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Bioactivities of wild and farmed Glossogyne tenuifolia

Yt !
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Jer-Yiing Houng!

BEINBHSE Y+ Fand ~ ARG ~ B4R ~ JUs IS TE ~ PTG ~ HIHEA IS
A s
Additional index words: Glossogyne tenuifolia, farmed, wild, antioxidant activity, anti-
inflammatory activity, anti-proliferative activity

S s AR Ll A\ AR RIS A A 2 B 0 ~ IR R R I 2y S
T~ PUE S ME BRI A0 1 o ANFEERGIR S 7 BIBE I C b ~ Lk £B5
R BRI B T 2K N > AT ZEREaT LLi 1 18 (EZE AR » AEDUSA LIS T 1HT
%4 it DPPH B H 215 R 15 14 F1 SOD B2 fit 1% bR s 1 & 47 L s AL iE TRl E -
DPPH #1 SOD {5 FRIEVEA P R B9 £ A 2 2 AU > N TR EZn 2500 5 sl EARAEEY
P> 2 REEHU) > MRERZEHY) 5 WRF2EHCY) > L% ZBs 20 > 1E C e300 - 1E
U RIEE ST - (R1E G 2 W5 5 RAW264.7 ELH A AR 72 25 58 28 IBE - 3lfi DL — %
(L RANHNEVEA 347 18 LL AR5 2 - B an E AR NI DU I TR P 5%
B AE > N TR 5 BRED> B> BED  (ECRERRE) > LIk ZBa 2 > g 25
HW) o AEANHIFEAT IS A NS VE T > FRETAS HepG2 [T MR A= F= ) BRI 14 2
M o N TRt 20 S ARGE 25 U LB 2 2 EARTRZE ) B 5 S A IIAE M - 12
AR TR 5T PR T S AU R 2 By s B SRR S B AN PR R )
AREERIIAR R -7- # & (ut-7-g) S & - —fiemi 5 o AR LA T
A2 Ea A E R EREIER Y » 2 EY ~ RO s BRI 5555 BUR P R i 130
> EPR>SRAR ¢+ HEEZEY) > L B3 > 1E CEEEEY) © 12 lut-7-g it > ]
LIl EARH) L8 LB ZEH) & RS o AE N TRREAE AT an S A H - Jrade
VI B 2 fy ~ ARAH AR AR R SR & B 2 R B R MHBR T - mfis Al
il e M AR 2 i I B i SR 7y o 5 BEAHBR TR B A B L - i & Sl R - 374
FAN BN TR A 2 B R I B LS MERIEG S R A 8 & & o

' RTFREEBERUR AV B L2 TR 2B R B 2B EI Bt K o Professor, Department of
Nutrition and Department of Chemical Engineering, [-Shou University, Taiwan, R.O.C.; Associate Dean, College of
Medicine, I-Shou University, Taiwan, R.O.C.
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B8

7 2i H (Glossogyne tenuifolia, GT) & — M 2 F A FARNEY) » ZEE 20~ 304
gy EEEEAE - HAERRN - it - K45~9.0470 ~ BEBLFRE - BH
BMIRER » BEMEE =SB0 B o —tEY) EE e ns ~ Il ~ Fiig E
JE Ra A2 T 5 5 ) e di vy vt s - (A o B e b (L, 1978) - &
2% o S SRR E YR o (A R R R B R - BT R
RAEB MR ZE00 » it/ REZRRTEY 2 - BEARFAIPTEERZITER -

BT SEEER » FANEZ Y B A EZEPTE L (Wu et al., 2005a; Yang et al.,
2006) ~ 1 % ~ YU A (Wu et al., 2004; Wu et al., 2005b) ~ ¢ 2% 2 i (Ha et al.,
2006) ~ HNFHEATIEHE 4 (Hsu et al., 2005, 2008, 2009, 2011; Tsai et al., 2013) ~ $[1igh
B (Wang et al., 2014) ~ FEBG AR EIARGKIREE (L (Hsuan et al., 2015) ~ fEEHHH]
HilE % (ROS) H LAY K (7 A KA HE (5 (Wang et al., 2011) FITHE /T I A
o (bBe I LAFR T S09% /) (Ha et al., 2006; Houng et al., 2015) SEHJRY » FHaiE A ALY
() — 245 280K 77 E A 8 HH 2K ELFE KR B3R (luteolin) ~ KR FL3R -7- ) 4 B 1
(luteolin-7-glucoside, lut-7-g) F[1 7% 18 5 [ (oleanolic acid)(Wu et al., 2004; Hsu et al.,
2005; Wu et al., 2005b) o {HZ » FulthfF5e 208 FH B RAE A » (R SE A H AT R
L EANE]ER 7y (Bt EERRIARER ) A LI e 7= 22 -

FH A 7 20 B AE 208 SO It ) 75 K BRI 00 - S AR 7 40 B0 KIS Ik
Do B TR TR K 0 BRI R PN T ARAE 7 20 A i A i 7 AHE R A
& HORRE AR 3~ 6l H o A TAHE A 4n F BBy A Fah g M A - Al
BAWENM LA - mizE B AR HEFPREE o 8 mfE RS EZ B &
FATREAALIE AN TRER RS » (H—E DS ER 2T B e -

AAF R0 R A E N TR A S A 2 S py it B30 ~ ARESFI =Rk 2 B bl > B0 5]
HMIFIE KT (n-hexane, (B PEIAETR]) ~ LM L85 (EA, HRRRPEAR] ) FIH EE (MeOH, 5
BRIV ) ZE MU 15 2 22 B0 > ELiE 18 (IR s BT KA 1 ~ $U8E 2 AR
FEAIIE A TS - DR R AU 2 &8 -

fEiE I FEr - 73l 200 HZMG 22k ~ db EERAIAREREYR » A IECKE ~ £
e LA P AT 25 Y - PRSHZIE AN < FEZS ELIRCRS R 1 o BF AR A LA 40
R () 0 5 DURH [ v 50 2 B b ) 2 B 19 A 4B » R vy D e 2K ) 2K 2R B 1
(10.8 ~15.3%) ° fH#E .2 T » LUIE C 5 £ £ 15 2 B 25 B 2R BITIRAR » 73 Bl 5%
0.68 ~ 1.34% #[10.96 ~2.51% o
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| 1 B) Wild GT
1 o, (A) Farmed GT o I )
144 E EA — 14 {4 0 EA
§ 1 MeOH :"‘?—: 1 MeOH
v 27 - . 5 127 B
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e c
o L2 g
3 ° 3 °
o i
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i i
4 44
L mll Em L mll mll
Whole plant Aerial Root Whole plant Aerial Root

Bl AALHEEBENB)HFEFUMEABTMUUARAEZERE ZER - FMHmiEm
/200g - DUEERAEIZER =R - BLUSRIZIBHETRR - UWHELIGTEE
UK - (Tsai et al., 2014)

ZE S LB
— AL

AT ST ETE R A (ROS) M1 A H HERVIE L » B82S A RAREELL
F& - 5140 DNA 1815 ~ Bom(ER MRS S - IFR =2 ~ I8BE - Bk
ARBSEAY ~ W8 PRIVE FIRE G 1k BR B 2 S RYFTF 2 0 o AN 9E LI DPPH H HHENE RIS
THEF0 SOD R 118 i im M ARl & 2 AR UV LR LI 1 o P e il 25
Hupnik oo /e B R UR EEE A - HE HEEERRE TS A B EIRFE - 7r8]
EAR IR A E R B IS ERRIE A o HUEERR B RN PIELIE MR
ICs0 B A FRTs » I B B 2 A S RETS B 50% I FHERAIE AT » & It 22 B B i
RS > o H H HREERIEA S o

2A Fl12B B8 E 4 HE A% DPPH A1 SOD H HHIE/EFRIE LR ICso fiff » &F
SRR B NG IRE B A Fan > AN TAAE 5 &> 2Rk > HRER : H
NEZEHUY) > LM ZHEZHUY) > TE CBE ALY o BF AR 7 i H F 2 22 HU) 1 DPPH Al
SOD P BTG 1 ICso fE 47 Bl B 2.1 = 0.2 ng/mL F[159.8 + 1.9 pg/mL 5 1 A Tk
Franfyth BRI R ES 30.9 & 1.1 g/mL §1167.6 + 5.6 ug/mL o £ [ LL#E » ASHH
52 LL5E 4% 3 (catechin) /F £ 1F ¥f B 4H - H DPPH A1 SOD i FR % 14 1Cs0 fiEi 77 1l 7%
5.6 = 1.2 ug/mLF[122.7 £ 0.7 pg/mL © 38 LL53Hfh R » FHATER_ 5L - FF
R iR (MeOH) ZEHUY) » tHE HAZEHW @ B AR EbIGTE
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=é A N Farmed GT = (B) [:I- :;:;n;s'r
4 i i

g — 3 Wild GT » 3000
> =
=
% 2o £ a0
5 8
!_? ® 2000
2 1500 - 3
% 3 1500
o
T 1000

A a
; o 1000 -
=1 1]
§ 5001 8 500
2 2
=] e

0- == Ir = 0 Iz lE' v

RH RE RM AH AE AM WH WE WM control RH RE RM AH AE AM WH WE WM Control
GT extract GT Extract

A ANIHENMTFETNEARDBUEZERYOREEFHE (CLIC0EERT) -
(ADPPHEREBREMN ; B)BERE FAEREM - R |R30 - A ith £30 -
W:Z# - H: ECKEERY - E: ZBIEEZEERY - M PEZEERY) - LRERER
TER¥BB4E - (Tsai et al., 2014)

o iR

18 1 58 R Je 2 R SR S b » WUt AR B AR IR L ~ AR ~ (CHHAE (5%
BE ~ BEERIE ~ #5582 flJeeiE (Pradhan, 2007; Lin et al., 2008a; Aravindaram and
Yang, 2010; Lee et al., 2010) - & Al — & /b & & & B (inducible nitric oxide
synthase, INOS) & & 4@ fEHY) —F AL & (NO) » Bl 2 Fei 18 14 55 28 o o Jos B A
A Y REE T (Hobbs et al., 1999; Pacher et al., 2007) °

52 WiEfe (Lipopolysaccharide, LPS) j& —TAll s A7 - Aefi s Bl -
VLA AR AT AT AR 55 2 R AR P Y INOS & 4L - 3lfE 375 8 NO By ZE Rl » AE E B 5%
fiE ~ BRI E A A R EE DL #Y [ FE (Nathan,1992; Shen et al., 2002) - | LPS #%5 &
iNOS &AL » DIATA A i) NO B RNREE T3 RIEFE R R AL » WAl R ILERAF K
RV DT 2SO — T 2Lkl 75k o BRI LE A R R FIEE A
RS — B » W R R AE RIE S L ~ AR AR R AR fh v — (A 2R A
o [AIL - R LPS 5738 RAW264.7 /N E TR 58 2 AU B Bt 2N E Bz 3R
e — AR U S A Al U3 2 (F T RYBE /AL (Hu et al., 2008; Ha et al., 2012;
Moro et al., 2012) * ASHFE{E (# ] LPS 7585 (L RAW264.7 i LIAE A NO -
DI 2 S22V E R 052 RPVEEITHIRE » Mo DUIH] 50% NO ARl & Z AR A iR L
(Cso{H ) ARFTR L3 RIE M Z RK © ATHIATL » & 1Cso {EAT Ay » BIZORH s
RIGTERTE -

HIE 3A ZBURRUT » FANEZENINYI#E RIS KPR EFmE> AT
AAEAZN A 5 MRES> R > M AR 5 (R OIS 2/ ZBSZE A > W RS 2R



P o B A RN T A80HE 7 i S AR B 1E e 2 BV U3¢ 26 1 14 1Cs0 {iE 77 Bl B
9.3+ 0.2ug/mLAT12.7 £ 0.5 pg/mL o £ [ LLEE » ARHFFEE LAERIRIA K 249 L-
NMMA (NG-monomethyl-l-arginineacetate) {F £ 1 ¥t 08 #H » H ICso{H £ 21.4 +
1.8 ug/mL » §H R A 2n FARAR IE Cbe X U B A MBI K ae ) - BLot - 38
B U AEAR 2 H ICso (HR B 2 FIRF » 3l AN &y {1 RAW264.7 [ A A ry 4=
R o B FBaAS REUR - Fan EARES - LHZEMSE (ECR) FBWES
L HAh 2= HUY) 5 i R p 88 20 1 o

FHIE 3B 2 BB SLEET + A T BRI A 25 46 & AR IF O B U]
il RAW264.7 ffl i) NO 4= pl B B A B EARKF M o 1 B - 38 Wi fd 22 B %t
RAW264.7 it MER A =M > i e e EMIT 4 & (& 3C) -

200 120

BHSH N SINE 2 H > B S

Z 1w (A) B Farmed GT (B) M R/H of farmed GT
El B [ Wild GT 100 o [ RIH of wild GT
z -
3 a0 =
£ < 80 -
o 120 4 H
g 2 N
£ B
g 100 - S 60 -
°
g w g
3 2 40
P 4 (o] i
o =z
=z
c J
o 40 20 4
‘_Ja i
0- 04 = L -
RH RE RM AH ANE AM WH WE WM Control Vehicle 2 8 10 14 18 22
GT extract GT concentration (pg/ml)
200
N R/H of farmed GT
180 { (C) = RMH of wild GT
160 1 T I I
§ 140 T I
z 120 M
S 100 4
=
2 80
°
O &0
40 4
20 4

[} T u - u v -
Vehicle 2 6 10 14 18 22

GT concentration (ug/ml)

W:Z#%K-H:ECKRFENY - E: JBOBEZERY - M . BEZERY - DIL-
NMMAEREIRAE - BALHENTESHERBECHZRYEALRERE T
HIFEINOERMIEH - OALHEMBFLEENERBECHEERNNEARDEE T
HRAW264.7 fifER Z52Z - (Tsai et al., 2014)
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= ~ 5 HepG2 Tt A ih ik

JEHIRIRFERETR » B an 5 PR £k ZEEZXHUP) % HepG2 Ml Hep3B [IHEATAE ~

MCF-7 Il MDA-MB-231 ZL4IHE + LR AS49 it e STA o L4 A2 0 B0 2 05
(Hsu et al., 2005) = AH152 2 LI HepG2 [T RAYIHE A A HERT A T AR REAIE 4 5 4 B R )
BRI RS -

B B R - b BRI PR A 2 A B A < SR REFE > A

TR 5 IEC R > Lk LEEFEN) > HEZZEHLY) (18] 4A) o TS 2 AR
AR R v R R s N R > B4 5 IE Qe 2R > Lk ZBRZEHUY) > H
B ZEHLP) o NI > A5 18 EAHUIBR S > DU DR A 2h AR BRI IE 2 e 22 B it

HepG2 il B A i KM EETE IC50=9.1 1w
+ 0.5 xg/mL) » [ 1F ¥} H&#H doxorubicin »
H B —ERRALREEEY) » 1Cso {EHAIFS 1.52 &
0.4 ug/mL » i N AR 20 SR EHY 1
O 25 BV 5 A ol 0 R A A = 1 - 1k
O% o (KIGE 4B AT 4C Y E SR BB #T - A
TR RN A A 40 SARBRI IE O e 25 B
FHNH HepG2 A4 &85 B A g BRE & 1 o

(A) N Farmed GT
1400 1 1 Wild 6T

1200 -
1000 4
800 4
600 4

400 o

Cytotoxicity IC,, on Hep G2 cells (pg/ml)

200 1

RH RE RM AH AE AM WH WE WM Control

IRF [ E AR - G extract

120 120

(B) BN R of farmed GT

100 - l [ R/H of wild GT 100 3 =4
2w I g .
z 2
5w 3"
s 2 .
8 w 8 01 I RhofwidoTat20 g

20 -

—=&— Vehicle of farmed GT
20 =0~ R/H of farmed GT at 5 pg/ml
. 0 v v T v

Vehicle 5120 10/40 15/80 0 12 24 38 8 60 72

Concentration (ug/ml) Time (hr)

4. BUMEZNE HepG2 ArMilie £ RAVIDHEDE Y - A)ALIRENHFEFHEA

EIEMUZEENY) i A Re s 4 (WLUICs0fB3RR) - R ARED - A (i EE8 - W . &4k -
H:ECKEZERY - E: JBOEEZERY - M BEEZEEY) - L Doxorubicin 1E
RHERAE - B AEEIEA LHENHFETHERIIECHEIZEIRYE HepG2 AifRTF
ERZEE - ( OARERERB FALIFEBENBTEENMERBIES HKEINY H
HepGEAilRFER 25 & - (Tsai et al.,, 2014)



¢ BT E 92 887 7 2h B A PR L8 LB 25 UV R 77 B 20 3% (glossogin) ~ R A5
(mokko lactone) ~ FE[E (phytol) #1 4 & A E A S (dehydrocostus lactone) HAG {1 H#8 4=
ZIE M (Hsu et al., 2011) o F4f3% (Hsu et al., 2008) #1E @ K E A BE (Hsu et al., 2009)
755 ASA9 A RE R o KL » Fzn NG 4= 2 &V & Z 2 E
T2 AAIEVER ST & B R LR R 8 > N TR & 2h B S IS AR TS TR E AR
A FHHE— DRI BRET

Y P ) ey S 4 | ) A o gt o

T o H S EH 2 A E B AR LS Y) (Hsu et al,, 2005) - HLiRE{L S V)REY)
HEWR D - BAEENRE R 208 MPTE(b ~ §188 % KU S T (Shahidi
and Naczk, 2004; Yanez et al., 2004; Wang et al., 2006; Lin et al., 2012)  J¢FijHIRF5EER
o FAnEPRERERIARERR -7- i B EEI L&Y - BAEYUEIL - L
5 R FHNH AT 4= 2 35 M (Wu et al., 2004; Hsu et al., 2005) ©

SA I SB 79 1l 75 N A AE 0SS A= 75 2 B 25 UV FR AR 26 B FLRESE s A 2 = o0 by
o Bl T: - A A EOR RS B A T R % BT T 0% B
MR EAR & & o A TR ANEY A A 2n it b B0 A8 2 My FTHRRR S & SR R AR AN 2
PREEZ o St AR MRAHE 2 By AIRERE s & 8 2 S LU IRFP R RS 25 > £
W8 ZBEZE AP > IF Ce 22UV - BT e W P Vs TR e & 18 7 2 B rp 2K B Ut — )
E o

SCHISD b 1 N TARREFIEY A A5 2n S AL HUP) R B R SR IR R 3R -7 - i)
WHa &R - AR AL TGS S H B REERMAREER -7- ##
s EESRY & EIREHRES I 2R S % - REER S ERFRAEZEIY> L8 L

RAEHUY) > IEC L2 - SR1 » KRR -7- # I 0E B R 2R ZBR 25 IUYIRy & &
Fafxrm - RKEBEEZREAIUE - PIER ~ PUEYAE B EEPRIE M (Lin et al,, 2008b;
Lopez-Lazaro, 2009) « AR E 28 H LIBCRERIF RIS YR > (PSR s
SRR i 2 e ) I R (L > %2 FRG B A3 (Seelinger et al., 2008) - - N

#F 26 Al B AE ) B 2 By B R A S 2 B T R M S R AHRR < BRI
(Katsube et al., 2004) o 7EEF2 B » 882 Wy BT A LG T < TTRY AH BR T E i iz
G o AN oK R ER 2R W HU R LS 1 gy B = R 2 By & R K 0 s B
(Klimczak et al., 2007; Kiselova et al., 2006; Jayaprakasha et al., 2008; Kedage et al., 2007) °
R VR N TR AR 4 T an B &l 2 IR /8 2 ) ~ ARREEE IR ~ RERERAIRE
SR -T- AN G S A S TR Z RIRAHBA TR B (correlation coefficient, R) o

R N SR H - B I
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AT 58 (R = 0.8126 — 0.8873) FI%F A & 41 25 (R = 0.7563 — 0.9154) ZEE{W) 2
DPPH {5 [ 175 14 B2 48 20 Mgy ~ #8088 25 i AR 32 B 3R 08 B 2 [T R 1k AH R IR AR o o R
M PLEALIEMEEL R R B 5% -7- & &) ME 1 & & 2 TR FH BA T HIj B (R = 0.2805 —
0.5509) o

[z W e AR B RG89 RO I A A g A= I 14 B 38 2L 1k o 2 Rl B AH B 14 H
AME > HREBES N  BEEIE - KERRNARERER-T-#aE TS 'R - a0
R TR B EEEBERE ~ FaiFE - KEWEE ~ i ESAREFT AN
JEL By BUEFEIRTIEEYE © KL > Br 72 MFESERR L SY).29t - FanE W)
PR AT REAFAE 2 H A HTEE R AT SIS 4 fE U 57

(A) 1u{ (B) &

I Farmed GT

S 60 4 N Farmed GT
3 wild 6T

[ wild GT

Total Polyphenols (%)
&

Total Flavonoids (%)
-]

R/H RIE RM AH ANE AM WH WE WM RH RIE RM  AH ANE AM WH WE WM
GT extract GT extract

100 7
(C) (D) i
— B T
80 - I .g
I Farmed GT I Farmed GT
1 wild 6T .§.5- [ wild GT
o @
B 60 T
E % fg 4
= o
= 3
° P 34
‘g 40 4 :.:_
| = 2
20§ £
o
0 : I,D_l o . I,ELl,ﬁ ﬂ _Jj‘l o hll I.H
RH RE RM AH MNE AM WH WE WM RH RE RM AH WNE AM WH WE WM
GT extract GT extract

B5 ALFHBNFEBFNEARDBUZFRYTEERDZEE - (AVBRZHEIE ; (B)R
fEf=2E , OKRBRERES=E , DAERER-7-FEBASE - R B - A :
WEE W: 2% - H: ECHRERNY - E: JBIBEZERY - M BEEZEER
#) - (Tsai et al., 2014)



e

2% LN TR AN A4 B 2 B AN [R] 22 HUW) < #E 2 By (TPC) ~ AR SR (TFC) ~ KERE
AR ESR -7- # i & BB ~ U NIRRT A s e Z R

FHRER 4 (Tsai et al., 2014) %ﬁ

A THAEEZ WA E A L) %

WAL Pk IEEMIeL BAML Bsk ImMies T

TPC 0.8126 0.4765 0.4464 0.7563 -0.7361%* -0.3510* %
TFC 0.8873 -0.4823* -0.5088%* 0.8262 -0.7540%* -0.2147%* f.%
Luteolin 0.8861 -0.8245%* -0.8466* 09154 -0.8972%* -0.4186%* g
Lut-7-g 0.5509 0.0657 -0.1369* 0.2805 0.1241 0.2451 %
*EERETRILBE 5%

1

i A

By L A AU RE 2 Wy ~ RERH TR - AR ERNIREER -7- f m b
o BRENEE R N TR S S0 o B 4 & 4n S 20U 75 BN T & 4
FAHUY) B R R TR LRI 2 2B » R » N TR 7 2 AR 2K
HCPp AIIE AN HepG2 BT IR 2L & A LLBP A AR AR ZE AU B8 = i Ts 1k © B -
s b ER Y R AU B BOR PUR LIS 1 M2k BARERAY I C e 2 PRIl A
AR R AN SIS 4 2 151 -

5 ]t o S 7P 45 Bk Y A £ 1,000 mm - K G 2K 3 BEAY LS 1,800 mm > R
B NN = B AR AEPY H 2L A 26 o IS B AR A i b JH A 2 B M 2 SR R A
HERFENW ~ RZICK ~ SBp A RSB - HJEE A HOR A F AR IR T
AR MATHEAZIEMALL - BAFMEREFRFEBE - HEANEH
W B AR 7 & SRR ARG T > B DR Al BEAE S 7 4 B A R 25 3R
T HBEFAMHEEE - WEERZSFZYE - WIEEFERYEA A T
EAEE R (LI - 2him > AT MENERFZEMB A TS - HiE
BEADEE > BURE T E R EE R A AR — (AR 3R o WL > A
TR A H A& LT -

=Sk

1. Aravindaram, K. and N. S. Yang, 2010. Anti-inflammatory plant natural products for
cancer therapy. Planta Med. 76:1103-1117.




01 43¢ 1l B JE P A 3 o BT )

Symposium on Cultivation and Application of Glossogyne tenuifolia

10

2. Ha, C. L., C. Y. Weng, L. Wang, T. W. Lian, and M. J. Wu. 2006. Immunomodulatory
effect of Glossogyne tenuifolia in murine peritoneal macrophages and splenocytes. J.
Ethnopharmacol. 107:116-125.

3. Ha, S. K., H. Y. Park, H. Eom, Y. Kim, and I. Choi. 2012. Narirutin fraction from citrus
peels attenuates LPS-stimulated inflammatory response through inhibition of NF- »x B
and MAPKSs activation. Food Chem. Toxicol. 50:3498-3504.

4. Hobbs, A. J., A. Higgs, and S. Moncada. 1999. Inhibition of nitric oxide synthase as a
potential therapeutic target. Ann. Res. Pharmacol. Toxicol. 39:191-220.

5. Houng, J. Y., H. F. Hsu, C. W. Lin, T. S. Hwang, and L. W. Fang. 2015. Glossogyne
tenuifolia increases immunity via enhancement of macrophage differentiation. Tajen J.
46:1-12.

6. Hsu, H. F., J. Y. Houng, C. L. Chang, C. C. Wy, F. R. Chang, and Y. C. Wu. 2005.
Antioxidant activity, cytotoxicity, and DNA information of Glossogyne tenuifolia. J.
Agric. Food Chem. 53:6117-6125.

7. Hsu, H. F., J. Y. Houng, C. F. Kuo, N. Tsao, Y. C. Wu. 2008. Glossogin, a novel
phenylpropanoid from Glossogyne tenuifolia, induced apoptosis in A549 lung cancer
cells. Food Chem. Toxicol. 46:3785-3791.

8. Hsu, H. F., Y. C. Wu, L. C. Chen, and J. Y. Houng. 2009. Induction of apoptosis of
A549 lung cancer cell line by dehydrocostus lactone isolated from Glossogyne
tenuifolia. J. Food Drug Anal.17(2):107-115.

9. Hsu, H. F., Y. C. Wu, C. C. Chang, and J. Y. Houng. 2011. Apoptotic effects of
bioactive fraction isolated from Glossogyne tenuifolia on A549 human lung cancer cells.
J. Taiwan Ins. Chem. Eng. 42:556-562.

10. Hsuan, C. F., H. F. Hsu, T. L. Lee, Y. F. Wei, K. L. Hsu, C. C. Wu, and J. Y. Houng.
2015. Glossogyne tenuifolia extract inhibits TNF- & -induced expression of adhesion
molecules in human umbilical vein endothelial cells via blocking the NF-B signaling
pathway. Molecules 20:16908-16923.

11. Hu, X. D., Y. Yang, X. G. Zhong, X. H. Zhang, Y. N. Zhang, Z. P. Zheng, Y. Zhou, W.
Tang, Y. F. Wang, L. H. Hu, and J. P. Zuo. 2008. Anti-inflammatory effects of Z23 on
LPS-induced inflammatory responses in RAW264.7 macrophages. J. Ethnopharmacol.
120:447-451.



12. Jayaprakasha, G. K., B. Girennavar, and B. S. Patil. 2008. Radical scavenging activities
of Rio Red grapefruits and Sour orange fruit extracts in different in vitro model systems.
Bioresour. Technol. 99:4484-4494.

13. Katsube, T., H. Tabata, Y. Ohta, Y. Yamasaki, E. Anuurad, K. Shiwaku, and Y. Yamane.
2004. Screening for antioxidant activity in edible plant products: comparison of low-
density lipoprotein oxidation assay, DPPH radical scavenging assay, and Folin-
Ciocalteu assay. J. Agric. Food Chem. 52:2391-2396.

14. Kedage, V. V., J. C. Tilak, G. B. Dixit, T. P. A. Devasagayam, and M. A. Mhatre. 2007.
Study of antioxidant properties of some varieties of grapes (Vitis vinifera L.). Crit. Rev.
Food Sci. Nutr. 47:175-185.

15. Kiselova, Y., D. Ivanova, T. Chervenkov, D. Gerova, B. Galunska, T. Yankova. 2006.
Correlation between the in vitro antioxidant activity and polyphenol content of aqueous
extracts from Bulgarian herbs. Phytother. Res. 20:961- 965.

16. Klimczak, 1., M. Malecka, M. Szlachta, and A. Gliszczynska-Swiglo. 2007. Effect of
storage on the content of polyphenols, vitamin C and the antioxidant activity of orange
juices. J. Food Compost. Anal. 20-313-322.

17. Lee, Y. J., S. B. Han, S. Y. Nam, K. W. Oh, and J. T. Hong. 2010. Inflammation and
Alzheimer's disease. Arch. Pharm. Res. 33:1539-1556.

18. Li, H. L. 1978. Glossogyne Cass., Flora of Taiwan. p. 870. Epoch Publishing. Taipei,

Taiwan.

19. Lin, Q. Y., L. J. Jin, Z. H. Cao, and Y. P. Xu. 2008a. Inhibition of inducible nitric oxide
synthase by Acanthopanax senticosus extract in RAW264.7 macrophages. J.
Ethnopharmacol. 118:231-236.

20. Lin, Y., R. Shi, X. Wang, H. M. Shen. 2008b. Luteolin, a flavonoid with potential for
cancer prevention and therapy. Curr. Cancer Drug Targets 8:634-646.

21. Lin, J. T., Y. C. Chen, Y. C. Lee, C. W. Rolis Hou, F. L. Chen, and D. J. Yang. 2012.
Antioxidant, anti-proliferative and cyclooxygenase-2 inhibitory activities of ethanolic
extracts from lemon balm (Melissa officinalis L.) leaves. LWT-Food Sci. Technol. 49:1-7.

22. Lopez-Lazaro, M. 2009. Distribution and biological activities of the flavonoid luteolin.
Mini Rev. Med. Chem. 9:31-59.

BHSH N SINE 2 H > B S




A

S Sy A Fef Bl ) FH Bf 5 o5 L) )

Symposium on Cultivation and Application of Glossogyne tenuifolia

12

23. Moro, C., L. Palacios, M. Lozano, M. D' Arrigo, E. Guillamon, A. Villares, J. A.
Martinez, and A. Garcia-Lafuente. 2012. Anti-inflammatory activity of methanolic
extracts from edible mushrooms in LPS activated RAW 264.7 macrophages. Food
Chem. 130:350-355.

24. Nathan, C. 1992. Nitric oxide as a secretory product of mammalian cells. FASEB J.
6:3051-30064.

25. Pacher, P, S. Joseph, J. S. Beckman, and L. Liaudet. 2007. Nitric oxide and
peroxynitrite in health and disease. Physiol. Rev. 87:315-424.

26. Pradhan, A. 2007. Obesity, metabolic syndrome, and type 2 diabetes: Inflammatory
basis of glucose metabolic disorders. Nutr. Rev. 65:S152-S156.

27. Seelinger, G., 1. Merfort, U. Wolfle, and C. M. Schempp. 2008. Anti-carcinogenic
effects of the flavonoid luteolin. Molecules 13:2628-2651.

28. Shahidi, F. and M. Naczk. 2004. Phenolics in Food and Nutraceuticals. CRC Press.
Boca Raton, FL, USA.

29. Shen, S. C., W. R. Lee, H. Y. Lin, H. C. Huang, C. H. Ko, L. L. Yang, and Y. C. Chen.
2002. In vitro and in vivo inhibitory activities of rutin, wogonin, and quercetin on
lipopolysaccharide-induced nitric oxide and prostaglandin E2 production. Eur. J.
Pharmacol. 446:187-194.

30. Tsai, Y. D., H. J. Chen, H. F. Hsu, K. Lu, C. L. Liang, P. C. Liliang, K. W. Wang, H. K.
Wang, C. P. Wang, J. Y. Houng. 2013. Luteolin inhibits proliferation of human
glioblastoma cells via induction of cell cycle arrest and apoptosis. J. Taiwan Inst. Chem.
Eng. 44:837-845.

31. Tsai, Y. D., H. F. Hsu, Z. H. Chen, Y. T. Wang, S. H. Huang, H. J. Chen, C. P. Wang, S.
W. Wang, C. C. Chang, and J. Y. Houng. 2014. Antioxidant, anti-inflammatory, and
anti-proliferative activities of extracts from different parts of farmed and wild
Glossogyne tenuifolia. Ind. Crop. Prod. 57:98-105.

32. Wang, L., Y. C. Tu, T. W. Lian, J. T. Hung, J. H. Yen, and M. J. Wu. 2006. Distinctive
antioxidant and anti-inflammatory effects of flavonols. J. Agric. Food Chem. 54:9798-
9804.

33. Wang, C. P, J. Y. Houng, H. F. Hsu, H. J. Chen, B. Huang, W. C. Hung, T. H. Yu, C. A.
Chiu, L. F. Lu, and C. C. Hsu. 2011. Glossogyne tenuifolia enhances posttranslational



S-nitrosylation of proteins in vascular endothelial cells. Taiwania 56:97-104.

34. Wang, S. W., H. C. Kuo, H. F. Hsu, Y. K. Tu, and J. Y. Houng. 2014. Inhibitory
activity on RANKL-mediated osteoclastogenesis of Glossogyne tenuifolia extract. J.
Funct. Foods 6:215-223.

35. Wu, M. J.,, L. Wang, H. Y. Ding, C. Y. Weng, and J. H. Yen. 2004. Glossogyne
tenuifolia acts to inhibit inflammatory mediator production in a macrophage cell line
by downregulating LPS-induced NF-B. J. Biomed. Sci. 11,:186-199.

36. Wu, M. J., C. L. Huang, T. W. Lian, M. C. Kou, and L. Wang. 2005a. Antioxidant
activity of Glossogyne tenuifolia. J. Agric. Food Chem. 53:6305-6312.

37. Wu, M. J., C. Y. Weng, H. Y. Ding, P. J. Wu. 2005b. Anti-inflammatory and antiviral
effects of Glossogyne tenuifolia. Life Sci. 76:1135-1146.

38. Yanez, J., V. Vicente, M. Alcaraz, J. Castillo, O. Benavente-Garcia, M. Canteras, and
J. A. Teruel. 2004. Cytotoxicity and antiproliferative activities of several phenolic
compounds against three melanocytes cell lines: relationship between structure and
activity. Nutr. Cancer 49:191-199.

39. Yang, J. H., S. Y. Tsai, C. M. Han, C. C. Shih, and J. L. Mau. 2006. Antioxidant
properties of Glossogyne tenuifolia. Am. J. Chin. Med. 34:707-720.

E?
4
Hil
A
T
gS4
il
&
Zii
o
L5
ft
T
{5




2145 Fil B JFE P A 5k o B )

Symposium on Cultivation and Application of Glossogyne tenuifolia

14

ABSTRACT

The antioxidant, anti-inflammatory, and anti-proliferative properties of extracts from
different plant parts of farmed and wild Glossogyne tenuifolia (GT) were compared.
Samples were either extracted by n-hexane, ethyl acetate (EA), and methanol (MeOH),
respectively. Therefore, this study compared a total of 18 extract samples. Antioxidant
properties were measured by DPPH radical scavenging activity and SOD anion scavenging
activity. The DPPH and SOD scavenging activities declined in the order of wild GT >
farmed GT, aerial > whole plant > root, and MeOH extract > EA extract > hexane extract.
The anti-inflammatory properties of these extracts were assayed by nitric oxide
suppressing activity in RAW264.7 macrophage cells with a lipopolysaccharide (LPS)-
induced inflammation response. The anti-inflammatory activity followed the order of wild
GT > farmed GT, root > whole plant > aerial, and hexane extract > EA extract > MeOH
extract. For the cytotoxicity on HepG2 hepatoma cells, extracts from the root of farmed GT
had more effective anti-proliferative activity than the extracts from the root of wild GT. In
addition, the contents of total polyphenols (TPC), total flavonoids (TFC), and amounts of
GT' s bioactive ingredients, luteolin and luteolin-7-glucoside (lut-7-g), of these extracts
were also measured. Generally, wild GT contained higher amounts of these functional
components than farmed GT. The TPC, TFC and luteolin content followed the order of
aerial > whole plant > root and MeOH extract > EA extract > hexane extract. However, lut-
7-g content was highest in the EA extract from the aerial. Good correlations existed
between antioxidant activity and respective TPC, TFC, and luteolin content in farmed and
wild GT extracts, while the anti-inflammatory and anti-proliferative activities were all in
poor or inversely proportional correlated with the contents of these components. In
conclusion, wild GT had markedly higher bioactivities and more effective ingredients than

farmed GT.

Keywords: Glossogyne tenuifolia, farmed, wild, antioxidant activity, anti-inflammatory

activity, anti-proliferative activity
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ABSTRACT

The main active ingredient of Glossogyne tenuifolia, luteolin, which could prevent
and improve chronic diseases related to metabolic syndrome. Faced with the wave of
global trade liberalization, population ageing and rising medical expenditures, Taiwan's
agriculture and health benefits are being hit by unparalleled impact. According to
research in the United States and Japan, dietary supplements can improve cachexia, anti-
aging, anti-depression, anti-hyperlipemia, anti-hypertension, enhance human immunity,
and save huge medical benefits. Therefore, use of the versatility of Glossogyne tenuifolia
to establish of extraction technology, and the development of functional products that are
beneficial to human health. Packaging is a significant product function despite it is not
part of the product essences. Thus, packaging design has been played an important role
for marketing strategies as well as has more direct impact on consumers while product
differentiating, advertising audiences centralized, and dispersion of media efficiency.
This study proposed five basic functions for excellent packaging design including
protection, convenience, attractive appearance, identification, and environmental

protection according to synthesized opinions from exports.

Keywords: Glossogyne tenuifolia Cass., health care, blood lipid, packaging for

marketing
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(Source Voltage) £ 4.5 kv ~ E il & & J&R (Capillary Voltage) £ 46 v ~ tube
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Pre-speed(1.0mm), Test speed(0.5mm/s), Post speed(10mm/s), Distance(10mm),
Trig force(4g), Load cell(50) o
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e FE FE R A HURF I T 4 ZEMUR 5 L B o MU AU R AE & £ 5 /1N = A 2R
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£ 0.5 /NRFE AR 5 » BT AIAE 2.0 /N o Hoe pHAEE « 5 FE a2 RS TG 0 F¢48 b
THGFEHERF £ 8.8 LLE - HrEHII{E 0. 5/J\anﬁaﬁ £3/J\H#TB%£8 OLLT - #TE
FEEAAUR - H pH Z AN A 2 A B8 S AK IR R R 0 e A TER - LAESUR e il &
URADFHERE - AECER T HE E. 2L ~ bEPZETGREE/NAHE » af 5l .Z - H
AT S I LU RS+ 2 o R o R T8 0 1T 3 O 50 s A LR - alf o 2R
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R 1 HAHCE 70 (52 AL E ML

Time Refraction SC pH Color

(hr) (° Brix) (%) L a b
0 0.1 0.10 7.64 97.92 -0.25 3.96
0.5 04 0.25 8.19 67.13 13.74 39.18
1 04 0.30 8.10 56.26 20.26 36.44
1.5 0.5 0.40 7.69 54.55 19.86 35.56
2 0.6 0.50 7.27 51.44 18.77 33.45
3 0.5 0.40 7.63 51.05 19.07 33.30
4 0.5 0.40 7.48 49.40 18.79 32.15
5 0.5 0.40 7.75 48.26 19.81 31.53

SC: Solid contents.

%2, FATH B AU E L

Refraction SC Color
Extraction  (° Brix) (%) pH L a

Time

old new old new old new old new old new old
0 0.2 0.1 0.1 0.10 7.74 7.64 7552 97.92 528 -0.25 35.03
0.5 02 04 0.2 025 8.84 8.19 3230 67.13 23.70 13.74 21.89
1 0.3 04 0.2 030 8.79 8.10 32.59 56.26 23.36 20.26 22.02
1.5 0.3 0.5 0.2 040 8.84 7.69 30.71 54.55 23.54 19.86 20.83
2 0.3 0.6 0.2 0.50 9.02 7.27 28.51 51.44 23.44 18.77 19.37

SC: Solid contents.
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Pressure Permeate Average Flux Initial Flux Final Flux Retentate
(Bar) (° Brix) (L/m’/H) (L/m’/H) (L/m’/H) (° Brix)
30 0 23.0 24.7 16.0 33
40 0 333 45.3 233 34
50 0 50.3 60.0 42.0 33
60 <
H ===&===50Bar =---l--40Bar
55 % ---A---30Bar
1}
50 | ‘Q\ o <
45 '.\ \\Q,'V ~ """9---..__'_
—~ \ B
T 0r n
S st
— \
E 30 F ‘.__;:"'.' ___________ -
T2 tane BT A e
20 L Ty A ""!-..-~ I
15 1 1 1 1 s !
0.5 1 1.5 2 2.5 3

Total soluble solid content (°Brix)
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R 4. FLRMEIE LS BREZIR 0 R S B L

States PH SC Re{)t‘racj[ion Color Viscosity
(%) (" Brix) L a b (cp)
EXT 9.02 0.339 0.7 28.51 23.44 19.37 —
1stROc — 2.121 3.2 - - - —
2ndROc¢ 8.30 12.430 12.7 3.15 -3.51 -0.81 0.91
FDp — — — 15.56 0.66 1.05 —
Re2ndROcCToEXT 7.08 = 0.1 86.90 -0.72  26.59 0.58
ReFDpTo 2ndROc  8.32 — 13.4 3.19 -3.31 -0.75 —
ReFDpToEXT 8.56 — 0.4 27.03 24.86 18.18 0.55

EXT: extracted solution of herb with 70 times water at 100°C for 2hours, 1st ROc:
concentrate of the extracted solution of herb after first time RO concentration, 2ndROc:
concentrate of the extracted solution of herb after secondary RO concentration, FDp:
freezing-drying power of concentrate of 2ndROc, Re2ndROcCToEXT: concentrate of
2ndRO were reconstituted to the same solid contents in extracted solution,
ReFDpTo2ndROc: freezing-drying power were reconstituted to the same solid contents
in 2ndRO concentrate, ReFDpToEXT: freezing-drying power were reconstituted to the
same solid contents in extracted solution, SC: solid contents.

2R 5. USHIMIFE A R L 5 e B e v IR BB o 5 R B L B R L B o 5

Gel 1X0 2X0 3X0 4Xo
Concentration

Treatment  Synersis(%) Strength(g) Synersis(%) Strength(g) Synersis(%) Strength(g) Synersis(%) Strength(g)
HONL 5.0 78.7 4.6 121.6 4.2 137.6 35 174.1
HONH 2.5 352 27 64.8 2.5 114.0 2.6 136.1
SHNL 1.6 41.2 33 84.2 44 106.8 4.1 134.3
SHNH 2.7 443 28 64.4 29 99.2 3.0 136.9
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3R 6. TR IIRHRL 3 B & AR e B 2

Factor Units Contents Synersis (%) Strength (g)
Sugar % 0X1 3.0 50.3
% 1X1 2.8 58.0
% 2X1 2.6 70.2
% 3Xi1 1.5 69.3
Starch species SW % 1X2 1.7 102.4
SC % 1X2 1.9 26.2
SS % 1X2 2.0 74.9
Minal content % 0X3 23 59.8
% 1X3 22 109.5
% 2X3 22 148.5
% 3X3 2.0 154.1
Starch content % 1X4 3.7 73.7
% 2X4 2.8 69.1
% 3X4 1.4 56.9
Glossogyne tenuifolia % 1Xs 1.8 73.6
Cass.-extrate % 3Xs 1.7 85.7
% 6Xs 1.6 96.1
Storage time Days 0 2.7 74.0
Days 3 33 81.6
Days 7 34 90.6
Days 10 4.6 79.6
Days 16 3.3 88.2
Force (g)
140.0
— 1X1 J
— 3X1
120.0 4
— 2X1

100.0

80.0

60.0

40.0

20.0

Time (sec.)
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AR AEE 20 5.2 2 WAk 53 (Polyphenol) Z STRKHIER Wu S (2005) fi5 i B Lut-
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(Flavanone) 5 3 ff Z:fii] (Chalcone)(3 7) » AaABgin RITEUT © T an FREPREL (5
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Hifis 2% Fr BHERR RS &R 7 Compound C-2 ~ Compound E-2 ~ Compound E-3%5 3 féifk 43 o
T F 2 KR AU #E HPLC 77 % » 1£285nm 23 2 /0F 12 300 -
A&7 AT H 225~ 400nm UVIEFE ~ B0 N 2 TIC B 3% (& 13) fe &l 2 1]
2R I3REFE R (GRT) > BB MR & A ¢ IR IR ((R) £ 10.16 min
(Compound E-1) ~ 21.86 min (Compound E-2) ~ 23.38 min (Compound E-3) ~ 25.13 min
(Compound K) ~ 26.14min (Compound E-4) ~ 26.86 min (Compound L-1) ~ 43.84 min
(Compound L-2)2 7F& ; BfkIREN &G © HEE I (tR) £ 4.53min (Compound C-
3) ~ 29.62 min (Compound C-8) ~ 30.40 min (Compound C-9) ~ 35.06 min (Compound
C-10)2 41F » HAMEIRE T Llm/z £ 353(CQ) ~ 367(FQ) ~ 499 (pCoCQA) ~ 515(di-
CQA) ~ 529(CFQA) ~ 543(di-FQA) 1T SIM | » S ME 1T R B 2 K'E 75 L+
(bp) Z CID-MS/MS - e FE 7 (£ HoAth 20 Flifk [

7% 7. LALC-DAD/MSn-ESI S5 #fr #5212 ) 2 A B B e sl oy

izl R Uvimax [M-H] MS/MS MSMSMS
(min) nm)  (m/z) P-ion(%) P-ion(%)
C-1 298 - 353 191(100), 179(74), 135(13)
C-2 4.43 245,325 353 191(100), 179(5), 135(1)
C-3 4.88 - 353 173(100), 179(93), 191(33), 135(17)
C-4 6.53 - 353 191(100), 179(5), 135(1)
C-5 7.62 - 337 191(100), 163(6)
= 1016 285 449 287(100), 431(19), 269(13), 151(5),  269(100), 169(33), 151(18), 135(17),
169(3), 313(1), 135(1) 123(1)
C-6 10.36 - 367 191(100), 173(6)
C-7 12.32 - 337  191(100), 163(6)

E-2 2186 282 451 289(100), 271(9), 167(9), 433(4) 167(100), 271(87), 179(5)
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Abstract

Glossogyne tenuifolia Cass. (GT) was one of the protophyte herbs at Penghu in
Taiwan. It had been as drink tea by the residents of Penghu in the summer to reduce fever
and as an antidote. Recently, it also has been proved possessing the live- protective
function, and become more potential as the materials of health food. The purposes of our
studies are to explore the suitable conditions for extracting the active ingredients of the
herbs and develop the function food in various types made of extract of the herb,
including canned drink tea and gelatin products. With processing and increasing the
utilization of GT, the market of the protophyte herb and the tourism of Penghu will also
be flourished. GT was extracted with 70 times water for 5 hours, and the flavor, color and
soluble solid contents come to saturation state after 1.5~2.0 hours extracting. Then, the
extracted solution was pre-concentrated at 50 Bar, 20~30 C to get the final concentration
of retentate about 2.1%. There were little concentration polarization during these pre-
concentration, and the even flux and VCR arrived to 50.3 L/M?/H and 10.5, respectively.
The pre-concentrated solution was collected and mixed together for secondary
concentration with the same operated pressure and temperature as pre-concentrated
condition. The results show that: initial flux:25.3 L/M?%*/H, final flux:8.73 L/M?/H, even
flux:17.83 L/M?/H, and VCR: 5.10. And there are no soluble solid content were eluted in
the flux solution of both per-concentration and secondary concentration. The strength of
GT gel was increased with increasing of sugar content, concentration of GT-extrate and
mesona- extrate, and was deeply affected by starch varieties. The synersis of gel was
decreased with increasing of sugar content, starch content, and concentration of GT-
extrate and mesona-extrate, but decreased with increasing of storage time. And the total
aerobic microoganism of non-sterilized product was below 100 cfu/g stored at 5 °C for 14
days. Furthermore, high-performance liquid chromatography coupled to electrospray
ionization (ESI) tandem mass spectrometry and photodiode array detection (HPLC-
DAD-ESI-MS™) was used to identify and characterize the phenolic compounds
(flavonoids, chlorogenic acid) in a methanol extract of leaves of GT Structures have been
assigned on the basis of the complementary information obtained from UV-visible
spectra, retention time (relative hydrophobicity), scan mode MS spectra, and
fragmentation patterns in MS?, MS™ spectra (both in the positive and negative ion modes)
obtained using a IT at different collision energies. With HPLC-DAD-ESI-MS" approach,
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the chemical structures of 30 polyphenols of the leaves of GT were identified on-line
without time-consuming isolation, including three flavone, one flavonol, three chalcones

and twenty four chlorogenic acids.

Keywords: Glossogyne tenuifolia Cass., Extraction, membrane concentration, gelatin
products, flavonoid, chlorogenic acid, HPLC-DAD-ESI-MS"
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ABSTRACT

Hsiang-ru (Glossogyne tenuifolia Cass.), which was one of the important special
crops in Penghu area, has been used for culinary and medicinal purposes for centuries. In
2013, it was classified into raw materials of traditional foods and the whole plant itself
can be used. Currently, its yield was about 4.5 tons per hectare in Taiwan (cultivated area:
10 ha), mainly harvested in Penghu. Though its management was extensive with low

demand of water and fertilizer, weed control should be highlighted. Due to lack of
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hsiang-ru variety, agricultural machinery, plentiful funds, labor force, balanced regional
development, hsiang-ru-related industries are not well-developed. In order to promote
the related industrial development, we improved the cultivation techniques of field

planting, weed control, and ratooning.

Keywords: Glossogyne tenuifolia Cass., cultivation management, ratooning
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