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Methods and Results: F japonicum roots were extracted using 70% ethanol and fractionated
using hexane, methyl chloride, ethyl acetate, and butanol. The ethyl acetate fraction showed the
highest total phenol and flavonoid contents as well as strongest antioxidant and enzyme inhibitory
This is an open access article ~ activities. High-performance liquid chromatography analysis revealed high levels of caffeic acid in
distributed under the terms of the  the ethyl acetate fraction and chlorogenic acid in the butanol fraction. Analysis of the hexane frac-
Creative Commons Attribution  tion by gas chromatography-mass spectrometry identified costunolide and benzofuran, which may
Non-Commercial License (http:/ contribute to its a-glucosidase inhibition.
creativecommons.org/licenses/  Conclusions: The ethyl acetate fraction of F japonicum roots exhibited superior antioxidant and
by-nc/3.0/) which permits unrestricted oy inhibitory activities, likely due to its high caffeic acid content. Meanwhile, a-glucosidase
non-commercial use, distribution, . 7 ... . . ; . S

o . inhibition by the hexane fraction may be attributed to costunolide. These findings highlight the
and reproduction in any medium, . . . e . .o

potential of F. japonicum roots as a source of bioactive compounds for functional applications, par-

provided the original work is properly . AR S
cited. ticularly in antioxidant and enzyme-inhibitory treatments.
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M o Srjok &2 4 Aolol wl felees A eItk

d & E0] H]FAdo] 78t hexane2 2u}f 2], A, 9

=5t =4 AeRl @S (Farfugium japonicumys & T HISA =2S BHHOR feolnE, FE HEAY 2
=, e YAteR o fEueks AFE HIES Jelilt de FEdke §EE ol8dEn (Pak er al, 2012)
A9 Ex3th HSle dexete FRIE AREEM, 2 Methylene chloride™= BISA4 &afjolA|Rt, S4o] 25 ¢ %
B, QFEE, diead, wd, o9, 9437 %, #4949, vE sitke E"*‘ﬂ o] 7HiIRlF 22 WS #7] stes &
59 @H XBAZE AFEET (Park e al., 2023). €99 ZE3l=d 880} (Belay e al., 2008). Ethyl acetates =
= A ST g die] BEeH, 395 A SR H]:LH AEE W FE2 D 5 Qo] AEA

of & A7t RAFY (Kim ef al, 2008a; Hsieh er Ul tiAMHE FZof A%t (Im er al, 2006). g, 543
al., 2012). $2]9] o] AFox= o] T F HEolA o] wj$- 73t butanol> /\}E”-ﬂr e S BEe F= 7
Saksl 92 gtas g3F Hojuria B STt (Park and 90| Eo} o3t AHES F=s=dl 83l (Hemalatha
Kim, 2024). o]l we} ©mele] tpeFet 910 &8 7k and Hari, 2013). o]x¢ &vle] 54 xlo]& o|&sle] 54
o] IS & F Utk AR wet FEE= 49 TR 9 o] dEHERE,
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CAlENE
1ol ARE-3H "m 9] BeEle ATt ol 7 24
AFBIATE. & Al F I27Z271E o83t 70THA
el AxE BeE A=A BHsle] AEE AFSIAT

g9 e By Al 70 goll 70% ethanol 140 ml E 7}
3 5, 22942)7] (Powersonic 520, Hwasin Tech Co, Ltd,
Seoul, Korea)e °o]&3le] 1 A7 59t FE3It}. FE2E2
A%k o3 5 3112 7195571 (Hei-VAP Precision, Heidolph,
Schwabach, Germany)E ©]-8-3t] 5531t €] Ba]e]
F2ES distilled waterd]l 591 ¥, 34 S50l wet xa)
=2 hexane, methylene chloride, ethyl acetate 2 butanolS-
distilled watere} 72 o2 7)sh -,4 23519t} 7+ B3 E

2 204 53718 olgl ¥5 F $AAZH] 4G A
22 olgsgnt.

i

N

2. ©HHY| 88| === U 25IS0| Shrlgl sk
gduj9] 233 ksl 848 1,1-diphenyl-2-picrylhydrazyl

(DPPH) free radical scavenging activity, trolox equivalent
antioxidant capacity (TEAC), ferric reducing antioxidant power
(FRAP), oxygen radical absorbance capacity (ORAC) *3'H
o= =359,

DPPH radical 227 42 Blois (1958)9] #S sty
o} AlZE 40 L9 0.15 mM DPPH solution 160 £ E 713+
F gAA 308 AT ©]F microplate reader (i-
Mark 168-1135, Bio-Rad Inc., Hercules, CA, USA)E ©]&
dlo] FB= 3 490 nmellA] Z74513Ach. DPPH #1352 &
DPPH radicale] 50% $Hl== A 82| #l RCsoiks AlRtst
o ZJsiaict. a2 §4 AR butylhydroxytoluene
(BHT)E 0.31 mgml - 2.50 mgyml T2 A2t 23 s}

_0_
=

o
i
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o, g9 70% ethanol FEE3 F¥E2] DPPH radical
2 AL v sk

TEAC 3742 Zulueta 5 (2009)°] W<
ABTS radical €92 A% 22 750 nm oA
0.700] ==% 34 & ARGt «]“%
ol 200 (UE AZ 10 Lol 713 F, 5 B7F HE3E
% microplate readerS ©]-83F FEE 3
A3sItE. TEAC =7 standard curves= troloxS
3to] 23190 trolox equivalent (TE)Z AlFsIATE
FRAP 39182 Benzie9} Strain (1996)2] WS HIskA
o} 10 mM 24,6-tripyridyl-s-triazine (TPTZ)2} 20 mM FeCls
£ 1 :1 v&2 &3 H, 300 mM sodium acetate buffer
(pH 3.6)= 10 ¥} 713k} Solutions 37CelA 1087 B
#ale] Aol ARSI AR 50 1o FRAP working
solution 150 (& €& & 37CelA 30 £7F wkS3lich
Microplate readerS ©|-&3}9] S35 S 595 nm oA =4
3}9th. FRAP =7 standard curve ZHd2 FeSO, 7H,0E
RFEAR slo] 2SS, ferric equivalent (FE)Z A4t
1=

ORAC =42 Zulueta 5 (2009)2] #HS WISt =4
SFT). A 50 Lol 78 nM fluorescein 150 (& 7}staL
37CeA 10 228 WHEAIAT EFEC 221 mM 22-
azobis(2-amino-propane)dihydrochlorideE- 371314 excitation
374 485 nm, emission IF 535 nm oA 60 £7F 1 ¥ 744
o2 PFFTE =39 Y. ORAC =74 standard curve:=

2 3t ZAJER e, trolox equivalent

il

S

sHST.

7Lo]
radical &
3. o]
750 nmoj|A =
21§

el

=]
ABTS
bouks
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troloxS EFE3

(TE)E AR

xxc’ al

al [s1 I-ﬁ/\ le—/\‘l

3. 2oyl ¥ =9
o

o-Glucosidase A31&4L Im7} Kim (2022a2)2] WS
28T 20 mM potassium phosphate buffer (pH 68
120 19} A= 20 L, 0.5 Umk a-glucosidase 50 (45 &3¢
3te] 37CoA 15 £7F incubator QFollA ¥HEAIHTH 2 &
2 mM p-NPG 10 /£ & 7}8}aL 37CollA 10 B7F HP—O—AViE‘r

Z

0.1 M Sodium carbonate 100 £ & oA HF3-8 AXA|Z]
T2 microplate readerE ©]-83l] F3%= #LE 415 nmoj|A]

235190 RS B A EAE 2 DelR acarboseS ©]
L35l g9 FE2E % BEYE9] o-glucosidase T3S vl
PM‘:]’.
Tyrosinase A&&4 L Im¥} Kim (2022b)e] ®-8 Z31s}
Aot 999 70% ethanol FE= 2 E3E 10 L9 1 KU
tyrosinase 20 /45 71Tt} ©]%F, L-tyrosine, 50 mM potassium

phosphate buffer (pH 6.5) 2 distilled waterZ 10 : 10 : 9
HlER S=s Alxsilth £3E 170 & 7heke 37C

ke
T

oA 20 7+ oS it ‘?}6‘ microplate readerE ©]



SH0i9| 2y M

g3to] 490 nmollN FFEE SHsIon, A gavt

50% A== AlES] FEE YERME I1C522 2Mdsit)
Y2 arbuting ©]-8-3F3
4. E"[H-r| e == 9 2229 #ne 15— =M

% phenol &2 Im3} Kim (2022a)2] W& Farstsich.
g% 70% ethanol FEE % EIE 20 L, distilled
water 700 /0, Folin-Ciocalteu A]2F 100 (4 = 71311t} o=

Aol 2 AIZE E<9F §ESETE. 20% sodium carbonate
100 L E 7}t 1A W83kt &3-S microplate
readers ARSI 4% S 750 nmolX] SHEATE F
phenol &% standard curve® gallic acide ZXFEZZ sl
24319 2™, gallic acid equivalent (GAE)ZE A4S T
% flavonoid &S Im¥} Kim (20222)2] WS 373k

t}. €99 70% ethanol F==E % EEE 100 4, ethanol
300 2, 10% aluminum nitrate 20 /0, 1 M potassium acetate
20 (49l distilled water 560 (45 7} Th IA7F WSSl &

Stel-S microplate readerg ©]83t] S3% #S 415 nm o

Table 1. Operating condition of HPLC.

Column Shim-pack GIS C18 (250 mm X 4.6 mm X 5 pm)
Oven
temperature 35
(O
Detector UV 280 nm
Mobile Solvent A Water containing 0.1% trifluoroacetic acid
— — o -
phase  Solvent B Acetonitrile conmln;rligdo.1 % trifluoroacetic
Flow rate 1.0m{/min
o
Time (min) Solvent A (%)  Solvent B (%)
Initial 100 0
4 100 0
14 85 15
17 85 15
24 83.5 16.5
Cradient 28 81 19
elution 30 75 25
system 36 79 ”
38 70 30
41 70 30
46 60 40
48 52 48
53 47 53
63 60 40
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P A2 o7
A &3k % flavonoid ¥ standard curve= quercetin
= E—?f%;‘]i slo] 24319 2™, quercetin equivalent (QE)
2 ALtsiaict

High performance liquid chromatography (HPLC)E ©]-&
sto] chlorogenic acidE &2138tAth. HPLC A3 =71
Table 10| LERATE

Gas chromatography-mass spectrometry (GC/MS; Agilent
8890/5977B, Agilent Technologies, Santa Clara, CA, USA)
£ ©|83} hexane =2 S wA8I8lth A€ DB-
5MS (30 m x 0.25 mm x 025 mE ARESIATE Q8 2%
= 60ClA 3 27k frAIskaL, 1 2nhet 240C7H] 3CH &3
t}. 28k 7131E helium (99.9999%) (1 mé/min)yS ©]&-3}Ath.

FZE2 injection volume 1 /£, 10:1 split ratio® AR5}
o}t Inlet €%= 250C, detector %= 280C, ion source
229} interface =& 300CE AT B2 24

NIST library®] mass spectrum dataS H]w3led 21319

5. SAX2]

w A7 33 wEsle] AAslen, SAIEA2 SPSS
18.0 (SPSS Inc., Chicago, IL, USA)Z Duncan®] T
7174 (Duncan’s Multiple Range Test, DMRT)¥ ttests ©]
g3t FA A4S ST (p < 0.05).

2} o
1. Hoi9 ¥R $B2 Y 2220| St 2
Yri9] Wele] Gaks 5L Table 20 Lhehict.

DPPH free radical scavenging activity 23}, ethyl acetate
=M RCsotol 1235 pgml & 7P 4 34 =AU
01017‘1 butanol ¥-8% (54.62 yg/ml), methylene chloride #-2]
E (6737 ng/mb), 70% ethanol =% (89.00 /g/ml), hexane
EEE (10247 pgml)e] 02 HlwA 93l diks) o]
Uetsth FE25 92 EYE2 positive controlq] BHT
(111.57 pg/m)R T} 2kst gdo] E3itt.

Distilled water #3& (112.97 pg/mlye Tt W& AL
wou, tixael BHTS fAKRE £Fo2 B4E9.

TEAC 53} ethyl acetate -2 E<A] 1923.63 mM TE/gO=
ksl &Aool 7 =9tth Butanol #¥E (35821 mM
TE/g), methylene chloride =8E& (263.65 mM TE/g), 70%
ethanol =% (23451 mM TE/g), distilled water &3 &
(181.61 mM TE/g), hexane #ZE (5124 mM TE/g)e] <
o2 Yepton, guje] SA e FElg &4 Aot &
1= et

FRAPE
7P 3=k,

E3 5o 2989.78 mM FE/go&
-5 oI5k}, Butanol HE8&

= =1

ethyl acetate
A Bigo)
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Table 2. Antioxidant activity of Farfugium japonicum root extract and fractions.

Extract / Fractions DPPHT FRAP? TEACY ORACY
RCso”; ug,/md mM FE9/g mM TE /g mM TE/g
70% ethanol extract 89.00+3.83¢ 764.70+31.00¢ 234.51%12.764 905.74+55.82°
Hexane fraction 102.47+1.71¢ 69.02+4.51 51.24+5.39 311.80+55.86¢
Methylene chloride fraction 67.37+6.28° 815.14+20.48° 263.65+8.21° 1,578.13+163.91°
Ethyl acetate fraction 12.35+0.41° 2,989.78+27.53° 1,923.63+9.08° 5,433.31+483.08"
Butanol fraction 54.62+1.59" 1,167.65%5.59" 358.21+13.74P 1,129.53+120.99"

112.97+7.50'
111.57+3.32¢

Distilled water fraction
Butylhydroxytoluene

640.69+4.80°

181.61%8.12° 898.09+112.75°¢

YDPPH; 2,2-diphenyl-1-picrylhydrazyl, ?FRAP; ferric reducing antioxidant power, TEAC; trolox equivalent antioxidant capacity, *ORAC;
oxygen radical absorbance capacity, *RCso; 50% reduction concentration, FE; FeSO, equivalent, ”'TE; Trolox equivalent. Superscripts (a - f) in
column mean significance assessment by Duncan Multiple Range Test (DMRT, *p < 0.05).

(1167.65 mM FE/g), methylene chloride %<& (815.14 mM
FE/g)o] 2tho2 gdgo] AT} 70% ethanol FEE-2
764.70 mM FE/g, distilled water ¥8& 640.69 mM FE/g,
hexane 3% 69.02 mM FE/g2] <22 UEPdt}. ORACE
ethyl acetate ¥-2E°] 5433.31 mM TE/g, methylene chloride
3% (1578.13 mM TE/g), butanol #ZE (1129.53 mM
TE/g), 70% ethanol F&%& (905.74 mM TE/g), distilled
water 3 & (898.09 mM TE/g), hexane ¥32 & (311.80
mM TE/g)e] =& YEelt).

B Ao E ethyl acetate B EoA 71 =&
Uehs=d], ol AdT Bt fAS =
(Park and Jhon, 2010). 3, F&5& g
FARPIL T ol gt Tkl lsglon, of

u =

L
fu

)
=

el BAAAE gHF o7 AAT £ I A kA
£ X3Sl S-S AlASL
2. HOY ¥2l FE2 Y 2229 Y 7Y &4 YA
S

g9 3 g-glucosidase A4 A= Table 334
Kdas s

Ethyl acetate (127.90 pg/m)9} hexane (143.84 pg/ml)
e 7P e 1CsakS Bolr, 93} o-glucosidase #]
slgdo]l YERST ol FAUZREQ] acarbose (158.47
pgmhETH o gk g G0 R SRIEUTE o]ofA
methylene chloride ¥&& (715.65 1g/ml), butanol 3=
(1110.83 pg/ml), 70% ethanol F=& (1245.20 pg/ml) T2
2 yepton, distilled water H3E-2 6000 pg/ml o)<
ICsoth o2 S, g Do) Aol JehtA] eddct.

Hexane} ethyl acetate T EX g o] =A
Elstor, o= a-glucosidaseE A3lsk= BHo] &4 =
W siekEe] FE olE 2R oidErt B3, butanolt
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Table 3. a-Glucosidase and tyrosinase inhibitory activities of
Farfugium japonicum root extract and fractions.

o-Glucosidase
inhibitory activity
(ICs0, ng/mQ)
1,245.20+73.47¢

143.84+=12.65°

Tyrosinase inhibitory
activity
(ICs0, ng/mQ)
399.33+30.46"

1,752.15%+351.22°¢

Extract / Fractions

70% ethanol extract
Hexane fraction

Methyf'e”e. chloride 15 65:96.27° 238295657
raction
Ethyl acetate fraction ~ 127.90%6.44° 30.71=13.65°
Butanol fraction 1,110.83+141.09¢ 176.08+27.97%
Distilled water fraction > 6000 > 5000
Acarbose 158.47+28.54° -
Arbutin - 155.73+24.40"

Superscripts (a-c) in column mean significance assessment by Duncan
Multiple Range Test (DMRT, 'p < 0.05).

distilled water} 7+

o e A%e e, ool we
o VA Gl tha: S Ao=

/o] =2 E8 =AM
shgte

Bl

Ao

3
5]
73

o rir

o 57}

1o

752 % 2920 1Y 0

3. °Hiie %2l F== ¢ =

g Bl 70% ethanol FEE % EEE9] tyrosinase
A& Table 37 7t} Distilled water &A=
tyrosinase A& do] w9 e FFor ZAHUTE v
ethyl acetate F-3E-2 30.71 gl 2 FAHZT2] arbutin®]
ICsofkQ] 155.73 pg/miETh =8 202 A EQIT), o]ofA]
butanol EZE2] 4 A o] 176.08 ug/ml, methylene
chloride F&E°A 23829 pgml & = =W arbutind} A
3 02 YERTE 70% ethanol FEE-S 399.33 sg/mlE
LER T

Giiven 5 (2023)] =%olA tyrosinase AL £



el d2lgd 24 8=

2 243 A7}, ethyl acetate -2 EolA 7P =2 A&
o] YEREAL, distilled water 3-8 Eollx= Aalj&do] §l=
o2 FelFAT}. Ethyl acetateol|r] &3)71 &=
3l tyrosinase A|31E/o] UERES Zlo= A7HE

£

al
=

4. ©oigl 2l F&E=
U flavonoid &kt

g9 Y] £9E° F= 583 Z phenol B flavonoid
S Table 49 2t & 582 70% ethanol F=E°|
A 13.77%% S =AY} Distilled water #8352 63.44%%
7V w=kom, o1ojA butanol - EIA 14.85%= LHERL
t}. Hexane B3 &L XU & 7.33%°]™, methylene
chloride +8 &2 6.02%, ethyl acetate &5 435%=
hexane £ EF H|5=8 FFE] FF FE&o] SHHUTL
Distilled water &8 & 7Fg Etom], f7180) Folrxe
butanol FF =M 7P = FE&o] =8Th ol wet g
e FEEL iR A S4E e EEE AE
= AOE oifdrh

% phenol 3 ethyl acetate HE &4 375.16 mg-GAE/
gl 2 71 =kom, o]ojA butanol EFENA 76.05
mg-GAE/gC 2 =T} Methylene chloride ¥2]E914 75.03
mg-GAE/g® 2 butanol £-I=3 AR FF0=2 YERT

1o

oS|I
e

Table 4. Yield, total phenolic and flavonoid content of Farfugium
Jjaponicum root extract and fractions.

Total phenolic  Total flavonoid

B Yield (o content content
(mg-GAE"/g)  (mg-QE?/g)
70%ethanol 13 770660 48.84+3.00°  13.231.04°
extract
Hexane fraction  7.33+0.91° 29.28+1.24%  6.69+0.30¢
Methylene ¢ ) 11.00¢ 75.03£7.130  21.73+2.44°
chloride fraction
E“}Y' acetale 4 35+0.84° 375.16=15.22% 64.44=4.31°
raction
Butanol fraction 14.85+4.37> 76.05+4.99° 20.60+0.87"
Distilled water 63.44+4.88° 33.53+2.77¢ 91740471

fraction

YGAE; Gallic acid equivalent, ?QE; Quercetin equivalent. Superscripts (a
- d) in column mean significance assessment by Duncan Multiple
Range Test (DMRT, *p < 0.05).

70% ethanol FEES 48.84 mg-GAE/gC 2 ZHEoH,
distilled water®} hexane #+¥ &2 77} 33.53 mg-GAE/g,
29.28 mg-GAE/go & 1%t}

=

= flavonoid TS ethyl acetate =T Zo|A 64.44
mg-QE/ge2 74 E9T) Methylene chloride +&&-9A]
21.73 mg-QE/g, butanol ¥ EA 20.60 mg-QE/gSZ
methylene chloride &3 AR <70 FFo =2 Yelyd:
t}. 70% ethanol F=E8-2 13.23 mg-QFE/gl2 AT 3lom,
distilled water2} hexane E8&2 ZHz 9.17 mg-QE/g, 6.69
mg-QE/gS 2 =A =T} Polyphenoke /gl w2} methanol,
water, chloroform, hexane, ethanol, propanol, ethyl acetate,
acetones °©|&slo] FE FEoiH, 82 S5 gvljol] wt
% 89| Ao|7} AT} (Zhang et al., 2018). E AT %
el SAo wet xtolE YERHle™, 2% phenolt
flavonoid®] 3+ F ethyl acetate F-Z &0l 7P =94}
5. High performance liquid chromatography (HPLC)E OIS
st chlorogenic acid?} caffeic acid &4

Chlorogenic acid®} caffeic acide FAHslE H]E3E Theksh
Ae)gio]l SHE HERe] stEeltt (Sato er al, 2011). ©
A, & AFolxs itstet daar @A4Jo] E& chlorogenic
acid®} caffeic acid T|2E 315199, standard curveE
dgk 5 S ARt Standard$} sample®] =5 &
sk, Ev S BeE] 70% ethanol FEE L HIE9
chlorogenic acid®} caffeic acid 3~ Table 50 2HJ3IAtt.
Chlorogenic acid= butanol 2 Eol|A 7.89 wg/mg ethyl
acetate L&A 3.15 ug/mg, 70% ethanol F==°I4 0.57
ng/mg, distilled water F8E0A 027 pg/mg O 2 LERSTE
Im3} Lee (2014)2] AFolA = chlorogenic acid 3ol
butanol T8 EolA 7P =4 S8 0] £ A7 ARSI
Caffeic acid®] 7%, ethyl acetate E=EEo|A 2630 pg/mg o
2 7P =9kor, ool butanol EEEOA 0.20 py/mgoE
YUERITE 70% ethanol 253 distilled water -8 EollA=
Aol vae vebgod, v A2 e R SA AT
Caffeic acid’} SF-slt}a 48X W= oAM= 49 my
100 m¢ E=Fo 2 B IETE (Kim ef al, 2008b). Jeong &
(2014)2] Aol M= ethyl acetate, butanol ¥ &4 caffeic
acid®} chlorogenic acid®] FgFo] =9k aqueous &=l

Z}
2}

Table 5. Chlorogenic and caffeic acid contents of Farfugium japonicum root extract and fractions.

0,
Compound 70% ethanol extract

Ethyl acetate fraction

Butanol fraction Distilled water fraction

(ug/mg) (ng/mg) (ng/mg) (ug/mg)
Chlorogenic acid 0.57+0.13¢ 3.15+0.11° 7.89+0.81° 0.27+0.09°
Caffeic acid tr! 26.30+0.08% 0.20+0.08" tr

Superscripts (a-c) in row mean significance assessment by Duncan Multiple Range Test (DMRT) and t-test (*p < 0.05). "tr; trace
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Table 6. Bioactive compounds of the hexane fraction from Farfugium japonicum root extract.

Compounds Retentign time  Areasum Molecular Molgcular
(min) (%) formula weight
Glutaric acid, 2,2,3,3-tetrafluoropropyl 5-methyl-2-methoxybenzyl ester 31.896 2.37 Ci6H1gF4O5 366
2-Ethoxy-3-ethylpyrazine 36.869 1.04 CgH1,N,O 152
9-Acetyl-S-octahydrophenanthrene 39.432 1.29 Ci6H200 228
Benzofuran, 6-ethenyl-4,5,6,7-tetrahydro-3,6-dimethyl-5-isopropenyl-, trans- ~ 47.619 4.41 Ci5H,00 216
TH-Indene, 2,3-dihydro-1,1-dimethyl-4-(3-methyl-3-butenyl)- 47.902 3.70 CieHa2 214
1-Oxaspiro[4.5]dec-6-ene, 2,6,10,10-tetramethyl- 50.367 4.61 Ci3H»0 194
2-(1-Cyclopent-1-enyl-1-methylethyl) cyclopentanone 51.522 22.94 Ci3H,00 192
1,3-Diiso-propylnaphthalene 52.084 14.46 CieHao 212
7a.-Hydroxytestosterone 52.372 7.74 Ci9H12503 304
1,3-Diiso-propylnaphthalene 53.543 5.68 Ci6Hao 212
1,6-Dibromo-2-cyclohexylpentane 57.882 4.64 Cy1H,0Br, 310
Costunolide 59.078 3.81 Cy5H200, 232
] phenol 3}§Hz2] gl tha Wi glucosidase A&/l I FU& A= oddnt.
B A7 Urle) Welo) g o mE fENE U 8
6. Gas chromatography - mass spectrometry (GC/MS)E ¥}, a4 &S vlwsr] S8 A=At dm 9] *®
0|28t hexane 22129 M: 24 £ 70% ethanol® FZ3+ %, 24 xztolo] wal hexane,
g9 ¥ g-glucosidase A A}, hexane} ethyl  methylene chloride, ethyl acetate, butanol2 32 3} T}
acetate -8 EoIX F=2 Aol ERIFUT o E 70% Ethanol F&& 4 Eﬂﬂ«] kst B4 dRs A4S

o-glucosidase #3]&4J2 phenol ¥ flavonoid 3} =2
AFHBBAE Bk 23U, ethyl acetate ¥ E3 2,
BIEAE= AFoz o
S AT WA hexane
flavonoid £]°|%= a-glucosidase A|3|&AS
2157 93l GC/MSE o83l #2315t} (Table 6).

T AES 2= Glutaric acid, 2,2,3,3-tetrafluoropropyl 5-
methyl-2-methoxybenzyl ester (2.37%), 2-ethoxy-3-ethylpyrazine
(1.04%), 9-acetyl-S-octahydrophenanthrene (1.29%), benzofuran,
6-ethenyl-4,5,6,7-tetrahydro-3,6-dimethyl-5-isopropenyl-, trans-
(4.41%), 1H-indene, 2,3-dihydro-1,1-dimethyl-4-(3-methyl-3-
butenyl)- (3.70%), 1-oxaspiro[4.5]dec-6-ene, 2,6,10,10-tetramethyl-
(4.61%), 2-(1-cyclopent-1-enyl-1-methylethyl) cyclopentanone
(22.94%), 1,3-diiso-propylnaphthalene (14.46%), 7o-hydroxy-
testosterone (7.74%), 1,3-diiso-propylnaphthalene (5.68%), 1,6-
dibromo-2-cyclohexylpentane (4.64%)3} costunolide (3.81%) 5
o] gRl=Art.

o] 3 costunolide= sesquiterpene lactones 7% Rashwan
= (2019)9] Aol FE g 5x) 7hAh G749} HbAlc
% A B ERIEo] g HERA o8kl A
F Ak 2 9] hexane ¥&Eo|A 2% benzofuran A€ 3}
=2 o-glucosidase Aol B vl U} (Adalat er
al., 2022). WA 9] AEE°] @99 hexane EEEQ] a-

2 phenol % flavonoid
g EA phenol %
oubsl= QRS

o=

hexane

ol ol

RLs
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A3}, ethyl acetate %2 Eo|A] Z phenol ¥ flavonoid ¥
o] EkoH, free radical AL B LY FH S T T
A8} 58 =4 AIIAME ethyl acetate FE&E2] &4do] 7
Z Holylt}, gtas A9 g A a-glucosidase A3
& A mEA] 32 tyrosinase A OHQ'H AE AA|
ethyl acetateol|x] 4do] 7P wojyit}. 3l HPLC 972
53 s E4S B3 43 caffeic a01d9} chlorogenic
acid7} EA5990

+ 33ME BF ZHYE 522, caffeic acid
= ethyl acetate =94, chlorogenic acid= butanol
B EolA =& AS B 3 o-glucosidase A4S
AAT A3, hexane =AM E Asgrdo] UERT
a-GlucosidaseZ A3l sl= &4 é-Er o}y 7|
EIE5S GC/MSE 435159t} AR =

kst B0

O -

23 hexane
costunolide®}
o]

S,
2= TAE AR F
benzofuran T 4ol ﬂo JE EA=
hexane #3152 o-glucosidase A3|&Adol 71915130S

A7y,
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