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medicinal and edible Allium macrostemon Bunge Bulb

Mei-Ling Chang', Yu-Wei Mao?, Chi-Hsiang Wen®, Fang-Hua Chu®, Yi-Ting Wu?*,
Hsiu-Ni Kung®" Po-Jung Tsai®’

! Department of Food Science, Nutrition and Nutraceutical Biotechnology, Shih Chien University, Taipei, Taiwan.
2 Program of Nutrition Science, School of Life Science, National Taiwan Normal University, Taipei, Taiwan.
3School of Forestry and Resource Conservation, National Taiwan University, Taipei, Taiwan.

* Hualien District Agricultural Research and Extension Station, Hualien, Taiwan.
® Graduate Institute of Anatomy and Cell Biology, College of Medicine, National Taiwan University, Taipei, Taiwan.

(Received: February 03, 2023. Accepted: April 07, 2023.)

Abstract Kenaw (in Amis language) is an aboriginal edible wild plant in Hualien and an appetite en-
joyed by the indigenous Pangcah (Amis). Kenaw has a leek-like and garlic-like smell, and its bulb has
a pungent flavor. Kenaw is rare on the market; therefore it is not well known among the Taiwanese.
In this study, kenaw plants were collected from Yuemei, Shoufeng Township, Hualien County, Taiwan,
and then examined their morphology and DNA sequences. Our results demonstrated that the kenaw
is the bulb of Alllum macrostemon Bunge. The volatile components of fresh kenaw was determined
by GC/MS. Thirty compounds were identified, with dipropyl disulfide, methyl propyl disulfide, and di-
propy! trisulfide being present in the highest proportions. These organic sulfides possibly play a critical
role in determining the characteristic smell and taste of kenaw. The carbohydrate, protein, and fat
content of fresh kenaw bulbs were respectively 19.88, 3.57 and 0.13 g/100 g of raw and fresh sample.
The fresh kenaw bulbs were extracted with 100% ethanol (E), 50% ethanol (WE), or water (W) by
the ultrasonic microwave-assisted extraction method. Among them, E extract showed that the highest
total phenolic and flavonoid contents, and also exhibited the highest total antioxidant capacities using
DPPH and ABTS assays. In addition, co-cultivation experiments between human natural killer (NK)-92
cells and human lymphoblastoid K562 cells revealed that cytotoxic activity of NK-92 cells against K562
cells was increased in the presence of kenaw extracts, especially W. However, further work is still
needed to evaluate the bioactive components and physiological effects of A. macrostemon.
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FE/NERE T Y EE S RS AE o 555R
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NP B SRR BR R (pearl onions,
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VR LZE MUY A T 1 -
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Kenaw (/]NE 7 19 % % 5 Allium macrostemon
Bunge) HTTEXPtEHZ B (EEEENE SN
2020 4% 4 HEE{E - HrieE kenaw &I - HUEE538T
fEfe Er TR - HERER LS HRFIR-207C -

— ~ Kenaw (/MRFTHVEESE ) BZEERYDSRE

RO T kenaw BR L ELR = 2R — K
% FHEYZFER (Vitamix VMO0101C, USA ) #
TTHFTHRE - 43 B LB 17k (distillation-distilla-
tionH,O) -~ 50%/.fiZ (50% ethanol, Sigma-Aldrich,
St. Louis, USA ) 1 100%/.F ( ethanol, Sigma-Ald-
rich) METTZEAL - KEEERE kenaw FRAL53 7l L Ffiys
Bl (L20/wiv) BEABFE AT - DL BT
B AEHURE (ES-600N, TST 5 #E 2 Bt T B )
HIRAT] - L G EmE SR (ultra:
sonic-assisted extraction) - FEEMAE 25°C ~ {KA4H
40kHZ ~ 20 73§ - SepkEEN% - DIA=UR=F (NE
Whatman No.1 J&# ) sl 2 ISR - 1T
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R HERE DL Bz % (SCANVAC, ScanSpeed
& CoolSafe » FH48) 1T HEZIR » 777 kenaw
PRELA/KZETY) (water extract, W)~ S0%Z 222

Y (50% ethanol extract, WE) K 100% /7 EEZ<H YY)
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HEEZR Iy« 20.8 ~ 22.9 1 2.1% - GABRZ AW LA

FLHET 7K B 2 T RS T P S R P T R
(stock ) V&1 » BN -20CHtHER BRI -

= BERFIIDHT
(—) DNA 3

DLBGTJEY 0.1 /A7 kenaw f%<kE T - DIRRESL
HERFERIRESTHE - £ Plant Genomic DNA Puri-
fication Kit ( GMbiolab, Taichung, Taiwan) {7 DNA
ZEM o ZZRCPBRANY - AR R A EERY kenaw BE i
W AR E| &4 400 ub AR ER (lysis buffer)
HIERE O - B 2~3 MW PIERE kenaw 4,
A 20 ulb B3R &R (enzyme mix) - BEEE)Z i
T (i 3~5 RLNREAIETA) - i iEnt g R E
A B5CKIR 1/NIF - FEEEA 65°C ki 20 fr gtk o
B Ly 54578 (4°C » 12,000x gEH )  HY 250 L -
TERE S — T I B O - DA 500 pb A5 & 4%
fEr% (binding buffer) - ESECIE & H AR B E
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% el 15358 (4C - 12,000x gi#hs ) - Ff11 750
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) o DARECREE OB T 22 - BFERE S —
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(=) Zboehks R & (polymerase chain reac-
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Super-Fidelity DNA Polymeraseifa =% H a5 1Mt 24
KR (ZGeneBiotechInc., Taipei, Taiwan) - fZJiE
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TOK - BFE L504E  FETR DL 18,000 x g HEGAEE L
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UL R E S 30 708 (ARl O A
LA 517 nmi R HIEOEAE - DPPH B HEETE Rk
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3125+ 625~ 1250 ~ 2500 £ 5000 pg/mL - {4 96 f,
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serum > 100 U/mL penicillin ~ 100 U/mL streptomy-
cin) A1 RPMI-1640 &3 (& 10% fetal bovine
serum > 100 U/mL penicillin ~ 100 U/mL streptomy-
cin) Ji% 37°C » 5% COfif T 5% - FHIFG 2-5 K
HETTHEA -
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+— #REtAA
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A) o KT 1~3 e (Bl—B) o Kenaw fig
KON IR ~ BB ARE RS - NS -
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X RFRCER R NS T IRV - AT DU R B
iR o fidh SR VR BRHZ R IR » AN IRVE T
HEHAE (E—C) - [E— D 2k &ifst) st
Y - {5 s B PRI 5 kenaw ZEF - HAS U]
SHAM S PRI/ - BE3-5H - SRERGR (&
— E) - Kenaw ZEFy AT ER#t B2 28 = H1
B - ZEHAEHZE o RHEERE o EERRE
BT YIRE ) Prad ks /MR FE (Allium
macrostemon ) FJNEFHET

R EE YIRS —E Pracdksd 1/ IMEFREI B2
Bk« ABEFFERIE 2R - AL ML

BGR BB A I 2 B - (LR R AL B
(90 o SRIMAEHHE I kenaw FATEFE HAR R A BEAE
18 B G B rh B R R S R R R B R R e 2 o
IR O F AP R O MR ER A A =
MR E B ERUBRGAERT (A E RAm) - A
REZ BRI IR R MR R TR0 B L et —
HERETLL T g kenaw “REETERYERSR

U gl T A AR/ NERD (T - /IR
Bllkenaw) FulliFs, o 7E " S EWESAER , Y Bl
Allium grayi Regal R[55I H 422 4 (accepted
name) - [[i75 (Allium grayi Regal ) #7812/ MR
77 (Allium mecrostemon) HY[EIfESE4, (synonym) -
ILFrHE [EfEE 4545 Allium chanetii ~ Alliumiatasen
Allium macrostemon uratense ~ Allium nereidum ~ All-
ium nipponicum » Allium ousensanense » Allium pal-
lasii uratense 1 Allium uratense (% o

(=) ITSKR 71

JE15.2 1 TS £[K]F41/Eil NCBI nucleotide collec-
tion & Rl LLES SR 28 FR Kenaw Ei Allium macros-
temon B4 = EE AL - HAHTR]EE 5% 95-96%

(F—) o SSLh#k kenaw B2 At FEESIEY) < B fR: -
SR B L Y A A R & - DL 639 % kT
411 » {5 i Neighbor-Joining iEEf T4 A B (LR 43 A Y
o o Al DI HAR TS . kenaw A 41 EL All-
iummacrostemon JZ i —{lil 53 =% » BURAE B EY L
e N TSHAFYIF » kenaw Eil Alliummacroste-
mon [FAEREMZIER (=) - SINELFY]
Srirad S nl A, kenaw BAPERD (A cepa) (NCBI &
FEAE FJ664287.1) ~ EERFE (A ampeloprasum)

(NCBI # #kfif FI664300.1) -~ =f #% = (Allium
chinense) (NCBI & &% AJA11848.1) /3 JE(F A
B BUREP AL - BAERAR T RERGE - B
RHEATEAE LR (Alliumgrayi Regal ) ITSHIFF1
F5  ILARH R AHE ST kenaw Rl LIFRAYEE A
IR LLE - BRFARKMFELL nrDNA ITS 4l A1
kenaw Eil| 752 IR 7252 - WAEREIRET = AN A
1 A FERY kenaw i FLRETRVEIRE RAGR » 5 LEERhRFr]
FEALE LAY R R TRIEIRE - MAHCRy kenaw &5
BRI K B IR -

o FAE AR R L A E P FE B RUAS SR AT
T ISt W ] 5 8 kenaw BTS2 /MR ZE (Allium
macrostemon) - /NREEIR AR (Amaryllidac-
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Figure 1. The characteristics of kenaw. (A) Field cultivation of kenaw. (B) Morphology of kenaw whole plants. (C) Bulbs of kenaw. (D) Cross and
longitudinal sections of kenaw bulbs. (E) Cross section of kenaw leaves.

% — Kenaw ITS & 7] 81 NCBI nucleotide collection & #HE tb ¥ 37T = 4 B 7 & #+

Table 1. Identities of kenaw ITS sequence to the top three best hits in NCBI nucleotide collection (nr/nt) database.

EZN Best hit #)f& FHIRIRE BRI

Kenaw Allium macrostemon voucher H20110219 622/651(96%6) KF693243.1
Allium macrostemon isolate A 625/657(95%) GQ412213.1
Allium macrostemon voucher T2012060603 619/651(95%) KF693244.1

eae) FEJE (Allium) 89 - /IMRFF SRR EE -~ 2

T 1% MOk 4 1 2E (Traditional Chinese Medicing;
TCM) #H » f82 BEwE (Allii MacrostemonisBul-
bus; iRy Xiebai ) 0 o /MREFEAVMESANMER]

EER T DU E R e TRk 15 v e A
FIELHEEgE ] " T E R (Rt i A 2 PR |
O e hES R E (B - JFibJh) - &
FHEH 1500 A REUT 1L ~ ol ~ (1 ais it
o g BRI H At AR ) o FREITEE
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99 =~ GQ181097.1 Allium carolinianum

27

45

100

73

100

100

AJ411878.1 Allium platyspathum
GQ181103.1 Allium lineare
Wr_ GUS66621.1 Allium strictum
AJ411918.1 Allium fistulosum
_BBD FJ664287.1 Allium cepa

AJ411886.1 Allium teretifolium

GQ181067.1 Allium eusperma

100 L GQ181089.1 Allium tanguticum
GQ181098.1 Allium condensatum
_wo‘__ HQB90573.1 Allium condensatum

AJ411848.1 Allium chinense

AJ412728.1 Allium schoenoprasoides

g8 r GUS66613.1 Allium macrostemon
_[ JF975842.2 Allilum macrostemon

100
59

100

GQ412213.1 Allium macrostemon
L Kenaw

— AF037621.1 Allium sativum

AY427543.1 Allium porrum

M_EFJWSIIII.‘I Allium ampeloprasum

AJ412745.1 Allium monanthum

- AJ411913.1 Allium nerinifiorum

100 L—— GUS566622.1 Allium tubifiorum

0.02

=] -
8 —

Kenaw sz 3 1b 8 B i 4h = ITS A 7)4& B Neighbor-Joining i3 31 51 & 48 % > iz 1Lt

Figure 2. Phylogenetic tree of kenaw and other Allium ITS sequence. Phylogenetic tree of kenaw and other Allium spp. were calculated and

mapped using the Neighbor-Joining method.

Y N e~ I 7 ST e S PANTETE b= I L
/MR (kenaw) » HFTAERS RS - fEHE]
IR R A TR N LS - /IMRFRE A &R
RS BB/ N o B R 55 H i 7 155 f A I 72
SRR (BERBUGTREIMRFRZ IR’ A B
il AR FERYRTRENR A » GRS MR FRTE H B LMY
Hopthr il R EA AR RS Rty DAHE R Ik
%y -

— i B EA kenaw HURERERAN E - HAALLEE
Y aNEsE « 438 (shalot; Allium cepa var. ag-
gregatum G. Don ) Hf &g oMl E kenaw FHAL » &
WA G PEE EE Y i 2= A aRed (B
AHER 22 57 HE SRR ~ E0ys Bl IR gk ] DA 32 B E R
oo PEE N Ry T3, ~ TEIE, O fELETE

BT EMERE TS A RIS -

ek R~ KIE D s B RdE - BEE

(8o SRR FEURH B Y 26 41 A R BEEAEY) - 1
EEGRy TALREEE, - HE4 Alliumcepa L. var.
aggregatumG. Don 57~ 'E & FERL (common onion )
H—(ELI f V) B TE - S3[E] T 544 fy Alliumasca-
lonicumL. (*" o

BT i 9 IR IR o/ MR FE ~ A
iz - HEAIPR > $2HIEER © T (1) @RI/ IMRFR
wHEE - FRA/ MR ERER Ry Th S e — AU SRR ) -
o Ry MR AR RZ IR &8 Ry MEFE—E 4y 0 B
/IMRFRREEE AR A B R EE R - DAk
HERE K/ MR FR IR I FEAA L » A RERFE ER )N
Wi RIER - rblsEr CAllii Macrostemonis Bul-
bus) FREHEA L/ MEF: (Allium macrostemon) —
BRAIRL T %4 o (2) WEpiakEdsE T ¢ s A HhE gk
B SRR EEE ISR . — > BAGRIEES
FEAEBEATEY) 5 il B/ IMRFRIVFZ RIS » /MR
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Fr b O HE B 2 LAY ) 0 -

R E ARl B R ) - PR R e
[FACES) YNNG RSRE T =5 e N R
kenaw Jy3iE ] - AL IMRER AT kenaw RS
faE - DA A fmA R -

(Z) RABBHTHAEZELER

Hrie kenaw fif ¥ B EY)E (totd volatile
substance) - LG 30 (L&Y - SELLESE YA
Hik T kenaw FSER IR - HEM eI a®
Fe ks dipropyl disulfide ~+ methyl propyl disulfide#l] di-
propyl trisulfide (&) - #EFHIFFE 30 L&)
#4 & (total mass of the volatile components) ‘& {F
100%EH H AL &Y HIEE & & (relative quantity
%) » HEh b &rflls 96.9% » & ks
Pyl sE kenaw “EIE @RI KRR -

FHELHATHE IR ST - e MR R A 22
HHED o WuE A O At MR GRS ((ERE
Wi ) RS E G 27 (k&Y - Hip
H 15 E{bEYRamibEY - HEE5 KT 5
dimethyl trisulfide + methanol + 1,3-dithiane + propi-
onal dehyde#{1(Z)-methyl 1-propenyl sulfide - 55 15 {#
At &Y H & EAL R A s> (total volatile
components) 4 52.11% - fE A2 kenaw 7R3 di-
methyl trisulfide FE& L&Y - MEMLEYHS
= LHIAEEE 96.9% @ 15 & &2 F Al geZ FFk s
BT MR fF e i ERE R AN F] ~ B UL
RIS ARV Y B Fr N RIS R R - Wu'sg
AN O R A MR R RR R R T 100% 2 iR 25
I PRI (resin) ERETE S MALISEIE &
S b&%" (organic sulfide components) 1645
I MTASSRAE ) B B ILE O E S L
a¥) - HhE s S W dialyl trisulfide -
diallyl disulfide F1 methoxymethyl isothiocyanate -

(v@) DMRFFEY RSB RS

AWFE T/ IME RS E B R S - BRE =
REBEFZ Koy FBEMNMEER CEHEEE (X
=) e ATBFRE AR A E B s Bk E Y
(GO EE T <R A E B BRI
ARy - TERAL AR Sk - HAR AL R - 2D
K R ORdE (dE) -~ BER - FUE > EE - H
L 4FE By Allium bakeri Regel; Baker's garlic - |

(18 o b %8 Alliumbakeri Regel E[J’5 Alliumchinen-
sely[FIFE R () - BEEEEEI TR (45100
N ZEEAMAST © B 51 RR kg 800
5o EEE 2045 57 0.3 4% ~ #kAK(LEY)
115 A%~ fERAMHE 41 A%~ Jksr 1.8 A% ~ 85
60 Z 5w~ fiff 60 =5~ #% 0.3 =3 4R Bl
(thiamine) 0.04 = 77 ~ #ft 4= % B2 (riboflavin)
0.02 Z7¢ » FAfElk (niacin) 0.4 Z7uflfE4= C
(ascorbicacid) 30 =50 ' - {yRFARKIITEIRTE G
VBT O/ MR ok i S B R T W S ey - DUSE TRRIE
R EYIHY & B (E 5L -

(&) PRIFYAEMEMR

LA B 2 AR YEE - AP/
£ [FMmAs ~ PUkIRENREE(L ~ U ~ PiE >~ 51
SR ERSE 5 72 TCM MG HE Mg (thoracic ob-
struction) FIFEKEL (cardiagia) SFER ™« HEF
HIRH R B IETEEE MERS I (volatile oils) ~ [EFEAH
B3 (seroidal saponins) 14 2/b&% (nitrogen-
ouscompounds) %%/ 136 it &Y 47 i E
e HyE b &Y macrostemonoside A FEREE S
NEEAREEE 2/ NI EAL QR 2 0 -

/IR S K Y BA IERIER 2 i
/MR FRZKZEE) 2 AR L) (organic sulfides)
RERHESF EEFS R4 E: (Caenorhabditis elegans) 4:%)
ST - BUREIIE LTI 0 - AR5t
W MR 37 PR AEYTE T =R RI
HEE FIAE R I 2 R A9k B> WE> W ZK YY) -
FH DPPH i1 ABTS J5 5 At/ MR 55 i KLU HY
P& biEME - B> WE > W ZEIY) (F£M) - BUR
{57 FH LA B AT DU A5 e A B LA B P 2
g Birrypt & bae

H AR Tl (natural killer - NK) B
%y (innate immunity ) B5%82 - R]FE B BB
R EHER (cytotoxic granuleexocytosis) &X
MRS E SR A2 B8/ T 8RR T (induction of
death receptor-mediated apoptosis) iy il 154 i i i
Jea i Be el ns 75 B AL AR 22 o HR AR TR
NK-92 #fj2 K562 A KH F I35 fe A e 1 i e 75 1

(cytotoxicity ) 43Hf7 » il S8 B/ MR w42 =
LY REEE T NK-92 ff 77 K562 Jg A it
HITER » 10 W ZE Y (e A B 758 RE D (= WE R
E ZIY (B=) - fE(LRFaHEFE (curcu-
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A= fARRATH & A (GC/MS)
Table 2. Gas chromatography-mass spectrometry (GC/MS) analysis of fresh kenaw bulb.
No. RT# NSV i1 Name CASID Area &l
(min) (ppb)*
1 2534 K Propanal 123-38-6 2766199 8.1
2 5486 _HIEREE Disulfide, dimethyl 624-92-0 24369846 71.3
3 7.053 FCO% Hexanal 66-25-1 1180731 35
4 8181 2-ZK--2-TIEEE 2-Ethyl-trans-2-butenal 63883-69-2 951958 2.8
5 9647 IECfE 1-Hexanol 111-27-3 1372750 4.0
6 9.958 24— HIELIEN; Thiophene, 2,4-dimethyl 638-00-6 1474541 4.3
7 12329 HERNE _mEE Disulfide, methyl propyl 2179-60-4 38102766 111.5
8 1269 (2)-1-FHE:-2-(Fk% L&) —Fiki (2)-1-Methyl-2-(prop-1-en-1-yl) 23838-18-8 25384326 74.3
disulfane
9 14048 —HR =Rk Dimethyl trisulfide 3658-80-8 19378653 56.7
10 15.208 2-1F K EEnkiE Furan, 2-pentyl- 3777-69-3 492241 14
11 20455 (E)-1-K%N#:-2-(k% 1-5) i (E)-1-Allyl-2-(prop-1-en-1-yl)di- 122156-02-9 693203 2.0
VST sulfane
12 20.846 N HREE Disulfide, dipropyl 629-19-6 39673641 116.1
13 21.249 (B)-1-(H#% 1-5)-2-"HE —fikk  (E)-1-(Prop-1-en-1-yl)-2-pro- 23838-21-3 36730874 107.5
pyldisulfane
14 22236 HEGARE=mE Trisulfide, methyl 2-propenyl 34135-85-8 780899 2.3
15 22902 HHEREZ=TE Trisulfide, methyl propyl 17619-36-2 30699132 89.8
16 23.607 (E)-1-FHHE-3-(H% 1-8) =HikE (E)-1-Methyl-3-(prop-1-en-1-yl) 23838-25-7 14085366 41.2
trisulfane
17 25404 +_JE Dodecane 112-40-3 95460531 FEHAE L
18 25551 B[t Decanal 112-31-2 288339 0.8
19 25905 _—HIEVYHREE Tetrasulfide, dimethyl 5756-24-1 4709030 13.8
20 30.369 2-NiHFEAEE = HikE 1-Allyl-3-propyltrisulfane 33922-73-5 710302 2.1
21 31.002 —HE=WREE Trisulfide, dipropy! 6028-61-1 40512299 118.5
22 31362 (B)-1-(Nkh 1-3)-3-"WE=Fikt (E)-1-(Prop-1-en-1-yl)-3-pro- 23838-27-9 33395185 97.7
pyltrisulfane
23 31618 1,3-—((B)-Nk% 1-3) =Hikt 1,3-Di((E)-prop-1-en-1-yl) trisul- 115321-81-8 19493528 57.0
fane
24 32477 5-FHE:-1,2,34-VUfikE 5-Methyl-1,2,3,4-tetrathiane 116664-30-3 645781 1.9
25 35.383 Rk HHE 1-(-NiERREE) PN3E Disulfide, methyl 1-(1-propen- 126876-23-1 3282249 9.6
ylthio) propy!
26 37131 4-7.%:-23,5,6-7Ui Bkt 4-Ethyl-2,3,5,6-tetrathiaheptane  126876-42-4 1999044 5.8
27 40813 _—NEMEALY Tetrasulfide, dipropyl 52687-98-6 548512 16
28 41525 1,2,35-VUffiki,4,6-— 75 EZ,  1,2,3,5-Tetrathiane, 4,6-diethyl-, 137363-91-8 5315985 15.6
cis
29 41.633 1,2,45-VUfiks, 3,6- — 23  1,2,4,5-Tetrathiane, 3,6-diethyl-, 934273-77-5 3904198 11.4
trans-
30 42.027 —wiftw 1-A-NEFEE)PNE PN Disulfide, 1-(1-propenylthio)pro- 143193-11-7 3955555 11.6
5 pyl propy!
31 43424 6-2.%:-4578 WUt Tht 6-Ethyl-4,5,7,8-tetrathianonane ~ 126876-30-0 1149614 3.4
Lihy 1048
* A et

#RT: retention time; 4 %3 #F F
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Table 3. Nutrient contents of fresh kenaw bulb

A EE #rie/MiGER (100 g)
Calories (kcal) 95
Moaisture (g) 75.295 £ 0.223
Tota carbohydrate (g) 19.88
Crudefat (g) 0.127 + 0.001
Crude protein () 3.565 + 0.021
Ash (g) 1134+ 0.011
Crudefiber (g) 1.606 + 0.031
Sugars () 124
Glucose (9) 0.079 £ 0.004
Sucrose (Q) 0.628 + 0.024
Fructose (g) 0.532 + 0.006
Maltose () N.D.*
Lactose () N.D.
Galactose () N.D.
Vitamin C (mg) 442+ 0.21

* N.D. (Non-detectable) : k4 -

Rv RFRFEIRY OGBS WA KBRS E i AL E M S AT

Table 4. Total phenolic content, total flavonoid content and radical-scavenging activity of kenaw extracts

%Ab
JRT— R RIS R %fff(fg,,ﬁf)
(ng GAE/mg) (ng QEImg)* — ABTS
W 8.46 + 0.70° 243 + 44° 14.48 + 0.452 6.85+0.13°
WE 855+ 0.72° 642 + 16° 13.90+ 0.792 6.88 + 0.18°
E 29.40 £+ 0.66% 2931 + 2052 6.29 + 0.11° 2.76+0.77°

HAERFYM +AREEZ (n=3) k7 F—MBARLARNRLFHF (abc) REkAEFEZE (p<005) -

ICs : %2 50% DPPH 3, ABTS "ty KA 4 % i /& o
W @ KEEIRYy » WE : 50%LEEE TRy » E @ 100% L B2y » EE (%) = (ERAEHEE - XRYaT£E) X 100%
B mHNEETREERA
SR AR AWM T E R R

Data are expressed as the mean + SD (n=3). Vaues in a column followed by the same superscript letter are not significantly different as de-
termined by Duncan’s multiple test.

1Csp, a concentration with 50% radical-scavenging capacity.

W, water extract; WE, 50% ethanol extract; E, 100% ethanol extract. Extraction yield (%) = weight of dry extract/weight of dry plant X 100.
*GEA: gallic acid equivalent

SQE: quercetin equivalent
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Figure 3. Analysis of the cytotoxicity of NK-92-cells to K562 cells following treatment of kenaw extracts. NK-92-cells cells were treated with W
(water extract), WE (50% ethanol extract), or E (100% ethanol extract) extracts (2.5 and 5 ng/mL) for 24 h, and co-cultured with Dil-lab-
eled K562 cells for 2 h. The remaining Dil fluorescence was determined by flow cytometry and NK cell-mediated cytotoxicity was cal-
culated. * p<0.05 compared to vehicle (0 ng/ml of extracts), # p<0.05

min) %« ZEEREE (resveratrol ) %« fEY) [E
#H beta-sitosterol fl beta-sitosterol glucoside® ~ 5
BEmA LY 20 SRl NK-92 it & 5% A JE M1
K562 fEH » AbfFsers R il Milz: E 220 R4
AR & B A PTELRET = W ZEHY
Yy B W ZZY)aA i 1271 NK-92 it &0
NI KS62 AR AR » HEH W ZZHUP n]HERS
HEAE AR (PINEREEE SR - AHESR
L&Y $em NK-92 ifyE M - 2R i fe A K 5%
DUEE—H T g e MR SR IO AR 1005 PR B U PR -

W

AT FEAEAE PR (LB A P 51 o Mt B S
W 5 e kenaw Ry 35 fr g FI Y/ MRF7 - BT
FEANEAZGEA TN, TKTE BT
M - DERIRE o AWHFEPIE 3T kenaw [
FVEYVE BEINAEYIEE - RAGH R ETRRE
{1 36 R FH A Kenaw A2, A P P BTG TR A R
73 > AT R H IR R SR (EE -

£ ]
RS P R R S 5 T A B R

%I:I'

FRETES B E MUK B S

ek ST Fe e ) A 2 I S i R AL e B ol
ZUERERIERER « AereE Rl TTEb
REZEGEREERRGREM (GrERE
USC-109-03-02015) -

fEERER

IRER B RATER > BT ROy SRS B
1T~ RGBT B85S © BRiE BB/ IMRFA R A
PP~ AU S S B RREIT 5 ORI TS
Hek [ B B/ MR AR A E PP T B WU R 5 B
G o B/ MR FR B AR T ICER ~ SRR AT B A
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ge) o IRABEBITESLENTHEH MEFREEE S dipropy! disulfide » methyl propyl disulfide £ di-
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HESMATH °

RAfET (keywords) : Kenaw (fiEfZZE) /B3 » EFRLEY

HEEE - SRR

FEah ¢« 02-77491455

HIE : 02-29312904

SERMHE © AL TR P B 88 5
e-mail: pjtsai @ntnu.edu.tw

HEREE - B

FEah ¢+ 02-2312-3456 #288184

I : 02-23915292

SEEAL - SRR B 1R

e-mail: kunghsiuni @gmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


