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Functionality Analysis of Korean Medicine Fermented by Lacfobacillus Strains. Kang, Dong Hee and
Hyun-Soo Kim*. Department of Microbiology, College of Natural Science, Keimyung University, Daegu 704-
701, Korea — Through the process of fermentation with Lactobacillus strains this study has evaluated the func-
tionality of the traditional Korean medicine Bangpungtongsungsan after the addition of four other medicinal
ingredients. In order to facilitate the growth of the Lactobacillus strains brown sugar was added to the herbal
substances used. For both DPPH radical scavenging activities and SOD-like activities the medicinal mixture,
when fermented through heterogeneous co-cultures, scored higher (at 77% and 42%, respectively) than when
not fermented (at 31.7% and 36.3%, respectively). The co-cultured Korean medicine inhibited the growth of
Bacillus subtilis PCI 219, Pseudomonas aeruginosa KCTC 2004, Staphylococcus aureus subsp. aureus KCTC
1916 and Propionibacterium acnes KCTC 3314. The inhibiting effects on -hexosaminidase released from
RBL-2H3 cells caused by the mixture, with and without fermentation, was seen to be similar (57% and 60%,

respectively).
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o] el A, 3, AR FHRF), Al (Aot ghek
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frakte] 7P who] ARSEY, ghofell A frakte] AS-5A4
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Table 2. Lactobacillus strains used for the co-culture.

Table 1. Composition of Bangpungtongsungsan..

Korean Lo Dose
. Scientific name
medicine name (8

A Talcum 6.37
= Glycyrrhizae radix 4.5
A3 Gypsum fibrosum 2.62
3T Scutellariae radix 2.62
a7 Platycodi radix 2.62
H}Z Ledebouriellae radix 1.68
A Cnidii rhizoma 1.68
=27 Angelicae gigantis radix 1.68

| z}Fok Paeoniae radix rubra 1.68
o 3t Rheiradix etrhezoma 1.68
v}-3} Ephedrae herba 1.68
Hls} Forsythiae fructus 1.68
o Natrii sulfas 1.68
"tz Schizonepetae herba 1.68
3370 Atractylodis macrocephalae rhizoma 1.31
Wl = Gardeniae fiuctus 1.31
2] A} Gardeniae fructus 1.31
A 7} Zingiveris rhizoma recens 5

Hol| ARS3IH. gk dfFAIW ake]flol] 2]=]3le] 74
slglom, A Bgoll H3lsl stk FEHel F3le &=
A=At srekAfe] wighe ske]sh] wigh Wiel| wet Table
oA Bz nle} zbo] st A o Hrke= 47 sl &
T Asled AT vt ekl 404 B s
oF 276l H7ksled 100°C o]3fel| A 2A|17F F<t 719S
gt & FE3ldon, 323 ek 100 mesh A|E ©]-8-3)
oJFale] ekl E A A BT FARES] wiekE s sheF
2 pH 24, AAE AAE $Ist dal i, 435 53+ 4
T AETIETS A AREle] ik A A 228 A

Strains Sources Stock solution (CFU/mL)*
Lactobacillus brevis KCTC 3498 Human feces 108
Lactobacillus casei KCTC 3109 Cheese 108
Lactobacillus delbrueckii subsp. bulgaricus KCTC 3635 Bulgarian yogurt 108
Lactobacillus fermentum KCTC 3112 Fermented beets 108
Lactobacillus helveticus KCTC 3545 Emmental (Swiss) cheese 108
Lactobacillus plantarum subsp. plantarum KCTC 3108 Pickled cabbage 108

*10 uL of inoculum of each stock solution per 40 mL KM.
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o Bsjolom, Aol ARE3F] A A ks AR
o frake] Bl ofell AR qHek 4°C, 4,000xgol A
07t A2 3l AHES AT F pHE 6322 =
Asled 121°C, 1583 Hsigler, fAate] 5SS
A1717] {3l 2Ee] g5 brown sugars 22 1%(w/v)ek
5%(wiv)E H71std ok B ek Al fAabr-S 27 108
CFU/mLY] stock?] 2 A|F3F ¥ 3+eF 40 mL(50 mL tube,
Corning Co.pell ZF22] stock® 10 uLE &3lsled HE3}3]
o, frakte] &3 AEH kR 37°Coll A AAufek )
At
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HABois: AAFFols2 Bloise] HH[2](Blois 1985)2
W 3)sle] AlAJslede}t. DPPH(1,1-diphenyl-2-picrylhydrazyl)
=AY A A HERge] 591 F 03 mMo] EHEF 3l
AH&-3lodet. DPPH 493} 3]X gl A58 112 £33}
3087 Aol WREAIZ F 517 nmell M FHES SA 5}
Ak 24 2T AR HERES Hrtsle] SAsk
2w, o dzT= 7|80 AR Udeizl BHA(buty-
lated hydroxyanisole)® Z43}3it}. Ax}Fod5 A7}
T SANET] FHEE Tl g5 o] WigE
e odet.

DDPH Scavenging (%) = gsé;sg %100

C: methanol + DPPH®] &% S;: A& + DPPHY| &35,
S,: A& + methanol®] §4=

SOD fAEM: SOD(superoxide dismutase) f-AFEHAd =
Marklund®] ¥hel ule} 4 ARLFS FAEEEA(H,0,)
2 A= S S918H= pyrogallole] TS 34
3lod P 19]. ZF AlE 49 0.2 mLell Tris-HCI®] <F
49 (50 mM Tris, 10 mM EDTA, pH 8.5) 2.6 mL%} 7.2
mM pyrogallol 0.2 mL(Sigma Co.)E 7}3}e] 25°Cel|A] 10
7 ukeA1Zl F 1.0N HCI 0.1 mLE 7}8le] BFe-& A=
Al7]1aL B3l 2= AFS1El pyrogallol] 98-S 420 nmell A =
A3}, SOD FAHA S Al8-go)e] AT} 272
= g JEsIEL

SOD-like activity(%) =
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g 2N =X gHoF 9 MR ek 3t FA L agar
diffusion®] &2 ZA 3} ). AATTE Gram FA<l
Bacillus subtilis PCI1 219, Staphylococcus aureus subsp.
aureus KCTC 19163} Propionibacterium acnes KCTC 3314,

Gram 243318l Escherichia coli KCTC 1682, Pseudomonas
aeruginosa KCTC 20042} Salmonella typhimurium KCTC
25045 AMg-slgdc). w3t R Candida albicans KCTC
7675, Cryptococcus neoformans KCCM 505645 AH8-31
ow, F}o|= Aspergillus niger KCTC 6910 AM-31310).

E. coli KCTC 16822} S. typhimurium KCTC 2504%=
LB} %] (peptone 10 g, yeast extract 5g, sodium chloride
5g/L, pH6.8)°l AE3}3L, B subtilis PC1 219, S. aureus
subsp. aureus KCTC 19163} P aeruginosa KCTC 2004
= Nutrient ¥} *](Difco Co.)el| %E3}ed 37°C, 170 rpmel| A
24217k AleleFslde}. P oacnes KCTC 3314% Reinforced

Clostridial®l] #] (tryptose 10 g, beef extract 10 g, yeast extract
3 g, dextrose 5 g, sodium chloride 5 g, soluble starch 1 g,
cysteine hydrochloride 0.5 g, sodium acetate 3 g/, pH
7.6) AHE - 37°C, 72217 AR5k Alui kst C.
albicans KCTC 76759} C. neoformans KCCM 50564+
YMH) X] (yeast extract 3 g, malt extract 3 g, dextrose 10 g,
peptone 5 g/L, pH 7.6)ll AF3ked 28°C, 150 rpmellA] 484]
ZF A ekstdet. Akt AT 4°CellM Bas)
o] ALE-3l9v}. 4. niger KCTC 6910 PDA®) X](Difco
Co.ell Aldulekate] EARAEA S AEIE F -20°CollA] X
Hate] ARt

st 42 ghefl R SRS 4°C, 1000xgol A 105
ZF AR F A5 20 uLE paper disc (0=6 mm,
Whatman Co.)el| H7}8ld ZZA|7|13 AATF7F & H
w2 $lofl lel B. subtilis PCI 219, S. aureus subsp.
aureus KCTC 1916, E. coli KCTC 1682, P. aeruginosa
KCTC 20042} S. typhimurium KCTC 2504% 37°Cel| A 1
A7t P acnes KCTC 33145 37°CollA 397} wjokaled o,
FR9) el 28°CoIA 2t 29, 47k wjegale] ARH
inhibitory zone®] -7 2 Z7|E sl dsidd.

NE shes: ok 2 BEGoke] e 2] o] bt o
#27) Aol #edsl= RBL-2H3 A EFE djAke s Ay
313ich. RBL-2H3 M 27 A E5-23) (KCLBYIA £
oF wkokom  10% FBS(Gibco Co.)2} 1% antibiotics(Gibco
Co)E X33l D-MEMH]A|(Gibeo Co.)e} 37°CS] 5%
COE X3t X35 F7127A wieksldet. 100 mm
tissue culture dishel] woFslHA] M| E7} 70~80% confluency
of =2dlm PBSE 23] MA3}aL Ixtrypsin-EDTA(Gibeo
Co)E 7F3ted 37°C9] 5% CO. 2 EF3 EIFx F7|%
HellA] 5271 wjo} F wiAE Wrlele] Aekalich AE @
et e A 2% 50 mL centrifuge tubeol] 9771 ¥ 500xgel| A
587 GAEE] dle] Aeds Al MEE wiAlE A
7kske] 1x10°~1x10° cellsymLe] WEZ F5313]0}.

M=Z =X &ol: Al 5412 Mitochondrial dehydrogenase
activityS Y= MTT colorimetric reduction assayS 4
Psled HAAEA o] M| E2] AJ=o] u|X]= EIZE Mosmann
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o] ¥ argh vhe|| e} S48} TH20]. RBL-2H3 A%
96 well plate°ﬂ welld 1x10° cells WEZ EF3l0] 2447+
wjokS 3 F RS 11]713}—1— FBS7} H7}EA] ek wiA]
= 27 }"4 2417 kS Bt ghef W b siefe] A
E%*é R T ??_}QJFJ] AT 1A17E, 3A17E, 6717,
12X|7ke2 Bfed 7} A7kl wiel Arbegs delste] Elst
5 AR shef W HE RS Hrlsle] AEM S F
0.5 mg/mL2e] MTTA] 2¥(Generay Biotech Co.)= 10 uL%
wellol] H7}aled 427k wiokS sl om, zked MTTA| oF}
W] E A| 71532 DMSO2} EtOHE 1:12 &3}sled 100 uL
A EFet F AAEE FE3 LA A E AL
ELISA readerS ARE-3led 540 nme] &4 IS 7|50 =2
sl FAEE ST F FIEAH.

B-Hexosaminidase| &&: B-Hexosaminidase2] &7 [27]
2 ¢]sl] RBL-2H3 M| EF%E 10% FBS, 1% antibiotics=
¥3= D-MEMERA|9} 37°C] 5% COE £33t 345
= 17@74 o| A wjeksled 80~90% confluencyell =23b
A EFE 5x10° cells/mLE 2 3}o] 24 well plated] ¥
=2 IgE—g 0.5 ug/mLE 7}8ked 2447k wjekaaict. whok
T wx]E A A3} 500 uL Siraganian buffer(119 mM
NaCl, 5mM KCI, 0.4 mM MgCl,, 25 mM PIPES, 40 mM
NaOH, pH 7.2)Z 23] A% 3 v} 5.6mM glucose, 1
mM CaCl, 2 0.1% BSA(Sigma Co.)”} &% Siraganian
buffers 160 uL A 7}Fsked 1027F wi ksl e}, IgE(Sigma
Co.)Z 128 M Xl FEHE X 8F A2|dted UAAIZ
HH °¥3t ¥ antigen(DNP-KLH, Alpha diagnostic Intl Inc.)
< 1 uL/mLE A7k 1087 9REAIF T vhe $4S 9
& 1087t Aol Tolt F uhs £35S 500xglA1 10
B2 At shed AEdE EElEkdTt. 96 well platesel]
A} 712 (1 mM nitrophenyl-N-acetyl-B-D-glucosaminide,
Sigma Co.y& Z7F 25 ul¥ #718ked 37°Cel|l A 1417 wlak
g F 0.1 M Na,CO3/NaHCOs= 200 uL H7}ated vh-3-&
X A1A ELISA reader® 405 nmol|A &4 313}, RBL-
2H3 M| EF)A B-hexosaminidased] ¥} A= o237} 2+
o] AAkstsict.

(Treated—Blank— Spontaneous)
(Control-Blank— Spontaneous)

Inhibition (%) =

Control: 349} 33 A7} A& v)A7); Treated: 34|, 3
A 9 A8 A7} Blank: Al5.9} 7]1A5F 37} Spontaneous:
A, A W A8 WA}

SAEY

ey |
EARAM L SigmaStats o] 45le] BARIAS AlA]slg] e
o, AlE 7] BE7 frelA A Student-Newman-
Keuls testl] e T4 02 5% oA AAIsIdH

a1

| D
soF H X2

S FS Bacillus sp.2] FAP} EANEIT 9lo] FAHFS A
T Al FAPEETT HA) 4ske. gkeF Ml Bacillus sp2] E
2 AAE dell o3t AEHEE 3dte] 0.2 ume} 0.45
um® filters o] &3l "S- sl e, 1 A3} 3ef e
S} Bt fiter olo] HekA] ke, SARE P
Al gkeke] A A== Bacillus sp2] EAE AFEAIF)7] $]
3 sk IEd v e el

kst g
MABois: a7 WEEAAR] V)5S HESP] $s)
o] ulg o ulﬂgz P EAR o B = e i %Oa =3

slleh 93} 4

_11}1'

Z3-2 DPPH radical £271%% o] &3}
Esich. FAHT7 "—JHW"] =] Q1
MRSHHXMW ﬂ E‘r A EAS A 5 3le] olF A
T3t A3} ikt S AR o le® FlEgITh
A2 8k gref(KM) sakst 837} 9psted (23} m]A
) A F Z2Askdn}. Fig. 1014 B uhe}l ZFo] 100v)
A5l S 7 FHRKM)S radical 2A A 0] 31.7%=
el o] MEgIRE BE 77% oAk 2 A Yl
Brown sugars- 371514 @il ghefrte 2 wiekslsl S 73-¢-
wloF 794 radical 271%°] 94.43%% 7P E%4OH (Fig.
1, A), %43 n{zﬁhol BHAS’/] 0.5 mMZ= v]AA el sl
&= radical A% ZH= 7o Yyt

SOD SAHEA: Fig. 1614 BEEA7) vFEEEAAR] 7)52
2 7)=3) 3Akel Ao] shelFol whel WE g w]abEA]
7] WFg8A3Ake] SOD frAAdS &3t SOD frAket
A& 7 42 F2 phytochemicalel] £31= ##A} &
o] SODg} FARE H&-S de] superoxideZHFE A S
Hzatm Q1A o] superoxideE AAFoZH =314 o}
vl Aksb Aef|o] W &I 7RIval d=iA Qle(15].
ulghA] gkeF ol wkgsleke] SOD FAREHA-S Fig. 2014 B
£ ukel 2e] KM 7 36.3%= )=o), o
31 z71oz B3huioF ® gkefFe] SOD A 84> BT
£2%0] 42 EglEle] ghofRT} Eotom, HAAH R 1%
9} 5%= brown sugarg H7F811E W Aol o =9kt

‘r’ﬁ

gy

g siere] A2 7S s Sl 23S A
Eatgict. duhelAIQl MRSHAIE ARS8 FAITET vl oFy
I gk BE AlgdTel st 4] sldek @S Al
). R EHF2 Table 30| A B uvle} o] B subtilis
PCI 219, P aeruginosa KCTC 2004, S. aureus subsp.
aureus KCTC 19163} P acnes KCTC 33149l 33HA1S

R} B subtilis PCI 2199] W3}t 3 AL glofnle




FUNCTIONALITY ANALYSIS OF KOREAN MEDICINE FERMENTED BY LACTOBACILLUS STRAINS 263

100 r [ 1day I 3days

=

[ 5days I 7days

=

80

60

DPPH scavenging (%)

20

0 || || -
KM A B C

Test samples

Fig. 1. Electron donating ability of the various co-cultured
broths. Each sample was diluted 1 : 100 in sterile distilled water.
A: KM, B: 1% brown sugar addition, C: 5% brown sugar addi-
tion. Results are expressed as mean + standard deviation. This test
was repeated 3 times.

o]- g3l 143} 397t B3hfet sisls W 9 mmE vehske
], brown sugars 1%%} 5%= Ztzt A7fsle] sd=) 747k
H3hek slods Wl 9mm=E Jepdc)l. P aeruginosa KCTC
2004, S. aureus subsp. aureus KCTC 19163} P acnes
KCTC 3314l A&t st @A 2 Hagieflx §Y3t
Al vrebt.

Table 3. Antibacterial activity of the co-cultured broth.

100 - [ 1day @ 3days [ 5days I 7days

—~ 80r
S T
>
S 60| E .
(0]
X 40+
a)
]
(0] 20 +

0 - - ||

KM A B C

Test samples

Fig. 2. Superoxide dismutase-like activity of the various cocul-
tured broths (FKM) A: KM, B: 1% brown sugar addition, C: 5%
brown sugar addition. Results are expressed as mean + standard
deviation. This test was repeated 3 times.

ME=N

gtofo] M EEAS 7 ES] $)5le] RBL-2H3 HEFE
ez AgE fasiglet. gheke] AR o
A sl geRKM)e] A7k T2 sl A2 5
A5 BRIgE A3} Fig. 3ollA] Bz nie} o] ARSIk &
£ FE(300 pL/mL)E M7l = AE FAo] glon ¢
s el SAlE= s sk ekt ARSsle]
Eghu) kS & DEFHFKM A)2] NZEZSA 3l Xz

The co-cultured broth

Strains Incubation time FKM FKM FKM
(days) A B C
Inhibitory zone (¢, 6 mm; Whatman Co.)
1 9 S -
Bacillus subtilis 3 9 -
PCI219 5 - 9 9
7 - 10 10
1 - - -
3 - -
Pseud. ] KCTC 2004
seudomonas aeruginosa 5 7 . ;
7 8 8 8
1 - - -
Staphylococcus aureus subsp. aureus 3 - - -
KCTC 1916 5 8 8 8
7 9 9 9
1 - - -
Propionibacterium acnes 3 - - -
KCTC 3314 5 10 10 10
7 10 10 10

-: No inhibition
A: KM, B: 1% Brown sugar addition, C: 5% Brown sugar addition.
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140 |
120 RS o R
100 =
80 |
60

40 f

Cell viability (%

20 r

0

0 10 50 100 200 300
Concentration (uL/mL)

Fig. 3. Cytotoxic effect of KM on RBL-2H3 cells by MTT
assay. The percent cell viability was calculated relative to the
untreated control. Results are expressed as mean + standard devia-
tion. Results were a statistically significant difference (p<0.05).
This test was repeated 3times.

X 10 uL/mLE 3180w, A7k 30%, 1X17E, 34171,
6A17T 124 7ES 2 39T}, Fig. 404 B wle) o] b
B3RS A EF) 308, 1X7H 3217 AElElelE wlE Al
E ZA0] glglont, ARTH6AIZE o) AR Al A ESAE
Holx= #A3ES Yehiidh

B-hexosaminidase?| W& x| Sz}

AlFEAe] G 27 AA] B3E SAs W FolA
IgE=HE ZHHE v]ab Zo4 fr2]€l histamine®] & 3
A3l w2 v Ee| A histamine®] F=7F WAL Bt
gt o8] DA E Fasledof 31| wol] Z HAE vER
7] g4 FZolle B T2 AE e SAlE, & 2

o Al 3P A S @7 WEE= B-hexosaminidase

140 === Negative control I KM mmm FKM A
120

- T

e 100 ¢

2 80t M

%

8 40
20 +

30min 1hr 3hr 6hr 12hr
Treatment time
Fig. 4. Cytotoxic effect of negative control, KM and FKM A on
RBL-2H3 cells by MTT assay. The percent cell viability was
expressed as mean + standard deviation. Results were a statisti-
cally significant difference (p<0.05). This test was repeated 3times.

100 - EEm 1day [ 3days I 5days [ 7days
80
<
S 60t
c _ - _
RS M ]
2 40
£
20
O | - - |-
A B C

Test samples

Fig. 5. Effect of FKM on the B-hexosaminidase release from
RBL-2H3 cells. A: KM, B: 1% brown sugar addition, C; 5%
brown sugar addition. Inhibition of the B-hexosaminidase release
were expressed as mean + standard deviation. Results were a sta-
tistically significant difference (p<0.05). This test was repeated
3times.

< A Wol de] o] 8= qlvH4]

1k g 31oFo] B-hexosaminidase W& A E3= A3
A3}, Fig. 5|4 Bi= upe} zho] wjekd el we} FAlsk
de|27] oA BHE veRlle stefRke s E st A2 vl
oF sUdAol 57%, 1% brown sugarZ} 7} gHeke wjok 3
AR 54%, 5% brown sugar’} AH7}E gkek wloF 3U A
53%=2 71 JA| &7 =g} B-hexosaminidase H}Eol|
stel pHe| o3k HAESE A3}, pH 5.4 3 7204 gheke]
B-hexosaminidase®] W& A 3= 60%= FAFH
Ep o, W& gkeke] B-hexosaminidase®] HHE A &3}
= 57%2 ek @R v AA).

o (o]
L =

2 ATeME FF, 28, s 954 s
o AME-E L glom, Tkt AstEelM AFEH U= W
T8RS ARt A fE 7HEE F 7189 T
A A3} Lactobacillus 51 ]3] =AY Sk 7]
A A4S FlEaat st kRS o] 9t Hgh ok
FATETE] 2 AFAIE 2Elsl] o7 23R 43
stodet. AAgd5 2 superoxide dismutase A A =
e F3l geke] kst &AL 47 31.7%2F 36.3%2 1
Epgom, Bghuoks Bl Es siefe] shats) AL 7t
ZF T1% o1, 42% oo 2 veht gepie} 3Aksl 24
o] ¥ 7 el st g4 dteFe] A BE AlfT
Fol| gt GAdo] e A eksk o), Eghuof = ghepe]
73 %ol B. subtilis PCI 219, P aeruginosa KCTC 2004,
S. aureus subsp. aureus KCTC 19160 S+ FA-S BHglo
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], E3] A=FS FPEAIFIE P acnes KCTC 33140 34t
A4S H3i} RBL-2H3 A EFoA de27] o) g3
ol gt A} gHeke 60% LEl27] JAl EE Helow,
HEFR 57% 2] A BAE Boivh EaeR
G 27] A Bl I g DA Akt G F
7}2 QlEte] o 2r] A, ) F3 W g n]AEol
oJat 3] BAske] Ao Eapr) oS Ao AlFd
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