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Fig. 1 Cultivation of Botryocladia leptopoda. A: The set-up for expanding B. leptopoda by using brine shrimp; B: The

appearance of cultivated B. leptopoda; C: B. leptopoda preservaed in plastic transparent barrels.

Kraft (2019) th7EBAFRE &SRS THEERS - L
e XA ke i ELIRRSERE AR SN
JSCH R A o tHARRL A A (red grapealgae) -
WFgea - wa e nTE R PR A A4 AR 1 )
(Gajalakshmi et al., 2018) » i BV #k4% (Lakshmi
etal., 2004) ~ FLEE ~ U KPR (Rizvi
and Shameel, 2004) - H Fij5 B &5 % BT 5209 S8k
% » HAERTCHSB T EERN - Rl HESG
FEE BB 2 I8 © ARWTSE R 17 BG Dt Be e o fe
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gy~ KRGy~ BAE - BB - HERRRG - BERIRRRG - X
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if5eE2% A0.A.C. (2005) Jiik » £ @K i
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(HPLC) M M R &t 5 BRI S 534T « 2
Z L m AR R BT E 1021950978 GRS
(2013) gl )5 AA AR ARSI 2T - B4t
B HER b - DR AME TR (gas chromatograph,
GC) HE1T40HT > B E & & - 2% AOAC.
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Bl > e P LA B P B R E R R[]
TR - AR LRARTE ~ FFE DR
AR —E et o B R S B R T



)T RN A B HRE A RO R 7 39

JBUE Ot 3 (ICP/OES) e JR& JiE 1 & 78 4% B 3t &
(ICP/MS) EFTRFHDTR Z 0T -

T R EOR AR IO L

MR BIE VR R BB » J 2L 55°C HERz 1-
2 day > fHAHETHUBtHZ AT RT3 S g CRRRE » ZEHNEY
FAa Ry - (—) ERMERET/K 125 ml FiRE
i 1hr CREZHEAD) ¢ () DURREZZH 10 min >
INZEHET7K 125 ml RER 4°C ZFEHL 1 hr (kF
LUK (=) mEBEF/K 125 ml £ > BL 90°C
A 1hr (BAEERH) © 3 [ERLIEE B SE Rtk - B L
HEOREEE L - O IR R R B AR -

= F AT ERH AR ORI R ~ AR R DT
el -palan 1

(—) REEERA

227 Duboisetal. (1956) F5i% 0 U 1ml fHZE
HU&A 0.5 ml 1y 5% BawIgZREG &R
A 2.5 ml JRARNE @ EWRFESE 25 min £
DA 490 nm AR SEARL - Sl DURe 2] BE AR HE i
SRRl - MR D AR AR RS &

(Z) REERA

227 Singleton and Rossi (1965) f5i% @ HY
0.25 ml FHZEHGRAIA 0.25 ml fEtkEAA] (Folin-
ciocalteu reagent) % 3.75 ml EEEFI/K » ¥HEIR
GHREFE 10 min > FAIA 0.5 ml (7 20% B8
SV > Y 40°C KRS RE 20 min o DL
£ 755 nm HIEBOGE -

(=) MEILEENDLE

L S@I50 R

£RH Oyaizu (1986) Jji%» HY 0.25 ml FHZEHY
WA 0.25 ml BEFEARENE & 0.25 ml FRIMEE -
BEEE% - BA 50°C Kt & 20 min -
A 0.25ml =GNSHIR 542201 - BEGHL 0.5
ml _F3EWR o A 0.5ml EEEF/KR 0.1ml &
{L88E92NR-EG 12 K FE 10 min » DU 700 nm {5

HIREAE -
2. TEPRE A REHEE T AE

£%F Robak and Gryglewski (1988) 57 » HY
0.1 ml FHZEEUK > KFFINA 0.25 ml 120 pM PMS
(phenazine methosulphate) ~ 0.25 ml 936 uM NADH
(B-Nicotinamide adenine dinucleotide, reduced form)
K 0.25 ml 300 uM NBT (Nitro blue tetrazolium) -
PIERRGHREFE 5min> DR 560 nm I
{E - HRER (%) = [1 -G Ak HEHR B R
560 nm WG / AR TR INAR & B IR R I R
560 nm ZIRSGIE)] x 100%

3. filifie DPPH H Fi:RE

223 Yamaguchi et al. (1998) f3% > HY 0.8 ml
R 0.8 ml 0.25 mM DPPH H AL HHEE
IR IREHEEDEFE 30 min R 517nm
HIHIROEAE > #iEER (%) = [CRESII T PR
PR 517 nm ZWORE - SE MG BERER
W 517 nm ZWHEAE) /ARSI i SIRGH A 3
E 517 nm ZUES%AE] x 100% -

4. O TRe

et Decker and Welch (1990) /5% » HY 0.02
ml 2 mM ZtEEEIA 0.94 ml fHAZEGK 2 0.04
mlSmM FERIE (ferrozine) - IREIIEIE - AEIR
TEFEE 10 min > DR 562 nm AEEIOE(E
BER (%) = (1 - (ARG EEHREERE 562
nm ZIRSGIE/ARG IR s BGRHR BR 562 nm
ZIRIEAE)] % 100% -

VY ~ i e R AR RO S /) B REGHE BB
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¥ 3T3-L1 #fffi (BCRC No. 60159) EZ#&fA
EH 10% /NEME KR 1% HEGR/SEHEN
Dulbecco ti il Eagle £33 E (DMEM) » WA
37°C> 5% CO, RS EAAMETHIMETE - NEE SRS
H D-PZBEEEE 3T3-L1 A biBG I HiE
FHMRZEP (Xing et al., 2006) - BB
ATF - & 3T3-L1 AHMARA 12 FLAR - MR8
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By 1x 10° cells/per well » FFAHIfREEER - DORE
Ry 8g/L & D-FFHEREH 48 hr» DU FFHEA
futEEEAt - HEHRHRIR A D-2E205E -

(2) #BREiE/RIE

# 3T3-L1 #fiffs DL 5x10* cells/ml FEFA 96
FUiEH - MR BICUEE D-2F2E (JREE 8 g/L)
FRER 48 hr - NIRRT - FIL R R e A
HOGREEEMINE 24 hrs DL 1:10 FRERY WST-1 5
(WST-1 Z&—f#%E{L MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) L&Y By
MTT S RAR - FZEn] DIRITRE ARG EE T (RS 1y
NADH Hifp#e &l (dehydrogenase) iy » A2k
fEEY formazan > FELLEEREEE 0] - BIRT#S:
HIHIENS T B A=) INIHER RS - SfE 2 hr
% > LIOB(E 450 nm (2HERFs 600 nm) 2]
SEAREAE ST o

(=) BRSMHAE

Fo T HERS AR B R ORA 3T3-L1 2
A EAMEE - AHFEEHRA Pierce™ LDH
Cytotoxicity Assay Kit FEITHIIEEMEHIE - ZLEZE
&\li§ (lactate dehydrogenase, LDH) 2 —f#HiZE{F
TERSHIREE iR - E 2 2R 53R - LDH
e ORI R R KIS i
) LDH w]{F Rl et e — - HARHEIR
BANE

LDH
NAD + lactate —» pyruvate+ NADH

diaphorase
NADH +INT — NAD + formazan (red)

¥ 3T3-L1 #HfELL 1x10° cells/ml B33 R 4
/NEIMIER) DMEM K582 12 FLEEH - a6
AR B o Fj A S H 2RO - AR 5% COx
37°C HOMRMETS 158 24 hr £ U FIEW S0mL
£ 96 fLEH - FMA Soul ZRENREREGTR »
AR N EDEE 30 min o FRALHIA 50ul Stop
solution #&IEKZHE - A 490 nm JIEHIKSGAE > &1
AR - M 5 4 e = (B R B LDH
TEME-H#8 % LDH {&M) / (&K LDH i&HiE-H
ek LDH §H1%) X 100% -

(M) #BERAEMSE (ROS) BIRAIE

RGeSk > sk —28 ROS > Tjil
=AIMA ROS WEAEMAH 20 7- &8 S\t
#= T ZFEKE (DCFH-DA) - ifi {k#d Wang and
Joseph (1999) 1y DCF i FL AR A il /7 3 I & -
DCFH-DA & —fl B ALBUEn e > viE
TN - BAG AT E A ROS &
{LRFE Ryt DCF - Fy 73T ROS HEs
MRS 96 FLARTIRSEE 24 hr o AR
TOA D-ZLWERRENE 48 hr > SRELELA [H] R
F ] A 2SR E A 24 hr > FRIEY DMSO
"y DCFH-DA (25 uM) FRINEFIEE =R - A
37°C fil 5% CO, T » LIGHECHRIEAXIEA 1 hr
% ERRSET TR OOBEET T -

() RNA ZHUEARNG R SEa58ERE (Real-
Time PCR)

AT TRIzol® reagent {if 3T3-L1
fZHL total RNA - 3 fI R 3 # SIRT1 (& —7d
NAD+ {KF&EMESE A5 ZERAEES) ~MMP2 5z MMP9
FESEEAR 2 & 9) EKFREE - AN
PCR 5[FFFIfA Tablel FH - i 1pg AIRELH
mRNA FIFERE/SEES - KA4n mRNA SCiEEkL
cDNA » HZHA 2 mRNA F£IIEFEL GAPDH
KRB EMEITAEIL - fEF ABI StepOnePlus™
Real-Time PCR F[1 SYBR green reagent {7 PCR
I3

Table 1
chain reaction analysis

Primers used for quantitative polymerase

Gene Primer

SIRT1 F 5’- GCT GAC GACTTC GACGACG-3
SIRTT R 5’- TCG GTC AAC AGG AGG TTG TCT -3’
MMP2 F 5- CAAGTT CCCCGG CGATGT C -3’
MMP2 R 5- TTC TGG TCA AGG TCA CCT GTC -3’
MMP9 F 5’- CTC GCG GCA AGT CTT CAG AG -3’
MMP9 R 5’- CTG GAC AGC CAG ACA CTA AAG -3’
GAPDH F  5’- TGA CCA CAG TCC ATG CCATC -3’
GAPDH R 5’- GAC GGA CAC ATT GGG GGT AG -3’

SIRT1: sirtuin 1 (Yu et al, 2016); MMP2: matrix
metalloproteinase 2 and MMP9: matrix metalloproteinase 9
(Mu et al., 2010); GAPDH: glyceraldehyde 3-phosphate
dehydrogenase (Doetschman et al., 2012); F: forward; R:
reverse
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(%) et

f#F Graphpad prism software version 5.0 3
Tttt - EEBIERR R VIIE £ FHER
7= © Student’s t-test FIFALLECHIRH L [EIRUZZ5E 5
FHELIA 75 ST (One-way ANOVA) 2R34T
AR RIESL - ARIRIETT Tukey FHRZHEHLL
i E (Post hoc multiple comparisons test) * L1 p
value ERoifiatE2 LRIRHE A2 -

i o LY

W

— ~ BIEERRT O HTRGR

100 g HUFTEm &S H 944 g Ko -
3.1g Jk%3 ~ 10Kcal & ~05¢g HEHBE M 20g
KL EY) (W& 0.9¢ RERigiHE) - miEl &8
KR 0.1 g FEEEER 0.5 g - 8IS
AR - B K AR R AR A Rk
(439 ppm)~HIZEE (233 ppm) Seelal& (577 ppm)-
HoAth e Rl & B B (EAGIR (Table 2) - 34 ff
BB B 3ATT HI AR EGRIAER 0.05% - £
BICHR /T LIgH (8,888 mg/kg)~# (4,460 mg/kg)-
$£ (1,210 mg/kg)~§5 (479 mg/kg) 1 (50.5 mg/kg)~
il (6.1 mg/ke) K (2.46 mgke) HYE RS - I
EHMERH (0.39 mgkg) ~ 7 (0.35 mg/kg) ~ §
(0.34 mg/kg) ~ 7 (0.25 mg/kg) K$h (0.01 mg/kg)
(Table3) -5 (2019) FRHRLHTERE MBS 73T Ry
7K453 (97.09%)~ MRS (1.02%)~ B (0.995%)-
FHAERAG (0.214%) FIBAK(EEY) (0.145%) > Bk
SEATSNER Y HEA S EEE 34.19% -
Fleurence (1999) #5H » ¥ a2 & HE #IEE R
5-56% » HRERGMER 30% - St @y [REEYRE -
AR ENFEHNE EESENEE
FARE > HEsma]ie 3-47% -

=~ AR TR B ORI AR
W ~ SRR LAE T i

) BEASAN [A] 5 2 B o M ZE O B 1 U e
A BERE SRR AL 71 ml~ UKZERE 85 ml By ZAEERH
86 ml o

Table 2 Amino acid compositions of Botryocladia
leptopoda
Detection Detection Detection limit
items results (ppm) (ppm)
Serine ND 300
Aspartic acid ND 380
Glutamic acid 439 420
Glycine 233 214
Histidine ND 443
Arginine ND 498
Theronine ND 340
Alanine ND 255
Proline ND 329
Cystine 577 343
Tyrosine ND 518
Valine ND 335
Methionine ND 426
Lysine ND 418
Tryptophan ND 25
Isoleucine ND 375
Leucine ND 375
Phenylalanine ND 472

ND: not detected; Data are expressed as the mean + S.D.
(n=3).

Table 3 Mineral compositions of Botryocladia leptopoda

Detection Detection Detection limit
items results (mg/kg) (mg/kg)

Sodium 8888 -

Iron 2.46 0.01
Zinc 0.34 0.01
Selenium ND 0.01
Copper 0.39 0.01
Manganese 0.25 0.01
Chromium ND 0.01
Nickel 0.35 0.01
Cobalt 0.01 0.01
Potassium 4460 2.0
Calcium 479 2.0
Magnesium 1210 2.0
Phosphorus 50.5 2.0
Boron 6.1 2.0

ND: not detected; Data are expressed as the mean = S.D.
(n=3).
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Fig. 2 Comparison of the total sugar contents of crude
extracts produced from Botryocladia leptopoda by
different extraction methods. non: untreated, N2: ice
extraction, H: heated extraction. Data are expressed as
the mean £ S.D. (n=3). The values with different
numbers of asterisks are significantly different in terms
of p value according to Tukey’s post hoc multiple
comparisons. %%: p < 0.01.

(D) RhE

4 Fig. 3 FizR > BAAHHAYHERD & ODsssnm =
0.52+0.01 » B ERRBEEFH (0.33+0.01) Kok
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Fig. 3 Comparison of the total phenol contents of
crude extracts produced from Botryocladia leptopoda
by different extraction methods. non: untreated, N2: ice
extraction, H: heated extraction. Data are expressed as
the mean = S.D. (n=3). The values with different
numbers of asterisks are significantly different in terms
of p value according to Tukey’s post hoc multiple
comparisons. ¥%: p < 0.05.

(=) MBILENLER

I RS RAN Fig. 4A FiR » BEEHITER )
OD7oonm = 1.01 £ 0.01 » FEE = AREEM (0.56 +
0.01) FukF4H (0.50 = 0.01) (p < 0.0001) - JEExHE
FREHETREJIREIRAN Fig. 4B FlR » BAASHHAOIHER
Ry 66.38 + 1.14% » BB SN ARREEH (34.10 +
1.02%) JGUkFERH (24.75 +2.61%) (p < 0.0001) ; 3.
fifi#¢ DPPH H HHEREJ A4 Fig. 4C FiR - 24
ZAHARERER Ry 79.55 = 1.35% » BHEE RN UKEEAH
(58.14 £ 0.87%) FeARBEHAH (55.30 + 1.38%) (p <
0.05) « B& A REFRBE T HEJIRSSRAN Fig. 4D FiR » 24

ZEAHAYZE 3R Ry 83.88 £ 0.48% » BHE R AR
FH (37.89 +£0.46%) FvkZFEfH (27.68 £ 1.14%) (p<
0.0001) -

AW e aE BRI A OR G R & &Y
FEEE A & (RHEMmTImTAY 1.6 -2
%) HEAR &SP UAE SN - 555 (2019) $5H
7 i B B A R S P % P 1S Bk )
H A58 ACE (Angiotensin Converting Enzyme)
P75 4 5z DPP-4 (Dipeptidyl peptidase 4) #I5i
T - A D B RS B AR R
O > AERBURIRE 2 mg/ml KA HIHE] 3 pAY
DPP-4 1514 » H BB SN - S EeEmim 25z
ZENZ WY - RSSO AT ZEHY 215 mg L
V) BRI R AR RS RE MR RS, » FE LA ZBEHEEL
%W Ry 2 AR - BEIHZIERIERENTAYIE
MR BA ZEIREE I RISEYR L ER] - 2KH
e ~ RLER AR BEIRRIE (L2 - 1B lEE - Rh7
B Ulvan (GEBIIREEZHE) B -
RFEFRERE T ~ MCEI I - FRTEE(E 570
B~ MM AR~ WO R O R VAL R
(Sajadimajd et al., 2019) - —LEIRREAY AL HYI AR AE
(L&Y BB 2R PR (PM) BUHIIHE
GIEACRPIRIER - B b a e AR AT
Hh ROS 17K A1/ sy sty Hia ke Js - &
JEE PM BRI SELIRE - TEIRK 7B PM AYHH
MRS S R BRI A - ATRER R BRI m k22
RIT R A A REIER] (Boo, 2019) « FHH J
ErEREREFRITSE SAMPS /NERITTERESEH
J H VBRI - AR R R A R EF BB
BN PSR LEY) - FTHRDIGEE R LA
A 1EE{E (Liuetal, 2019)
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Fig. 4 Comparison of antioxidant capacities of crude extracts produced from Botryocladia leptopoda by different
extraction methods. (A): The reducing power; (B): Capacity to scavenge superoxide anion; (C): Capacity to capture
DPPH free radicals; (D): Capacity to chelate ferrous ion. non: untreated, N2: ice extraction, H: heated extraction. Data
are expressed as the mean + S.D. (n=3). The values with different numbers of asterisks are significantly different in
terms of p value according to Tukey’s post hoc multiple comparisons. s: p < 0.05, k% % %: p < 0.0001.

=~ i R A O )N B A R A
(3T3-L1) ZHEi

(—) BEEAFERRREOTEE

ABEAA o Ryl CRIMA D-2E2LB) K
B (A D258 - #ERBURICH D-F7L
FETRE RIS LR WIBAIREE iS5
PEPEHIRHARIRETG 77 > ARRIREE T 20% (Fig. 5A) °
PRI AT R B A A S (iDL D-
FLBE) TR RN H S AN F R
ZEHRE 2 A s TR A i - (B0
O (Fig. 5B) - GWIstisH R EEE ~ #77
K (Laminaria spp.) FiZEHZ #ege 2

TR A A s R R SRS T o FEEEE S
R 1 Y TR 9% I e s Bk A I TS 7 (Itoh
and Hitoshi, 1995) - S5 f5efa - FEEE RS ~
R Mg K Z Y AE 500 pg/ml IRF BE I 3
HBA4CS #fffdg 43 (135~ 115 J& 129%) (LS,
2010) -

(O AEEAFNRIERSECZE

AL D-F LR B - MRS LT
g L7t AR LDH BEiCaiEE
o EEEEERIRH AR LDH BRACE I 19
45% o DA B 2R B SRR - B s
RS A 32 R AT LDH ARk
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Fig. 5 Effects of different extraction 150+
methods on cell viability of 3T3-L1 cells.
Left: Effects of the culture medium + D-
galactose on cell viability; Right: Effects
of the crude extract produced from
Botryocladia leptopoda by different 100
extraction methods on damaged cell
viability. C: control (culture medium
without D-galactose), N: test (culture
medium  with  D-galactose), non:

untreated, N2: ice extraction, H: heated

Cell viability (%)
S

extraction. Data are expressed as the
mean * S.E. (n=3). The values with
different numbers of asterisks are
significantly different in terms of p value
according to Tukey’s post hoc multiple 0

comparisons. % %: p < 0.01.

BAZIIRHEIEM (p < 0.0001) (Fig. 6) = LDH 2
fBE R — R R - — B st R
Alftsh - (Kl - LDH #38 Ryafiiise 2 M AR
st (Laffleur et al., 2015) - fZR§ESMIHIRE - &
TRAE NS0 SNSRI IR - ke LI fE
WA R - H TR s K A P R
ML  PUE T R PURTE M » S S IR
fEA (Choietal., 2019) »

(2) AE=AFIRMERA ROS EER

S
E\ﬁ%

Fo 7 BB A B A TS L E
(ROS) EANIZE > ffl 7 DCFH-DA AGETT)
1 - BB (IOA D-FZLBE) BB CRIMA
D-£ZL58) fHEL - ROS EAEMINT 84.1% (p <
0.0001) (Fig. 7A) BBt By TR AR AH A
te (D-AZURENIRZERGR) - A H A i B
BEECTHRAINA ROS HIEEAEIRAD T 60 - 70%
(p<0.0001) (Fig. 7B) - B/ & BRI MU A E32
| DY MRS 3T3-L1 Ml EA EE RE
TER - BB APIRELPESRM > ATk L
71 HyrsaeBr S skh A RakE - AIEg (e isa bR
(BELIEALES - @ELEEE - JUMAREE
Yyl R H BRI S R IFEB R STALA G
BAREEISA ~ AEEW - DU - BUEH K - HH 5

150+
*%
s
100+
50+
0' T T
N N non N2 H

KEEALEY)) - iR (—HEKH IR EE R AER
HERYEIER) - HIERE - BEIRIR ~ RIERIEERR%
TEVER » SRR AL S ORaE - I n SR
FRAINERTIE R ¥ » DUk ROS FAEAEG R HIHINE
'BiESH ROS HyEA (Seoetal., 2016)
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Fig. 6 Effects of different extraction methods on LDH
release from 3T3-L1 cells. Cytotoxic activity of crude
extract produced from Botryocladia leptopoda by
different extraction methods. N: test (culture medium
with D-galactose), non: untreated, N2: ice extraction, H:
heated extraction. Data are expressed as the mean + S.E.
(n=3). The values with different numbers of asterisks are
significantly different in terms of p value according to
Tukey’s post hoc multiple comparisons. k% %: p <
0.0001.
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Fig. 7 Effects of different extraction methods on ROS production and release from 3T3-L1 cells. Left: Effects of the
culture medium with D-galactose on oxidative stress; Right: Effects of the crude extract produced from Botryocladia
leptopoda by different extraction methods on oxidative stress. C: control (culture medium without D-galactose), N:
test (culture medium with D-galactose), non: untreated, N2: ice extraction, H: heated extraction. Data are expressed
as the mean = S.E. (n=3). The values with different numbers of asterisks are significantly different in terms of p value
according to Tukey’s post hoc multiple comparisons. % % %: p < 0.0001.
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Fig. 8 Effects of he crude extract produced from Botryocladia leptopoda by different extraction methods on
antioxidation and proinflammatory expression in 3T3-L1 cells. (A): SIRTT mRNA expression (p < 0.01); (B): MMP2
mRNA expression; (C): MMP9 mRNA expression. N: test (culture medium with D-galactose), non: untreated, N2: ice
extraction, H: heated extraction. Quantitative data are expressed as the mean = S.E. (n=3). The values with different
numbers of asterisks are significantly different in terms of p value according to Tukey’s post hoc multiple comparisons.
*: p<0.05 kk:p<0.01, kkk:p<0.001.
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ABSTRACT

This research conducted nutrient component analysis, extraction technology development and various
antioxidant capacity analysis of Botryocladia leptopoda, in order to increase the utilization and associated added
value of B. leptopoda, while promoting the development of the seaweed industry as well. We found that every 100
g of fresh B. leptopoda contains 94.4 g of water, 3.1 g of ash, 10 Kcal of calories, 0.5 g of protein, and 2.0 g of
carbohydrates (including 0.9 g of dietary fiber), but no sugar, trans fat, or saturated fat. In addition to the above,
glutamate, glycine, cystine, sodium, potassium, magnesium, calcium, phosphorus, boron, iron, copper, nickel,
zinc, manganese, and cobalt are also included. In terms of extraction and application research, we found that the
hot extraction group provided better results than the other two groups (the untreated group and the ice extraction
group) in terms of total sugar, total phenol, reducing power, ability to scavenge superoxide anion, capacity to
capture DPPH free radicals, and ability to chelate ferrous ion. In cell experiments, we found that the crude extract
of B. leptopoda did not affect the viability of 3T3-L1 cells, while the crude extract significantly decreased the
levels of LDH and ROS (by about 60-70%) in cells treated with D-galactose. The crude extract of B. leptopoda
thus has a significant protective effect on 3T3-L1 cells that have been damaged by D-galactose. After the cells
treated with D-galactose were subjected to the crude extract of B. leptopoda, their SIRT1 levels were significantly
increased, while their MMP2 and MMP9 levels were significantly decreased. The above results indicate that B.
leptopoda has good anti-oxidant capabilities when subjected to simple hot extraction, and has the potential to be

developed as a natural and safe anti-oxidant material.
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*Correspondence: 299 lane 291 Sec.2 Zhiben Rd., Taitung, Taitung 950, Taiwan. TEL: (089) 514362 ext. 207; FAX:
(089) 514366; E-mail: pslee@mail.tfrin.gov.tw



