100 Hz 50 Hz 50 Hz
0.5 kv/em 1 kv/cm 2 kvien
PEF pretreated Chaga mushroom extracts
Chaga mushroom extracts («g/mL)
Figure 3. Cell viability of Chaga mushroom extracts in HaCaT cells. The results were expressed as the mean + standard
deviation.
33. MZ=N £ 5=} 20 pg/mlolste] FreofA Hs AldE KISt
WST-1 assayis A 2SS BRIk A1y 2 s ok
2, 7]%1 WST-19] %‘0}0““ Alzet Hhkgste] 84 Y FA A7 AR FEES0] s 5=
formezane: AYHTITE A AET AH ATRAS K 3 alasle] A BAo] He A BRIEk 4 giglom)
= formzan®] A4S o) 22 AT AES WE ) bR 71 AR B8 S S Blekirk
&T}20,21].
QY HA AV AR FE=0] o 1F asS 34, MEZES Zut
IR0l 9bA, A= =4 55 BRIskalAl HaCaT Al 3.4.1. SDSO|| Chgt MzHES Fut
30| A7 pHAlS] & FEEES 100, 200, 400 pgfml, ek SDS= &ol& A ZAAIR, Alszatol] Aol Al
F522 AT B4 oiElo] ABiEel 25, 50, 100 gl SARS olRjstaL ek mhujste] mR ol wgS &

2 Aslo] A BELS =431tk HaCaT A)ZojA]
0% oWl MEAEZo| et 25850 3% 5%
= 2|31 20 pgiml, & FZFEETC] 3% 5= 100 pgml
ol Aoz ERThFigure 3). 35202 AlE E4o] ¢l

o) &8l g5k 3) %), A46d Al 3, 2020
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Figure 4. Cell protection effects of Chaga mushroom extracts. (A) Cell viability of SDS,
(B) Cell protection effect against SDS, (C) Cell viability of UVB, (D) Cell protection
effect against UVB. The results were expressed as the mean + standard deviation. 'p <
0.05, “p < 0.01,

ok

p < 0.001 compared with RT water extract.
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(Figure 4A), SDSo]| oJgt A3z Apdo] oF 30%E Uehl=
15 ugmls=s 7|&E08 22550 A BRE gits
gRIakc

SDSO| 2J3ll 35.6% ZFAash A AJE2go] A HA

A7) AAe] 225 F A7 A7) 05 kViem, A ¥
= 25 HzQl F=50lA] <F 23.9% A2 AEgo] S7FHA

ovf, ol 42 & FEET} RS FEENC 255

A4 FZEI GARE AZRS anele ERIsigIct

=21

(Figure 4B).

3.4.2. UVBY| CHet MZEHS St

UVBQ280 ~ 320 nm)2 E33t AFelof|4]o] mj L

=315 Esie23,24]. UVBZ 2lsf] 2Hisk= Al APE
o] FAEls HEE B3 MERE AN Bkt
UVBo|| 93] A Ablo] Brlshe 2ARES BRlsta
2} 24 h B9F TR 2ARFO R UVBS A2fst & Al
HZLo 259t = oEHo7 Al Ao 7
45131 o (Figure 4C), UVBO]l oJ3t AJs2 AFEo] oF 30%
2 Uehfs 100 M es 7|208 2EEs0| A%
HS aus Ielslgch
UVBo]| &J3f] 31.1% 43t Az A=

g0 LAY HA

A7 A =25 5 A7 AlI7] 05 kViem, 82 1l
I 25 Hz9l FEE0A oF 142% A3 AJEgo] Z7I510
ow, ol A2 B FEE ofetE FEEHT 5t

A% B SARE AZNE RS Selskid

o B b o) : | o]ﬂ],—- 1_ o
LS gjHojA] Y3} Hul oy} ui QA E & (Figure 4D).
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£ =~ SO
40 ¢
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0 ,
Control Retinoic RT Water Hot Water Ethanol 25 Hz 50 Hz 100 Hz 50 Hz 50 Hz
acid Extract Extract Extract
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PEF pretreated Chaga mushroom extracts
Chaga mushroom extracts (20 ,g/mL)
B 250 e
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ok ok
=~ — sk — sk
2o =
S E 10 f
-§ Q
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= ® 100
50
0 . . . .
Control Retinoic acidl RT Water Hot Water 25 Hz 50 Hz 100 Hz 50 Hz 50 Hz
Extract Extract
0.5 k¥/cm 1 k¥/cm 2 k¥/em
PEF pretreated Chaga mushroom extracts

Chaga mushroom extracts (100 g/mL)

Figure S. Hyaluronic acid synthesis effects of Chaga mushroom extracts. (A) Treatment of 20 ug/mL of extracts,

(B) Treatment of 100 ug/mL of extracts. The results were expressed as the mean = standard deviation. "p < 0.05,

*p < 0.01, ™p < 0.001 compared with RT water extract.
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