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Quality Characteristics and Antioxidant Activities of Rehmanniae radix Paste

Hye Lim Oh, Bo Ram You, Hyo Jin Kim, Ji Yeon Lee, Na Yeon Kim,
Jung Eun Song, and Mee Ree Kim'

Dept. of Food & Nutrition, Chungnam National University, Daejeon 305-764, Korea

Abstract

This study was investigated the quality characteristics and antioxidant activities of the Rehmanniae radix
(Rehmannia glutinosa Libosch. var. purpurea Makino) paste (RRP) and Rehmanniae radix preparata extract
(RRPP). RRP and RRPP were made from vacuum concentrates of hot water extracts. The sugar contents of
RRP and RRPP were 65.3 and 72.0°Brix, respectively, whereas the reducing sugar contents were 2.4% and 44.9%.
The pH level was lowest in the RRPP. The DPPH and hydroxyl radical scavenging activity of RRPP were much
higher than those of RRP. Total phenol contents of RRP and RRPP were 2.15 mg/mL and 12.36 mg/mL, respectively.
FRAP values of RRP and RRPP were 0.55 mg/mL and 2.02 mg/mL, respectively. Based on these results, it can
be concluded that RRPP was the most appropriate in terms of both physicochemical and antioxidative activities.
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5ol AFS-E 3 JTH(4-6). AR F AR &2 B-sitosterol,

stigmasterol, campesterol, rehmanin, fatty acids, catalpol,

%2

glucose, y ~butyl amino acid, carbohydrate, norcarotenoid,
stachyose, arginine 59 A%< 7319, X3 sta-

chyose, verbascose, mannotriose, raffinose, sucrose, glu—
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cose, fructose, galactose 52 T2} catalpol, vitamin A,
arginine, mannitol, B-sitosterol 5°] A% 0 2 {5 o] U
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o ARG sAFe] 55 Ho|2EE M SR 7I(JH-
D40, FHEH 2, U, )5 o] &3] AAFH X%
7} 1 kgl B 4LE 9-& & BCoAA AT F5 F 3704
&7 (KKR-P-20707385-00030003, & %714, thA, 3k=r)
£ o] &3ty 7Y FE3)e] 60~70°Brix ©]4o] HEE AZ
sttt

M

M= 1A (Digital color measuring/difference cal-
culation meter, D-1001 DP, Nippon Denshoku Co. Ltd.,
Tokyo, Japan)E A}&-3}o] Hunter L3kH(H =, hghtness) a
FH(HAE | redness), b (FA %, yellowness) 2 AEZ (A
AR F)E 33 ¥HE S35k ko g2 YEATh AR
2 oo HEHYHAGOx 12 mm)dll Fol AES ZH3H4
t}. Standard color valuew= L#k 90.46, agt 0.12, bk 3.35,
AEZY 0.00¢1 calibration plateE ETF o =2 AL&3QTh

e o sl
Qe AR 2 gol RS 8 mLE #43 F F 3000 pm
oA 1582 QAL Sod HIAE AT F FZANID

*}5\’)\‘:}

5&%%3— %"E =30 N g9 71?1‘*8: /\] S dinitrosalicylic
Z=A(UV-1800 240V,
Beckman, Fullerton CA, USA)E }%;}"4 550 nmel A &
BT E A5t xeg o 2 JERQT RFEIA L

glucose(Duksan pharmaceutical Co. Ltd., Yonginuoop,

Korea)& ¥ %o wel sr3A|AH ZAstgch
pH & M=
pHE A8 2 g& 8 mLY /49 74 Y1 Bag Mixer

(Bag mixer 400, window door/porte fenetre, Human corp,
Seoul, Korea)2 & 3}(speed 7, 2 min)d+ & A4=54L 3
mL FH3|A AP AL&3A . pHE pH meter(SP-701,
Suntex, Taipei, Taiwan)E ©]-&3}o] 33 WHE =439 1
A== AOAC method(19)E #-&3te] pH & é«l A=t
Y3 AR E 3000 rpmol A 1587 IR & A e
0.1 mL# 09 mLe] FR/-FE A3t 01 N NaOHE ©]-&3
o pH 8374 Te3dt=d 83 NaOHY(mL)S acetic
acid (%) o2 Fbato] F4b s FHAISHATH
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Table 1. HPLC condition for analysis of catalpol in Rehman-
niae radix

Description Condition

Column Agilent 5 pm C18 4.6 150 nm
Mobile phase 1 % acetonitrile

Flow rate 1 mL/min

Injection volume 10 ul

Detection wavelength 204~206 nm

AgE 38 W ZYstel 1 BR g FeAT BreE
FHE AF T Y SR BN AL 4FL P g%
2 249 F o Agatel AT

RENE 24

Ao s Az 55 ANLEES 242 FAAZ ol A

b i
7 2 g& FH3bed 30% MeOH 100 mL& %L, 1 v
FEE 2N F2 st 2 A FRE 13,000
7 98 o] FA NS 0.45 um syringe
fliter2 o ¥}3}o] HPLC(Waters, Milford, MA, USA)S A}
&3te] A8 Ak HPLC #4272 Table 13 2th.

Total phenol SH2F

A& 1.5 goll methanol 50 mLS ¥-& & 15A17F B¢k &
WHHEE 3 3000 rpm o2 4°Coll A 1087 YAEY o] &
oA AANS AFZSTFZ=7](RE-111, BUCHI, Flawil,
Switzerland) 2 gl & 3 &slo] FEET AATH —’F%%

250 mg9 1 mL PBS buffers H7}sle] 250 mg/mL

ol& =43}Ac). /\] E—%—%"—',‘ Oﬂ Folin—-Denis A1 23} NaxCOs
Y31 3087F A7l 3 760 nmoll A SHES

o
=
31, standardE tannic acidE A3

DPPH(1, 1-diphenyl-2-picryl hydrazyl) radical 2=
A1Z 1.5 goll methanol 50 mLS ¥-& 5 15417 B¢k &

TEFE & 3,000 rpmO.E £CA A 1027 AARe] o] o
o]z FA NS AFFEE=71(RE-111, BUCHDZ & &
st FEET AUtk A 55 #Ho]=EQt X%
F= Ho|2EE FE5E 250 mgd 1 mL methanolS 3713}

E &S AxdtA Alg §H

= 889 oy
150 uL& 713k & v‘i" Sof| #3333 A (Beckman, Fullerton,
CA, USA)E o]&3}4 515 nmollA T3 =5 SH39oH
radical 2% (%)S T 222 AMS & 2t 529
radical &A% g A FXA A radical &5 ] 50%7}
He 559 1Cos F3FAth

Free radical Abspppr — AbSsample
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Hydroxyl radical &~71s
A& 15 goll methanol 50 mLS ¥ % 1547 &<k &
[e)

WHFEE 3 3,000 rpm o2 4°Coll A 1083F 944 Ealste] &
ozl FANE AFFWES7|(RE-111, BUCHDZ &7 5
Fdatel FEET A%tk FEE 250 mgd 1 mL PBS

bufferE H7}8td 250 mg/mL &9 & §9S A=
st Alg &Aoo g ALgstATh FEH AE8Y 015 mL
o buffer 0.35 mL, 3 mM deoxyribose, 0.1 mM ascorbic
acid, 0.1 mM EDTA, 01 mM FeCl;, 1 mM H:0, €< 0.1
mLg Wol B WHE F 37°CAA 1A B AR
Hkg-o] Bt & 29 TCA &3} 1°/ TBA &5 & 42
F 100°Col A 2083t WS F Ao %7‘0}04 dHE

U3 5 FANE Hst 233 ] 800 240V, Beck-
man)E ©]83t4 532 nmol A FFEE —f— J 3t} Radi-
cal &2AF(%)S T2 Aoz Akt & 2} F5H radi-
cal 2A% e HFMHANA radical 275 °] 50%7}F =

“\E‘ 0_1_-1__ IC*)OE ol'giq—
Free radical _ ADbSplank — AbSsample %100
AbSblank

scavenging effect (%)

FRAP(ferric-reducing antioxidant potential) =%

FRAP =% Benzie®} Strain(22)2] WS Farsle] =
A3l AT FRAP reagent= 25 mL acetate buffer(300 mM,
pH 36)5 37°Cel A 7F2& &, 40 mM HClol| &3l 10 mM
2,4,6-Tris(2-pyridyl)-s—triazine(TPTZ, Sigma Chemical
Co., St. Louis, MO, USA) 25 mL3} 20 mM ferric chloride
(FeCly) 25 mLE 7héte] Alxskdoh A" 0.9 mL FRAP
reagentol] A& 0.03 mLJ"’% ZHF 009 mLS ¥ 3 37°C
A 1087F wh&-A1Zl & 503 nmol|A] T4 s =
xS Als il deheS Yo ST 2FF
AAe 0025, 005, 0.1, 02, 05 2 1 mMe] TE2 JHE3s}
A3 FeS0.8) AR o] tdste] T

FsZAAL
Ar 2 9L FEUstn AF ST A 129 S
o 2 A3oZ AxI = Fo]2E M(color), 3F
(flavor), B(taste), 2| &) 7]Z = (overall acceptability)
E ZAEIAH 2 A8 3R 4gE 273 2 E 43
& Aol golA 3 A AAISHATE olw AH7E 73
HEHo 2 - SH7A), THE6H), & =T 6GH), B
Folth4A), ekt £X EYGH), FA ), WS =
A FG1)E ¥ Y. AFAA & 2o FAAIE
SPSSE AHE-8te] p<0.05 £l 4 Duncan®] w5 A4
< o]&3td A8 FYA8S HAIA

SAAME|

A3 A= SPSS(Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) software package T Z 1%
Z oA Student’s 73S A AR THP<0.05).
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Table 2. Hunter color values of Rehmanniae radix paste

RRP RRPP
L (lightness) 4.65+0.12 2.02+0.13"
a (redness) 1.34+0.04 -0.54+0.06"
b (yellowness) 0.684+0.12 -0.72+0.13"

AE 85.9+0.1 88.6+0.1

RRP: Rehmanniae radix paste, RRPP: Rehmanniae radix pre-
parata paste.

All values are mean+SD (n=3).

*Significant at p<0.05.

o 3 oE
Al
AR &3} 28 55 #o]2~E 9 WX (lightness), A4

T (redness) ¥ 3 = (yellowness) S %ﬂi 734%“ Tdble
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Hlo]~EV} 1302 :Z]%L T Ho|2EXNT A AT
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Table 3. Sugar content and reducing sugar of Rehmanniae
radix paste

RRP RRPP
Sugar content (°Brix) 65.34+0.51 72.05+0.50"
Reducing sugar (%) 2.45+0.05 4491 +0.32"

All values are mean+SD (n=3).
*Significant at p<0.05.
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Table 4. pH and acidity of Rehmanniae radix paste

RRP RRPP
pH 5.61+0.02 4.12+0.02
Acidity (%) 0.11+0.01 0.19+0.09

All values are mean+SD (n=3).
“Significant at p<0.05.

o] pH7} SrobAEA vERd Wz}t
gt T3 You 5(25)9 Frts9] pH7L Hol A
7} ZolAtE BRudl dxsE AnE Ry

2 Yeol 4% 5% sol2ENT AAG 53 o)
ol $EFT0] gkon 77t AAG B HAFuhE
2o £AY. o 5% Ho|AEE WE © Bo| A7l
917] Foletn AR 3 Kim S(26)9] A7 v}
S FRFFS BE o] 008 g/100 gO.F Wk,
ol sk A 22 o] ghol B0l BT fiel AxS)
golalody] MEos FAHN BE Folt Oi Z/HY
e uue §A19 2oE B

UL E BN

AA T &3 5= go]AEe PR BAs A
F}= Table 63 2ok ZA42 ZH7F 15, 05% S UERRS
o, AR & FEu o] ~EoA 1 o] Bkt e
747} 20, 33% 2 A 5 wo]|2EdA =4 YEETh
Z3E 42 22, 1.1%F YERd o] ARG 55 Ho|2E

Table 5. Moisture content of Rehmanniae radix paste

RMR RMP RRP RRPP
Moisture 3.8+ 9.7+ 3720+ 21.23+
content (%) 0.6¢ 0.8° 0.20° 0.15"

All values are mean+SD (n=3).

RMR: Rehmanniae radix, RMP: Rehmanniae radix preparata.

“9Djifferent superscripts are significantly different by Duncan’s
multiple range test at p<0.05.

Table 6. Proximate analyses of Rehmanniae radix paste

Table 7. Analyses of active components of Rehmanniae radix

(%, dry basis)
RRP RRPP
Carbohydrate 94.26 £0.05 94.99+0.16"
Crude lipid 1.53+0.04 0.58+0.04"
Crude protein 2.01£0.02 3.34+0.04
Ash 2.20+0.03 1.19+0.06"
Moisture 37.20+0.20 21.234+0.15"
Calorie (kcal/100 g) 398.85+0.08 398.54+0.21"

All values are mean+SD (n=3).
“Significant at p<0.05.

paste (mg/mL)
RRP RRPP
Catalpol 183.14+0.26 —
5-HMF — 214,911.46+0.55

All values are mean+SD (n=3).

oA 232 ghapel A vhith. ol @ Avks WY ¥
Aol B4 AR W Al TR 9ol A wate] 1 g
o] Wo| EAGThe st AAshe A4S HATERD

AAGT A& F5 do]|2EA A& A%
2 ¢#HA catalpol ® 5-HMF9| %S =A3
Table 73 2t} Catalpol & HA8 5= Ho|x
1831 mg/mLE AEZHUIL A 55 Fo|2Eq
E5 A Ut o= Leed} Seo(17) ¥ Shih 5(4)9]
oJatH &S A ste Tl catalpol> T} = o
oy BustRal, Kim 5(28)9] A =3 A3y Fo
Hagtta Rausty e o9 fARE 23S B TH29).
5-HMFE A8 53 #o|2EqAwt A&tk 5-HMF
= 2Fe] s By Foll HAsE S AHERE dFY
Aot AF B F WS R3] A8 e Vs
o2 AXE Bol lor a4 4k &AM d T 9
ol Frtsle Ao Z AL EH o]y e AdE Leest
Seo(17)8] AA 8o X & 5-HMF7} YERGA] @gkon <
A ge] S50 we) 1504 95 7H4] 5-HMFY &3
o] apH oz Frlstths Bt A AoE YeE Aok

P
a4 e oA
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Total phenol &tk

AAZH A& 5 Ho]2EQ F phenol ¥F 54
AIE Fig. 19 Ye A} & phenol &% 4 23 <X
3 5 Fo]2E7} 1236 mg/mLE A3 2 FFS Y
BTt ol A &ulo] WE HA ] FAEA] ATl

16 4

*

0 T 1

RRP RRPP

Fig. 1. Total phenol contents of Rehmanniae radix paste.
RRP: Rehmanniae radix paste, RRPP: Rehmanniae radix prepar-
ata paste. RRP and RRPP were made from vacuum concentrates
of hot water extracts. This values are represented as mean=+SD.
“p<0.05.
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Fig. 2. DPPH radical scavenging activity of Rehmanniae
radix paste. RRP: Rehmanniae radix paste, RRPP: Rehmanniae
radix preparata paste. RRP and RRPP were made from vacuum
concentrates of hot water extracts. ICsy (mg/mL): vit C 0.542, to-
copherol 1.092.
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DPPHE Hl1Z <¢tA 3 free radical®4] ascorbic acid,
tocopherol, polyhydroxy ‘%}?}ﬂrﬂ%‘% WS olul Fof 9
& g =o] e Apafo] ey Ay E O] 83t gatst
A4s s S8E F e %’\] of AEA Fitsteg
e ATAgo] vig =7] wFol] Bl o] &1 = Rl
tH31,32). X|3o 2 Az 5= ¥ o]2~E 2] DPPH radical
2A% &7 A= Fig. 20 JeER AT ICs kol A A3
TF Ho|2~E, X3 FF Ho|~E £OoE A
A% 55 Ho|2E9 Fitslsol 7 A JERT
olglgt Adte W= whgol o3 A== 2 w34
43 &2 melanoidin®] A& 2] 3= = 43l a3t 9
g Ao 7 AFEHT(33). B 21y Hady 9
DPPH A4 A3} 06 mg/mLAA < 70%2] drrste s
et lon o] g2 dRitY FEE 30.92%E T £
A EE e tte Baet fARE AFE HATHEA).
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Hydroxyl radical 274

Ao 2 Az F= Ho]2E hydroxyl radical &7
s &4 2= Fig. 30 YAt ICx 32 ARG 5%
H O] 2~ E 847 mg/mL, £X & = 7 o] ~E 1.45 mg/mL

2 AAs X% w5 FHo|2E9] ditsksol 7MY =4
UElstth o]+ Shin 5(35)2] Svls9] d4kat Ao A
hydroxyl radical 2A&4 L & FE59 A% Antsd »
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Fig. 3. Hydroxyl radical oxidation activity of Rehmanniae

radix paste. RRP: Rehmanniae radix paste, RRPP: Rehmanniae

radix preparata paste. RRP and RRPP were made from vacuum

concentrates of hot water extracts.
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Fig. 4. FRAP activity of Rehmanniae radix paste. RRP: Reh-
manniae radix paste, RRPP: Rehmanniae radix preparata paste.
RRP and RRPP were made from vacuum concentrates of hot wa-
ter extracts. This values are represented as mean+ SD. "p<0.05.

PEelA HaL 1100% F=2 vl 2o n Frks2 5 mg/
mL 5= A 1868+0.49%, 20 mg/mL F =M E 4533
+0.37%°) =& F49E YEl A= A7 e Ak 2o
= Uehhih

FRAP &3

Ao g Ax3 = Ho]2ES FRAP 4 =4 Zx
= Fig. 40l Yeidet. 1 A% wﬂﬂ EF Ho|2EV}
2.02 mg/mLZ A F o] A3 FF Hlo]~EQ A 055
mg/mLET E3tth o3 AA2 X% %—é Ho
Akl so] ARG F5 Ho|2ERT 3
t}. o] Kim 5(36)8] #§-A4toz 5
XN £X 2 AEF4E FRAP valuert 27}5}
H] 3} 93] S4Fe] FRAP valueZ} 155
S 2 yeht wRAe] SEE AFETFSE —ii%?%
o] T7tEe AeE BiuH uiet fAMS 4945 YERH

ZE9

EHsAAL

Aoz Az 5% Hojxsd talad 74 Hx
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Table 8. Sensory acceptability of Rehmanniae radix paste

Color Flavor Taste Overall
preference

RRP 4.0+1.0 4.4+0.7 21+1.0 29+09
RRPP 50+1.0" 48+07 55+08 5.0+04"

All values are mean+SD (n=12).
"Significant at p<0.05.
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G(p<0.05). BFEE X3 5= =
Eillo} o =4 Yelda, 399 &% w3 23 535
o] 2EV} 449% = U EA YRt pHE $A8 55 1)
o|2~E <] pH7} 418 Yelo] AR 55 #Ho]2=ES| pH
Q1 568 T Wopth ARk E B 2uwme &3 &
5 Fo]=E A 3.3%, AAF F5 Ho|ZEA 20%=E
Yeh} $28 53 so]AEdA o B4 Yehyth #8384
T B A catalpol FEFS AAF FF o] LEA
1831 mg/mLE HAEZH L A& FF Fo]2EdAM= 7
54 gton, 5-HMFe $A3 535 o] 2Ed At
AZH A F phenol §F 54 A7 A& 55 o]~
E7} 1236 mg/mLE dA3] =& &S Y13 DPPH
radical 2A% 4 2 1Cx #hol BAF 5 Ho|=E,
A8 FF Ho|2Ee] Fo7 1At 23

2E 9| gislso] ¢ =4 Yelytth Hydroxyl radical &
As F8 AR ICx &2 A 55 Ho|2ES o] 145
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o] B =4 YElRa, FRAP 84 54 2y =3 X3
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