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ABSTRACT

Objectives : ‘Steaming and drying’ is a traditional processing method that has been used to produce Suk—ji—hwang
(Buth#F:; Rehmanniae Radix Preparata) from Ji—hwang (i#, the fresh root of Rehmannia glutinosa Liboschitz ex
Steudel: Rehmanniae Radix), The steaming and drying process, which is proceeded in heating and moisturizing
conditions, plays a crucial role in the change of therapeutic effect of Ji—hwang, presumably due to the modification
of its chemical constituents. In this article, the chemical influence of the ‘Steaming and drying’ process was investigated
for understanding the underlying mechanism of chemical modification of Ji—hwang,

Methods : The articles regarding the modifications of chemical constituents of Ji—hwang during the ‘Steaming and
drying’ process were collected and analyzed to investigate the influence of the processing to Ji—hwang,

Results : The results indicated that iridoid glycosides were degraded to their aglycones and sugars, and such
degradations occurred faster at a high pressure than at an atmospheric pressure during the process. The contents of
catalpol, ajugol, and acteoside were decreased, while those of rehmannioside A and D were slightly increased during
the repeated processing. The contents of oligosaccharides, namely sucrose, maltose, raffinose, and stachyose (except
for manninotriose), were decreased, while those of monosaccharides, glucose and fructose, were increased by the
repeated processing,

Conclusions : These results demonstrate that the ‘Steaming and drying’ process influenced the chemical constituents
of Ji—hwang and provide probable basis for the therapeutic modification of Suk—ji—hwang after the processing of
Ji—hwang,
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Table 1. Comparison of Number of Steaming and Drying Method by the Adjuvants and Pressure Conditions
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Figure 1. Chemical structures of iridoid glycosides in the root of Rehmannia glutinosa.
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araphics)
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7Kg 31571 S7VEE sucrosed] ERFE st A
BT RS AMESIA] 2 LA sucrose T2 3
7R FAT AT o] % 43]9f YAH o E F7} 3L, o] %
5315 ThA] Zad) 83] o] TREL gefo] BelEA] .
AR HEE AR ZRREAE 443 BIE&E sucrose
shego] Zras ¥ 63 o|TREE FAHA gtH(Figure
6A)7Y. BHRIE EES ARSI KRR AR 135 sy
A|Zrete] 33lo] FAT A o]F 43K E vl dAS I

o

FE BYon, #EE HEE AHES BRiEANE 4871A]
FA% FA o] 9F7HA] HL H|&E A% FUistATh
(Figure 6B)”. 7k 3157} 71842 maltose?] TFe 7
2RO, BEE WBEE AHES AL A= maltose I
o] 28 5E FHs| HAE A& 7F o|FHE FRIHA
QoYL EHRIE JHEE AMES gkl M ko] A&HHoR
ZHaste] 73] o] 3R E EelEA] krh(Figure 6C)7.
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Figure 6. Change of the contents of sucrose and raffinose (ug/g) in the root of Rehmannia glutinosa according to steaming and drying
conditions. (A) and (B) Sucrose, (C) maltose. Without impregnation (O), Huangjiu (alcohol 15%) impregnation (O), Cheongiju (alcohol 15%)
impreanation (X ). Takiu (alcohol 5%) impreanation (). (the numeric values in reference No. 5 and 8 are modified to the graphics)
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Mg 317 7V 5 raffinosed] 2 Haste FF
& B3t RS ARSSHA 32 ZMgi%ol A= raffinose 3
ZFo| 43]0] A7 F713t o]F 535 E thA] T4 63] o]F
R FRIFRA] ok, WHE HES AMST AgiEdAe
ol A&HQ AT o]F 63 o] FRE FRIEA| Pt
(Figure 7A)Y. 3R 8127} Z=71842 manninotriose? 3
F2 Sk S BRYE, WS ARSSHA] o2 ZEMRIE
ol A= manninotrise FrEFo] 430 YA ATt o|F 53
e oA Uk S RO, WRE HEE AR &
BRikol A= FeFol 5371A] 7k & 63 5E AT HEE
Tashs 43S BYrhFigure 7B)Y. iR 3157} F71E42
stachyose®] 32 Zradhe AFS B9, @WHE AHS
512 g2 FKhgLOI M= stachyose @0l 43]o AA|F F7}
T AL AYstar, AA oA A&HHQ FAaE BEo,

83] o]Fof FaFo] QAR ok, HHEIE HIBS ARSI
Figiko A= FFo] A&H TAS o]F 73] o]FHE &
Q=R gkeH(Figure 7C)7.

Zig 37t E71E4E 5—-hydroxymethyl—furfural
(5-HMF)9] & Z718tgedl, #Hs AHEsA ¥ %
MRET BELE FES AN Ak 5-HMF &)
83|71A] F7H3E o] 930 &Z ZASIATY, ik HEiES
HEE AR gk g5l 43711 4% vjE&=
2718t & 53] o| 55 E &3 712 B rh(Figure 8A)°.
WY mEEA 5 wBE A e 338712 5-HMF o]
el ¢hokar, 43] o]F AT v &R FFo| FIIEIH L
o, AN E 237HA] FFo] AZ F7I%E o|F 330
223 2712 1Y h(Figure 8B)7.
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Figure 7. Change of the contents of raffinose, manninotriose, and stachyose (ug/g) in the root of Rehmannia glutinosa according to steaming
and drying conditions. (A) Raffinose, (B) manninotriose, (C) stachyose. Without impregnation (O), Huangijiu (alcohol 15%) impregnation (O).
(the numeric values in reference No. 8 are modified to the araphics)

(A 3000 - B) 1000
o o 900 '.J‘
B 2500 = /
= = 800 {
L. B oS |
2 2000 A 700 |
= 2000 % = i
Y w600 {
S 1500 | . S 500
z ~® a f
!_E 4 % A0 |
£ 1000 - S /
8 ___.."’/.\.. 8 300 ,'I
:-T_i 500 4 __’-—-"'-‘"J :-T_: 200 .'I
> e > 1m0 | A— a2
o) m—2—— A 4 e
2 3 4 5 6 7 8 g 2 3 4 5 & i 8 g
Mumber of steaming and drying Mumber of steaming and drying
—m—Mone —s—Huangjiu ——Takju Checngju —a— Atmospheric Pressure. —s—High Pressure
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v,z %

g 179 T st o] AR wstl g =EES B4
St Ay, ERE ARESHA] G2 ZEMRE, BRE EEE ARES
I, BRE WIESY HES ARSS ARk B ARE g
H3E7F o2 A Yebgtth

Catalpol®] $=FE HiklS AMESIRA] -2 ZAMRE, BHkE
WS AHES AL, WIEE AMSS KL, HEE AT
Fgi: BT R 31Tt S E ZASHA T fRE AR
SHA] G2 ZMEEETE WREE EBEE ARSI ZAgiLAA
catalpol®] §gtart Wskon §HElE EiEE AHE3 KR
EHTHE THES AN ARkl A o BT Weio] At
oA pH7F Wil &7t 345 npojok2 ¥k (maillard
reaction)do] S7Fst=dl TiE T obv| =4t FRFO
w2} catalpol®] &34 2to|7F UeRgT), o= arginine,
leucine, lysine 59] oju|icAto] ==& 3L&E|o] 9J1%? o] A
7}A] ofu|icAto] ThE ofu|iAbEof ]3] catalpol2] Ealjol &
2 9% "AE AR B o #iErt 243 20l
catalpol®] & F38 G AR FZHUch E3 ikl
2 HEE AFES Agiko] milES AMSS gk ET 287t
wHE AL HEZE HiEET €2 527 £219, alanine,
valine, leucine 59 87} catalpol £3E B2 ZH39S
Aog B £ Qo wma mER KRk F SER
AL 37K FAS FHHAE B, mHoE 3 £
=3 712 & dAYAE 7H $717F B =0 catalpol €]
BE 2% Ao Add 5 QTP iy mEEA
gk 5 mBERAL 23]7HA] ko] FUke & 33)AkY| &
A3t F7E Yoy, HERAL 3371A] gEFo] XA
AL 435 LGT v &R U

Iridoid glycoside

Rehmannioside A9] 3=F& 7Kg 17} S71EE @RS
AHEBEA] oF2 RGOl A Bl ko] YASHAAL EikE
WIBE AMES LA kst 950 F43] Ha
sttt Rehmannioside A ¥ G2 A &3l
E2) ghol?, kR HilES AHES koA 939 FAT
Fae AR oAz Holuh, & o Agdt HlE gRlsh]
Aide F7HEJA dA7vt ded ASR R
Rehmannioside D] ¥ #iklE AH8-0FA] -2 ZRMRiAT}
R EES AMES AREOA 25 7R & st
Mg 31471 7185 rehmannioside D] o] F715k=
AL GFF e vdF 2 o]} FARE 29| ajugolol T
2T IZAE 2¢O Z rehmannioside D7} AAlo] H+& o=z
Holu} gk 0 skl YA 718 A7t 2
a8 Aoz ARHANPY Ajugol catalpold}t GARE 122
&3 Al FEYZAE o] FAA glucosest aglycone 2 2
B E=g?), oju] MAE glucose: levoglucosandt AbE
#gto] 745atm 06l Ak 2o 27 AL levoglucosan©]
glucose2 T 47 WA (Scheme 1), Ajugol®] T3}
Y 5, HIEE BRE ARSS ZEEEC] BRE ARSSIA] 2
ke Be&Ert wE UAL Hifol - acetic
acid, propionic acid, butyric acid £9°]%? Zujz 223
levoglucosang glucose® © HWE2A WHIA|Z7| flEo=z
AZFE Y Acteoside(=verbascoside)2] 3RS kIS AL
SHA] GF2 ZMEET SRR HIEES S-S ARE BF A
SHR o, HRE FIEE ARS AEES 63 UAH ST &
Fasted, g o F Ued A AR S E,
o] HA] AT AJNE Ay s FHEA A+t
e ZoR Helrt

OH OH

> oH OCQ’O
HO” ™0

OH

Glucose

H,0 l [mzo

OH
OH

Aglycone

'OH

.....

Levoglucosan

Scheme 1. Pyvrolysis of iridoid alvcoside (modified from reference No. 31. 60 and 61).

@<l fructose?t glucose?] T2 #ikE ARSSHA] &
2 ZgikollA 430 Al o2 ZHAgh Bl ORI sucrose
%} raffinose, TFa-5¢l stachyose?] e 43]0) dA|Ho 2
Z7taed, Rt o FY B2 duRUt A==
AL 7ok gt g AAA Ak 43]9] o|gRe} o

B o7 AH R FAsG7] YEe R HE), B
fructose?t glucose®] B #liklE AHESHA] b2 ZRRiET
BRLE HIES ANST RMREAIA 42 73], 5371A] U &
astgetl, ole HeRe olgRY B2 Fdgol S

0|42 G B3 ulo|ok2HFS (maillard reaction) E= 7]
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A3 caramellization)2 5—HMF, furfural @ &7]4F 5&
A8t gHegol At Aoz QAP ke et
THIES AHET ZMRAS BiRE AFSSHA HAY KR il
E S AR 27 o WE FFHAE BYoH, vt
WEETH o e FFHAE B, Sheno] A7 VAL
NEZY &7t F2F vtolof2 ¥hEAdo] 13, Hemmler
D.9 A Vo A& lysined} cysteine 59 FH7 L4
ofojof2 whgAo] FEdl, WEiE7E EilETH JEE sE7}
£, lysineo] © @o] o] o, iHiEe] 2ANA
fructose®} glucose?] 3t ZHA7) w24 o]F0jA Ao R
AtREt), o7 sucrosed] TS g 4Tt SIS

Epoxide Intermediate

Scheme 2. Pyrolysis of maltose (modified from reference No. 55).

Raffinose?] $tF4a= GE| 2 2ls) galactose, fructose
9} glucose® A7) RO Z Holm® 48]0 AA|F ek
Z7H= 49591 stachyose”} Z&#hal A of| A 39721 raffinose
o} AR SO EaEH] jELE Bl I ¥ A&HQ
AN Bt ABHA Bl o &S olgRsh o
g2z Bag Aoz AzZtEcH? Manninotriose?] g
#IR 7t S8 Fbsle A R, #uthiEY
BELE 5 oA G} ojRojAE AYor Hop
stachyose®] E812 FHH= Aoz FHHY, M2 HiE
E AHEE FKIRIEN A 53] o] % JheFo] adshe AL Hivt
2% 24o] Eaflo] 9FE vA= AeE AU, ¥ A
3k AAS A= 271U A7 B Ao R Kol
ZKIE 3l 2 43]9] stachyose 3712} manninotriose?]
kA o] ABAS E3) stachyose’} 359 manninotriose
2 WA= Ao 2 H At (Scheme 3A),

5-HMF&] 32 @ikE AHSSHA b2 R, BRE
HIHE AT ZARE, EIES ARST AR, HIEE AHEE
Figs BT KR STt SUHERE ol SUHSHATH #
BE AFSSHA 2 ZAEET Bk E HEE AHSS AMiES
A&A Q] FF7F £ 93 of| &F A=, o= ERY
3} F £35717F Ad @AUA7F 5-HMFE &3f A&A]71
Aoz ArEdnt? neughH o) A i 5-HMF o
3} Aol AYAIZE Ao el guket F71E 2Yd
5—HMF&] gtggo] £ A7t o]% §4% 5715 Uehd A&
olg 4= Q. fructosed FEFZ 5-HMF7} A==
ATl HE 5-HMF2| AL 18 9 (threshold) o]4+<]
YA 7} Fastged], 5—HMF o] mmER k%ol Al
43]9) FA% 71 Bl AL 439 9| (threshold) ©]4<]
AUAZE FEE FA% TFY St FFS vz Ae=
£ 4 A3H(Scheme 3B).

Glucose

Haste AFS 24k ol goll 93 sucrose7t BF<l
fructose, glucose S22 E3=|1*? o]% B35 fructose
7} &2 9 9B 2 5—methylfurfural 52 A &%
7} ol 2ol H S Ao R AP w3 kS ARSEA] g
ZRRIET FR 2 EIEE AMES koA ol FRIEA
B2 Ao Wl BRE EIEYS HES ST AEEdAE
250 FeFo] ERIEYET, ol & T X2 Qs it
THEE AHE3 gkl A IEFFO] ISR g2 2212
g 4= ASIH. Maltose?] ool Hadhs olf+ &
Lo A furfural, 5—methylfurfural, 18|31 HMF S22
A AL Ao g YA (Scheme 2),

OH OH

Om"'

OH OH
OH ’ X
HO™ " WOH  Ho,, WOH _g)/\'j-*m § HO'-(H;O/H
. | - = ¥ .
0 HOY ™0 OH Yoo Ho" O~ ad

Levoglucosan Glucose

M-S A RSt AL T A R A, EE, 8
=R et AL old= A #klel M=, BNE &
et s go] FEMgEste AEE AT EWRE ARESHA]
B2 ZHMREE T BRE ARSE RSOl FRPAST o,
E3] ®1, B, FEE 25 ARSSE ¢ ERFHEt 7P
Ak, dgFolAE HEEY B3t g7 oldRe tgg
FolAE BT PR #Hif7E st o & 982
SHATHOD | b3 B S BRE AT ARVLE F Hut
#ol FgHsts AmrE AP0 ME  acteoside
(=verbascoside)®] st PRt B7E & AT
stg=d, o dFEaTE Fal Mo B v wiE 2P e
2 3t o] JREAHIE o]0 d 5= IS Ao 2T AZ4H

thEel TH-E catalpol ZME 157} S71EE eFol
Haskal, 5-HMFe ZgESls7t S71da5 &l S718t=
Aoz dA Yo’ 5-HMFE LS, finkT Futi 59
F8 B AECE e FEF AT 94, &7 24,
ARRT a3 Go] Hige] Yob?, AT Ao B2d #
Huge]l ¥ W3 (gun puffing method: 7H4ste] R &
WA 7= DS A88 27 suthF R 5-HMF7F 2o
oF 48)| o] F71ehE sttt o E BIHer 5-HMF
grEFo]l  FUMgl wet FAkEbsol FUHElew,  pro-
inflammatory cytokine2 2 2 &# A IL—6(interleukin 6)
secretion®  ZAFETHY w3 o] TSH  total
flavonoid®} total phenolE /EHI7}E & Z7|135}gH 1L, Kig
3147} 271842 DPPH(1,1—diphenyl—2—picryl hydrazyl)
radical 2A%3} hydroxyl radical £&#%, FRAP(ferric—
reducing antioxidant potential) value®} ABTS[2,2'—azinobis
(3—ethybenzothiazoline—6—sulfonic acid)| radical 2AZ
A= Z718HATY. ol ANS FFSEE KRS} 5
Vg i 4 2 JEF a5l Sk A
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(A)

Raffinose

(B)

Glucose

Sucrose, Raffinose, Stachyose, and
Verbascose are downward trend
during process.

HO

y OH
o ~—r HoH/D"-0 o

5-HMF

Fructose

Scheme 3. (A) Structures of family of oligosaccharides with their potential degradation products and (B) the formation of 5—HMF from glucose

and fructose (modified from reference No. 54 and 63).

v.2a &

B Aol Ik 35, #E, 48 % Fo) B 2ol
sidfeel g iridoid WA GRl WAL shoba 9
of okl AT B Yo An theH gt

1. Tridoid ¥BA|oA = Z#HESIS7} S7F45 catalpol 2|
ol FABYL, 5-HMFY FFol F7hstgom,
catalpol, 5—HMF X% &kl S AMR51A] e AL HT)H
BHRLE I, I, RS ANSR A, e R
O 220 S 2A ey

2. Rehmannioside A9 32 vl w2 AASHA Vel
rehmannioside D] F&F2 @317t F7stol| ot
%71 & 744381t} rehmannioside A, D 2% #iklE
AHGSEA] FE Rl HEE wEE ARG S §
40 ZA YRt

3. Ajugol¥} acteoside?] $F2 HMEI 47t S ol whet

#astg e, ajugold TFL HBEE WHRE AMETH
FIgEANA o F HEAEE EHh

4, FRNME G722 fructose} glucoses E7HE, o]
FH2  sucrose®} raffinosex TAE, OEHFA
stachyose®} manninotrioset= Ztzt 749} Z71= 3}
foH, maltose= FLFATH, RS AHESHA] g2
FIRAET HiES AMET A WeAdel B #
o BIEET HES AR ASS KgiEOA HE
gol o ZA Ve

B A7 ATk i AT o) AR wsiol g 2wy
o Wt 2A 2 BET & 9l Ao AmHT)

e 2

ol IAl= FAtigta 7| 2AFA A (29)0l sl d
THUZ.
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