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Physicochemical Properties and Antioxidative Activity of Lactic Acid Bacteria Fermented
Rhodiola sachalinensis using Adsorption Process
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Abstract

Rhodiola sachalinensis fermentates by lactic acid bacteria were prepared using the adsorption process, and were
investigated for changes of the main compounds and anti-oxidative activities during the adsorption and fermentation process.
While the R. sachalinensis extract (RSE), which did not go through the adsorption process, showed little change in pH
during fermentation and a significant reduction in the number of lactic acid bacteria, the pre-preparatory adsorption process
was found to be helpful for promoting fermentation and for maintenance of bacterial numbers. The contents of total phenolic
compounds mostly decreased during the adsorption process, but showed an increasing tendency to rebound during the
fermentation process. The contents of salidroside and p-tyrosol in the RSE were 1153.3 mg% and 185.0 mg% respectively,
and they did not significantly change after treatment with acid clay or bentonite as adsorbents, which were 1093.0 and
190.5 mg% by acid clay, and 882.2 and 157.3 mg% by bentonite. When the extract was fermented after treatment with acid
clay or bentonite, the salidroside contents were decreased by 282.7 and 505.0 mg% respectively, but the p-tyrosol contents
were increased by 714.0 and 522.4 mg% respectively. Compared to the DPPH radical scavenging activity of the RSE (66.8%)
at the conc. of 0.1%, that of the fermented RSE, which went through adsorption process with acid clay or bentonite, was
significantly increased to 79.4 and 72.7% respectively at the same concentration (p<0.05). Though fermentation by lactic
acid bacteria was suppressed in the RSE, the results suggested that the adsorption process may promote fermentation without
any change in the content of major active compounds. It is expected that fermentation by lactic acid bacteria could improve
the antioxidant activity and various associated functionalities of R. sachalinensis.
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Tog &gEHYen, I goe 947 38, £ %, A
W diAER 5 O 852 Ad AGAR deiA ghon
(Han YK 1999; Choi 5 2004), 53] =0l ABAE &
FAA 5 NN, AEsES FEAI7IH, Ak
W o W 4 A SOl B3} ol ACHIEE F UBA
Q1 Stancheva & Mosharrof 1987; Ming 5 1988a). 372 2]
F9 oFg] AEOZ salidroside?} p-tyrosolE 335kl Q1O
™, ©] 2o %= monoterpene hydrocarbon 5-2] -5 A&, geraniol
59| monoterpene 72} HiFA|, {714, B &} 22
Zevs3ekE, dHE Fo] tkRanossian 5 2010). 53],
salidroside:= FAMAZ, T 25 /AAI7]2L =3} Z|H 59 2+
22 3= Ao 4EA QltKSaratikov AS 1968; Ming 5
1998b; Lee 5 2000). T4 Q] T th2 9 AH 2] p-tyrosol
2 715483 AW S0l E2m, salidroside®] B G| =
Z22] Yol Aol IietAd o] BAe dASHA AAlst A
A8 9 w315 Xttt &84 1t Giovannini 5 1999;
Miro-Casas 5 2003). = o= 2000t 2HE S A9
A5z 5 Au7]E B AHHong 5 2003; Lee 5 2008)
T AAY AHAE(Lee 5 2002; Jeon S 2004)} 3+AkSKBae SJ
2005), &+¢H(Ha 5 20092), 1] 2(Jung 5 2008), A 3
E/J(Ha 5 2009), 7+ H 328 (Lee T 2005), PS4
(Sim 5 2004), = H|(Cui F 2003), P2 (Choi 5
2004), B =A(Choi 5 2005) T2 ThFet A7} X3
of gtom, AL o] TAHS UEE T NE I5F AF
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FoAE A MEE 255 T EFAEY A
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71674 73k E801aL, WA S X Ha AE
= st Al=7E @Es] o]FojAa QltkLee & Park
2003; Park & Jang 2003; Ahn 5 2009; Kannan 5 2011). 54k
w2 1 AAZ A, e HEFX, o T TR A
dol & A YL, oheFet IalE B AAAY FEHE A
H=o] 7 Joll f3et 2-8-& Sh= probiotics 2] thEA Q]
u|XE2 Lactobacilli Y Bifidobacteriumi} ZH-2 GAHF-S ™
gx4, 9% 715 M & o 29 ddayet Az
2S5 ke AL Bred 17 7154 AFaA olch(Back
YJ 1993; Goldin BR 1998; Park & Oh 2005; Park 5 2009).
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TAFE 20119 F= Ao A HEA Y T
A& Ag ol ARFAE E47)(Cyclotec™ 1093, FOSS Co.,
Denmark) 2 ul245}0] ALgatech. $AH HEE 93t F
ZHA= EAe(Shin Ki Chemical Industries Co., Ltd., Seoul,
Korea), AW E(Yakuri Pure Chemical Co., Ltd., Kyoto, Japan),
AWl & (Yakuri Pure Chemical Co., Ltd., Kyoto, Japan), Dowex
MWA-I(Sigma Chemical Co., St. Louis, MO, USA), Abaleksm]
&(Wako Pure Chemical Industries, Ltd, Japan), Diaion HP-2MG
(Mitsubishi Chemical, USA), A|-&2}0]E(Wako Pure Chemical
Industries, Ltd, 75 ¢m(200 mesh), Japan), Amberlite IRC-50(Fluka
A.G., CH-9470 Buchs, 32~45 mesh, Switzerland), 7= E(Dae
Jung Chemical & Metals Co,, Ltd., 32~45 mesh, Gyonggi-do, Korea),
HE1}0] E(Dae Jung Chemical & Metals Co., Ltd., Gyonggi-do,
Korea), Amberlite XAD-4(Sigma Chemical Co., 20~60 mesh, St.
Louis, MO, USA), Amberlite XAD-7(Sigma Chemical Co., 20~
60 mesh, St. Louis, MO, USA) 5 & 12£& A|F9A ¢35}
o AHgSETE $HH YRS T HF= AR
FFo8)0 B3t 22 Lactobacillus acidophilus KFRI 128
oo} Algsigon], s Wk @ Bazo] A WA
& B Difico(Detroit, MI, USA)9| A|&S ARE-SHATE 4kt
24 F71= f1sf Ah8-E DPPH(1, 1-diphenyl-2-picryl hydrazyl)=
Sigma(Louis, MO, USA)2EE] L3} T, H|I A2 2 AL
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o] 6.500<gol 4 2087 YA esel B AEARE FAA
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5. HE AT (Titrable acidity, TA)2+ pH

TE F A A AAEE 248 3l pH meter(pH
meter 430, Corning, West chester, USA)S AME3} G, O _gou
o) HARAEE AZEA (19990 Esto] 2%
acide] o2 BHkstol Uehigict.

6. Ol=tety E4
2% 31FS DglucoseE EEE
acid®(Dubois M 5 1956)0.2 23
T2 AT 3HH FEE &
el Az gt

A& 3} phenol sulfuric
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mlo]] 5% phenol 1
FFeko] AleA
o G % 450 el B A0 T
HE 23R glucoseA &2 9 IFE A4S
A 2 D-galacturonic acidE EFEZZ 314 m-

=

hydroxydlphenyl‘ﬂ(Blumenkronz N & Asboe-Hansen 1973)0.2
Z2Ast9th & T AA =28, S oAHd =28 &7
AEasE 9 ZF2EEZ I%WVE 75 52U A8 &
o} 0.5 mlo] sulfuric acid 3 méE 71514 100C water bath(Daihan
Pharm Co. Ltd., WB 000111, Seoul, Korea)o| A 587t QF-3-5t
3 A2oA Y2tz m-HBP A|oF 50 s 7Het £

2|4 5&3F BESAIA 520 ol A SFE=E SA AT ]

o Ao 2RE L8| galacturonic acid®] H]-&E AT

=P
ST

__xl-

TS AXbsiach
ga] & 39HE9] ke HsA] 2 o] phosphomolybdic
acid®} Wh-g-5to] S U= 25 ©|-83t Folin Denis'
(Swain & Hillis 1959y 47 WHFAA SHsA &, T4
A —’,‘—%% T2 T TAH FEE, TR LaE Y BEE
S 1%WVE ZRS50] B9 AR &9 0.1 mlo] 2745

mﬁ% 7}3t th2 Folin-Ciocalteu's phenol regent 0.5 m(E 27}
ste] TksheIT). o17]0] 20% NayCOs 1.5 mlE 7het ohe =
420 0E H7ke F ALeIA 2417 W AA 765 mel

A FF=E S EFuE FFEL gallic acidE ©]
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salidroside®} p-tyrosolE £435}7]
52 Az9 2479 AR 01 g& HHE
10 meof &<l &, ‘ETO%J—]-X](PP 0.45 ym, Whatman International
Ltd., Maidstone, England)2 o]3}5}] HPLC(Jasco Co., Japan)
B0 A3t AL Waters Sunfire™ Ci5(4.6x250 mm
id, 5 10, MA, USA)YS, o]EAr0 21 20% mehe(vA)S A}
g3lgon, A7 FAFL 20 W, F£2 1 n/minZ 3},
A HE7) 39S 278 mz AAste] A48T

8. DPPH 2IC|& A7{EM =

DPPH #tt]Z 475 &AL Blois?] WH(1958)2 4+
Fotol TheTt gol ZHSIYL, MlmARE FASH Y
g8 gEA e vE CE ARSIt Hg2ol 5=
0.1, 1.0%) 2 =21 AN 400 bof oflek2 280 102} 04 mM
DPPH £ 800 (42 7}atod AlLolA 2087 W3 &
ELISA reader(Bio-Rad, Hercules, model 680, CA, USA)S ALE-
319] 517 mellH SRS ZAsiecy Waole] DPPH 2trjz
2AZYS NES H7FHA] 92 tiEw(Contro) ¥} A2 7}
T FYE Aol g Hlmsle] thaat 2ol Atk

o

Inhibition(%)=Control O.D.—Sample O.D.)/Control O.D.x100

9. 8AAz|
£ AL 38 ¥ Ao, B el Satstical
Analysis System(SAS, version 8.12) program(SAS Inc., Cary,
NC, USA)S o]-&3}o] AR X (analysis of variance, ANOVA)
2 AA]5FH 2™, Ducan's multiple range test2 ZF A& 7He]
RS p<0.05 FEollA AT
al

2
WEA| pH &

TR fAE W F pH WSS AHEY] Y5t &
A 259 L acidophilus KFRI 1282 453}, 37Tl A
24~48X)7F viek3t B pH 2 A= S At HE A 3
A pHE 6.5, AH=E 0.04%%T, f4kdol ojs) wag
ZAAL pHE 24X & 6.0, 8A7F & 59, FPAEE=
0.04%2 Ia A} 39| pH 2po|7} A9 glo] Wrart dojut
A G2 ZAom yesth 4, 24k 2, R 59 AE
2AELS _rl_}\].__nl_o] o:]o]:l:l OE}\—] ILL]-Z']_O_E o]_Q_zﬂ- 2 ,J\
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of IE AlEe 8% 4 = pH E I A=E e
QA THPark & Jang 2003; Kannan N 5 2011), $HA L &
AA A} o] L3 A RS 7HAL 2ol
T Etstal, davt A YA g AL S f4F
@ AEE A5k 28 TRk AW, vAdEe] ¥%
Bo2A aAQl o]-go] HZ| Xst7| wjiZo|zt wsto
A1 E7Hgo] oln], o3 W =AY A|A Ho] ZEEIL U=
FHAE ol&ste] TAHH HAE A= HSktHChue 5
1995; Kwak 5 2001). 2 Aol ARG-H S2AI= S, 9
ER AEF 9 o|2ug #R 528, O 5 gRS o
3t £20] $Y)3RIES FAStnE WA, NS SHels
RMES AASH] 913 == AN-EHChue 5 1995). &
Eo 4h& A 2ste] F2h gste] Sk 59 TS =
J BAHHEE T2 IS B3ked AALOR, AMJHE
= AEY 24 ExE2 Z8EHT glon, oludpA =
1), (MY FA4E ol 8sto] ExEY oY AA, B+ 4
3, 97, 72 59 A, 2% ol29] Bl 22 9o o2
o X3k EE Eu) Sof BEHT YcHKwak S 2001).
FAAE olgstel TAH F2EC) pAE La] v
QTS AolE AT Table 17} 2eh. YA, PHIE,
AW E, Dowex MWA-1, AF8lb20]E, Diaion HP-2MG, A]
Z}o| E, Amberlite IRC-50, F+RE, HEL}O]E, Amberlite

to == rlr
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Table 1. Changes on pH and titrable acidity of Rhodiola
sachalinensis extracts by adsorption process and Lactobacillus
acidophilus KFRI 128 fermentation

H Acidity (%
Absorbent P ty (%)
24hr 48hr 24hr 48hr
RSE 6.04+0.032 5.86:0.01 0.04+0.001 0.04:0.002
Active carbon  5.3120.02  4.90+0.02 0.05+0.001 0.05+0.002

6.02+0.01
Acid clay 4.9240.01
Dowex MWA-1 4.14+0.01
Aluminum oxide 5.67+0.01
Diaion HP-2MG 3.90+0.01

5.71£0.01 0.03+0.001 0.05+0.002
4.5240.01 0.08+0.001 0.19+0.001
3.41£0.02 0.15£0.001 0.35+0.003
5.34£0.01 0.03+0.001 0.04+0.002
3.72£0.03 0.18+0.001 0.29+0.002

Clay activated

Zeolite 5.51£0.01 5.2440.01 0.05+0.001 0.07+0.001
Amberlite IRC-505.20+0.01  5.23+0.01 0.05+0.001 0.06+0.001
Diatom earth 5.2240.02  4.8940.03 0.05+0.002 0.08+0.001
Bentonite 4.6840.01 4.28+0.01 0.10+0.001 0.23+0.001

Amberlite XAD-75.44+0.01  5.06+0.02 0.03+0.002 0.06+0.002
Amberlite XAD-47.00£0.01  7.07+0.01 0.02+0.001 0.03+0.002

" RSE: Water extract of Rhodiola sachalinensis, which did not go
through adsorption process.
% Values are meantS.D. (n=3).
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Fig. 1. Changes on viable cell counts of fermented Rhodiola
sachalinensis extract by adsorption process and Lactobacillus
acidophilus KFRI 128 fermentation. -@-; RSE (Water extract
of Rhodiola sachalinensis, which did not go through adsorption
process), -O-; Acid clay adsorption treatment, -W-; Dowex
MWA-1 adsorption treatment, -A-; Bentonoite adsorption
treatment, -ll-; Diaion HP-2MG adsorption treatment.



Vol. 25, No. 4(2012) THAE &&
7HA] @A 8] Robxl Ao &2 el BHH, SRR AW

S AP TAHY A HEA Adee 48T &
5.14x10° CFU/m{, 48A|7F & 5.01x10° CFU/m{o]Q.om,
Dowex MWA-1 #2|A] 24A|17F & 5.01x10° CFU/m{, 4847}
% 585x10° CFU/m{, Diaion HP-2MG A A| 24A|17F &
8.53x10° CFU/ml, 48A17F 3 9.61x10° CFU/m(, M EL}o]|EZ
2| A] 24A|17F B 8.41x10° CFU/m, 48A]17F 3= 8.52x10° CFU/

me] fAtFSS QE}LIM BaE7E YA 27] 7t
tha YolrylE stgout B8 Helde) 47 2587
s 2 o S A2t TAR 2229 G4 ZA

FaE A7 2t Es & 5 ATk

w
ot
2
>-|

|0| I-IX-I 7‘(.|E_|Et
< 5 THH FEE9 I %-‘i
tol S AF-ellA 71 S5
P ESL HIELO| ES 4o
E 9 HIEYo|EY AHFo| FHH =
of nA= FFS AW ET] Hste] THA
1, 5, 10, 15, 20, 25, 30, 35 g¥ 2|5}
XHAI T oIt wjgA o] FARES A
B Sa A7 WA HRE| pH WS A
zg} 7H:1r ! 73_,_]. 3:7:114 s I:HH] /\]-kh:ﬂl
S 0-25%7HA) Z7IA LSS fANE HER
H b el AR UehisLe s 2% ool
}o]% UehiA] stk MEGe|EE APduEe) &
S tehfe] AAM o2 M7 FAA HeiFe T
282 100 0 P25 g FEr} AP A% Ao By

El‘ ¢
o
[o
o

L1 T A

% g

ol

11101' rﬁi
HU =
ﬂf. =

ol
o,
Ko
2y
-°

_?_]

i ] o?d
o

3.-L t‘o" J:: £

=
r>~

K ol
o 30
= o
LIPS
CQWEO}E

e %
i L
2

oft
-

R
ol
e
ho o
i)

oh
k1

E
rlr &
S

Y
N
o=

fr o ok o

2y rsi‘ dot
Wi

£ I o
i

>~
=

o

1 ooN
3 2

mAcidclay mBentonite

;
1
I 1
5 |
.
| 1 T

4 |
: . .

0 5 10 25 30 35

Absorbent (g)

pH

Fig. 2. Change on pH of Rhodiola sachalinensis extracts
(1% solid content) 100 m{ with different amount of adsorbents.
Data values are meantstandard deviation (n=3).
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uhe, % i SRHETRS tha Fashs 2akE et
olejst At B2 X A Mk 5 F Wi shbE el
e VAL Aot YR AR WA BHEe] F2
HelA) AAT Rl 71elshe Aoz peEg,
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g T Hlm ol 1.58%2 T4 FEE(1.09%) e F
71la-e-2 3913193, Song 5(2009)0] Rudt Ay =

£29| 27] s G0 054 19100 gol YOk, FAkE U
%279 ng100 g0 2 oF suj JE = Tk eI g
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TAH FE2EY FEE HIE A ET] sty 4
WE Dowex MWA-1, Diaion HP-2MG 4l W ELU}o]|EE o]-&
3l 2 7S AN THH FE2E 9 TEE9) salidroside
9 p-tyrosol $HF WSS HPLCE F3f £43) & A= Fig.
33} Zck EAH 2559 salidroside ¥ p-tyrosol 2] 3H-S
A=t A7}, salidroside $HFLS 1,153.3 mg%, p-tyrosol 2 185.0
1%0|Qon, ALJME T HELo|ES o] L5le] T2 2
AL AR TAH =259 salidroside T 24z} 1,093.0,
882.2 me%0] Q1L p-tyrosol & Z+ZF 190.5, 157.3 me% 2 T2

Table 2. Changes of total sugar, acidic polysaccharide
and total phenolics of Rhodiola sachalinensis extracts by
adsorption process and Lactobacillus acidophilus KFRI 128

fermentation (%)
Absorbent Total Acidic . Totél
sugar polysaccharide  pheolics
RSE" 75.97+0.92”  26.16+129  20.12+0.81
Acid clay 58.3043.10 18.10£0.19 15.74+0.74
Dowex MWA-1 51.11+£5.79 10.46+0.18 4.5740.11
Diaion HP-2MG  60.93£1.78 21.484+0.98 5.060.07
Bentonite 59.4042.31 19.02+0.32 13.02+0.30

D See the legend of Table 1.
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Fig. 3 Change on salidroside and p-tyrosol contents of
Rhodiola sachalinensis fermented by Lactobacillus acidophilus
KFRI 128. Each bar represents the mean+S.D. (n=3). RSE:
Water extract of Rhodiola sachalinensis, which did not go
through adsorption process (Control), A: Adsorption treatment
process of RSE, AF: Fermented RSE by adsorption treatment
process.

o] X FAIHEQ] salidroside@} p-tyrosol ke 75
He 72 Fol= 27 $40 2287 fAe09 3
g & salidroside 3RS 2827, 505.0 mg% = A
salidroside @] B|¥jEHA] & el <l p-tyrosol 9] TS 714.0, 522.4
ne Z7kstol i) e Bk Aol Yol 2
2 goE] 9ok ¥HA, Dowex MWA-1 2 Diaion HP-2MG S-&}
AE o] &3t SHFA 39| salidroside $F2 24z} 752.1
mg%, 306.9 mg%H 2., p-tyrosol T2 0.01 mg%, 0.04 mg%
2 3743 22200 e W3 dastack ol ST
Ao Fo8A AHEQ salidroside?} p-tyrosol= $HA|
An B AAE] tRolet AR E o n, Theb
FAARAL) Agol ATl g Ao wekEch
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Fig 4. Radical scavenging activities of RSE, A and AF.
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