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Physicochemical Components of Rehmannia glutinosa Fermented with Rhizopus delemar

Bitna Song, Dabin Lee, Boram Park, Hae Hwang, So Young Kim and Shin Young Park’
Fermentated and Processed Food Science Division, NIAS, RDA, Wanju 55365, Korea.

ABSTRACT

Background: This study was carried out to determine the physicochemical components of Rehmannia glutinosa (RG) fermented
with Rhizopus delemar.

Methods and Results: Physicochemical components such as changes in moisture content, pH value, total acidity, amount of reduc-
ing sugars as well as quantity of free sugars, free amino acids, and catalpol were investigated. Result showed that, the moisture con-
tent ranged from 64.26 to 65.51%. The pH and total acidity of the fermented RG decreased significantly during fermentation. The
reducing sugar content ranged from 0.10 to 1.34%. The most abundant main free sugars were identified as raffinose, xylose, glucose,
fructose, and sucrose. The sucrose content in 80% ethanol and in water extracts increased during RG fermentation. In total, 26 free
amino acids were detected, including seven essential amino acids. In addition, the quantity of free amino acids decreased signifi-
cantly during fermentation. Finally, the catalpol content of the fermented RG was highest on the 2™ day of fermentation at
2,028.67 mg/ 100 g.

Conclusions: These results indicated that fermentation of Rhizopus delemar could be used to enhance biological activity, and that
fermented RG could be used as a functional material and as an edible resource in food and functional materials industries.
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M o A T} (Ahn e al., 1998).
A gke] ofg]zgo] 3t AFollA] catalpole] X|wl XFel| &
A& (Rehmannia glutinosa Liboschitz ex Steudel.y> &% H7b Jokal BIFATH (Jiang ef al., 2008). I X FEE
ol Fahe @ %Z}Ei U YRSt %OP\]OM] i o] AT Fololl o Bz @78t ad (Kubo e dl,

v

E3k= thdA 4Eolt}h (Jeong et al., 2004). A3 ¥ia]= 1994), M a3/} o= 5 E7F AY (Tian ef al.,
SHopA = 0149‘5101}]”1, |0l wt AL ARG, A=A 2006). AFe] ®5 aFpol] #A3F A7 Bol o] FAAA L 9L

e 4G, AA B AL SAZelgtal BRI (Kim er o, A2 &ulo] Aslo] tefet 2% a2 S8EHA] X
al., 2008). . = A 40]1:].

Az 8 ARG FQ PSR catalpoldt T E0] HZ 0] A, 8%, 80| 59 HAEE o83 Ua
rehmanin, carotene, P-sitosterol %! stigmasterol, vitamin A, ]%4 Ax= g Zﬂ iﬂl"‘ oln|=Ak HEglo|t =] Wt
raffinose, fatty acid, arginine, stachyose, carbohydrate, SARES A7 AE7Ee] AHR] 2Rgo g A & A
norcarotenoid, y-butyl amino acid 5<| TFeH Ad&Eo] ¢H FHe= Aol digk At Wel Y= Tt (Yang er al.,
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wEbA, B AN Rhizopus delemar® A3 W &)

_EL

Pisgunt ol ol SN AF st thae] o
Pt S 29 5 i A ) A NEARE
Alg-starat gt
T

1. 2=

A AME #e SEEHAS darkeAEel
A B8t Rhizopus delemar 58-8 (KACC 46422)5 AHE3s)
o A8 (Rehmannia glutinosa Licoxshitz ex Steudel)

& A% 294 2dmow AN Tsle] FENER
)= Azietel kg ArETo Bl F AL,

2. 73 Al Y UHQZEA

42 HEE H|XEE= potato dextrose agar (PDA, Difco
Laboratories Inc., Detroit, MI, USA) HiX] S Al&-3led, 30T
of|A 24 A[7F H3 v st

PAE & colonyE potato dextrose broth (PDB, Difco
Laboratories Inc., Detroit, MI, USA) ¥jX]ol] 30Co|A 24
AIZE 3 3] Al wiget 5, JELo=Z ARSI

S M 2
3. 7% UYL 2 ws X MZE
ARG 500 g& AMAst] 3-5em & o] Het of| Ho}
autoclave (Vision Scientific Co., Ltd., Westland, MI, USA)
oA 121C, 15 ¥ HFAK F, 2% R delemars 353}
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30C £=9] incubater (VS-1203PFHLN, Vision Scientific
Co., Ltd., Westland, MI, USAPIA 8 & FoF ujgshy 2
FEAIF

S wget A3 80C A 2W57] (deep freezer,
Ilsin BioBase Co., Ltd., Dongducheon, Korea)ollxl 24 A7t
FAAZ & FAAZ7] (freeze dryer, llsin BioBase Co.,
Dongducheon, Korea)ollA 72 A|7F 59t 54 AZXAIZ AL

Bijsle] A g2 ARSI

4, Ug X&o| 7 &, pH ¥ LI 53
g X ge] R e Hod 7 A7 (MS-70,

AND Co., Tokyo, Japan)E ©]-8-3l] Z43}3th. pHv‘: NE

2gS AFdl sm o] FRTE };}‘3‘4 Ze‘ﬁ} % 3,000
pmell A 15 7+ dalde] dto] FEelS FHe F pH meter

(HM-30P, DKK-TOA, Tokyo, Japan)i =4 o}‘}it‘r.

% A= pH 349 A9 54T AIEE 3,000 rpmel
A1 15 27 AR & AR 0.0meel 0.9ml o] SRT
= 7kt 1l E F83 5 0.1N NaOHZ pH 839 =&
o w712 A EATE Aol AH]E NaOH &H|FS o] &
3l acetic acid T (%) 22 ksl F4t S EAE)
Ak AL 3 3] sl 1 WHpeE YeRAITH

5. el 5H

A2 dinitrosalicylic acid (DNSYH (Kim et al., 2012)
of Wt s 2 g& ATsl] 8 Ml o] FFRTE st 74
skek % 3,000 rpmellA 15 22F A4lEe] dto] el #
St DNS reagent 1mé S 7}sled 15 E7F 322 o, Wzt
st & FHF 3ml S H7FS microplate reader (Biotek
Syergy Mx, Biotek Instruments, Winooski, VT, USA)E ©]
83t 546 nmo] oM FAEE SAATE o] FHFS

o=

ke
T
5

glucoseE FFEAE AMESIGIOH, FEFNOZNE St
o TS 4= ST
6. 25 X FE= X
A 7xg HE AYS Aget B %%“ 2 80% ol
e FEES AT & FEE4 Axe v 2k
7} WEE 5o #e EHF l00m S EF ¥

ultrasonication (Power Sonic 420, 50/60 HZ, 700 W, Hwashin
Co., Seoul, Korea) & 1 A7+ & 2 3] HbE =3 &
Whatman No. 2 SZA|E o]&sle] AFAIZ] F, ozl s
200 mé & 83}o] rotary vacuum evaporators ©]-8-3}o]
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50C oJslollA 7A9t-5=3 H, 0|5 22 FE8u2 83|35t
o B Aol BN AEZ ARSI

80% oEre FEE2| Axe v Zoh 4 544x 9
BEgE 5g9 80% olEE F&H 100mH  7}1ahed

ultrasonicator (Power Sonic 420, 50/60 HZ, 700W, Hwashin
Technology Co., Seoul, Korea)2 1 A|ZM 2 3] sonication
3lo] =%k & Whatman No. 2 &JFKA|E o835l o371
T oS 200ml 2 44835 rotary vacuum evaporators
ol-g3te] 50T olslellr 753, ol e T84
2 galste] 2 AP E48 AEE ARSSISITH

7. weld 24

F2d EA4L& HPLC (Waters 2695,
Miliford, MA, USA)E ©]&3t] 4351t

g X& FZ2ES 843ke] 045um PVDF membrane
filter (Waters Co., Miliford, MA, USA)E o33t A& A]g
fdoZ R, columne YMC-PACK Polyamine Il
(5 m, 4.6x250mm, YMC Co., Ltd., Kyoto, Japan)S AH&
3192 ™, mobile phase= acetonitrile : water &3 (75:
25, v/v), flow rate= 1.0 m{/min, detector= ELSD Signal
(Waters 2414, Waters Co., Miliford, MA, USA)E A}&-5}¢]
AT

Waters Co.,

(o) 3

= A 5 T opigh
¥47] (Hitachi L-8900, Hitachi High Technologies
America Inc., Schaumburg, 1L, USA)Z A3} t}.

oluf column hitachi 4.6 x 60 mm (seperation), hitachi
4.6 x 40 mn (ammonia filteringyS AFE-312H, column &%
£ 507C, mobile phase= buffer set (PH-SET KANTO,
Hitachi High Technologies America Inc., Schaumburg, IL,
USA), flow rate (md/min)= buffer 0.4, ninhydrin 0.35,

injection volume 20 /4 AT

9. catalpol &2kzAM
g 280 80% oekE 9 B FEE AR JuRA

UPLC (Waters 2626, Waters Co., Miliford, MA, USA)E
o]-83te] EA3IATE FEE2 0.2 tm PVDF membrane filter
£ AAHs RS AIFEA o SN, EMERIe vt 2tk

Column> ACQUITY UPLC BEH C18 (1.7/m, 2.1x
50.0 mm, Waters Co., Miliford, MA, USA), mobile phase

ZAE solvent A= 0.5%2] acetic acidES ¥3H3F waters: &

Ao

. b2y
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HEA[O
Ao

alf
gtste] AR5l S ™ solvent B acetonitrilesS AF8-3F3 3,
flow rate @ column &%+ 7z} 0.5 mé/min, 30C, A& 3}
A2 280mm 2 detector= Photodiode array detector ELSD
Signal (Waters 204, Waters Co., Miliford, MA, USA)YZ A}
&sto] A&kt

¥FEA catalpole Sigma-Aldrich (St. Louis, MO, USA)

EHE Y8 UPLCOIA Yl peak area®] 33] Wh:

Haws F & 2559 & peak arearlo]Q] A AAE
=E3t] ARAS 2dst ALttt
10. SAHIX2]

2 Adge] Axe 3 3] ke A48S AASH § Had) %

A Vehheleh. 7 4gA Bd FALYE Spss
25.0 program (Statistical Package for Social Sciences,

SPSS Inc., Chicago IL, USAYS ©]&3l] ANOVAES 4AA|
3k Duncan’s Multiple Range Test (DMRT)RH-S AR8-5}
of Z} A2 7ke] FoF ApolE ATSIATE (p<0.05).

A=

al
=

K
a2

&1}

1. WEIRE 3 Xigto] OlataiE S wist
A7k W A3

Rhizopus delemarg &3] 8 Azt o] g
%, pH 2 3ol 54 A3= Table 13 2th €3d A%

°

o] FEIHES AN O R 64.32-65.51%% A9 AR
ol wa 7|7ke] Ul wet wE A ge] i Fhgol A
o] st gle Ao Yepsith

pHE WiZ&77F pH 520918 Hlgte] &g 4 Uzl pH
4.86% 7P 2 3h& YETE o= R delemar 72 A
A gL RUE pH 4-5 ¥ 2PgollA] mljfe] 2Tk
= 1ol XS (Kim ef al., 1999). AFE= i 47]7ko]
Aol wE ZAAshs A4S Hed wid 0 U3 0.53%2
T ATt P =em o9 wiek 2, 4, 6, 8 YAk 7H7t
0.52%, 0.22%, 0.17%, 0.26%= thZ7-ol v]3)] 7ZAsl3ith

o] Axk= wart MA=HAA 23S Ueill= frlike] o
Fio] AREEA, XY & Bitaio) o) tE Bl
HghEo] g Ee] AeE AATAY fA e AFS
Epdithe Ardel FARIATE (Lee ef al., 2016).

Uy s skl S 595 A3 e 7)7ke] St
ghof| wet g xpols HATh HE 6 U YT IRk
1.34mg/100 g2 7P =& Sl TS vERler o
T 399 3FEF 0.10 mg/100 goll HlEh oF 13 v} =& 3
S-S JeRSIT). Park 5 (2010)0] B33k Hlo] wp=W q-
amylaseE AJsh= MAEEC] HEAF Ao HiEE o
S5 TsA7IE Aolgtal e, £ AFdAE R

delemars: A%l vigsto] Wa7|le] S7igtel] wel aagd



e XiEe| ofef

Table 1. Changes in moisture, pH, total acidity and reducing sugar
content of fermented R. glutinosa.

Components
Fermentation

period Moisture . Reducing

day)  content (%) pH  Total acid (%)  sugar
(mg/100 g)
0 65.51+1.050 5.20+0.02° 0.53+0.01% 0.10+0.04
2 64.32+0.67° 5.25+0.03" 0.52+0.01* 0.07%0.04°
4 64.26+0.78" 4.86+0.26" 0.22+0.01% 1.20+0.15¢
6 65.18+£0.99" 5.03%+0.26* 0.17+0.01* 1.34+0.06°
8 65.50+5.44" 5.04+0.13" 0.26+0.06" 0.84+0.16"

Values are means = SD (n = 3). *Means with different superscript in
the same column are significantly different at p < 0.05 by Duncan’s
Multiple Range Tests (DMRT).

3} 2=

E_[_c)10-1

})\)\)\q—o

ol Z7Hs1e] GatEIgle S el

2. 95 X|Eo| Relot giek M

WE A|Pe] Lol He re 24T Avhe
Table 29} Zt} 29 80% NE-E& FEELS raffinose
356.17 mg/100 g, xylose 329.17mg/100 g, fructose 1,177.53 mg/
100 g, glucose 2,550.33mg/100 g, sucrose 3,005.26 mg/100 g©]
AZ= A

=13}

o

freld de
Bl
T =

g 4 Az} A5 80% oNEHE FEE] AL xylosed
3ol 661.52mg/100 g2 < 2 M, sucrose®] 3o

3,384.15mg/100 g 22 °F 1.13 v Z71elTh ¥ glucose
E 1,72611mg/100g &8 thxTo] Hste] zHAstith
raffinose, fructose= a2 YU} °]—"—F°ﬂ‘“ AEHA LTt

AFFEEEN RTY FE3 TS raffinose 284.11 mg/
100g, xylose 365.47mg/100g, fructose 635.50 mg/100 g,
glucose 2,114.78 mg/100 g, sucrose 1,903.53 mg/100 g°] #HZ
= At}

R 2 dAp A& deFEEolME raffinosed] ol

S
==

Ad

H oA
o

[y |

516.03 mg/100 g, xylose®] &o] 665.68mg/100g &2 Z}zt

oF 1.82 #l, sucrose2] o] 3,097.904mg/100g &= oF
1.63 i Z7&3itt.

HHH olucose?] $HFS a2 Ul 1,653.37 mg/100 g

2 AT #a 8 gkl 2,180.45 mg/100 g2 T

o Hls] 78I, fructose= HE 2 U3} o]Fo= HEH

=
ol g wAEo] amylase 3l @40l 2 glucose S

I 2 G R FelEojx el 7|HE o] gHe] It}
= Barh lom 2 Ao Ao} FAlslt (Lee et dl,
2015)
3. 2g X2 »al 0|U|_'T_’.‘J =M

g Aol 7R frEjobn|make] 242 Table 33 ).
Z oAk F 0}‘3]‘:—’&3 ot =it 7 FE EFste]
26 Fo] A= o w71zl gt wet fE] ofv|=

2bo] f-olZQl HslE eI

80% OlErE FEE9] wiek 2 U] 4 arginine©]
106.88mg/100 g 22 4% 7P =9kom, 1 gz
g-amino-N-butyric acid”} 168.56 mg/100 g, glutamic acid
50.90 mg/100 g, aspartic acid 31.59 mg/100 g $=C.& LFERSIT),
1 9= cystine, methionine,
histidine 5°] A==t} = % taurine®} phenylethylamine
HiSF 0 dxfell= HEEA] o), Wi 2 IAHFH AEE
STk WHHO| citrulline, tyrosine, isoleucine, phenylalanine, p-
amino isobutyric acid, ornithine> @& 2 A3E AZH
S}, 4 U o|FREE HEHA &hth ES threonine,
serine, histamine, argim e—f’_— IR 6 YAt o]FFH AEEHA
29431, methionine> W& 8 Yol HEHA] LUt

Lew & (1988)°] ®irgh wlol] wh2ZW wAIES] protease
Aoz thlgo| 7l BalgozH oln|iat A Z7)
7191 gthar HyEigied], # AoME a 7|7k wet

tyrosine, phenylalanine,

Table 2. The free sugars content of fermented Rehmannia Clutinosa.
Fermentation Content (mg/100 g
period 80% EtOH ext. Water ext.
day)  Raffinose Xylose  Fructose  Glucose Sucrose  Raffinose  Xylose  Fructose  Clucose Sucrose
0 356174172 329.03+01% 1177.53+224° 2,55033+48.7° 3005264110 28411475 36547105 635.50+23.7° 2,114.78+57.3° 1,903.53+32.2°
2 348174292 429302400 152.15+413%1,089.17364° 2540983036 516.03+13.5¢ 665.68+65.8° 429.88+38.2° 1,653.37165.10 3,097.94+279 5
4 ND  661.52+175¢  ND  172611£782° 3384.15+357.1° 380.57+41.6" 647.61+43.9°  ND"  1200.65+58.6° 2,834.11+103.6"
6 ND  482.90+40.7° ND 161495365 450593+432.7° 34839+28.7°547.94+37.8 ND  162133%+32.0° 3,252.35+351.3°
8 ND  43609£17.0° ND  1,90478+46.6% 328724215520 460.62+28.6°624.42+434%  ND 218045410220 5,833.59%154.3¢

UND; Not detected. Values are means = SD (n = 3). *Means with different superscript in the same column are significantly different at

p < 0.05 by Duncan’s Multiple Range Tests (DMRT).
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Table 3. Amino acid content of fermented Rehmannia Glutinosa.

.%'

(unit: mg/100 g

Fermentation period (days)

Water extract
0 2 4 6 8
Threonine” 0.19+0.03? 2.51+0.38° 0.08+0.01° 0.17%0.10° 1.66+0.13"
Valine” 2.65%0.04° 1.51%0.59° 0.25+0.00° 0.33%0.19° 2.54%0.02°
Methioneine” 0.17%0.06" 0.42+0.172 0.03%0.00° 0.06+0.04° 0.77+0.12°
Isolucine” 2.12+0.16° 1.22+0.38" 0.16+0.01° 0.17%0.10° 1.80+0.17¢
Tyrprophan” 2.26+0.16° 1.18+0.39° 0.21+0.08" 0.21+0.13° 1.63%0.58™
Phenylalanine” 3.07+0.27¢ 1.96+0.56" 0.31%0.09° 0.33+0.20° 2.06+0.60
Histidine" 2.26+0.61° 0.92+0.53? 0.68+0.11° 0.62+0.37° 1.06+0.18°
Phosphoserine ND ND ND ND ND?
Taurine ND ND ND ND ND
Phenylethylamine ND ND ND ND ND
Aspartic acid 1.26+0.73" 1.5320.71° 3.760.69° 2.67+1.58% 2.57+0.46%
Serine ND 1.23+0.29° 0.19+0.01° 0.27+0.16° 2.08+0.13"
Glutamic acid 11.23+1.67° 1.35+0.58" 4.72+1.48 0.49+0.38° 4.23+1.32°
Sarcosine ND ND ND ND ND
a-Aminoadipicacid ND ND ND ND ND
Glysine 1.42+0.25° 0.79%0.23? 0.14%0.04° 0.22+0.14° 1.92+0.55"
Alanine 6.32%0.69° 9.24+0.94¢ 0.75+0.12° 1.22+0.72° 4.18+0.65"
Citrulline 0.73=0.14° ND ND ND ND
a-Aminobutyricacid 0.30+0.03° ND ND ND ND
Cystine 1.15%0.06" 0.80=1.02* 0.35+0.16° 0.44%0.29° 0.47%0.22°
B-Alanine ND ND ND ND ND
B-aminoisobutyricacid ND ND ND ND ND
g-amino-N-butyric acid 12.76+1.40° 6.13+1.11° 0.91+0.05° 1.35+0.78° 2.15+0.112
Ethanolamine 0.26%0.03¢ 0.15+0.01° 0.06+0.01° 0.13+0.08% 0.48+0.06¢
Ornithine ND 5.98+0.48" 5.71+0.90 0.55+0.32° 0.71%0.02°
Arginine 21.06+2.1° 46.00%5.06" 13.13+4.93° 11.54+7.33° 416+1.55
R. delemar®] protease B/9¢] F71= A|$e] whjHo] 7k ofu|icAbe] 23 TRk IE PAE AR o E 98
walHomM ofniite] SRS &l & £ Utk = gl EEE 5o el wt 7]R1eh (Youn er al., 2016)
nAE F2lo] s o= o ike] AdET M| F HAES &85 e s tget S48 711 opniegte] F7t
7F2 18| oA Frefo] ohA]l A4S Zlo® ATE I A2 g Jokal BAE S U} (Baek e al, 2016). - AT
(Park and Suh, 1995). ol A3 & o ¥E vAESY AR TEIIRS 2T
AT FE==9 ot qbe] dERe w2 YAke] A 22 opu|it 2SS F7MAZ R ofle}t 553 s
arginine®] 46.00mg/100 g 22 TAAAE 7P =9kom, 1 AFZE 5 9& Aoz A EHY
202 alanine®] 9.24 mg/100 g & UEdt ¢ F25
M= 80% oNekE FEEo0 Hlal] 4we] ofn]iito] HEE 4. 25 X[=9| Catalpol 2t 24
AAY == HE A LU E Ao FE8ujo] mE AR FFE S 2
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Table 3. Continued.

LS X[l olefeld 42 24

80% EtOH Extract

Fermentation period (days)

0 2 4 6 8
Threonine” 1.70+1.38° 0.29+0.05° 0.12+0.11° ND ND
Valine" 6.68+0.90 4.45+2.54° 2.12+1.372 0.87+0.12° 4.19+3.78
Methioneine” 0.34%1.45 1.43+1.232 0.46+0.15 0.31%0.22° ND
Isolucine” 3.09+0.79° 0.65+0.18° ND ND ND
Tyrptophan” 0.73+4.02° 5.51+1.91° ND ND ND
Phenylalanine” 1.05+2.71° 4.22+1.31° ND ND ND
Histidine” 0.93%7.31° 11.01%2.27° 3.17+0.69° ND ND
Phosphoserine 12.34+1.17° 14.02+1.19° 9.35+1.90° 9.84+0.97° 12.25+1.25
Taurine ND 8.80%0.69° 5.12+1.57° 5.12+0.89° 6.15+1.01°
Phenylethylamine ND 12.44+0.33° 8.53+1.90° 7.46+0.48 7.53+0.36°
Aspartic acid 1.60+1.29° 31.59+5.65° 0.47+0.03 1.04+0.14% 0.36=0.29
Serine 0.32+0.04° 0.72+0.04* 0.51+0.36* ND ND
Glutamic acid 19.50+0.34% 50.90+8.65" 18.21+2.82° 6.21%2.44° 3.75+1.812
Sarcosine ND ND ND 3.05+2.85" 4.23+1.76
a-Aminoadipicacid 0.76+0.10° 1.10+0.272 0.81+0.11° 1.23+0.64% 1.20+0.35?
Glysine 4.72+3.66° 1.74+0.57° 1.01+0.37° 1.34+0.38° 1.27+0.53?
Alanine 25.52+3.36° 13.80+2.64™ 14.21+2.29 7.64%7.54% 7.25+4.68
Citrulline 0.87+0.20° 0.57%0.05° ND ND ND
a-Aminobutyricacid 0.58+0.21° 0.21+0.02% 0.22%0.13" 0.21+0.10° 0.25+0.03%
Cystine ND 6.40+2.49® 1.28+0.97% 2.25+1.02° 5.21+4.03"
B-Alanine 1.97+0.80° 2.87+0.55 1.15+0.33° 1.15+0.47° 1.48+0.43%
B-aminoisobutyricacid 1.60*2.15° 3.96+1.93* ND ND ND
g-amino-N-butyricacid 76.45+2.57" 68.56+4.01° 39.32+2.21° 5.56+2.03° 6.57+0.74°
Ethanolamine 1.58+0.71 2.96+0.16* 2.15+0.46 1.63+0.832 2.15+1.16°
Ornithine 0.26+0.46% 2.26+1.09* ND ND ND
Arginine 0.60+0.08° 106.88+29.68" 0.55=0.14% ND ND

DEssential Amino acid. ?ND; Not detected. *Means with different superscript in the same column are significantly different at p < 0.05 by Duncan’s Multiple

Range Tests (DMRT).
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Fig. 1. UPLC chromatograms of catalpol from Rehmannia Glutinosa and fermented Rehmannia
Glutinosa. A; catalpol standard (10 mg/mé), B; Rehmannia GClutinosa catalpol, C; fermented

Rehmannia Glutinosa catalpol.

Table 4. The content of catalpol in fermented Rehmannia Glutinosa.
(unit: mg/100 g)

Fermentation Catalpol (mg/100 g, dry weight)

period

(day) Water extract 80% EtOH extract
0 273.15=10.69° 260.77+39.10°
2 2,028.67+62.06° 1,095.21+250.87¢
4 1,401.82+246.00°  1,307.82+192.55°
6 1,522.66+177.31°  1,033.63+91.20°
8 1,903.82+96.00¢ 694.71+2.69"

Values are means = SD (n = 3). *Means with different superscript in
the same column are significantly different at p < 0.05 by Duncan’s
Multiple Range Tests (DMRT).
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