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MR HONE, Tabb, iGRBELICENKSEHELRONBEREIIZ. HE
WHEE, PEARLOND., BUBAEE THERICE2ETERNR DR W,
REOFHEARDOLN, . NEEEER., BEEFEBN NIV, YaUBI L
VULEEBRZL, REOBFEABRDLD LN, LOLZRL ., KERERD
R (AR BEREBEROCANRERE) . BRERICESRT 2 & TE=,

ZO0.5cen M ERUVE OIS cn kBICSMLEBORBREKE 2IZ>WWT., 7Y
FAYVFUBMEEZHELEZRER, 70— 2T L0 TEHEITE 0.5 ecn ULk
WZ2W T, GulIv2: 1.90%*0.15%(n=3), GulVl &R % : 2.16%*=0.89%(n=8) T
HY FEO.5cmBEOHRMIT OV TIX GuIV2 ZH:1.55%+0.13%(n=3) . GulVl
FA 0 1.90%£0.68%(n=8)TH YV, WIThDRFEE b E%T@T%Oio
L2 L6 @EEITE TIE. GulVl @ 2 @ (k¥ No.4 R UEE No.8) HHEB
HAEE (2.6%) B A L T/ [GulVl # No. 4 (£ 0.5 cm L k) :2.89%, A (&
0.5 cm KW ) : 2.57%. GulVl £k No.8 (£ 0.5 cm &L E) : 3.62%, [A (& 0.5 cm
FKWE) 0 2.70%],

S IV FNANIFUrBEGEPHRBRBICEAS L7 3HBAECGUIVI FE No. 4
ZOo.5embl b, R 0.5cm K. GuIlVl ¥k No. 8 & 0.5 cm R ) 12> W T,
BRELR B (EREBR, EBEHE. Ko, BREMRSIERVZ X XEE
DHEIE) 2FEBLEZFER, T+ To0EHBZBWIHRERBRIZCES L =,

UEoFE»L, HEAKIRKEHETHE RSB &(ﬁém)&ﬁﬁﬁwm%
BEp>TWEIR, ZJIVFALI)FUVBEENERABCHEALEZLOICHEL
TH.ZTOMOT R TOEBIZCBVW TCHARARBIZCEAT HZ ENHL»E A
o7, ¥, HEARHEERIIBW T, 2 0.5m UTORTH->TH., &
ﬁ;ﬂFéﬁ@%%i%f‘fU%/VU%V@Aéﬁiﬁﬁﬁ%%ﬁf’?%@ﬁ%é:&(i
KHEHEOAEL LToOMBEZBEN T2 LTHEBICHEENEEDNL S,

HETmHmBELERL LR RE LK M 2 0 2% & JF %
HETSmE S 3 4B & U AKH & 3nui‘9¥ﬂ7f<mtﬁiﬁ’r2’i’ﬁfﬁgt

EIF R AREREFAB (Anes test) Mo HR, BEETERELEFT R MK

H BT o T,

I

o+
3t

=
=

mAMBIOAKESERERIBFICEETNLDILEE, S, F K3
A KBEEL ICPMSEZHWTEELAEARKE, THREBESTE. 3 &L
L% (0.16-0.49 ppm), 1 M6 H R I 7 2 (0.13 ppm), 4 & T T b
~0.49 ppm) REEBINTZ. —F. K#FEHOoe B HmRERALUT.
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HRI T LA, KBITZEETRUTTH-7m, 7m0 T H KBS
B, ¥ 2XTomEE»b E&EMAE 77 (0.21-0.36ppm), WThOHFHEDL,
F.HECELTEEAERF, &aMBENHLAEEOREM[EO 1/10 LT OB
ETholtih, e FENPFITVACHERBT L, KHHEROIIFES R LY
EENEI EPER I,

At

[ & ®]
H“Z'%ﬁ))\i*%ﬁ#%ﬁiiﬁ@ﬁ&%@%%k%#&@L\)\Im%#%ét%"‘/?\:fﬁ\f‘%
ELEEAE~OBENALEZBRE T2 L0, T0oFME - Z2tedHk
TAHm0 1) TR FOoOFEAEEL AT LOME, 2) ~"A4 7 7 T HE|
SAEELC AT LAOME, 3) A THE) SOFM (att- AoHME) @
TAWMRAEFEW L, TOMRBLEL T, BH YT AVL Y TEBKERKIE.
HHRERKOFTR., EEEMINE, IHRAAKBRSEEBORBICRD LI, £
e - AHHEOFMICE L T, NLAKBEE 27 A TEELZTER
BAEDHR O SREM EMLEVCRAFLEZDNL. RFHERKBICES T 2
e WHEREREFARCEEREEIRBDOL R VD tRERUVESRES
2= bt ﬁﬂ;}%ﬁi%%i‘Dﬁéﬁ'f’;’eﬁw%b\é:i’%x%ﬂé;kﬁi“#ﬂﬂﬁbf:o

[ 3% &1

FAFEE, EETBREM ARG & (A EEREEFREE) TRREL
ALKRKBRECAT AL IVEELEZEHESFEFERBEAEOEMNLICH
T EREEMNE KXY EREL I,

({23 x| ]

1) SR/, WEHEHEE, s, THEME., FFFE 2011-245757, T Hh v v ¥
B WK O o v BEWEEE F k) (2011)

2) HaEAL WEEIE . B sE . FrFE 2013-049279, T v v B W BR
Rl v — - WA GIE. KLU, KRB EE] (2013)

58
— 338 —




Noeg . - ; : HERESEHE2013

5 RS (RABRAELI) 9% M) BRSNS I0ERFEESRE

1 2500 T
. Otgﬁ = RAEA ; | vmmmmrEE
e : 1

60,000 -

© ERENSEN

50,000

40,000 -

30,000 -

20,000 -

10,000 +

2000 20012002 2003 2004 2005 2006 2007 2008 2008 - 2010 201112012 2013 2014 2018

ﬁﬁ&ﬁﬂd¢£ﬂ$ ?&&@%ti%,ﬁﬁkﬁﬁiﬁmw 5”&29&%&;5&2!
FiSE HAREENEAES ERERE 8L BSEH B

EXRBEESE01145)

|

> BEBiiao E*'Cld:i‘%gﬂﬁ ﬁﬁlﬁ%ﬁ‘iﬁhﬂh Eﬁﬁ%kﬁé&%? AEMONERETILESES
AT HEMIF%, SR MM SREL)

> 2011 DEFHFFSEERAIL 422f§ﬂ'cﬁ>675< 2015@!_ izomﬁﬁ%ﬁz%t%ﬁéhu\é
> &ﬁ&ﬂ%ﬁgﬁﬁwm 9% (20114F) IXEEHR A (%iﬁﬁ%v ﬁﬁﬂﬁmﬁ%éﬁ(’ux@ﬁzrémx)
> BAERASEESEIL. Eimﬁéiﬁﬁﬁwm—cﬁéﬁ {ﬁmib@m\bﬁtumx(ﬁ;b%ﬁuh.tt«fﬂi)

1 EEXERGEEBSLCSHIESNASOEERLEFBAZED
CERMEES

HE OTHES
TUFIUFURE
FoARE- M7 LY —% - HHRE
mwa’wmwwm

Exanncos

59

— 339 —



No.8 HEMZERFE2013

EEOMERIERE

@5 P EGTUFAYF

LBOEOSDE
Forie 5 -

3. EFAED (FE) OAIKXKBEBZORRE
FEIOHEFPEEEYFTERE (EEFBKRKEHE)

IMTIHEISEESATLEE

 EBRPE-BE-TREXAERE-BAES)
e &,%Vm-
OmpEmmMEmORT | omERBRLEOLE
|OmEMmEEOME - . :
| OBBHMAHORL LUEFY—H—0R

i
i

|

i
i

L RBESUATL

R
CREEUS 200 BEOHTRED

HEEOAE~ORMEE ORI -ERELTHE 1SS XORNRENER

B4 AIKRKBEESDATFLIZIVEELE-HESEESFERHEED
ZEFELICATEFEEMPE (H24-BlEEBLE-—8B-007)

E!_]i

60
— 340 —



No.8 HEMEEHE2013

EREDNOEEDM0% U EEFEENERO BRI KE ~
-ﬁtﬁgft«bxkm&iﬁmﬁ%kw%mm%ﬁ;ﬁ(4%:&.:.;.)73%&;5
-ENEAERTEER—ITI2%
EXPCEFEOEBICLIHEX B HHAH, BEFR)
-GEETORE®EE *‘?E%«é"}f;i: %%%f»?i:fﬁ%:‘%f@émﬁ%%

i

5. AI?K%#% /XTAL.J:éﬁﬁiL% (E%) O)EEOJ’%‘%&

CYPSSDGl

HO,,
CYP38D6
PR

&
11-¢-hydroxy-£-amyrin
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glyeyrrhetinic acid . glycyrrhizic acid

FPP, farnesyl diphosphate; SQS, squalene synthase; SE, squalene epoxidase; BAS, B~
amyrin synthase; CYP, cytochrome P450; UGATs, UDP~-glucuronosyltransferases
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N TKBERRRC & 0 A2 U e HE 0L 2Rl B 4 5 58

OXRA M-, Falyd ', TS IluE—", PEE ', SExH ', et
ZHBF Y, BARER S, sz, NEERS,
EREMS
VESZEIE S A S AR, R B AR,
CPSIATEUE AN EFELBERTT EHAMYERME L X —

[ixroic]

ENToiE L Ty DE AR, 203 EDREA L OGITEREFEL TR Y, BN
RTEDHmBIERONTHDS. L?bﬁb/i‘éio%]xé;%w RECIE, Ff‘i’ﬁz L&Ak
U, EFRYORE, SFRE, WHRE, ML - fRERGRE . UEY O E R Gy

DRSRERENPRE S FEEZITS. &ﬁ@@%f@&ﬁff@é@ﬁ“i JERTER O = s
RIZ X A AFEF OB, SLEIC X HBREHE~O R 6, e B 608 R o fE
kﬁ@@ﬁﬁﬁi@ﬁ@»LfEﬁ@ﬁf@%Lﬁ@ﬁ&&%%@%%ﬁ%AéﬂTD
ORI REFOP, FHrFEFEFBAEETRLFERG, EARBD il%%@%
f¥ﬁﬁbfwéﬁgﬂfﬂVﬁ,Aiﬁ%ﬁﬁTTWM%&ﬁ%ui@,%ﬂ%ﬁfﬁﬁ A4
WhAAEFES HFIEAZENCTHD THE L.

AT TIE, KPS AT A TAEE L HFEOREMEIZOWT, THEMS & L,
ZOREEZFMT 5 BT, BRFREALEFEERE (Ames HBR) & 4 BOFEME
iR (EREBLCH, KB, P FITL) OEEETTZOTHET S.
[#8t L U0F k]

1. H BRCE

MG s s L OUKEEREE b (R BRMRAS ToKRBRE) o H HAUKmEH =X
A, DV RUEHT () BT L 0 R A =T . IS 3 &, NIB-003,
NIB-074, NIB-176 35 L O, JKEFFEFS 3 40, Guiv2®-43, Gulv2®-2, GuIv2®—13 Dt 6 &
DEGKFH =% 2% Ames BRI, WHIEMS 4 5 (ATRO 3 &2 2 NIB-007) 38 LU,
AEEEES 3 (AR ERE L) OoBRRE 2 A BRELZOEEIZH W,
2. Ames bR

Ames EBRIGUBRER & LT, B AF TV BRMED Salmonella typhimurium 25 Bk TA100,
TA1535, TA98, TAIS37T B L O MU T h o> ‘/%ﬂ?‘ﬁ?@ Escherichia coli 72 5288 WP2 uvir04 @
B S BRI - RERATEICARE L 37°C T—IRIE & 5 EFEETE, B 6 B Bk T % %
[Zo&, &IBE (78.1-5,000 pg/plate) THEEZITo72. T v MFHEBEABETELE(LEESE (89
mix) DFETH D WVIFIEFEET T, Bukiiii= X X ERBREHEREZBEM L, 37°C T2 5H 7
LA rvFaX—a w2 {Tolntk, BeAF U UHIWEENI T 77y o8 0OMERS
M4, BRPREEMIZTI7C THEEL, B8IFMEOCERLE s =—HK423HM L. =%
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xmié@%%@%ﬁ«@é%@%ﬁ%b%ht%ém,éBK&%E@:%z(MﬁM6
pg/plate) THRERZIT o7z, BN RICIT =X ARMROFREL (DMSO H 5 WX 70% = ¥
J =) OFF 100 pL AV, BHEHRICIESEKR S EEEGICES LEERFEREX A
TEREFBEOBRIEEZIT 2.

HEREZONTE, AVTEBREEOWTNDOO SO mix FEFEET H 5 WITHFETICBWT,
FEKMB X A2 EFTHEREM EICBTAER o =— KoY EDR, RBENED 2
fELL R L, o, ZOENCAERGFED 2 WILEREXRBD bN-HEIC9%HR
RIZBWTHHELHET D L& L.

3. AEMETLREOEE

FEMELFOFERIT, THREMRL4HE, KPFHER 3 ROGHREESE 0.1 g2, 60%H
B2 5mL, 35%%#EE S00 uL ML, w1427 e v =—7(ETHOS One, <A VA h—2ERT
WHRREMNC I 2 EARERXDREITo72. BB 0 7 T 203 50°C 24y, 30°C 343,
200°C 13 43, 170°C 14y, 200°C 44y, 200°C 10 3 THITL, BHLEBENEZEL, BER
Tl hEBVIEL, BSRICKEPKTLEIEZEBHRICIVEF L. £0%, K
T 50mL [Z& R L, ICP/MS (Agilent 7500c, Agilent Technologies) TH#T L7=. BIEE &4 (m/z)
WZOoWTIE, TFEHA AU 28EBRT2EMML, BFEIE 75, 7 K U A 111, KEEIT 201,
T 208 ZBIRL, EFEDAIY Y arE—FK (N A THELE. TXTOBRETH
WEEBEBIOERIT2 mol/L OB THREL, BHAKTERLZBICHBEITZLOEHE
AL7-.

[HREBLUBEZ]

1. Ames BB IZ X 2 B FREAERF RO R EMTM

KRBV THWEZEWTROREFEICB TS, BEMSRBELEL 2FU EoERan
=—HOBMPGHEBYELBIZ LV HRINZI LD, YERBRREIRYETH S L
Wri7o. HMEBRORER, MHBMEM 3 MEOKPHERI ST ATICELT, BEgEOao
=02 FEU EOBBEE R LEEERFEST, EETEATEZRETRO N1
(R D) . HEBKEET X XL 5EE~0EFRENBE SRR T, S50
BEOTX A THIEMEZTo7. K&, Z7VFA)FUBREYITT T LGERE, BEEE D
CHERBCEEEEFMEEA TR D, Bukiii= 22 A0 R CAEBHRE BE
ENFEIEND, ZFRIEENDZ VIR A FESELVEXRTINEEERHIEOHE
BRIZH L TRHALEZbOEMEINTZ. LMALZRGEEBEEICBITA2HENMICLY, BT
ZEIREBHE R I SN2 & 0 YRR T 2RO REENRENT.
2 HEMETEOTEEIC L D RSEMEM

EFPFFHERBRE LCTHSRBLEZH”BRL, 01 g2HE L% 60%MEE 5 mL THEL,
ICP/MS IZX 0 455 (ERBBLOE, KB, T RIVL) O5FEiTo7 (R 1. £72H
R ZEREICHABOPERIE L AEEDORIIOBRT AT, AEMELROGFENZ LI
WECEF NIB-007 12, B3R, #FI UL, KEBLUEZZNEI 2 pg/g N L THRMENRF
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BEiTolnbl A, BTOERBICEBWTRAgRENEZG (F2). DBIEML Lo gz
T TS b 4 d &R 3 MO IT & 1T o7, fRE LT, KB 7 SHTTH
EETIE (0.1 pg/lg) AT Thodo. BRI 0 AEHTSHAES L@ D 013 pg/g, BEHRIEH
Bl dh 3 8005 0.16~0.36 ng/g B 724, KRSV b B S o
7. W”fj”, BAIT OV TR E A B L UK R & I TR T OREL SR S,

T U5 T 0.20~0.49 pg/g, ﬁ%&%&fonO%p,gaw@,wﬁﬂ% IBITA
%ﬁﬁ%aiénwcxcuﬁﬂg9m, LoxLedbnTnoEgh e s AERKICZEIT 2 EEED 1/20

LT TH -7 (5 3).

[ &5}

WA TEMERFRERECE L TR, HEEM 3 u‘:’r‘dfso‘:f)?k%ﬁ?iﬁcﬁm Bh 3 A& bIZ T TR
PETH O MBI EZIT RO N o7, AEMETLHEOSIT LY, PHEMREE THERT D
IREFRCES S L, TEREIR R D iiﬂ&‘“?@@ﬁﬁiit@cb BB TR DR AT D EkR
MK <, i@ﬁéﬁ:“&@rﬁﬂ\ ﬁl"?ﬂ FETE % WlF b&§37ﬁ(§ﬂf’ BATE, ARBEEREE SO
ABEMEEZBFT L7201, ﬁﬁi@%ﬁﬁ?ﬂ DT, RIEMET LL X — IR B~ O {EH

WWER LRl R a2 s L, %%m B AL X OVKEER S O A MEIZBE T 2 RS O FEm I
DNWTERL TWDH.

[#EE]

AW  BRE R R B (RIS ERMEET e E ) TRVEA « N DR v X
TN LV AR U7 B S SRR AR S O R ) T EREAORFZE ) Ik 0 EE LT,
(&% 0]

VEMOKPERS, ~ A MU F U BV A ER M ERER PR E R E R - EERR
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[B1] Ames SHERICKDBERFRALEZHEICET B

A TiERBRHEE

1) $9 mix ()

TA100 s00 TAlL 100 WP2 wvrd 10 TA98 300 —LAL337

u\
0y
n

475

WIHER =~ (colonies/plate)

PPy
& & g 545’@

> b
& s \tg\\

; S
G S P «8’ &b’ e
& g¥s S g\%’
BHEIFR 625 pglplate NIB-003 625 pg/plate FEIFR 5000 pgplate NIB-003 625 pg/plate NIB-003 313 pe/plate
NIB-074 156 ug/plate NIB-074 39.) pg/plate NIB-074 39.1 pgiplate
NIB-176 39.1 pg/plate . NIB-176 39.1 pg/plate NIB-176 156 pg/plate
2) S9 mix (+) :
<a 5 s
200 TAL00 325 TA1335 550 WP2 uwrd 278 TA98

BRI R0 = —8 (colonies/plate)

Y < e& s e & OO &
@f‘\@& & o e @' " @@@‘2@&@@ S
HEIFR 1250 pgiplate NIB-003 313 pg/plate FHIXR 2500 pgiplate NIB-003 156 pg/plate NIB-003 625 pg/plate
NIB-074 625pgiplate NIB-074 625 pg/plate NIB-074 1250 pg/plate
NIB-176 625 pg/plate NIB-176 2500 pg/plate NIB-176 2500 pg/plate
B.KHHERHE
1) 89 mix ()
5 P2 v -
400—LA100 00 TA1333 125 WP2 uvrd 0o 1A% 300-TA1537

HRFER D=~ (colonies/plate)

GulVi 3;.-»3 156 pg/plate

Gulva: 625 pgiplate v;gg u"/phtu
2) S9 mix (+) Guiv2®-13 313 peiplate 3 2500 pg/plate
350-LAL333 S50

FHIFX 1250 pgplate Gulv2(3-43 2500 peplate £IFX 5000 ug/plate Gulv2{3-43 1250 pg/plate
GulV2E-2 1250 pgplate Gulv2®-2 2500 pgiplate
76-13 2500 pgiplaic Gulv2®-13 2300 peplate
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(1] PSR GhmBEIREBERFHHORE)
A REBHEPOERBLADEE
' SR VA I Y (ng/mol)

?SAS HICd ZOGHg EQZHg ?.OSPb
NIB-003 0.9 (0.0) 0.33 0.36 1.01
NIB-007 0.3 (0.0) 0.24 0.25 0.30
NIB-074 0.3 (0.0) 0.20 0.24 027
NIB-176 0.3 0.2 0.20 0.23 0.31
LOQ (ng/mL)" 0.4 0.4 0.4 0.4 1
B. HMERDERMADREE BB EE (uelg)
Mg E (2) T5as Hicg 200y P 2024 g 208pyy
NIB-003 0.13257 0.4 <LOD <LOQ <LOQ 0.4
NIB-007 0.11806 <L0OQ <LOD <LOQ <LOQ <LOQ
NIB-074 0.10199 <LOQ <LOD <LOQ <LOQ <LOQ
NIB-176 0.10148 <LOQ <LOQ <LOQ <LOQ <LOQ
LOQ (ne/g) 0.2 0.2 0.2 0.2 0.5

HEPRE (ug/g) = REBRERE (ng/ml) x50 MU/ EEE (g) /1000
LOOQ=ERm TR LoD=HBHER

[FR2] FInEYLEEER

Sample: NIB-007

As? Cd Hg Pb
Recovery (%)  98.9 97.0 98.3 103.0
RSD (%) 3.7 1.9 2.7 42

ETOT—AEn=sDFEYEETR L
a) N LHAZEBAY D3 TR TOHEIE

[F3 TGRERB LUK EER T EQERBIVERREEE

(ng/g)
As Cd Hg Pb

T 5
NIB-007 <LOD <LOQ <LOQ 0.20Y
NIB-003 036 <LOQ <LOQ (.49¢
NIB-074 0.16 <LOQ <LOD 0.28%
NIB-176 0.16 0.13 <LOD 0.28Y
Gulv2-@-43 <LOD <LOQ <LOQ 036"
Guv2-B-13- <LOD <LOQ <LOQ ¢.32”
Gulv2-®-2  <LOD <LOD <LOD o¢21”
LOQ 0.1 0.1 0.1 a8

FRTOEE En=1TH>7= o-|
a)BEUBEIZEEZ AL (p=0.395)
wo=FEE8TFE LD=HHER
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The root of Chinese licorice (Glycyrrhiza uralensis) is used worldwide as a medicinal herb. The goal of this study was
to understand changes in the concentrations and compositions of four medicinal compounds— glycyrrhizic acid (GL),
liquiritin (LQ), liquiritigenin (LG), and isoliquiritigenin (ISLG)—in the root of Chinese licorice during post-harvest treat-
ment. The effects of post-harvest storage temperatures (—80, —30, —13, 4, and 25°C) and drying temperatures (30, 40,
50, and 60°C) on concentrations of the four medicinal compounds were investigated. GL and LQ concentrations in roots
stored at —30 and — 13°C for 1-2 weeks tended to be 4% to 13% higher than GL and LQ concentrations in roots dried di-
rectly in a vacuum freeze dryer (controls). LG concentrations in roots stored at 4°C for 2 weeks were nearly 60-fold higher
and ISLG concentrations at 25°C for 1 week were 10-fold higher than LG and ISLG concentrations in the controls. In ad-
dition, low temperature (30 and 40°C) drying compared to vacuum freeze drying (controls) increased LG and ISLG concen-
trations without decreasing GL and LQ concentrations. This study provided an approach to increase the target compound

concentrations in Chinese licorice for different market demands (drugs, cosmetics, and food).

Keywords : flavonoids, glycyrrhizic acid, herbal medicine, secondary metabolites

INTRODUCTION

Licorice (Glycyrrhiza) belongs to the family
Leguminosae, and licorice root is the most common ingre-
dient in traditional Japanese Kampo medicines. The princi-
pal pharmacologically active compound in licorice root is
glycyrrhizic acid (GL). GL is a triterpenoid that has been
shown to exhibit antiviral, immunomodulatory, and
antitumorigenic activities (Pompei et al., 1979; Chavali et
al.,, 1987; Agarwal et al., 1991). Several studies also sug-
gest that GL is highly active in inhibiting replication of the
human immunodeficiency virus type 1 (HIV-1) and the se-
vere acute respiratory syndrome (SARS)-associated virus
(Hattori et al., 1989; Cinatl et al., 2003). According to the
Japanese Pharmacopoeia (2011), licorice roots used in
Japanese Kampo medicines are required to have GL con-
centrations above 2.5% dry weight (DW). GL is also a
powerful natural sweetener (50—170 times sweeter than su-
crose) used in food (Mukhopadhyay and Panja, 2008).

In recent years, liquiritin (LQ), liquiritigenin (LG),
and isoliquiritigenin (ISLG) have been the major
flavonoids studied in licorice roots. LQ from Glycyrrhiza
uralensis has been reported to exert antidepressant-like ef-
fect in animal studies (Zhao et al., 2008). LG shows
immunomodulatory and antioxidant activities (Pan et al.,
2000; Lee et al., 2009). ISLG can be used as an oxidase in-

hibitor and shows anticancer activities (Pan et al., 2000;
Kanazawa et al., 2003). Additionally, licorice root extracts
are frequently used in cosmetics, because the flavonoids
(including LQ, LG, ISLG, and others) have been shown to
promote skin whitening and prevent skin pigmentation and
aging (Wang et al.,, 2004), and as antioxidants added to
foods including oil, ham, snacks, and instant noodles (You,
2001). Mixtures of compounds or single compounds from
licorice root extracts are both used in different applications
(Hayashi and Sudo, 2009; Zhao et al., 2010). Therefore,
not only GL concentration but also concentrations of the
other three major flavonoids should be controlled for vari-
ous market demands (drugs, cosmetics, and food).

Licorice does not grow in the wild in Japan. Most
licorices for the market demand were imported from other
countries such as China, Afghanistan, and Turkmenistan
(Hayashi and Sudo, 2009). However, with the increasing
demands for licorice throughout the world market, wild
licorices have been harvested excessively, leading to seri-
ous desertification of the grassland, and as a result, the ex-
portation of wild licorice has been limited in these
countries. Therefore, cultivated licorice is expected to in-
crease as the principal source for licorice demands.

Until now, many studies concentrated on the effects of
environmental factors and stress on the growth and GL
concentration of Chinese licorice (Glycyrrhiza uralensis)
(Afreen et al., 2005; Wang et al., 2008; Hou et al., 2010;
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Sun et al., 2012). Generally, reports show that the concen-
trations of secondary metabolites in harvested medicinal
plants change during the storage and drying process (Du et
al., 2004; Policegoudra and Aradhya, 2007). Little rescarch
has been conducted on the concentrations of medicinal
compounds in Chinese licorice during the post-harvest
process. Hayashi (2010) reported that GL concentrations
increased in harvested Chinese licorice roots stored in the
incubator at —5°C for 4 weeks and in the storehouse at am-
bient temperatures (— 15 to 8°C) for 8 weeks; however, the
ambient temperatures (— 15 to 8°C) were not controlled.
Concentrations of LQ, LG, and ISLG as secondary metabo-
lites in Chinese licorice root may change depending on
storage temperature.

Although it is generally known that compound con-
centrations in medicinal plants dried in a vacuum freeze
dryer can be steadily maintained, the cost of vacuum freeze
drying is much higher than that of oven drying or natural
air drying. Natural air drying is the most common method
for drying medicinal plants during the production process
because of the low cost, but drying time is long and drying
temperature cannot be controlled. In contrast, oven drying
offers short drying time and ease of temperature control.
Therefore, oven drying was used in our study. Drying tem-
perature can affect compound compositions in medicinal
plants. Du et al. (2004) reported that increasing the drying
temperature (40, 55, and 70°C) of American ginseng
(Panax quinquefolium) decreased the concentration of total
ginsenosides but increased neutral ginsenosides and de-
creased malonyl ginsenosides. Therefore, the compositions
of the four compounds in Chinese licorice root studied here
may change depending on drying temperature.

To understand the changing concentrations and com-
positions of four medicinal compounds in Chinese licorice
root during post-harvest treatment for different market de-
mands, the effects of post-harvest storage and drying tem-
peratures were investigated in this study.

MATERIALS AND METHODS

Plant materials and sampling method

Chinese licorice plants (2-month-old, line No. 2,
Research Center for Medicinal Plant Resources, National
Institute of Biomedical Innovation, Japan) from cutting
propagation were grown in a hydroponic system for 10
months under artificial environmental conditions. Main
roots of the fresh Chinese licorice plants after harvest were
separated from lateral roots and were cut into 1.0 to 1.5 cm
lengths directly. Main root blocks (0.4-0.7 cm diameter)
were collected from different Chinese licorice plants for
use in the different treatments.

Temperature treatments

Post-harvest storage temperature treatments

Root blocks were cut vertically into two parts (Fig. 1).
One part was used as a control and was dried directly in a
vacuum freeze dryer (FDU-1100, Tokyo Rikakikai Co.,
LTD., Japan) for 3 days. The other part was used in the
treatments; treatment parts were stored at — 80, — 30,
—13, 4, and 25°C for 1, 2, 3, and 4 weeks and then were

150 (2)

Fig.1 Diagram of method used to cut root block into two
pieces.

dried in a vacuum freeze dryer for 3 days after storage tem-
perature treatment. Each storage temperature treatment
consisted of 3-4 repetitions.

Drying temperature treatments

Root blocks were cut vertically into two parts (Fig. 1).
One part was used as a control and was dried directly in a
vacuum freeze dryer for 3 days. The other part was used
in the treatments; treatment parts were dried in the oven at
different drying temperatures (30, 40, 50, and 60°C) for 5
days. Each drying temperature treatment consisted of 4-5
repetitions.

Extraction and determination of the four medicinal

compounds

The dried root blocks from all treatments and controls
were powdered for extraction. According to the extract
method described by Li et al. (2008) with some modifica-
tions, the root powder was extracted with 60% (v/v) ethanol
for 30 min in an ultrasonic bath, and the ratio of solid to
liquid was 1 g DW/100 ml. The recoveries of GL, LQ, LG,
and ISLG were 94%, 94%, 96%, and 97%, respectively.
The solid matter was removed by centrifugation at 15,000
rpm for 10 min. Then, the supernatant was filtered through
a 0.2 um syringe filter. Finally, the filtered supernatant
was injected into the high-performance liquid chromatogra-
phy (HPLC) column, and concentrations of the four com-
pounds were calculated from the peak areas.

The HPLC quantification method for GL, LQ, LG,
and ISLG described by Li et al. (2008) was modified and
was used for the present experiment. In brief, quantifica-
tion was performed on a Shimadzu 10AD HPLC system
equipped with an SCL-10A system controller, SIL-10A
auto-injector, and CTO-10A column oven with ultraviolet
(UV) detection at 254 nm for GL, 276 nm for LQ and LG,
and 372 nm for ISLG in an SPD-M10AYV photodiode array
detector (Shimadzu Co., Ltd., Japan). The four compounds
were separated on a TSK-Gel ODS-100V reversed-phase
column (4.6 mm diameter X 250 mm length) (Shimadzu
Co., Ltd, Japan). The mobile phase consisted of
acetonitrile and 1% acetic acid. Baseline separation of GL,
LQ, LG, and ISLG was achieved with gradient elution.
Flow rate was 0.9 ml/min, injection volume was 20 pl, and
column temperature was maintained at 40°C. Standards of
GL (PMRJ, Japan) and LQ, LG, and ISLG (ChromaDex,
Inc., USA) were dissolved in methanol to obtain different
solution concentrations. Chromatographic peaks of the
four compounds were confirmed by comparing their reten-
tion times and UV spectra with those of the standards.
Standard curves based on the standards showed good line-
arity over ranges of 37.5-600.0 pg/ml for GL, 15.6-250.0
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pg/ml for LQ, 0.3-10.0 pg/ml for LG, and 0.05-1.56 pg/ml
for ISLG. Amounts of the four compounds in every un-
known sample were determined using standard curves.

Calculation

To elucidate concentration trends in the four medicinal
compounds between the storage treatment or drying tem-
perature and the controls, the increment percentage in the
compounds with respect to controls (Pr., %) was calculated
according to the following equation:

Pie=(Cr—Cc) / Cc X100

Py the increment percentage in the compound con-
centration with respect to control (%).

Cr: the compound concentration in each storage or
drying temperature treatment (mg/g DW).

Cc: the compound concentration in each control (mg/g
DW).

Statistical analysis

All data presented in the figures are mean values.
Significant differences between temperature treatments
(storage and drying temperatures) and controls for the same
periods were determined by t-test (P<0.01 or 0.05) using
Excel Statistics ver. 5.0 software (ESUMI Co., Ltd., Japan).

RESULTS AND DISCUSSION

The four medicinal compounds were completely sepa-
rated from impurities under HPLC conditions (Fig. 2).
Reported concentration ranges of GL, LQ, LG, and ISLG in
wild Chinese licorice are 14.8-33.4, 4.1-26.6, 0.7-3.5, and
0.3-1.2 mg/g DW, respectively (Chen et al., 2009; Zhao et
al., 2006). GL and LQ concentrations in our study were
consistent with reported concentrations in wild Chinese
licorice, but LG and ISLG concentrations were one-tenth of
those reported. In our previous studies, the four compound
concentrations were almost the same between hydroponic
and soil cultivations. Although the reason for the low LG
and ISLG concentrations was not clear, the composition of
the four compounds in the line (No. 2) used in our study
may have been different from that used in the above re-

ports.

Effects of post-harvest storage temperature on concen-

trations of the four medicinal compounds

Generally, most enzyme activities decrease by de-
creasing the amount of liquid in plants stored below the
freezing point (about 0°C). Therefore, the synthesis or de-
composition of enzyme activity for the four medicinal com-
pounds in this experiment may change under below- or
above-zero temperature conditions via liquid movement.
The results of the below-zero (—80, —30, and — 13°C)
and above-zero (4 and 25°C) treatments in this experiment
are discussed in the following sections.

Below-zero treatments

Concentrations and increment percentages (Pu.) of the
four medicinal compounds in roots stored at —80°C for
1-4 weeks were not changed significantly compared to
those in the controls, except for LQ at 3 weeks and ISLG
at 2 weeks (Fig. 3). Little liquid seemed to exist in the
roots of Chinese licorice stored at —80°C. Therefore, plant
biosynthesis and most enzyme reactions also seemed to be
stopped at —80°C. .

Hayashi (2010) reported that GL concentrations in
harvested Chinese licorice roots stored in the incubator at
—5°C for 4 weeks and in the storehouse at ambient tem-
peratures in winter (— 15 to 8°C) for 8 weeks were 7% and
12% higher, respectively, than GL concentrations in roots
dried directly. In our study, GL and LQ concentrations in
roots stored at —30 and — 13°C for 1-2 weeks tended to be
4-13% higher than GL and LQ concentrations in roots
dried directly in the vacuum freeze dryer (controls) (Fig.
3A and 3B). The Pu. of GL and LQ concentrations fluctu-
ated in roots stored at —30 and — 13°C for 1-4 weeks. For
Chinese licorice, GL and LQ were the two secondary me-
tabolites in the high-concentration group. Generally, sec-
ondary metabolites have a key role in protecting plants
from environmental pressures or controlling plant growth
(Harborne, 1999). When roots were stored at —30°C, ad-
ditional GL and LQ were produced to resist the low tem-
perature and then were consumed gradually. GL and LQ
concentrations in roots stored at —30°C increased in the

276 nm 276 nm 254 nm 372 nm
Standard L“Q jG\AA ISLG
100 125 . 175 200 225 250 250 275
Sampl el
e La ' ISLG
_‘L/G\~h‘\
100 125 175 200 225 250 250 275

Retention time (min)

Fig.2 HPLC chromatograms of four standards and one sample. Peaks: GL, glycyrrhizic acid; LQ, liquiritin; LG, liquiritigenin; ISLG,
isoliquiritigenin. Mobile phase: acetonitrile and 1% acetic acid. Flow rate: 0.9 ml/min. UV detection: 254 nm for GL, 276 nm for
LQ and LG, and 372 nm for ISLG. Column temperature: 40°C.
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Fig.3 Effects of post-harvest root storage temperatures (—80, —30,

—25, —13, 4, and 25°C) on concentrations and increment percent-

ages (Pue, —) of the four medicinal compounds in dry roots of Chinese licorice for 1-4 weeks after the beginning of temperature
{reatment. One part of the root as controls (control,[___|) was dried directly in a vacuum freeze dryer, and the other part (treatment,
was stored at different temperatures for 1, 2, 3, and 4 weeks and then dried in a vacuum freeze dryer. A: glycyrrhizic acid
(GL); B: lquiritin (LQ); C: liquiritigenin (LG); D: isoliquiritigenin (ISLG). * and ** indicate significant differences between treat-
ments and controls for each treatment at P<0.05 and P<0.01 by t-test. Each bar indicates mean =S.E. (n=3-4).

second week and decreased in the third week (Fig. 3A and
3B). Then, the plants continued to produce more GL and
LQ to resist the low temperature (—30°C). GL and LQ

concentrations began to increase again in the fourth week.

However, when roots were stored at — 13°C, additional GL
was produced in the second and third weeks and was con-
sumed in the fourth week, and additional LQ was produced
in the first to third weeks and was consumed in the fourth
week (Fig. 3A and 3B). Probably because — 13°C is
warmer than —30°C, consumption rates of GL and LQ in
roots stored at — 13°C were slower than those in roots
stored at —30°C. These results suggest that fluctuations in
GL and LQ concentrations in Chinese licorice stored at
30 and —13°C were related to plant protection.

LG and ISLG concentrations in roots stored at —30°C
for 1-4 weeks were not significantly changed compared to
those in the controls, except for LG at 4 weeks (Fig. 3C and
3D). The Py of LG and ISLG concentrations tended to be
higher in roots stored at — 13°C than in roots stored at
—30°C (Fig. 3C and 3D). However, the Pn. of LG and
ISLG concentrations also fluctuated like the Pi.. of GL and
LQ concentrations, although LG and ISLG were the two
secondary metabolites in the low-concentration group.

Above-zero treatments

LG and ISLG concentrations in roots stored at 4 and

152 (4)

25°C were significantly (P<0.01 and 0.05) higher than
those in the controls, except for ISLG concentration in
roots stored at 4°C for 2 weeks and at 25°C for 4 weeks
(Fig. 3C and 3D). The Pu. of LG concentration was highest
in roots stored at 4 and 25°C for 2 weeks, and LG concen-
tration was nearly 60-fold (6000%) higher than that in the
controls (Fig. 3C). The P.. of ISLG concentration was
higher in roots stored at 4 and 25°C for 1 week than in
roots stored for 24 weeks, and ISLG concentration was
nearly 10-fold (1000%) higher than that in the controls
(Fig. 3D). However, LQ concentration decreased when
roots were stored at 4 and 25°C (Fig. 3B). LQ, LG, and
ISLG are flavonoids. Generally, certain flavonoids occur in
combination with glucoses as glucosides, and free
flavonoids are released when exposed to certain enzymes or
stimulation (Fu et al., 2008). The flavonoids LQ and
isoliquiritin (ISLQ) in Chinese licorice as glucosides possi-
bly could have decomposed to free flavonoids (Fig. 4), LG
and ISLG, when roots were stored at 4 or 25°C. This
would explain the decrease in LQ concentration and the in-
crease in LG and ISLG concentrations in roots stored at 4
and 25°C for 1-4 weeks.

GL is a triterpenoid. GL and the other three flavonoids
(LQ, LG, and ISLG) are synthesized in Chinese licorice
through the action of certain enzymes by different
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biosynthetic pathways (Fig. 4) (Winkel-Shirley, 2001,
Hayashi et al., 2003; Taiz and Zeiger, 2010). Secondary
metabolites are known to be derived from primary metabo-
lites through the activity of enzymes. Acetyl coenzyme A
(acetyl-CoA) is the most important enzyme for the synthe-
sis of secondary metabolites in plants. Therefore, a possi-
ble reason for the decreased GL concentration in roots
stored at 4 and 25°C was that more acetyl-CoA in the plant
was used to synthesize the flavonoids (LG and ISLG) in-
stead of the triterpenoid (GL). However, plant biosynthe-
ses are complex, and this mechanism needs to be studied
further.

All treatment ranges

Most of the enzyme reactions in the roots of Chinese
licorice stored at — 80°C were stopped without liquid
movement; therefore, the Pn. of the four medicinal com-
pounds in roots stored for 1-4 weeks was stable (Fig. 3).
At —30 and —13°C, some enzyme activity seemed likely;
therefore, the Pn. of GL and LQ concentrations in roots
stored at —30 and —13°C fluctuated, and the Pi. of LG
and ISLG concentrations in roots stored at —13°C tended
to increase. At above-zero temperatures, because most of
the enzyme still maintained activity, the Py, of GL and LQ
concentrations tended to decrease (Fig. 3A and 3B) and the
P of LG and ISLG concentrations increased (Fig. 3C and
3D). According to these results, the concentrations of me-
dicinal compounds in roots stored at different temperatures
changed. Roots with stable concentrations of the four me-
dicinal compounds were obtained at —80°C, and roots with
high concentrations of the four medicinal compounds were
obtained at —30°C for 2 weeks for GL, — 13°C for 1 week
for LQ, 4°C for 2 weeks for LG, and 25°C for 1 week for
ISLG. In our previous studies in which we used different-
aged seedlings for different periods, the results were con-
sistent with the above results in this study.

Vol. 51, No. 4 (2013)

Effects of drying temperature on concentrations of the

Jour medicinal compounds

Compound concentrations in the medicinal parts of
plants dried in a vacuum freeze dryer can be steadily main-
tained; however, oven drying is a popular method for the
medicinal plant production industry because of short drying
time and ease of temperature control. Drying temperature
affects the quality and concentration of active compounds
in medicinal plants. In commercial operations in Canada,
ginseng roots are dried at low temperatures (32-38°C) to
achieve a high-quality product (Davidson et al., 2004). Lin
et al. (2011) reported that hot drying temperatures (40, 55,
or 70°C) decreased caffeic acid derivatives and total
phenolics contents, and a cool drying temperature (30°C)
tended to increase cichoric acid and total phenolics contents
in the roots of Echinacea purpurea.

In our study, drying temperature also affected the con-
centrations of medicinal compounds in the roots of Chinese
licorice. GL and LQ concentrations in roots dried in the
oven at 60°C were significantly (P<0.01 and 0.05) lower
than those in roots dried in the vacuum freeze dryer (con-
trols) (Fig. 5A and 5B), and the Pi.. of GL concentration in
roots dried at 50 and 60°C tended to decrease (Fig. 5A).
These results indicate that GL and LQ in roots dried at high
temperatures (50 and 60°C) decomposed to other related
compounds. However, because LG and ISLG concentra-
tions in roots dried in the oven at 30-60°C were signifi-
cantly (P<0.01) higher than those in the controls (Fig. 5C
and 5D), LQ and ISLQ in roots dried at 30—-60°C probably
decomposed to LG and ISLG (Fig. 4). In addition, the
P of LG and ISLG concentrations tended to be lower in
roots dried at 60°C than in roots dried at 30-50°C (Fig. 5C
and 5D), which indicates that LG and ISLG also decom-
posed when roots were dried at temperatures above 60°C.
These results suggest that drying Chinese licorice root in
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the oven at 30 and 40°C with low energy consumption
could increase LG and ISLG concentrations without de-
creasing GL and LQ concentrations. In our previous stud-
ies in which roots were dried in the oven at 50°C, the
results were consistent with the above results in this study,
although other drying temperature treatments (30, 40, and
60°C) were not repeated.

CONCLUSION

In this study, concentrations and compositions of GL,
LQ, LG, and ISLG were changed using different storage
terperature treatments. Concentrations of the four medici-
nal compounds were stable at —80°C. GL and LQ concen-
trations in the root of Chinese licorice can be increased by
below-zero storage temperature treatments ( — 30 and
—13°C), and LG and ISLG concentrations can be in-
creased by above-zero storage temperature treatments (4
and 25°C). In addition, after above-zero storage tempera-
ture treatments, LG and ISLG concentrations can be in-
creased more by low-temperature drying (30-40°C). This
study provides an approach to increase the concentration of
each target compound in Chinese licorice for different mar-
ket demands (drugs, cosmetics, and food).

This study was partly supported by Ministry of Health,
Labour and Welfare, Health Labour Sciences Research Grant of
Japan (H24-Souyakusougou-Ippan-007).
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