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Analysis of Bioconversion Compositions from Fermented Bojungikki-tangs

Dong-Seon Kim, Joo-Hwan Roh, Chang-Won Cho* and Jin Yeul Ma®*

Herbal Medicine Improvement Research Center, Korea Institute of Oriental Medicine, Daejon 305-811, Korea
*Regional Food Industry Research Group, Korea Food Research Institute, Sungnam 463-746, Korea

Abstract — Traditional herbal medicinal preparation Bojungikki-tang (BJT) is well-known herbal medicine used as tonic.
We fermented Bojungikki-tang using nine lactic acid bacteria strains and discovered two remarkably increased compositions
from the fermented BJTs using HPLC/DAD analysis. HPLC/DAD-guided fractionation of the increased compositions fol-
lowed by structure identification using NMR and MS identified liquiritigenin and isoliquiritigenin. These bioconversion com-
positions were quantitatively analyzed using HPLC-DAD. Liquiritigenin contents were highest in BJTs fermented with L.
amylophilus (1.91 mg/g) and L. fermentum (1.89 mg/g), which were increased by 20-fold compared to BJT (0.09 mg/g). Isoli-
quiritigenin contents were highest in BJTs in fermented with L. plantarum (0.19 mg/g) and L. fermentum (0.19 mg/g), which

were increased by 19-fold compared to BJT (0.01 mg/g).
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Bl Fujtsith. HPLC &4 $13t acetonitrile?} wateri=
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- SRR e 7O % slo] 7] 300 g,
MAh WiE W ZHE 7 200 g, EIeF K19 ZF 100 g, Sk} Al
% 7} 60go® TAE okl 1,220 goll AFEE}, A1) 12.20
literS Yol 1A17F A3 T 18027 ¥ 53 5 test
sieve(106 pm, Retsch, Germany)= 1ZIt), #1228 &l 10
liter= Wa W7 FEe] Azl ARSI, WA= 541
Zale] HgRFel7|ge] A Fle s yxaez

AR

s eEoly|go| ZX|

B el AHEE 952 AT (Lactobacillus caset
KFRI 129, L. plantarum KFRI 144, L. fermentum KFRI 145,
L. amylophilus KFRI 161, L. curvatus KFRI 166, L. hilgardi
KFRI 229, L. amylophilus KFRI 238, L. gasseri KFRI 658,
Bifidobacterium thermophilum KFRI 748)& &A% A9
(Korea Food Research Institute: KFRI, Seongnam, Korea) 2]
FUE GAxkeSYoll ] ok RIRICE. Lactobacillus sppi= MRS
broth(Difco, Detroit, MI, USA)°l A, B. thermophilum--
Reinforced Clostridial Medium(Difco)ollA] Al wjekst 5 =7]
75 1x10° CFU/mIZ 243}9] inoculum® 2 ARE-3I3ic), 2
f+ 1M NaOH=Z HZF7|¥ 9] pHE 7002 23S 5,
121°C, 1.5 7ItellA 1533F 7Rgbaststal, 227k zirzl
T, RS 1%(v/v)E FEsaL 37°C] T2l ]oA] 484
7 E]E F7] wiekste] o) Hasigith Al wE
RZHELS BAAZS] A0 ALg3l3ith

Meto] kg = ) B AlEA ekt 935S BAE
t}. HPLCEA]-2 Optima pak C18 column(5um, 4.6 mmx
250 mm)S ARgslo] FElom, 2] 2= 35°CE A
51931, %S PDA detector(DAD)S AM-3151T}. o542
B 5 AR 7t s vt o]st 20E BAste],

|

(¢}

Table I - Eluent condition for HPLC analysis

Time (min) Solvent A Solvent B
0 10 90
10 30 70
45 50 50
55 70 30
65 75 25
75 10 90
85 10 90

Solvent A: acetonitrile; Solvent B: water including 0.1% TFA.

acetonitrile(A) 2! 0.1% TFA 3+ water(B)S ©]-23F gradient
system©.Z Table I3} o] A3} 319031, <52 1.0 mi/min,
FY=S 20 W= sk

MEMEM R 22

L. plantarum .2 D7 3sI0] Aojxl Ui uFel|’s 7k
Z510] Hdojrl AZE 40 g D101 resin 800 g© 7 FAZrHE
a9 E AAERTE olw o] &= water : EtOH=9:1
2HE 100% EtOH 7H 35 S7MI71HA fZ3te] 9719]
E3E(Fr. 1~Fr. 92 43t} 2+ £35S PVDF syringe filter
= Algato] o3ksk 3 HPLCE o)l 7|48 xAdow Aux

Vsl vl=Ee] S

I

¢
F

TEEES GRlEith
e AR s Shrehs S8 Fr 75 xSt
dolxl 3.2 g& kol &3lste] silica gel 15 goll &2ato]
%3 & silica gel 150 g0 2 7 A2 vlE 18|35 AAIS)
Stk olu o]F fvlli= CHCly: MeOH=50 : 1Z%E] 40:1,
30:1,20:1, 10:1, 5: 1% MeOH $=& Z7MA, 87l19] &
HEE(Fr 7-1~Fr. 7-8)= ATt HPLCEA ] o5t 2719]
AEASAY R FoAR o7 sld Fr 7-5 150 mg silica
gel 10 g°ll hexane : EtOAc=1: 12 /&2 sl ZHa=
wtEIHEE AAEte] shE 1(14.5 mg)T 3HHE 2(3.8 mg)
£ 43tk

|

N

o

SiEE 1

Colorless crystal powder, ESI-MS(n/z); 279[M+Na]*, H-
NMR(CD40D, 400 MHz), &; 2.69(1H, dd, /=17.0, 3.0 Hz, H-
3a), 3.05(1H, dd, /=17.0, 13.0 Hz, H-3b), 5.38(1H, dd, /=
13.0, 3.0 Hz, H-2), 6.35(1H, d, /J=2.0 Hz, H-8), 6.50(1H, dd,
J=8.5, 2.0 Hz, H-6), 6.82(2H, d, /=8.5Hz, H-3', 5'), 7.32(2H,
d, J=85Hz, H-2'6), 7.73(1H, d, /=8.5Hz, H-5); *C-NMR
(CD;0D, 100 MHz), &; 45.1(C-3), 81.2(C-2), 104.0(C-8), 111.9
(C-6), 115.1(C-10), 116.4(C-3, 5", 129.2(C-2! 6, 130.0(C-5),
131.5(C-1"), 159.1(C-4"), 165.7(C-9), 167.0(C-7), 193.7(C=0).

slgtE 2

Yellow crystal powder, ESI-MS(@/z); 257[M+H]™, 'H.NMR
(CD,OD, 400 MHz), §; 6.29(1H, d, J=2.4 Hz, H-3), 6.42(1H,
dd, /=88, 2.4 Hz, H-5'), 6.85(2H, d, /=8.8 Hz, H-3, 5), 7.61
(1H, d, J=15Hz, H-a), 7.622H, d, /=88 Hz, H-2, 6), 7.79
(1H, d, J=152Hz, H-p), 7.97(1H, d, /=9.2 Hz, H-6); C-
NMR(CD,0D, 100 MHz), & 102.7(C-3), 108.1(C-5), 113.5
(C-1, 115.0(C-3, 5), 116.4(C-a), 126.6(C-1), 131.1(C-6), 132.0
(C-2, 6), 144.2(C-p), 160.7(C-4), 165.2(C-2), 166.3(C-4'), 192.3
(C=0).
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Fig. 1 — Analytical HPLC chromatograms of Bojungikki-tang (BJT) before and after fermentation with lactic acid bacteria strains. (A)
liquiritigenin and isoliquiritigenin; (B) BJT; (C) BJT fermented with L. case; (D) BJT fermented with L. plantarum; (E) BJT fermented
with L. fermentum BJT; (F) BJT fermented with L. amylophilus; (G) BJT fermented with L. curvatus; (H) B]JT fermented with L.

hilgardi; (I) BJT fermented with L. amylophilus; (J) BJT fermented with L. gasseri, (K) BJT fermented with B. thermophilum; UV
detection at 310 nm.
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HPLC-DAD 2M& S5t EXMSMEEC| EM 9l 22|
HFOV o R RE] fARTES ol 83lo] 959 dansoy]
E‘E—ﬂ Az o, o] E2] Adisks HPLC-DADE 4381
a5 57 e A vERt dass BAE A 17.3%
¥} 27.65-9] retention timeollA g F Fr|Fow ZUlH 2%
BAEES F9l 3k thFig. 1. ©l& 4d+%-& HPLC-DAD-
guided fractionation®] @}k *é—‘:‘ra FAshdA, D101 resin?
silica gel 2§l A=vtET9E TAE 0= HAJste] 2] 3§t
A3} 17.3 min®] retention timeoX 35HE 13} 27.6 minol| 42

sHie 22 Rl

ﬁLm

2|8 4EHsEse| TEAY
29 3 %‘% 18 Fanms ESIMS AHERoX )z 279
[M+Na] "2 #slo] Exjto] 256 918 < &= Qlqlct. 'TH-NMR

A E Yo A= aromatic G oA+ 86.82(d, /=85Hz) X
7.32(d, J=8.5 Hz)olA 212} 2709] Fo2n0l] Sdsl= A2B2 3|
9] 1,4-2X3} benzene ring®] proton signats—= WIS, A
Z m-coupling 317 A+ 86.35(1H, d, /=2.0 Hz)¥} 6.50(1H,
dd, /=8.5, 2.0 Hz)°ll12] protons, 18137 §6.502] proton¥} o-
coupling 3} §l&= 7.73(1H, d, /=8.5 Hz, H-5)°1<] signal®|
ZAE I, 82.69, 3.059014 aliphatic proton©ll4] 7]Q13F double
doublet signal&°] YEFGI, ©o]E°] 170Hz9 A2 FL3%H
coupling constantE Zrom, I3k 0|5 & v} 538 ppmollA <]

HO 0

Liquiritigenin Isoliquirtigenin

Fig. 2 — Chemical structures of isolated bioconversion compounds.

double doublet®] methine signal®} 212} 3.0, 13.0 Hz Z+2} #
Z33la glgo] gelE o], o]:= flavanone CEollq i3t A
oz 433k o]5 'H 2 BCNMR A9 EY A8E
383} nwsle] liquiritigenin(Fig. 2)°% £33}t

g 3gHE 28 SRR ESIMS AHEY A m/z
257[M+H]"& #2s}o] Falgo) 256 9& & 5= A3t 'H-
NMR A E&o|X= aromatic F9o1412] proton signalisiHo|
AzE gl o §6.85(d, J=8.8 Hz) 2 7.62(d, /=8.8 Hz)ollA Z+
Zy 202] Sael sl A2B2 EERS] 1,4-2%3F benzene ring
9] proton signals= &5
86.29(1H, d, J=2.4Hz)$} 6.42(1H, dd, J=8.5, 2.0 Hz)°l|~] 2]
proton signals, 12| o-coupling 3} = 86.422} 7.97°114
9] proton signal=°] #Z =t 123 §7.61(1H, d, /=15
Hz), 7.79(1H, d, /=15 Hz)°l| 4] olefin®] trans coupling®] 3%
w]o] chalcone &2 0% F4E3It} o]% H 9 BC-NMR ~
AEey 28S FuEd¥3) vwslo] isoliquiritigenin(Fig. 2)°.
= F7gs3ith.

>

£

, 1= m-coupling 3}1. A=

waHEoly|ehEe| WEMEMEES| BEEY

AJESPdE Liquiritigenin ¥ isoliquiritigenin®] HPLC 7%

S SJgk A e] Al 0.9999 oo - Agslolct.
liquiritigenin®]l Thak AL Y=5060X+29500, R2=0.99999]
201 isoliquiritigenin®] 7S Y=128000X +88800, R?=
0.9999 ©|3ITHY=peak area, X=%%2] Sk (ug/ml)).

A9} dgd BEe)719 liquiritigenin} isoliquiritigenin
o] 27+ 0.09 mg/g¥} 0.01 mg/gfE ulgko] AEE 9, O

o)

o] Mg RO EEo|A] ]SS tjFE 108) o) Z/1E Qi)
(Table II).
Liquiritigenin 952 L. amylophilus w52 LRI 2F52)7]

o] 191 mg/ge @A 71 = YR} whad BEo ") 1)
wale] 20u) o] SIS o, T O R L. fermentum
1.89 mg/g, 7 tF&C = L. plantarum 161 mg/g £O 7 =A 1}

Table II — The contents of bioconversion compositions in fermented
Bojungikki-tangs (Mean+SD, n=3)

Fermented Liquiritigenin Isoliquiritigenin
Bojungikki-tangs (mg/g) (mg/g)
Not fermented 0.09+0.002 0.01+0.001
L. casei 0.42+0.005 0.16=0.006
L. plantarum 1.61+0.018 0.19+0.008
L. fermentum 1.89+0.023 0.19%+0.005
L. amylophilus 1.91+0.018 0.18+0.003
L. curvatus 0.62+0.013 0.11+0.002
L. hilgardi 0.57+0.009 0.15+0.003
L. amylophilus 0.70+0.011 0.160.001
L. gasseri 0.58+0.007 0.11+0.001
B. thermophilum 0.59+0.011 0.14+0.002
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