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Abstract: In this study, the canadian peat moss extract was
purified by a supercritical CO, using three different conditions
and assessed its biological activities. Peat moss was extracted
by acid-alkaline extraction method (sample 1) and purified
by a supercritical CO; at 40 C under pressure of 100 bar
(sample 2), 120 bar (sample 3) or 150 bar (sample 4). We
evaluated the antioxidant activities of the samples by 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging, Fe™'/
ascorbate (FTC) and 2-thiobarbituric acid (TBA) methods.
The antioxidant activities were examined by comparing the
results with that of ascorbic acid as a positive control.
Sample 3 showed relatively higher DPPH radical-scavenging
activities than other samples. The antioxidant activity by
FIC method exhibited similar results as the DPPH radical-
scavenging activities. On the other hand, sample 2 showed
higher antioxidant activity measured by TBA method of all.
The whitening effects of the samples were examined using
mushroom tyrosinase and B16F10 melanoma cells. Sample 3
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exhibited overall significant whitening effects, however, other
samples showed relatively lower effects. These results suggest
that the peat moss extract purified by a supercritical CO,
could be used as a cosmetic ingredient for the anti-aging and
whitening effects.

Keywords: antioxidant activity, peat moss, supercritical CO,
whitening effect
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A Hellx] A== TRekst @Ad4kA (free radical oxygen)
= AR A FAERR] B kE A8t Bt
SHESS doA AW ks AEs FATe =N BA s
o] Aatd s} Aol 3t 9 RIS sk Q]lolt
I FHFTH]. 2ol A its), @A Alsh DNA
Ak, debd B4, ARt 240 Ayl vl wAt
AY 5o dRle® Qg Jsle} AlAge] 2Rlo]
A Yjel|A] BAs= E2dakael olsh AkslE tiab Faks
of 71Q1ghar x| ar Qlo} AtstAlell sk #4lo] ot
A|aL Sl AAolnt [2]. YIAAE A S8l Ale7HA]
BHA % BHT 52| 84 Gap7} Aslo] 2%} 34
& 5ol ABPEAAR Wo ) ARgE o] ghot, kAol Tt
O R Q|| ST AE I ARl 3] 1iAlE
L 3lef 3], FAES HasTIaL 71 dE Siske < 3l
= A o] skt
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wo] zpepe] zAke] FrskL Qlvt [4]. ©|= Q18 717,
T, AW & IFAH s 9B A AT ke
olggh A A AL- Wl Ao 77} fQlo|u, Hehd -
& AE vEAe el SAeks dheRe] At "
A 33| 7145l E=A8R= melanocyte U2] melanosome
of Al 3T [5]. Hefd tyrosinasel] 1457 AFSRES
O F A=, tyrosinase= polyphenol oxidase®] UE<2
T2lE 3 40|t} L-Tyrosine< tyrosinase®l 2]3l|
3,4-dihydroxyphenylalanine (L-DOPA) 2 $1%|31, L-DOPA
= phenylanine-3,4-quinone ©. % AF3] %™ | F=7F tiAME
= A HEA o= depde] Mt [6]. 1HRE JF
ne ot A E V)54 s AR AR f1EA
= tyrosinase2] A o157t FQ8H [7]. EAEA] L
% tyrosinase #|3l|#|Z+= hydroquinone, ascorbic acid, 4-
hydroxyanisole, kojic acid, azelaic acid, arbutin, corticosteroids
o] BarxEglont, )b W A 5] wARoR AR
o] Agk=]ar Qlrk [8-12]. whbA], Ht gE HAlIA =
PN aesle] ALz g dE 7= Ve
3 3P Ao Aol tist @57 oA Qi

Peat mosst 7d-9-°] Wil AHFFL L7} 2 X ojjA]
T E B Eol7I7h ) 5 e el 2 A
b E_h AR Falld o FE Aurke} 541
A|ollx] ol AF T Peat mossi= FHIZPF T3] 3
H aflolge wA 7% o] ot = 5519 ol of
o] H|= Ao =A de] 851l Sl E4olo[13]. FH
=72 (humic substances)~ 2= T4 2452 374
oA mAES] 2o R ApAA o7 A EE 7] At
AR Bk Aslrel] e waEshs tianzlQl ARif7]
=dolth, B FYEAE B¢ EAlck: T 71Ea
(TOC)2] ©F 70% oV xFA[slo] Eoke] &/dahy vk of
el B0 AEAT81e2] o8 AgollA] ' AgAR
A8 gks st} [14]. F=ES vk HA fr1EE2
B A EA] pHell 28t 8ol 4] o] Lol el wet
FAE (humic acid), E94t (fulvic acid) 2 F%1 (humin)
o7 T [15]. olFeXE FRAT (fulvie acid)S Eo
SOl W IER A0l Holls v T olee
233t REe-5 dlo] Tada AW Fehs =2 - 3}
4 AdAE zha 9l [16)].

FUNEE oF 5,000 HFE Fevt QoA 7 A
= Amahe AE oREOE AREE|o] gtk Qlelx= At
ZE (Shilajit), Tl A= 9L, Gatelais F52 o)
29 SRRSO R el glom, HT AXIselME EH)
2he A 7 EAEA A, sPEE, At 2 A
FOo= MNdalr] el wE A5F X3E a1 Qv s
el ] EEAtel] st A= B &2 S5 2.9l
Tt o o Aol At U e 1 glom, AR
T8 2 Al AT Sl tigh A= mRIgE Aol

2 AFelM= FNke 6kl Q= peat moss = Y
A AEFE olgsto] FrkstdA], Wepd A oA1EA
9 tyrosinase ALY 5= ool Fatst 9w wjE
S 7K 7167 PR ARG 28 Vs e AES

57 set.

2. 45 28y

2.1. A2 A=

Aol AMge AR AUl ERAE AL 9] FF
W [17]= olgste] FFslo] 4t 9471 FEAIE (sample 1)
= AZ3IA AL, ©1F 100, 120 Z 150 bar?] HF1 3}
40°C 2] 2Xzof|Ae] 2| oikslekAa (C-SCO,) FE7A]
£ ol g3t FEFA IS AA, 27} sample 2, 3, 42 78
Fapoitt. Z17te] AlREL 500 mM NaOH 8918 AHE3}
o pH 72 T3AIZ T F4AF A (FD5525-01, Tlshin
Engineering Co., Korea)= '&glsto] A2l 5SSl
AlEE ARSIt

2.2. DPPH A& o 2 A% &3

1,1-Diphenyl-2-picrylhydrazyl (DPPH, Sigma, USA)-2>
methanol®]l 599 1.5 x 10™ M/mL] 537} 5|7 AlZ319dct.
Z}21e] Al 4 mLo} DPPH 894 1 mL= w<Js] 5ot thyr
A2l 3027k AR F- 520 el FHES S50,
b thFO = L-ascorbic acid (Sigma, USA)E AME-51IT)
2} Alsio] QAR TP AlRE B ek the] $4
55 50% A7 1] E o3 A2 -5 (ICs) = ARSI

2.3. Fe**/ascorbate (FTC)¥ & o431 3413} 84 =3
AlE 4 mLel| 2.51% linoleic acid 4.1 mL, 50 mM sodium
phosphate (pH 7.0) buffer 8 mL, S+ 3.9 mL& 375}
o] & &3t 3, 40°C L] o =2 slelA] &2 Aelste] #Aksh
= FEAIALE o] £3589 0.1 mLell 75% ethanol 9.7 mL,
30% ammonium thiocyanate 0.1 mLE A tl= 37k,
©]71¢]] 2 x 10 M ferrous chloride (3.5% HCI] =21 2)=
0.1 mLE F7st &, & &3ksto] 28] 3:29-¢] 500 nm
oA FHEE St Y Tl O = L-ascorbic acid
(Sigma, USA)E ARESISITE. 7L A|R2] dils) &2 Alw
= A7keA e tlZe] FEEE 50% A7)
Q3 AAY] FE (ICs) = FAISFIT

2.4. 2-Thiobarbituric acid (TBA)¥-S- o]-8-31 A5} 8- =34
Al 4 mLel| 2.51% linoleic acid 4.1 mL, 50 mM sodium
phosphate (pH 7.0) buffer 8 mL, 575~ 3.9 mLE 375}
of 7 EReE 5, 40°C o] o= StellA] 2 Afsto] #ik
3 FEAR o] S8 1 mLE 4] Eel ¥ar
20% trichloroacetic acid (TCA) 2 mL %} 1% 2-thiobarbituric
acid (TBA) 2 mLE& F7kefo] ek 5, dorzeolA
10323 7FAA 2SRl o] 525 Eofl WA §-47C,
3,000 xgolA] 2021 hielstal s F3te] 532 nm
AN FFEE SISl & O % L-ascorbic acid
(Sigma, USA)E AHESI3ITE 2F Al =0 dlst i A=
= W7k o2 tixe] FHEE 50% AaAl7=T 2
Q3 AAY F% (ICs0) = EAISIATE.
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2.5. Mushroom tyrosinase A & &4 3

50 mM Sodium phosphate (pH 6.8) buffer 155 pLe] 50 mM
L-DOPA (Sigma, USA) 714} 25 pL2} HSAIE2Y 10 uL
= sl & 2316k 5 mushroom tyrosinase (50 units/mL,
Sigma, USA), 10 L& 37}18faL 25CellA] 237t HEGAIA
2873l DOPA chromeS 475 nmelX] F355 S7dsISitt.
't = kojic acid (Sigma, USA)$} arbutin (Sigma,
USA)2 ARE3ISiT

2.6. A =ufj ¥

£ ATt AR AIF ] BI6F10 S5 (melanoma) A3
= 8= A 238 (Korean Cell Line Bank, KCLB, Seoul,
Korea) oA eilo} ARESIATE B16F10 H3ZE 10% fetal
bovine serum (FBS, BioWhittaker, Walkersville, MD, USA)
3} penicillin-streptomycin (100 units/mL, BioWhittaker)=
¥ 3= DMEM (BioWhittaker) HJX] & ©]&3}] 37°C,
5% COy°lA vkl

2.7.42hd B A3 84 &3

HjoFE B16F10 A3 (Wi#] 2 mL)°l 200 nM2] EEZ o-
melanocyte stimulating hormone (MSH, Sigma, USA)E *
gatal Tl H5Q AR S HEEE0.1,1,10 2
100 pg/mL7} F5= 2|2jah 5 484171 vjjeksigivt. 1 3 v
£ A781A1 phosphate buffered saline (PBS) 2 mL% 211 A%
st %, ohA] PBS 1 mLE 37}t AlEE Fojule] 47T,
1700 xgelk] 537 rkelsiolet. Al 3=l 1 N NaOH
(10% DMSO) 200 pLE 3371s10] AEAIK 55 96 well plate©l]
w71 405 nmelx] FFEE SR Y Ui O = kojic
acid (Sigma, USA)$} arbutin (Sigma, USA)S ARS-SISITY.

2.8. A| =) tyrosinase A 3 84 =3

HjokE B16F10 A1 (¥1A] 2 mL)°ll 200 nM 9] 552 a-
MSHE AgJstal 7ol =521 AR &9d& HE5% 0.1,
1,10 2 100 pg/mL7} =5 2|3 3 4847t wljoFa}sd
t}. 71 3wl A8k PBS 2 mLE 29 AlHE 5 A
PBS 1 mLE #7Fto] AEZE ofulo] 4C, 1700 xgellA
51 AAREElEIsict. AR 3= lysis buffer (50 mM
sodium phosphate (pH 6.8) buffer, 1% Triton X-100, 0.1 mM
PMSF) 55 pLE 37Fslo] Al2s S8irX] 9 A5l 3034
RSk 4C, 1700 xgeld] 5321t dltelstar 45y
S 3EFTE A 50 pLell 50 mM sodium phosphate
(pH 6.8) buffer 125 L2} 7]2-gel 50 mM L-DOPA
(Sigma, USA) 25 uL= Y1 37CollA 1AIZF HEeAI71 &
475 nmelM S3EE SAsIlE Y tiEh O = kojic acid
(Sigma, USA)2} arbutin (Sigma, USA)S AL

3.8% 4 %

3.1. A 89 AR
Peat moss=FE 42F17] FEHS o] g3slo] =3 Al

FZAIE (sample 1) 50 mL 2 291A] oAkskekA (C-SCOy)
F2ARE o83 el A S AR 7 A= (sample
2~4) 50 mLE NaOH= 3A7]aL Fa7xst A3, 242t
07g 06g 06g % 07gd TINEE 5380

3.2. DPPH AL B}j 2 274%
= 8 el i E o] Qb= AlA| 7oA ARe) A
of oJgt Jaks A5 =T xS e TS
RN 1 A} AL 4, AA H2RS ST
Al ] o= A2l ¥} w317 o]oj7t} [18]. DPPH:=
sigts Ul A 4o SR 2 ke nlaAs)el
oJ&f et 32| gtz EA 3T} DPPHE 517 nmol]
A FHd FE VR, S5 517 nmelr] 571 §lo]
|22 DPPHE] 3195 3H0A|2] ghl=ol Jeigle}[19].
Peat moss = 9 A A2 Fikst SIS S|
A8l Pzl L-ascorbic acid?} W]t DPPHE]
TAa 3995S ST (Table 1). 71 A3}, sample 39
ICso %°] 12.35 mg/mLE 74 =& o)z 2A%S vt
o TR0 = sample 4, 2, 18] =02 LERIT) (Table 1).
Sample 32] ICsp %k W oz L-ascorbic acid®] 1Cso
BRT= =2 A5 YERLOL, sample 1,2 9 49] 13|
FrelA o Wk 1Cs whs UERlo] 3ilks) AAll2A o] 8-
7FsAdS ER1E 4 QISlt)

3.3. Fe*'/ascorbate (FTC)H-& 0]-4-3t Ak} &4

FTCHS o]&¢t 3Mksl &4 S7ollX sample 39] I1Cs 4k
©] 23.72 mg/mLE 7H A Ve CH, DPPH AH- 2}
ot AAs 5749 A3 (Table 1)} A AES- Ve
T} (Table 2). F=3F, sample 39] ICsp k2 Atz
L-ascorbic acid®] 56.29 mg/mL Xt} SA] LERsEO ™,
sample 1 9JA] ICsp #k°] 46.20 mg/mL= g thzza<l
L-ascorbic acid BT} 552 1Csp ahs WERo, ditsl €49

Table 1. DPPH radical-scavenging activities of the samples

Sample ICsp (mg/mL)
Sample 1 16.61 + 0.46°
Sample 2 1621 +0.17°
Sample 3 1235+ 1.10°
Sample 4 15.62 +0.05°

L-Ascorbic acid 7.44 +1.14°

Each value is expressed as mean = SD. Values were significantly
different at p < 0.05 by Duncan’s multiple range test.

Table 2. Antioxidant activities of the samples by Fe’'/ascorbate
(FTC) method

Sample 1C50 (mg/mL)
sample 1 46.20 +4.12°
sample 2 68.46 +0.12°
Sample 3 23.72+2.01°
Sample 4 107.00 + 0.18*

L-Ascorbic acid 56.29+6.11°

Each value is expressed as mean + SD. Values were significantly
different at p < 0.05 by Duncan’s multiple range test.
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o] Hojk 7oz HEHITE (Table 3). YA tjollA] #|2€]
sbslE WhAEh= dks) A EE2 ] FollA] s
AL DNAS £AK717)5 8P, A|ES] dlol e Hol=
Sl Sl o= LA Qirt [20]. o)¢F 22 =L Aks)
= oAsl] Yalo] B0 F ARGE T Qi Flo] Al
£ o]gshz WHo|EE, 9 w3PIA|E $Jeh nlEaAl=
sPE SO AR AR 7Fse Zle®E T]jEn

3.4. 2-Thiobarbituric acid (TBA)H-& o]-&3} 3Hi3} &4
Ao Biksl g S| A5t s = S
SPRI TBA 241 T F= 2 spAARe] Akl 2214 o
2 A3J¥ carbonyl compounds & U3E4 <] MDA} TBA
7} HbE-S AR Yehbe H240] JEE 1A EFsto]
A9 Al JEE Ssh= Woltt [21].

TBA AT o]&-¢t gilsl &4 374 A¥k= sample 2
7} 7¥8 A YeREOL, sample 3 2 49} #19] H|S:EE 2]
2 e YehA] 9Tt (Table 4). 3HH A= F5FollA
oM O % ARESE L-ascorbic acid HTF W2 ICsy 4k
= HERfe] (Table 3) 34 SIS AIAE o+ Q= 9
rbsAIEA ] &8 7S FRIsIgIT

Table 3. Antioxidative activities of the samples by 2-thiobarbituric
acid (TBA) method

Sample IC50 (mg/mL)
Sample 1 10.35+ 1.15%
Sample 2 7.97 £ 0.93°
Sample 3 8.67+0.56™
Sample 4 7.98 +1.23"

L-Ascorbic acid 10.85 +0.02°

Each value is expressed as mean = SD. Values were significantly
different at p < 0.05 by Duncan’s multiple range test.

3.5. Mushroom tyrosinase #| 3j] &4
e Aol T2t 98-S sh= G4% tyrosinase ] A3

Mushroom tyrosinase activities (%)

Concentration (ng/ml) ? 2|5 5|° 75 1?0

0.1
1
le 4
Sample 10
100 *

Sample 3

Sample 2

Sample 1 10 —|
100 — *
0.1 — = H
. 1 —
Arbuti
rbutin 10 —i-
100 —————+—it
0.1 — H~
Kojic acid 10 I EEEEEE -
100 —|—H#
.

No tr

Fig. 1. Mushroom tyrosinase inhibitory activities of the samples.
Means + SEM for three wells are shown as fold compared with no
treatment. Factorial ANOVA with Fisher’s PLSD post-hoc test * p <
0.05, ** p <0.01, *** p < 0.001 compared with no treatment. This
experiment was repeated at least twice yielding reproducible results.

1> mushroom tyrosinaseE &AYCE 3to] 7]21
L-DOPA%}e] W50 = A% L-dopaquinone®] S35
=731t [22]. 5% A3}, sample 1~4 Z5F71 100 pg/mL
o] FEollM= 243 izl vlall 2+ 16%, 16%, 27%,
16%2] a42EdE 1402 AAIBHA T, sample 39] 75
+ 10 pg/mLe] =oM% 24 ozl vlsl 16%2] a4
s FoFow ATt (Fig. 1). 7P =2 Al
S vFERH sample 3+ 10 pg/mL 55014 arbutin®] 1 pg/mL
Feolx ] AR =4 eI (Fig. 1). Kim 5+
39 FE59] 100 ug/mL F5ol4 14.9% [23], Shin]
ATAE 100 ug/mLelA] 3783 (19%), Wt (13%), 2+
(10%), 21)=}F (20%), A3 (19%), 23 (18%), 5 (14%)
5©] mushroom tyrosinase®ll tgt 43| S Hof £ A+

Astsl FALHACH 241,

3.6. JlZU) depd A4 A3 &4

BI6F10 Al2Eell 7+ Al5E A=jet 5, dehd A A8l 24
< 4% A7, 100 pg/mL S50 sample 28} 30] 279
ozl Hls Wehd A4S 242} 14%, 16% Aaliehs A
o= veRdth (Fig. 2). 7P 352 43S YERH sample 3
2 100 pg/mL2] “sXoA oFd thzzr*2l arbutin 2! koji
acid®] 1 pg/mL FEolx ] dHr) & oAt fA}
St 2445 e AL, arbutin ! koji acid®] 10 pg/mL §%
of|xe] AR} ot vk S HERITE (Fig. 2).

Melanin contents in melanoma cells (%)

Concentration (ug/ml) ? 215 5|0 7|5 1(?0

— 0.1
1
10
L~ 100
— 0.1
1
10
L 100 .
— o
1
10 P
Lo e
— 0.1
1
10
L 100
— 041
Arbutin 1
10
L— 100
— 041
1
10
L 100

Sample 4

Sample 3

Sample 2

Sample 1

Kojic acid

No

Fig. 2. Whitening effects of the samples in BI6F10 cells. Means +
SEM for three wells are shown as fold compared with no treatment.
Factorial ANOVA with Fisher’s PLSD post-hoc test * p < 0.05, ** p
<0.01, *** p <0.001 compared with no treatment. This experiment
was repeated at least twice yielding reproducible results.

3.7. A tyrosinase A 3] A

BI16F10 cell®] Al tyosinase A3l S 5793t A3},
sample 32] 7<= 100 pg/mLo] FEoXE o4 tiz=tel
Hlal] 35%2] Asl 249 teRllor, 10 pg/mL2] s5olA
I 30%2] A dS LFERASITE (Fig. 3). Sample 39] 79
= 10 pg/mL 2] F5oM= kojic acid %! arbutin®] 1 pg/mL
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9] sl e] AR =& A8l S eI (Fig. 3).
A, sample 1, 2, 4] 735+ 100 pg/mL 2] sEoM T 7|
Aow frolatA e oAlsks daE et (Fig. 3).
Ha 59 A74#%= g o3 Ay e oee F=5=
©] 100 ug/mLe] FXOlA ZH2} 26%, 29%2] A#HE/3-S
YERHAL [25], Jeong 58] At RS T-2] 7] FEEC]
200 ug/mL 9] =M 37%2] AlEA)S Bl AAnel
AR AaE R [26].

U= &) def] =EEW tyrosinel A EHslo] U9
2t 5 -5 1A /3% melanin®l SJ3l 71H], =R
N T freb 1 st S o] oM F
Q3 2Hg8H= 847} tyrosinase©|™, tyrosinase &40
A= debd AFAS AT F Qe Ao= dejA] Qi
w2hA] sample 3< tyrosinase £d-& SAAI] O ZA] |5
A FZ 55 Woldt = gl v A sdsRe] A
2 olg 7l Zlo=® Z|tEY (Fig. 3).

rr

2

Tyrosinase activities in melanoma cells (%)

Concentration (ug/ml) (I) 'A’I5 510 7[5 1(?0
— 0.1
1
Sample 4 10 3
L 100 «
— 01 — T
1 ——
Sample 3 10 - -~

Sample 2

Sample 1
— 01 — H
. 1 — —
Arbutin
e 10 T —-
L—100 77 H:
— 0.1 =
I 1 =
Kojic acid 10 :
L 100 [}
No tr ]

Fig. 3. Tyrosinase inhibitory activities of the samples in B16F10 cells.
Means + SEM for three wells are shown as fold compared with no
treatment. Factorial ANOVA with Fisher’s PLSD post-hoc test * p <
0.05, ** p < 0.01, *** p < 0.001 compared with no treatment. This
experiment was repeated at least twice yielding reproducible results.

4. 4E
£ A= TNt peat moss FEES 29 oAk
B FERE o] 8eto] 37149 tE ZrelA] A3

a1, AlgEe] AREAS AS3SIITE. Peat mossE Ak $171
FEHOE FE3I3 L (sample 1), °1& 294 oilslgka
FEEAF ol83to] 40T o] =X =S 717} 100 bar
(sample 2), 120 bar (sample 3) =~ 150 bar (sample 4)=
AAJsto] FARIICE AlEEe] dAksE /32 1,1-diphenyl-
2-picrylhydrazyl (DPPH) 2}t]Zt 275, Fe’'/ascorbate (FTC)
H 14l 2-thiobarbituric acid (TBA)H o2 F74315t). drks}
eJ-2 L-ascorbic acidE Y tixrC® sfo] 725 Hlaw

sto] YERITE Sample 3¢] DPPH )7t AAEA]LS o
AESHT Bl A YERITE FTCHO = 5743 et
s} €A% DPPH Ho)Z A3 frAket AaE Rl
t}. 3kH, TBARI O 2 =73t ghaks) 2] 73-9-+= sample 2
7} & E3E veRth AlEE2] w9 & 7H= mushroom
tyrosinase 2} B16F10 melanoma A|3XE o]-8-3lo] Z4313]
t}. Sample 3> ANFA S % {F2]2]Q1 nj¥ g i= LERH SO
L, O AlEE vlad] w2 velgas vER o]t
ANEE 297 oiksleth F24AE ol gsto] FAE
peat moss FEmo 48t 4 v g yE 71l sPdsE 7t
R ARl 7hed Zlo® TlvEnt
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