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Characteristics and Antioxidant Activities of Kehmanniae radix Powder
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Abstract

This study was carried out to investigate the quality characteristics and antioxidant activities of Rehmanniae
radix (Rehmannia glutinosa Libosch. var. purpurea Makino) freeze-dried powder (RRP) and Rehmanniae radix
preparata powder (RRPP). Under the Hunter color system, redness was higher and lightness/yellowness lower
in RRPP, compared to RRP. The reducing sugar contents of RRP and RRPP were 0.8% and 6.0%, respectively
(p<0.05). The pH was lower in the RRPP (RRP: 6.71, RRPP: 4.23). The amount of catalpol amount in RRPP (47.20
mg/mL) was lower than RRP (144.90 mg/mL). RRPP contained high amounts of 5-HMF (5-hydroxymethyl-2-
furaldehyde, 47,231 mg/mL), but 5-HMF was not detected in RRP. Total phenol contents of RRP and RRPP
were 2.10 mg/mL and 3.66 mg/mL, respectively. FRAP values of RRP and RRPP were 0.51 mg/mL and 1.99
mg/mL, respectively. The antioxidant activities by DPPH (1,1-diphenyl-2-picryl hydrazyl) and hydroxyl radical
scavenging activity of RRPP were much higher than RRP. Based on these results, RRPP is a good candidate
for food processing in terms for its physicochemical and antioxidative activities.
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NEARE AFSHIA 4AG BE 4TS Batstel
olated Sz Garshse wA vlwstgich

ez
B A A AR ARG FAb ol sl A A
1§+ GAP(good agricultural practices) X3S A}-8-3} A Th

AL AEAA WA FETE PHOE A xR
AR 8F3} 2] 8-S mixer(SM-800L, Sunbour, Seoul, Korea)
2 B3} freeze dryer(FD8518, Ilshin, Gyeonggi, Korea)
£ o]&3st FAUXE st BEslg & Ao AME-SHAT

A

AT = AMxHA(D-1001 DP, Digital color measuring/dif-
ference calculation meter, Nippon Denshoku Co. Ltd.,
Tokyo, Japan)S AM&-3}e] Hunter L3H(™ &=, lightness), a
FZ(HM = redness), bEL(FA T yellowness) B AEZL(A
AR F)E 33 ¥HE g3t HH o E YJEAT AR
2 Byt HEHYHGOx12 mm)o] Hof ArS =435}
At Standard color value= L3k 90.46, agk 0.12, b3k 3.35,
AEZE 0.00¢] calibration plateE ZFC =2 Al&3F4th

Brix 0~32%, At ago Tokyo, Japan)S 01%3]-04 33] ¥&
S48 1 HaEgks Fekdh

g = 2;44 A5} & A8 E dinitrosali-
cylic acid(DNS)oll &g vy o 2 F33-3 = A (UV-1800
240 V, Beckman, Fullerton, CA, USA)E AF&3}4 550 nm

NN FAEE SASY x5 TF FFo 2 YT EF
=412 glucose(Duksan pharmaceutical Co. Ltd., Yongi-

o] wheh wgAA 43S

nuoop, Korea)Z

pH & &t

pHE= AOAC method(19)—§— ALsted A8 2 g8 8 mLY
SHFFS A w1 7d3sH T 3,000 rpmol A 1583
AAEE 3 3 AAAS FH3te] pH meter(420 Benchtop,
Orion Research, Beverly, Washington, DC, USA)E 33] 4t
& ZAstd O PaEas 7tk A== AOAC meth-
0d(19)& &3t pH A9 A5 LT AEE 3,000
rpmol| A 1587 A4S T A 0.1 mLe}t 0.9 mLe]
SHFTFE Fsl9 01 N NaOHE ©]83}o pH 837MA] =&

=8 23 NaOH ¥(mL)E acetic acid T (%)=
gHitete] FAF S-S EAISHA T

FEAQ0) whet

i

A 63

- -
F4 2 s

EA3A T AW g2 dH=E F29, slE2 44 33
H(GB50~600°C), @4 gtae Ag ERHoz =44 2

2w Ao XA 6255 Fol A=At 24479
o H,S90,-NaOH B oz A9t sEdae
A& 15 g2 Hslo HoA 8 =74 7](Sartorius, Frank-

furt, Hessen, Germany)& AF&-3to] 4391, A|2+= 3

3 W Zgslel 1 BAghe T BLaE UL
HE Fol GHE £ U0, A9, 44D L AR S 5

B 7 ol8 Asdol AEAT,

FEXEHE catapol X 5—HI\/IF HA
Aoz Az FBL 2 g2 kel 30% MeOH 100
mLE ¥ 123 vk & +F411 B329 247t Bt 3
Aok L oA F#HE 13,000 rpmell A 1087 A4l 3ho
AR ML 045 ym syringe filter2 o #3le] 23] FF A
FEAE9Ql catalpol  5-HMFE HPLCZ &H 3t 53]
catalp01° ;qg]_,] =9 o:lo}:/HH OEH x]g]-,] J—z] 0 4._?_
ste B8 5 stuolr] Wl fFEAEARESRE HdEste
oh(21). HPLC ¥4 2712 933 £t} Columne Agilent
5 um Cig 4.6x 150 nmE AH&-3F % 3 mobile phase 212
1% acetonitrile©]™ flow rate= 1 mL/min®.2 A ¥ 3T}
Injection volume= 10 pLo]™ detection wavelength= 204
~206 nmZ =43} ).

Total phenol &tH2F
B 15 g°ll methanol 50 mLE& ‘%‘—3 T 15712 S &
WHSE 5 3000 rpm -2 4°Coll A 1027F 94 Easle] A
ol AANE AFSEES7](RE-111, BUCHI, Flawil,
Switzerland) 2 & & 3|3t FEE7F AATH —7—%%
250 mg B 1 mL PBS bufferE 37}t 250 mg/mL %
B 88 R3] A8 Aoz ALLIPT = =
< H&4 22 o] phosphomolybdic acide} ¥Hg-3sle]
el = 84S o] 83 W2 Z Folin-Denis™H (22)
o fa FAsAt. AZFZE Folin-Denis *] 2k}
NaxCOs E3H-8-4-& @1 3087 w2121 5 760 nmell A
tannic acidg AH&-3F T}

tlo ol
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DPPH(1,1—diphenyl-2—picryl hydrazyl) radical 2Hs

g 1. 5 g° methanol 50 mLE ¥ ¥ 15A1%F 59 &
% 3,000 rpm e 2 4°CllA] 1023t A&7 3t
i 5% 7](RE-111, BUCHDZ §v &
A AA 3 Fi X3 B
50 mg & 1 mL methanol 3 7}3}a] 250 mg/mL
|AE Azt A8 EHoF AT
Lol 15x10°* mM DPPH&} 150 uL& 7}&
#3=A (Beckman)E ©]-&3to] 515 nmell
stRom, gt AAS(%)S T 2
P2 2oz A digh Aol
o] 50%7F H& T2 IC5Hh T3t
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Free radical _ Absprru — ADbSsample

Absprpi

100
scavenging effect (%) ”
Hydroxyl radical &74s
A1E 15 goll methanol 50 mLE ¥<& & 15417 <k =+
WHEEE 3 3000 rpm . & 4°Col A 1087 9478 3l 4

ol AR NS ﬂ%%%iéﬂ(RE 111, BUCHD=Z &H &
sl FEET At FEE 250 mg T 1 mL PBS

bufferE # 7}k 250 mg/mL /] FESE IS A%
Alg §dow ARgsith FEE AR &9 015 mL
o buffer 0.35 mL, 3 mM deoxyribose, 0.1 mM ascorbic
acid, 0.1 mM EDTA, 01 mM FeCls, 1 mM H)Oz £ 0.1
LE Yol 2 wyksk & 37°ColA] 1A ¢ 7
Wkg-o] Ext F 2% TCA &3} 1% TBA § 4‘% 4
T 100°Coll A 207 WHg-9 § Ao 2 Whst &
g3 5 RS Hetd 3B =A(UV-180
Beckman)E ©]&3}4 532 nmollA SFEE SHsIHH
SOz 2A5 %S
U AAS tig JFAAA gelFd &5 0] 50%7F

He T2 IChe :[LE}%D]-.
Free radical _ Abspiank — AbSsample %100
scavenging effect (%) AbSpiank

FRAP(ferric-reducing antioxidant potential) =&

FRAP 332 Benzie®} Strain(23)2] WS Farsle] =
AR . FRAP reagent= 25 mL acetate buffer(300 mM,
pH 3.6)& 37°CellA] 7}&3 & 40 mM HCIol €313k 10
mM 2,4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma Chem-
ical Co., St. Louis, MO, USA) 25 mL%} 20 mM ferric chlo-
ride(FeCls) 25 mLE 718} A Z3Fch AZ=E 09 mL
FRAP reagentol] A& 0.03 mL9} 7S 009 mLE
T 37°Coll A 1087 W21 % 593 nmoll A 3 =5
AT g2 A8 tial deeS Yol S43AY &
Aol Alake 0025, 005 01,02, 05 2 1 mMe] TE=
Qo] Fareie,

Jle o\&

Ll o rlo

= E
A¥ AxE SPSS(Statistical Package for Social Scien—
ces, ver. 20, SPSS Inc., Chicago, IL, USA) software package
23 FoA Student’s t-AHH S A Hp<0.05).

2zt of 3

AHl:

AR &3} <28 Eore] 9 (lightness), 44 % (redness)
2 AT (yellowness) S =43 A3= Table 13 2t} 9
A& o] 6860, 8 &0l 19922 Yeh &
2o JErt gt ol AAYE Ut HEsH
*J,‘_"li Aol Wal7] jEo = AbEEh 3 Song
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Table 1. Hunter color values, sugar content, reducing sugar,
pH and acidity of Rehmanniae radix powder

RGP RPP
L (lightness) 68.6+0.0 19.9+0.17
a (redness) 1.7£0.1 2.4+0.0
b (yellowness) 31.6+0.0 46+0.0"
AE 35.7x0.0 0.1+0.1
Sugar content (°Brix) 21.0+0.32 30.3+0.29
Reducing sugar (%) 0.8+0.04 6.0+0.17
pH 6.71+0.04 4.23+0.05
Acidity (%) 0.20+0.05 0.35+0.08"

RGP, Rehmannia glutinosa var. purpurea powder; RPP, Reh-
manniae radix preparata powder.

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

“Significant at p<0.05.
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AHP<0.05). ©]&=

vy 0‘011% pH7} wobxl
209 AFANN= vl
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Table 2. Proximate analyses of Rehmanniae radix powder

(%, dry basis)
RGP RPP
Carbohydrate 90.29£0.13 84.51+0.19"
Crude lipid 1.30+0.07 1.23+0.12"
Crude protein 5.70+0.04 6.07+0.05
Ash 2.70+0.18 2.20+0.117
Moisture 3.80+0.02 4.20+0.05"
Calorie (kcal/100 g) 395.66+0.48 397.39+0.31"

RGP, Rehmannia glutinosa var. purpurea powder; RPP, Reh-
manniae radix preparata powder.

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

"Significant at p<0.05.
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ol Kim 5(29)9] d7ollA ntsgdde] FEgFS da
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3= A A Ao Alg =T

FEF o] TS
FEXEHE catapol & 5-HVF 24
ARG G2 EdollA Ao Ax JEo 2 I
catalpol 2 5-HMF9] &35 743 Z3}= Table 33 2
t}. Catalpol 32 A A3 2ol A 144.9 mg/mL, %X]fﬂ
Eio| A 472 mg/mLE AZH ] AR F EdoA =

Table 3. Analyses of active components of KRehmanniae radix

powder (mg/mL)
RGP RPP
Catalpol 144.90+0.64 47.20+0.79°
5-HMF — 47,231.6+0.82"

RGP, Rehmannia glutinosa var. purpurea powder; RPP, Reh-
manniae radix preparata powder.

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

“Significant at p<0.05.

catalpol %<2 H Y th o= Park 5(30)9] AFollA] A=A
3, AX G 2 239 catalpol?] oA A= 3Fo] 0.142
~0.225%, A &o] 0.068~0.093%=2 A A 3Fo] 71 =t
= Bast fA A3E YEhloh 5-HMFE 5418
AT AZHAET ole A Fo] AxHA o] HEo|H
o we} catalpold] Frv HAHoE FoHY, TR
THE dERFY w2 F7teta @R EaAHES 5-
hydroxymethyl-2-furaldehyde(5-HMF) &°] |2 7509
FAtka g A Jdvke Bael 93 475 JERATHE3D.
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Total phenol &tk
AR 83} £ 28 B2 total phenol & =4 Ade=
Fig. 19l Yl At} Total phenol &5 =4 Az A =3
E o A 2.09 mg/mL, X3 E&o| A 3.66 mg/mLE
Bl A3 Bl A BHEY 52 38 UE
ATHP<0.05). o= Al g3l F Eusco] S/ e
dlo] xge] Mxyo] fEo] E84 JESZHE
ZHdE 4ol =] WEole BaEm B G4
9 73y Fo FgrtsEs A
products A4, @A 7IFE
EAE0] F4Ee A= 1
7

A€ maillard reaction
ol ot Az Fitst
I3} Jiratanan® Liu(32)9] <
Z AtgEd.

be] -

T fAE AL B A

DPPH radical &S

DPPH+= Hl3 A3} free radicalZ4 ascorbic acid,
tocopherol, poly hydroxy W&k 313HE, Waks: o}yl {o
o3| FEo] F& o] gl °J‘74§‘ o]-g-3lof it
A E s /S F As A A=A Y Faks)
AT Aol vl E7] WEdd Bol o] &1 U=
W ol th(33,34). Ao 2 A|Zg 22 DPPH radical 4~
A5 &4 A= Fig. 19 Yehd At ICs #hol AXS
2 2664 mg/mL, A8 2 1374 mg/mLE e}
U A3 22 gakstsol 7Y A vEsTh o2 g
AFE Jung 535 AFAA F53A ¥ YRY F
AP E Y FEEY ksl o] ZA st
B8k ol g} Leedt Do(36)Y] ATolA S5 A 34
Fol A" dHEHo] AFeoZE £AXA fﬂ"‘}@r k=
& WA ATE AHYE fAG BAEFES B F odAE
g 2 AFgFS EAh

Hydroxyl radical 2~

2o g2 A|Z3 B9 hydroxyl radical 24 &4
A< Fig. 19 YR Atk ICx 32 AR & 2ol 1327
mg/mL, X3 E%o] 637 mg/mLE SAHH o] X3 &
o] itslhsol 7 #=A4 YErsth o= Kim 5(37)9
AT A St ;ﬁ FZ 5] W3} hydroxyl radical £27%
ICso 432 TH2A4to] 29.34 mg/mLolA 93] F3E A
3.20 mg/mLZ 1JrE‘r‘Jr X AF7t FUHEFE ICx w40l
978 ZHASIATHE Buel AR AES Bt
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Fig. 1. Total phenol contents, DPPH radical scavenging activity, hydroxyl radical oxidation activity and FRAP activity of
Rehmanniae radix powder. (A) Total phenol contents of Rehmanniae radix powder, (B) DPPH radical scavenging activity of fehmanniae
radix powder, (C) Hydroxyl radical oxidation activity of Rehmanniae radix powder, (D) FRAP activity of Rehmanniae radix powder.
RGP, Rehmannia glutinosa var. purpurea powder; RPP, Rehmanniae radix preparata powder. RGP and RPP were made from freeze-dry—
ing of Rehmannia glutinosa var. purpurea and Rehmanniae radix preparata. 1Cs (mg/mL): vit C 0.531, tocopherol 1.024.

FRAP =% E oA catalpol FHFL A3 Eoho| A 144.96 mg/mLE
Agow Az o] FRAP &4 A& AL wﬂ%‘ o AE 4720 mg/mLi A== A
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1ol ettt 1 23 A3 2] 1.9 mg/mLE 53 5-HMF& A8 Edoqwt AZ5Jt) & phenol 3
o] A ] 3l 051 mg/mLE T FA4 YERY $4 =4 4% *M%* Fdo] 209 mg/mL, :,«74% Faro] 366
F 2o itsleo] A FEET 2 Aoz ZF mg/mLE AAZ BdET 23 EdolA A3
At} o] Lee 5(38)9] AFollA AX G X 357 & 3eFS Vel 913 DPPH radical 2A% 24 27 ICy %
7}3to) whet <:x]8ke] FRAP grol 80.1% 713 Ao = 1} o] A& & 2664 mg/mL, A& B2 1374 mg/mLE
Elgtie Rael fA18E S B A& Bie] gikslso] w9 =9kth Hydroxyl radical
2A%S ICn #2 A B2 gho] 637 mg/mLE A A3

2 < 2] 1327 mg/mLETH § @A Yeh 2|3 2de] g

2hs0] o B4 Uebstth FRAP 84 %% 2w 478

AP o] =L AL AZAAZ 1WA S8 5 £2o] 051 mg/mL, A& £Zo] 1.99 mg/mLZ X3
AEE 3l7] 98 AF=Z, ARAFY X3S F4A0%S Eo] ol MARtH o R 2§ o] itkslso] o =9
% o|gstd B4y datals B4 9 A5 HAE HAEE o o] A2 RE A3 o] AFALANZ o g4It
o HEe AT E £X3 EUo] 23 BdE gk Ao Z AlgHTh
3, =T A3 Bdo] A3 FdHG =9t 9=
2 gk ko <218 HEoo] 30.3°Brix E 6.06%E A A ZtAlel 2
S]] H]Ete] Eth pHE A3 B8 42302 A%

g e 6715R Y Wtor = 28 B 0.35% £ d7e w2384 2011dx AYsqyd 5438 Vs A
Z A3 Boo] 020% KT =Uch IRk E BAoA 4 A AFFHAN(PJ006862) 2 33 Ao AF-= oo ZHAL
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