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Abstract

This study was designed to evaluate the physicochemical properties and biological activities of steamed and

fermented Codonopsis lanceolata. The treatments included NS-NF (non-steamed and non-fermented), NS-LF (non-steamed

and L. rhamnosus fermented),

S-NF (steamed and non-fermented), and S-LF (steamed and L. rhamnosus fermented). Total

polyphenol amounts of S-NF and S-LF were significantly increased to more than 26 mg GAE/g. The highest DPPH
scavenging activities were observed for S-NF and S-LF, showing EC,, values of 0.8 and 0.6 mg/mL, respectively. The
growths of Staphylococcus aureus, Listeria monocytogenes, Salmonella Typhimurium, and Shigella boydii were effectively
inhibited by S-LF (MIC<9 mg/mL). The NS-LF and S-LF (EC,;<6 mg/mL) effectively inhibited o-Glucosidase and
tyrosinase activities compared to NS-NF (EC,,<17 mg/mL). The S-LF exhibited the highest acetylcholinesterase (AChE)
inhibitory activity (IC,;<32 mg/mL). Therefore, the results suggest that the application of the steaming process combined
with probiotic fermentation can effectively enhance the biological and pharmacological activities in C. lanceolata.
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T4l ARE-3I3 T Folin-Ciocalteu reagent, 2,2-diphenyl-1-picryl-
hydrazyl(DPPH), gallic acid, rutin, 1,4-piperazine-diethanesulfonic
acid(PIPES), 3,5-dinitrosalicylic acid(DNS), a-glucosidase, tyrosi-
nase, maltose, L-3,4-dihydroxyphenylalanine(L-DOPA), acetylcho-
linesterase(AChE), 5,5'-Dithiobis(2-nitrobenzoic acid)(DTNB), acetyl-
thocholine iodine(ATC)2 Sigma(St. Louis, MO, USA)Z FE +
QIske] Abg-aksic.

5213 H Ue=xU
4 AYYL 90°ColM 2417 et &

36A17F B xR e AEFREE 53] Wb FEATE A E
Az 993 S5 U9 100 mesh ©]st= 223t & wgof o]
|30k EHE 09 A1E3100 gl SHl(ww)el =FFE 718t
3 Dr. Azlin Mustapha(University of Missouri, MO, USA)l <]
& AFE WaTFF2 Lactobacillus rhamnosusE °F 10° CFU/g
HES F 37°CeA 797 F71A 270l A vtk @
F A% % 5 AR pHe oF 5504 3578 vtebga
S8 @] = 10° CFU/g o714 S7tskaitt. a4
by AEs 299d 2 55 & 54 dxste] 298 4o
olglatd B4 9 Ay H7IE f18 APl AMEsHt H
&3 v adE gy FEFENS-NF, non-steamed and non-fer-
mented extractyS HETZOZ dlo] xJg]<l HIES% day o
Y3ZE(NS-LF, non-steamed and L. rhamnosus fermented
extract), =53} H|EE ¥ T YFZE(S-NF, steamed and non-
fermented extract), %3 WA ¥ HYFEE(S-LF, steamed and
L. rhamnosus fermented extract)?} V]l #7151 Th,

b AAE - 60°COA]

Ml

& Efln=d stelE g 53

OuFE&9 & Zvsd skE §%2 Folin-Ciocalteu
Hell oJ3l] ZASIATH18). BYFE5(0.1 gmL)S 10% Folin-
Ciocalteu reagent (1 mL)9} &3l 25°ColA] 587 WHA]3E 3
EES 10% sodium carbonate -§-<H(1 mL)z 25°ColA] 1X7F &
oF wkeAIZt) ¥5 AL gallic acid(GA)YS 0-50 mg/mLe] &
=2 M3t Oy A8 WS SYsH ¥E&ATA 760 nmellA]
TREE itk & Sl shke e allic acid®]
37K mg GAE/mL)Z B89t
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HEFEE9] F ZetHo)t g3E spectrometric methodoll
o 2ASATH19). FEE(0.1 gmL)yS 90% diethylene glycon
(0.8 mL)3} 4 M NaOH(0.02 mL)3} RESAIZ1 & 40°CellA] 1087k
WAEGTh 25 AFALS mting 025 mg/mLe] FEZ 845}
gy AR W3 5 BHAIA 420 mmeld FEES
Aotoith. & Fehileo| = oFEE rutin®] FE7Hmg RE/MmL)
2 FAEI
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DPPH #Hrett]z &7 #4Wol| sl tyFE=9] st
< H7HEATH20). HEYFZE0.1g<S 95% ethanolel]l =<
0.2mM DPPH radical(0.5 mL)3} 313 25°ColA] 30%7F %X
F FEEE 517nmolA SAEATE s TR 2
o5l AlLtE ATHA=control®] FE=; A=FEEY TEE).

o

DPPH scavenging activity (%)=[1-(Ay/A:)]x100

e &3

HyF&E9 3vjAE 4L Clinical Laboratory Standards
Institute(CLSI) ¥l wel H71skAth21). Indicator T2 List-
eria monocytogenes KACC 12671, Staphylococcus aureus KACC
10196, Shigella boydii KACC 10792, Salmonella Typhimurium
KCCM 402532 372 2 AIE (Korean Agricultural Culture
Collection[KACC], Suwon, Korea)¢} gH=+u]A)E H=41H (Korean
Culture Center of Microorganisms[KCCM], Seoul, Korea)oll*]
& wrol A18-319 T}, IndicatorsE trypticase soy broth(TSB, Difco,
Detroit, MI, USA)ll HEaka 37°Col 2441 7F wjekste] <F 10°
CFUmL®] &4 wjd #75 Atk dyF&E9] Frde &
= HAASFEMIC, minimum inhibitory concentration)Z
71tk MIC= HE HYFEEC 93] indicators®] 7] Al
FF7F 99%7HA] AsfEE sEE VR

a-Glucosidase &4 X3l E7}

HYFEE9] IAA dd= a3+ a-glucosidase A3l WHO
2 F7IIth22). HEFEES 42 mgmlE FAske] 7+ 20
puLg 0.1M PIPES, pH 7.0°] =<l 20mM maltose?} 50 U/mL
o-glucosidase(40 pL)S 37°CollA 2087 wH-3-A 7t} &3
DNS Al9K(1 mL)yS H7FkaL 100 °ColA 1087 whg & Lo
WAE ANk o g AR g Aaks-s 24
28l 550 nmollA] SH =S =439 a-Glucosidase B4 A5)
= o Aol 93] AlLFSIATHA,, FHEAe] 35 A, blank®]
F%; A, control®] &F1E).

ooy 1

o-Glucosidase inhibition ratio (%)=[1-(A.—Ap)/(A—Ag)]x100

Tyrosinase &4 Xl H7}

Tyrosinase &4 A E& dopachrome®'H-& o]&slo] =43}
ATH23). HE HEFEES 2-128mgmLE 3A3te] Z} 20 ul
< 1.5mM L-DOPA(25 puL), 50 mM phosphate buffer(25 pl., pH
6.8), 500 U/mL tyrosinase(30 uL)2t &E3ste] 37°ColA 30&7F W
SAIATE HEES 490 nmolA 7o) FEEE SA s
Tyrosinase A& T 2ol ¢J3)] AXFEIATHA,, FEES 3
718l e WHEES] S8 E; A, FEEF tyrosinase WHEES
T, A, FEE, tyrosinase, L-DOPA &% REgES F4%;
A, tyrosinaseE H7FeHA] 82 RESES SHE).

Tyrosinase inhibition ratio (%)=[1-(A—~Ap)(A,—Ap)]x100

AChE &M Xslf =t
AChE 32484 A8E colorimetric methodol] 2|3l 24313

(24). AChE®} ATC:= 0.1 M phosphate buffer(pH 8.0)°l =< 7z}
Z+ 004 U/mL# 75 mME A %3t DINB(6 mg)S 15mg
NaHCO;& &8 0.1 M phosphate buffer(pH 7.0) 10 mLof| <]
buffered Ellman reagents A|Z3IATE HYFEE(25 ul)2 AChE
(25 uLyS =518k 25°CollAl 1027 59 &2 % Ellman reagent
(125 uLyE M7k 25°CollA] 5% Bt o] wkeA|F o &%
Aol ATC(25 uL)E 71ste] 25°CollA] 20% E<t wkeoll wet 412
nmollA FFEE SIS TE Reagent blankel] ]3] v]g4% 7}
SR wS-S BN AChE B4 Adl (%) ALt

SAEN
A Aol FAAZ = 338 8 A3 AFE Statistical



Z49hua vE el 48y 97t 137

Table 1. Total polyphenolic compound and flavonoids in the
extracts of C. codonopsis

Total polyphenolic compound  Total flavonoid

1]

Treatment (mg GAE/g) (mg RE/g)
NS-NF 8.90+1.01%? 1.84+0.21°
NS-LF 9.54+0.35° 1.80+0.35

S-NF 26.15+1.42° 8.07+1.42°
S-LF 26.78+1.55" 7.80+1.55°

YNS-NF, non-steamed and non-fermented extract; NS-LF, non-steamed
and L. rhamnosus fermented extract; S-NF, steamed and non-
fermented extract; S-LF, steamed and L. rhamnosus fermented extract.
YMeans with different letters (a-b) within a column are significantly
different at p<0.05.

Analysis System(SAS Institute, Inc., Cary, NC, USA)°l| <J3] &
Aetsiet. Aele] A4 AHEle B (ANOVAE st
o] Duncan’s multiple range testZ §9°d-2 A% 3 tHp<0.05).

Zo3 darvt gyFEEY & Zdsd 39E 2 29
Hiol= F wsle)| nX= J3e D& tH(Table 1). HS
%3 WREE UEFSENSNRF HE%57 BEE tyFs
E(NS-LF)? & Z¥954 sigE 32 10mgg ©lskel vt

W S vdad geFESEGCNRE 53 dad gg3
ZE(S-LPOIA 26 mg/g o139 & & ZEvsAd setE &
Fg B ol#d AAENE F Zdsd sE e
Fol o3 FFS WS AT Hong 5(12)2 55 3¢
o] F7tel mE QAA F E2HEA 3+EF saponin &
o A% F7HE HAsta itk & s s
Watel FASHAl SNF9F S-LFOlA ¥e ZetHiol=
CTmggys Bt ole A4S B9 &=t W
Hiol=A sgEo] 4A §al=S AoE ALRHETH2)5). &
ZR ol =4 33ELS isoflavones, flavanones, flavonols, cat-
echins, gallocatechins, chalcones, anthocyanidinse *¥&3tc}. o
Htgo g kA Eoi e EgtHels R} ZddsA sgE
g ol 8l ATh26,27). £ A= T el o
Z Y9 SEE 2 EEExolE o] foHoe= F

of
S ot ol off o
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Fig. 1. DPPH scavenging activity (EC,)) of the extracts of C.
codonopsis: NS-NF, non-steamed and non-fermented extract;
NS-LF, non-steamed and L. rhamnosus fermented extract; S-NF,
steamed and non-fermented extract; S-LF, steamed and L.
rhamnosus fermented extract. The EC,, denotes the effective
concentration at which the DPPH radicals are scavenged by 50%.
The different letters (a-b) on the bars are significantly different at
p<0.05.

wat FrFetAthFig. 1). S5AEE HYFEE] st &
o] AA ZF7ksle] SNF}F S-LF9 EC,, #& 72t 0.773% 0.
mg/mLE W FEE Btk 2y HEo) o fYFEE]
akslEe TR S7FeRA] 23ttt ol S5l 93l St
YW EA SFEH SHtE o=} S E S STMARES
o2 AlEHY SEAEEH T AE AiaEde] A
ZE SANA A TS AT B vk QTh28).

HyFEEc] fE4 AF5wdd g Fvjds 2498 3
7}ek A= Table 29} 72t} NS-NF= S. aureus, L. monocyto-
genes, Sal. Typhimurium, Shi. boydiiol et 22 Ir|AlE a3
£ H]l Wi 2E APE HYFEE(NS-LFS S-LhE w2 &
nAE a35 Btk S-LFe MIC 32 S. awreus, L. monocy-
togenes, Sal. Typhimurium, Shi. boydii®ll T3l 10 mg/mL ©]3}o]
o #E HEFEES IHEE 2 WS Ao 85S &
EX02 At olHg FHY FuAE Se Fikr T
T T AALE UARAEEER 7]0ETH29).

3 ox

i

N

a-Glucosidase ¥ tyrosinase S48 X3l
& 2 2g tyYFEFEY a-glucosidase AT As|o o

Table 2. Antimicrobial activities of the extracts of the extracts of C. lanceolata against S. aureus, L. monocytogenes, S. Typhimurium,

and Shi. boydii

MIC (mg/mL)"
Treatment”
S. aureus L. monocytogenes Sal. Typhimurium Shi. boydii
NS-NF 88.35+3.67) 62.96+10.91* 75.70+£7.36% 82.10+£5.16
NS-LF 16.67+0.91%* 7.28+0.77" 9.2140.98" 8.22+0.49%
S-NF 34.62+1.75" 15.31+£4.67% 18.31£1.87% 21.72+4.02%
S-LF 8.85+0.39% 6.64+1.03> 7.13+1.10% 7.76+0.70%*

YMinimum inhibitory concentration (MIC) is the lowest concentration at which the initial numbers of selected pathogens are reduced by 99.99%.
INS-NF, non-steamed and non-fermented extract; NS-LF, non-steamed and L. rhamnosus fermented extract; S-NF, steamed and non-fermented

extract; S-LF, steamed and L. rhamnosus fermented extract.

YMeans with different superscript letters (a-d) within a column are significantly different at p<0.05 and means with different superscript letters

(x-y) within a row are significantly different at p<0.05.
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Table 3. a-Glucosidase and tyrosinase activities (EC,"”, mg/mL)
of the extracts of C. codonopsis

Treatment” o-Glucosidase activity =~ Tyrosinase activity
NS-NF 9.94+0.91% 16.33+0.26"
NS-LF 4.50+0.34° 5.79+0.66°
S-NF 4.71+0.28" 7.99+0.68°
S-LF 3.09+0.38° 4.78+0.65¢

PEC,, indicates the effective concentration required to reduce the
enzyme activity by 50%.

INS-NF, non-steamed and non-fermented extract; NS-LF, non-steamed
and L. rhamnosus fermented extract; S-NF, steamed and non-
fermented extract; S-LF, steamed and L. rhamnosus fermented extract.
Means with different superscript letters (a-c) within a column are
significantly different at p<0.05.

3t A3} Table 3% 72t} a-Glucosidase 42 NS-LF, S-NF,
S-LFel| 9l a&2 o2 A =Jrk. NS-LF, S-NF, S-LF2] ECy,
WS 77t 45, 47, 3.1 mgmLE NS-NF(EC,,=9.9 mg/mL)?l| ¥]x
sto] FolFom v %ki BHATHp<0.05). T5olvt HE 52
Haxg] gy3FEFE°] 538 a-glucosidase &4 A3 345
Bt BstE AH F 99 A5Ss AT F e o
glucosidase®] &7 Aalle Tl XY Zow Algdrth

[¢)
oE A 5% % YR HYFEEo| JA VN TE
g E5E A4S Ut A9 219 Al olg Fed
2 AN QuHom

Zodsd AIEUA 3EE] a-
glucosidase &4~ 5]"\3 Aol #Ast=d ol FTEOIY RS
B8l &4 Az 2do] AE-ES AATTH30). Vanillic acid, p-
hydroxybenzaldehydes} 73-2 phenolic aciddl B Z2}H=0|=4
slgtEo] gitsl 3T ofYgl =2 a-glucosidase E7d A3l
7F RALE L Jh31,32).

Table 32 55 2 &a HYFEFE9] tyrosinase S4EA A
sflel gk 7&44—0113}. Polyphenol oxidaseZ ¥# 3 tyrosinase= &
&% U3 melanin AR Fal d £ Felo] A
(27,33). NS-LF®} S-LF®] ECy, %2 717} 5.8 48mg/mLo=E
71 E&2 22 tyrosinase S A3 5 THTable 3). NS-
NE(EC,=163 mg/mL)e] H]33}%], S-NF(EC,=8.0 mg/mL)= -]
HOF tyrosinase EAEHS EFH R A5t ol 2
= tyrosinase &/8 Aol FES SHE gEX HE ROl
5 B FaEFAE T TR e Ao BofXivk(33,34).
mebd S 8 dRE HYFEES AF, UF B SHEE A
2z tyrosinase AAALANE o877} Y& Ao Algd

AChE Xsif &4

CYF&E2] AChE A&/ A¥+= Fig. 29F 2T} NS-LF$}
S-LFolA IC,, %ol ZHzh 373 31 mgmlLE 7F¢ =2 AChEQ]
AseAge Bl W NSNFAlA 1C,, #°] 91 mg/mL2 71 &
2 AChES] A#l&4S Bt o] Az 550 93] AChEY]
A grgdo] ST AT Lao)] og o] Hrh FoFeds B
At} olHg Axk= 55 B ¥aE HYoRRH AN

2 93 53 pEEA o R AL vsAES zﬂ;\]ah:]. ;]:L
Q1 19 Fbel| wE Xuje} -2 W ESA = HAlAg
o] A3 EFAZ EHTE]T— 91‘:]'(35 36). ol2fg Are] o) g X
F2E 93 cholineAdl A 3 AChE

BAEL] £48 AAB] 9l
inhibitor2] 7HH‘°HL7} %61 &= Jrk3s). 2 Li, =
g %g fYFEE] AT T3 dosk=s &4 4
Aol gk A&HQ A7t aHL)

o

120

100 ET‘
-
=
> 1
E g0
@ b
Y 60
(@]
z
o

Cc

S 40 c
=)
ey
=

20

0

NS-NF NS-LF S-NF S-LF

Fig. 2. Inhibition of acetylcholinesterase (AChE) activity by the
extracts of C. codonopsis: NS-NF, non-steamed and non-
fermented extract; NS-LF, non-steamed and L. rhamnosus
fermented extract; S-NF, steamed and non-fermented extract; S-
LF, steamed and L. rhamnosus fermented extract. The EC;;
denotes the inhibitory concentration at which the enzyme activity is
reduced by 50%. The different letters (a-c) on the bars are
significantly different at p<0.05.

e o

2 dFdMe S5 2 Oﬂ 2] 8t © Y (Codonopsis lan-
ceolata)®] O]ﬂf—ﬁm #"éﬂr AE]g2de] wisto ]Z]‘” Bl o
& zAlstach A gy A= % &2 & Lactobacillus
rhamnosuse @5‘0}04 37°COA 797 A71A A TEA]

Ak, ¥ESE Hl‘ﬂ‘ﬁ HYFZENSNF)S 2= o] X
fﬂﬁ%ﬂL H|S wg OESEE(NS-LF), 3453 veg oy
FEE(S- NF) &3 g HE#%%%(S-LF)% x5 F

ﬂﬂl%*é 3312 3HeRe NS-NF(8.9 mg GAFE/g)?t Hlawale] S-NF
9} S-LFlA frelFe s Z719tH26 mg GAER). & ZEHi =
ol= 3}2kS S-NF(8.1 mg RE/mL)9} S-LF(7.8 mg RE/mL)oIA 7}
& =9 t‘r S NFQ} S-LF®] EC;, #t°l 77t 0.8%F 0.6 mg/mLo 2
=& itslsS BAY Staphylococcus aureus, Listeria monocy-
togenes, Salmonella Typhimurium, Shigella boydii®] A5 S-LF
of 93 Aoz A= U THMIC<Y mg/mL). NS-NF(EC,<
17 mg/mL)ell H] &t NS-LFe} S-LF(EC,<6 mg/mL)’} 7F3 =
< a-glucosidase®} tyrosinase A3 &E YEFATE Aacetylcho-

linesterase(AChE)= S-LF(IC,,<32 mg/mL)ll 9J3l] a8 o2 %
SlEAT. Wb B Ao Aaks Sl o8 tge] F ds

==
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