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ABSTRACT

Background: The aim of this study was to analyze the total phenol and total flavonoid contents
and antioxidant activity of steam-treated leaves and rhizomes of Polygonatum sibiricum Redoute.
In addition, we aimed to confirm their potential use as cosmetic materials by investigating their
anti-aging and skin-whitening activity.

Methods and Results: The leaves and rhizomes of P. sibiricum were treated with steam at differ-
ent temperatures for different durations, and the antioxidant activity (DPPH and ABTS radical
scavenging activity) and total phenol and total flavonoid contents of each sample were tested. The
steam temperature and treatment duration siginificantly affected the antioxidant activity and, total
phenol and total flavonoid content of the leaves and rhizome of P. sibiricum. Treating the P. sibiri-
cum samples with steam at 120C for 12 h, yielded higher total phenol and total flavonoid contents.
Comparatively, the samples treated with steam at 120 C for 12 to 24 h showed significantly higher
antioxidant activity. Further, the steamed samples of P sibiricum demonstrated collagenase and
tyrosinase inhibition activity, which indicated their anti-aging and skin-whitening properties. The
samples steamed at 120 C for 12 h, exhibited higher collagenase and tyrosinase inhibition activity.
Conclusions: Leaves and thizomes of P. sibiricum steamed at 120 C for 12 h, showed highest anti-
oxidant activity and, total phenol and total flavonoid contents than all other samples. Our results
indicate the potential of using P. sibiricum as a cosmetic material by confirming its excellent anti-
aging and whitening activity.

Key Words: Polygonatum sibiricum Redoute, Steam Processing, Antioxidant, Collagenase Inhibi-
tion Activity, Tyrosinase Inhibition Activity
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Table 1. Antioxidant activities of P sibiricum by different steamed treatments.

Treatment Leaf Rhizome
Temp. Time DPPH radiga_l . ABT_S radic‘al. ‘ DPPH radiga] . ABT$ radic_al‘ _
() (hn) scavenging activities ~ scavenging activities ~ scavenging activities  scavenging activities
RCsq (mg/md) RCsp (mg/mb) RCsq (mg/md) RCsq (mg/mb)
Non-steamed 0.80+0.08¢ 0.96+0.03¢ 7.34+0.13% 2.98+0.19¢
1 0.26+0.00° 0.30+0.02¢ 11.25+1.80¢ 3.72+0.19¢
0.32%0.00° 0.31+0.02¢ 8.94+1.31% 3.43%0.35¢
60 6 0.41+0.04° 0.32+0.01° 4.13+0.13° 2.16+0.13“
12 0.40+0.01¢ 0.28+0.01° 3.54+0.12" 1.88+0.16°
24 0.39+0.01° 0.29+0.02° 3.45+0.20" 1.670.06°
1 0.31+0.02° 0.25+0.04° 12.98+1.89¢ 2.72+0.18%
0.33+0.01° 0.29+0.01° 6.49+0.88¢ 2.56+0.02%
80 6 0.36=0.04" 0.28+0.01° 5.69+0.50° 1.71£0.22°
12 0.38+0.00° 0.27+0.01° 4.56+0.18° 1.6220.02°
24 0.37+0.02" 0.25+0.01° 4.09+0.13¢ 1.48+0.05¢
1 0.34+0.01° 0.28+0.01° 9.34+0.34" 3.36+0.19¢
0.38+0.03" 0.26+0.01° 8.70=0.03" 2.78+0.04%
100 0.47+0.04¢ 0.31+0.02¢ 6.53+0.27¢ 2.53+0.28%
12 0.25+0.02" 0.26+0.01° 3.58+0.38" 1.98+0.22¢
24 0.30%0.03" 0.26+0.00° 1.69+0.10° 1.43+0.02¢
1 0.43+0.02¢ 0.33+0.01° 5.85+0.73¢ 2.16%0.12¢
0.32+0.02° 0.25+0.01° 4.26+0.16° 2.35+0.01¢
120 0.39+0.02" 0.18+0.01° 1.53+0.17° 0.71+0.01°
12 0.29+0.02" 0.15+0.01° 0.33+0.01° 0.42+0.01°
24 0.29+0.01° 0.14%0.00° 0.29+0.00° 0.42+0.00°
L-ascorbic acid 0.003+0.0007 0.004+0.000° 0.003+0.000% 0.004+0.000°

YRCs: The concentration required for 50% inhibition was determined. "Mean values = SD from triplicate separated experiments are shown (n =
3). Means within a row followed by the same letter are not significantly different based on the Duncan's Multiple Range Test (DMRT, p < 0.05).
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FE B R My vt AAEY B84 e i
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Table 2. Total phenol and flavonoid contents in leaf and rhizome of P sibiricum by different steamed treatments.

Treatment Leaf Rhizome
Temperature Time Total phenol contents  Total flavonoid contents  Total phenol contents  Total flavonoid contents
(C) (hour) (mg-CAE/g) (mg-QE/g) (mg-CAE/g) (mg-QE/g)
Non-steamed 14.82+1.24" 11.01=0.16% ND ND
1 12.54+0.27¢ 10.45+0.40¢ ND ND
3 13.90=0.27¢ 11.05=0.40¢ ND ND
60 6 16.12+1.78° 14.24+0.28° ND ND
12 16.28+0.28° 14.39+0.27° ND ND
24 16.52+0.28° 14.60+0.27¢ ND ND
1 16.97+0.61¢ 14.11£0.07¢ ND ND
3 16.88+0.73¢ 14.09+0.15¢ ND ND
80 6 16.92+0.50° 14.76+1.27° ND ND
12 16.75+0.28° 14.17+0.27¢ ND ND
24 16.42+0.28° 12.75%0.27¢ ND ND
1 14.54+0.84¢ 12.83+0.84¢ ND ND
3 16.92+0.13¢ 15.48+1.58" ND ND
100 6 14.75+0.36¢ 13.36+0.40° ND ND
12 21.8420.65" 17.44=1.35 0.47+0.50" ND
24 22.99+0.64° 16.81=0.26 2.62+0.47¢ ND
1 20.81x1.27° 12.69+1.13¢ 0.36=0.41¢ ND
20.01x0.29" 13.54+0.32° 0.77%0.39¢ ND
120 26.82+0.042 15.36=0.29° 7.30%0.75° 2.24+0.12"
12 33.23+0.972 18.76=0.38° 15.78+0.79" 7.20+0.04*
24 29.20+0.63 15.08+0.27" 15.77+0.56 6.89+0.07°

ND; not detected. "Mean values + SD from triplicate separated experiments are shown (n = 3). Means within a row followed by the same letter
are not significantly different based on the Duncan's Multiple Range Test (DMRT, p < 0.05).
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272k 120C
ghdol ek A

=9 A W=7 TEAYE A
2719 12 ARF T ETe] st 9 v
TE R}

3. ScPIUOH Kol 2+d

Z2HA (collagen)yS 5 UM EL] 70% - 80%= X}A| 5}
o, AlEe] 71de] Fx 3 BEFA T 5 =sheh 23
Adoltt, Fellle FEAUelAl (Collagenase)

© ZoR duA lom, Atz el g
e PABRE FEHAveA
Al G2 9§ F-Eo|t} (Brenneisen ef al.,
2002; Youn et al., 2012).

TeAETaE A HeEr]o F5A Tl S
oAl Al &4 (ICso)tel 2.11+£0.01 mg/ml, 2.92+0.01
ng/mlE F<5 A2 A 2R ZEAYelA As] 2]
A #AZEHJT (Table 3). S5dL =8 FLES
polysaccharidex 7Hf ez &4 & ZH4A7]3L, SOD
(superoxide dismutase) ¥ GSH-Px (glutathione peroxidase)
o] &4 4 B Na-K-ATPS} Ca™-ATPEA =of 21| <]
T4 A B =3 A 39S FPRIvE A Bart 3l
o (Lu et al., 2013).

Tas SEAE e oA A AR WE ool 2y &
AskA] Fe Qe 574120 ginsenoside Rg2, Rg3,
Rhl, Rh2 & AR o] Aj=o] AEe] Al 24 F71
of g Fvhe= Bt AUtk (Joo et al, 2008; Lee et
al., 2008). =3+ Kim 5 (2012)2 A8 54 7 5 &

she} TE AelA] FEoRAel tig o] FUKsaL B

St B AN E S5 5 EA g o A visk=
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N

4. EIZAILOH Aol &

E|ZAUoA (tyrosinaseys I3 F3|9] 7|x50l] EA)sh=
HzheAlo]E (melanocyte)llA] EIZ4] (tyroisineyS 2+s} H3]
sto] "Hald (melanine) A4S 37| E E40|H, ElZA]
oAl &4& A= IF wwe] FQasttt (Cha ef dl,
2017).

s daEls=d 9 HelEr] SEAETe] ICs wel 7t
7} 225+ 037 mg/ml, 2.67+0.11 mgml 2 Z%2 S 514 &
2 7R EZAGolA] Al E4do] A AEEUT
(Table 4). 590 23 E|2ALbolA] A EAlo] F71Ee
A= Park & (2019)°] S35V S7HERE =29 T
e do] F7Ksthe AAdel AR O™ olgt A=
59 ol LA ks Eell Uit eFo] HEEe] tgst
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Table 3. Inhibitory effect of leaf and rhizome in P sibiricum extract
against collagenase activity.

Leaf Rhizome
Treatment 5
ICso (mg/mb)
Non-steamed 4.27+0.02¢ 6.00+0.09¢
Steam treatment? 2.11+0.01° 2.92+0.01°
EGCG? 0.14 + 0.00°

MICso; concentration required for 50% inhibition was determined.
ISteam treatment; treatment of steam processing by 120C and 12 h.
YEGCG; epigallocatechin gallate (positive control). "Mean values +
SD from triplicate separated experiments are shown (n = 3). Means
within a row followed by the same letter are not significantly different
based on the Duncan's Multiple Range Test (DMRT, p < 0.05).

Table 4. Inhibitory effect of leaf and rhizome in P sibiricum extract
against tyrosinase activity.

Leaf Rhizome
Treatment 5
ICs (mg/mk)
Non-steamed 3.34+0.31¢ 16.24+1.01°
Steam treatment? 2.25+0.37° 2.67+0.11°
Arbutin® 0.14 = 0.00*

MICso; concentration required for 50% inhibition was determined.
ISteam treatment; treatment of steam processing by 120 and 12 h.
YArbutin; positive control. "Mean values = SD from  triplicate
separated experiments are shown (n = 3). Means within a row
followed by the same letter are not significantly different based on the
Duncan's Multiple Range Test (DMRT, p < 0.05).

sisha Wsls fste] Aegd=de] S STRI7IAY
(Song et al., 2018), S5O 2 gt FE2F &9
E AU 59 fE1 Aol TV
S 4= AT} (Lee et al., 2013).
2 AFelM e SFArET=E e v 2 Ae o]¢}

]

=
= Jor AlgdY 9 2945 Tl S o
g7 S5AE 2=k Akl ofef itsle} F vl
2 Eethieos ghako] S7HEIAL ste} v 24 g3t

7} ZOES elslglon, o8 Avke HHxAow 34
¥ 22352 9% ng 715 SgE Y8R og
#7] 918 71z ARZ AR F US RolE ARE.
ZAlel 2
B AvE JAsia shgulo) 2] 294 o)) o]
Fo)7 A= olel] A=FYT
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