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Abstract We obtained polyphonol extracts from bitter melon containing various
bioactive compounds to improve applicability as functional food materials. The
total phenolic content (TPC), antioxidant, antidiabetic, and anti-inflammatory
activities of bitter melon extracts obtained using various extraction methods were
compared. The extracts obtained using ethanol as the solvent had a higher TPC
than extracts obtained using water. The extracts obtained using ethanol also had
high antioxidant, antidiabetic, and anti-inflammatory activities when performed
using ultrasonic-assisted extraction (UE) with ethanol. The extract obtained using
probe type-UE with ethanol (PUE-E) exhibited e-amylase and e-glucosidase
inhibitory activity levels corresponding to 90% or more of acarbose (a diabetes
treatment). An extract obtained using a bath type-UE with ethanol (BUE-E)
exhibited high NO inhibitory activity at all concentrations. Therefore, UE with
ethanol is a very effective method for recovering polyphenol extracts from bitter
melon with antioxidant, antidiabetic, and anti-inflammatory activities. In addition,
the polyphenol extracts obtained from bitter melon by UE with ethanol (especially
PUE-E and BUE-E) have a high application potential as functional food materials.

Keywords bitter melon, ultrasonic-assisted extraction, antioxidant activity, antidiabetic
activity, anti-inflammatory activity

1. M2

[ S

A A|A”S 7RI Qlet T1Ey AR A A”S] Ak Bavt BAAAE BEA0

AAHA £ 3¢ 23K superoxide), IHAESkeA(hydrogen peroxide), 44K hydroxyl
radical) 591 @/ditaFo] AJEtH(Magnani 5, 2000). |23t B44taFg2 Ao o] 7
S Al GRS 70 R &4AA o, G, 95 5 ARl Al29 3t 9 AYE
A Zolg 2AdtHValko 5, 2007). 53], 4taF] Hrt G Ao} AEHA F7to|
s E & e B IEGE EYCE St tAM] Ao =, IR HEA| o)A

AN [e] o=
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Ql&dl HH| olio] oo WA¥SItH(Baynes®t Thorpe,
1999; Bentle &, 2000). S-fUzhE HIES A AAH S
B 3 FHES Wi S7HE 3o, 304 o4 4]l
10%7F Bt gtol 1, 20%7 Bl A SAYU =2
Aol koI, 30%7F ¥ F4d= 7HAAL itk B
IEHKim 5, 2013; Kim 5, 2018). A2% T <]
BF AW 4std AEH A A 9 g 4= 7
2 AERHE o83t A Ao]aHof et &7t =ot
w9 80%7h AN o83 UcHMeena .
2009). TEhA HTols AAES SHOE oot 14737
57 A9 Fgo] AP 9lom, o9 & dolut

Ao sl Ei ool g A7} 2 olgoix

oS (Momordica charantia L.)+= °FA|o}, ofalE, &
ofzej7}e} 7He| B X9 9] ArfjofA] AAl5t= 194 Hh,
23to] g4 steflilo] 224 £5kS 71X Qlo] 13
EE bitter melon®]gtal E3tHJia 5, 2017). 9F+= &
B E #igA, ofu|iAl A, dZ=Eo|E, HIEH] C, "
dE % B-carotene & o2 7HA A4 =H=H
flavan-3-ol =41 ¥ phenolic acids 52 4Ist &
S TRk oK Namt Kim, 2015). 53] 4zt £4
o 2 gFE] U= charantin FF2] vEpA| | 2}
8ot Qledo] BH|E 4oz d 43}t a3kE 7}
A= Aoz dHA Yt Grover?} Yadav, 2004). o)<}
22 o3| tefdt 71540l Bra el whet o9 A7t
SHEI o] AFAE 2 EA S &84 7FsAdol HiE
E0HPark 5, 2018). L&y olF= A|lZEo] dbslil,
5 2 ALt 2 717 5ol webA 7154 289 9
ol AelE Hol(Goo &, 2016; Lee &, 2016: Moon
AE 2 9t 2l oigk A

5, 2015), 7154
7} 844t

AAEY 8RS &t WHoE & &9t
4 FEHo] FE AREIOY, Holes 2510 =&
H, ofola2n 2EH 9 24 &9 59 ot W
o] Al=E1 QUth(Heo %, 2019). E3] 227} 2&HL
et A8 AN HEsdES] FE2E8S A

N

& AoZ BiE 9t Vuong 5, 2015). 22T+

_i,_
% 8o cavitation bubblex WPAZ|=H], o=t
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bubblee] BHSBA F2H 08 1L, I AL BE
ps

o] bubble 7}7tolo] YA|gt A& MZY-S w3 A]7]= 2

85 @HRostagno &, 2003). 22TH9] FE0= B3
A AlEE2 s 24 W= S AFE &l ot
of AEAE R RrsidEd] ¥Es /M

o}
(Sharmila &, 2016). 223 FEHL 7|29 F&94+
HIPS O 35 3HS deHA 5 {28
|ujE dofol= o|FS T EE F844E9 584U *
%2 7FsotAl tK(Vilkhu, 2008).

wehA] 2 Ao 2 B9} S22 FE 9

o
1, ol FE=9| A}, Ik 3 FABX

2.1. ¥8n=

oAF(Momordica charantia L.)= AA4ET AHA 9]
A 202090 AEjE Ao, 15-20 cm Zo|9] AFE +
oot} AP AHESIAT AF= AIFH & XE AlAsHL
SZA%X % Food Mixer(FM-681C, Hanil, Incheon,
Korea)& ARgsto] ohafstal 45 mesh(Chung Gye Indus.,
MFG Co., Seoul, Korea)Z &5} tt.

22 ZEYE 24

SR T FEAEE7I(FD-720, Kett, Tokyo,
Japan)E ol&sto] SAstoitt. A g2 2AANE
ZZ7](Soxtec 2050, Foss, Hoganas, Sweden)E& ©|-&
sto] Alg 59 A2 dietyl ether® &3] S4sI3{H
238 ke 500C9 Fg=E(Muffle Furnace, Isuzu,
Tokyo, Japan)g °ol-&sto] Z3|eH o= =75t 3
oo} WS HHESle] RS FHioH, 23t HE AR &
F A AAete] 23RS ARSIl 2T Al
9] YU EAIFR 9] KjeldahlHoll wet microkjdeldahl
ZX|(BUCHI Distillation Unit K-350, Flawil, Switzerland)
£ AHESto] S5l ©4dkE T (%) Alm A 9
R0 100%004] 2, A, X317, 2o ks W gt
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o2 st

2.3 0F ZE2HE F559 HZ

oF Zods FEE2 T2HYH 231 oEeEE
(PUE-E), 2838 250 E53Z(PUE-W), $X
25T} oeESE(BUE-E), 22719t E5&(AE-W), olleh&
F2(ED), ErFE(HWE)Z 0183 kK
¥ 231} o522 AR 2 g0l 60% oEhe 80 mLE §
31, probeZ} A2 231 (KFS-600N, Korprotech,
Seoul, Korea)E o]-&sto] 270 We| 233} Al7|2 15&
7t FE5190H B3 ZREHYH 230 E552 I2EY
g 250 oehEFET sYsiY G2 SRS AHES
Aot =2FH 230 HEFES AR 5 goll 4049
got= 60% ofgrE 200 mLE 7oto] E5 A2 25T
3 AA(30x24x14.5 cm, 5510R-DTH, Branson,
Danbury, CT, USA)OlA 42 kHz, 135 W ZAOZ 455
S FEo6IH. o] 4 AlE7 229 $X shdof B4
UL E PYEAS F25E ol 34T X vigo] AF2lslo]
FE3 Aok 120 EFEZ AR S5 gl 7
200 mLE 7}t 121TC9A autoclave(MaXterile 100,
Daihan Scientific, Wonju, Korea)& ©o]-&3sto] 1587F
FE5Ih HEFET 4552 A= 5 goll 200 mL
9] (o, SFME 2ol & 42 o, shaking
water bath(BS-11, JeioTech, Seoul, Korea)& °]-&3}
of Z}7F 60T, 90T 9] 2%ofA 100 rpm 2= 34|17t &<t
FE2 sl

o3t o] Z¥zto] EHog A2 22HME 4T, 8,000
rpm(Suter R22, Hanil, Seoul, Korea)ollA 20&7F 44
E3t 2, filter paper(Whatman No. 1, Maidstone,
England)Z oj¥}sto] Hojxl ofatl-S 7Hts-=(N-1300,
Eyela, Tokyo, Japan)sttt. 5549 FEE2 521X
(Freeze Dryer, IlshinBioBase, Seoul, Korea)dto] 9%
SLE Axsto] Ao ARSIt

24 FEoh= 23 5

ZEY9s 2 Folin-Ciocalteu(Folind} Ciocalteu,
1927)9] W< olgsto] Atttk A& 0.1 mLol
Folin-Ciocalteu’s phenol reagent(Sigma-Aldrich Co.,

https://www.ekosfop.or.kr

St. Louis, MO, USA) 0.1 mLE #7loto] 387 AL
A8k & 10% Na,CO3 0.2 mLE 3ot SF4 2 mL
£ A7Folit. BEgA2 A2oA 1AZF ®A|st 725
nmoA FFEE SHSIA FEYHE FFS gallic
acid(Sigma-Aldrich Co.) €407 235t FEIA0R
FE A S M, mg gallic acid equivalent (GAE)/g
dry matter(DW)Z YERNATE

2.5, gief 24 5&
2.5.1. ABTS 2C|Z 2Hs &H

Al=9] 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) &t &A5-2 Lee 5(2019)9 HHE o]
goto] 2431t 7 mM ABTS™9F 2.45 mM potassium
persulfateE S/l &dfisto] 12-14A1% &<t A
A B3] ABTS cation(ABTS") radical® FA%t & 734
nmoj|4] 0.700£0.0029] EF=7}F HEE 80% ethanol=
At FEEE S|Ae A& 15 pL9} 314% ABTS+
|4 300 plE 627t ¥HGAIZl & microplate reader
(Epoch, BioTek Instrument Inc., Winooski, VT, USA)S
ol-&sto] 734 nmolA FFEE SASHUH

2.5.2. Hydroxyl radical 2Hs =d

Hydroxyl radical £7%52 Oh 5(2015)2] ®Hoj ot
gt Sgottt. =R 34T Al=2 1 mM FeSOy, 1
M EDTA, 10 mM 2-deoxyribose® Z1ZF 50 pL& &7}
ofal, o] W3] 0.1 M phosphate buffer(pH 7.2)
300 L9 10 mM H,O; ¥ 1 mM ascorbic acidE Z+z+
50 pLE 7tsto] & SRt & 37CofA] 1A B2t §HEA
Aok, 539 250 pLE FHsto] 2.8% trichloroacetic
acid €9 500 L& 7}t & 1% thiobarbituric acid &
H 500 L& 7kste] 100TolA 1087t 7FAAIA . oA
< F495t9 532 nmolA FBEE S5

ee 5(2019)9] < o]&sto] ZFsH3Tt.
7t FE2ES FLHEE 3550 59U 3 e-tubedl] 250 pL
FHotdtt I & 0.2 M sodium phosphate buffer(pH
6.6) 250 pLet 1% potassium ferricyanide 250 LS

779



Bioactive property of bitter melon extract obtained by UAE

A7¥ste] 50CAA 2087 ¥HGAIR o, S3tE vk
o] 10% trichloroacetic acid 250 pLE #7}ol9tt. ¢
HREAS 25T, 1,000 rpmollA 108 59 A4E
A2H 500 19} 0.1% ferric chloride 100 pL S &3ts}
o 700 nmolA FF=E SAsIGih
2.5.4. Fe** Z30|E &Y 5%
Fe?* Zdolg 4L Ohet Yoon(2017)9] HH< o]
8ot Skt 24 T2 FEES AT 1 mLE
7¥sto] 2 mM FeCly 25 L9t 5 mM 3-(2-pyridyl)-5,6-
diphenyl-1,2,4-triazine-4,4 -disulfonic acid(ferrozine)
25 pLE H7iote] Egsiginh. ol& A=olA 107 &
SA1Z1 & 562 nm(Epoch, BioTek, Instrument Inc.)e]
A FFEE S5

nal

4

i

2.6 g5k 24 5
2.6.1. a-Amylase Xoligtd &4

a-Amylase A3&/dL porcine pancreatin Y a-
amylase(Sigma-Aldrich Co.)& ©o]&3}9] starchE 7|4
2 5t Z2HotAthFuwa, 1954). 24 54 9= &
25 40 Lo 1 unit/mL e-amylase 249 100 pL, 1%
starch 100 £LE go] Este] 37ColA 387 ¥HAIZ
. 1% 96 mM 3,5-dinitrosalicylic acid 100 L& #
7¥sto] 90T oA 154 5<% 7FEste] WZHAIXl $ 900 L
THTE 7Foto] 540 nmolA F8EE 7353 o] o
positive controlZ acarbose(Sigma-Aldrich Co.)& At

g3hct.

2.6.2. a-Glucosidase Xsi&y =X

oF ZE¥Es FEE9 e-glucosidase A& ok
=2 2ol S5t 7 v=d FEE 50 ple e-
glucosidase 0.2 U/mL 50 gL, 200 mM potassium
phosphate buffer(pH 6.8) 50 pL2F 238t & 37Tl 158
ZF9ESA1Z13L, 3 mM p-nitrophenyl-e-D-glucopyranoside
(0-NPG) 100 pLE #7Fste] 37Co1A 102 59 HHSAl
Zct. o] ¥-gAof 0.1 M NaOH 50 p#1.8 H7ste ¥
= BAAIZ £ 405 nm oA FBEE S5 o]

780

positive control® acarbose(Sigma-Aldrich Co.)& At

85kt

27 8gg3 &4 £
2.7.1. MUY

RAW 264.7 murine macrophage cell line2 3F=A
EF23(Seoul, Korea)olldl EFLpow, Az 442
gt 715 #iA 2= 10% FBSS} 1% penicilling 713t
Dulbecco’s modified Eagle medium(DMEM, Grandlsland,
NY, USA) HiAS ARgstgitt. Al 37T, 5% CO;
2 244 incubator(MCO-18AIC, Sanyo, Japan)©llA]
HGAA Adheigstaict.

2.7.2. NE 4=8 £3

Nitric oxide(NO) &4& 913t A &9 =& A7
A8l MTT assays °©J]-&ot] RAW 264.7 A|Z29] A&&
S oI5kt & AIZE 1% 105 cells/wello] HEZ 96
well plateo]] £555t%] 37C, 5% CO, incubatorol|A] 24
Az EeFRE &, o3 2EES 400-700 pg/ml FEE T
8 A BiA R TA|RE thg 244172 wiFekitt. of 79
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT)E Z+ welloll 20 uL 7}t 2417 &<t
WAsto] Selwh3-S FEsteith. ¥4E formazans
100 xL DMSOE 7tsto] €H43s] =<l & 302 5% ¥H&
AlA 540 nmol|A FBEE S5kl Ax e e
&5 A4St
2.7.3. Nitric oxide(NO) &

RAW 264.7 AEZ22E B4" N0 TFL Griess
(Sigma-Aldrich Co.) A|9F& o]-&3a}o] A HfjgFtof =7
k= NO2-29] g2 =451tk DMEM(Grandlsland)
HjZ]Z o] 83ta] 1x10° cell/wellZ2 AEZE EF & 37C,
5% CO, incubator(MCO-18AIC, Sanyo, Japan)°llA] Hi
Folet. viFE AlZo 1 pg/mLel lipopolysaccharide
(LPS, Sigma-Aldrich Co.)& AZst] 1A7F A=A71
T, A& 20 pLE AYsto] 24A17F 59 HiFSkITh 11
2 M EZujF ASH 100 xLol Griess A|2F 100 plE
7tk 96-well plateol|A] 1027 ¥R&-A1Z] T2 540 nm

3

ook
I

https://doi.org/10.11002/kjfp.2022.29.5.777



Korean J Food Preserv, 29(5) (2022)

oA FFEE SHsIA

2.8 EAHH:

A9 At 335 v o2 3 HAg EEHA
2 Yehon, SPSS(version 21, Chicago, IL, USA) 54
T2 WS o851 p0.05 FollA] LA FAREAH
< AT A9l BekA] 719] 7214 Ajoli= Duncan's

multiple range testZ HZI3AT}.

-

3. Zn ¥ 1%

09| ARHIES = Table 13} Zt}. Az
= 71% 59 2ad, 22, 3R 9 §pokE9
k0 747} 10.41%, A 2.32%, R3E 14.97% 2
R 72.27%C1%0H. 959 AxE Ve 2EHE, 24
W g 25|18 3Fol 2+ 3.31%, 1.08% 2 2.31%E YE
W Lee(2016)9] Aol Hlo] w2 2T XA, 23]
= T Blth 3 oo YollA AulE ofs Ax
59 A g2 0.76%% R Eo|(Yuwai 5, 1991),
2 AtolA F8E Fhol oF 38 ol &2 Ao E UER
t}. Horax 5(2010)2 W= oFka: S04 713} & 3-45
of 8k ofFo] YNHIES SHT A, = 14.2%
ohl 8.85% 4 FAW 9.7%E H1stgch E3t vt
g AFE HFEoto] L& =9E<Ql Erabu®} Dragon

=59 dRVdES S A%, 2o, 2 3 292

A

(HUL}

FF2 A7 5.4-15.1%, 1.5-3.0% % 8.6-13.6%] W
2 gFol 2 Aolg EAtHlee &, 2015). o3t o]
Zh Q7o) AR Aol i) AR Y, A7
% FF0] weh 4] Aol Hole Aos AzHnt

Table 1. Proximate composition of bitter melon powder

Composition Content (%)
Crude protein 10.44+0.01"
Crude fat 2.32+0.17
Crude ash 14.97+0.91
Carbohydrate? 72.2741.27

"Mean+SD (n=3).
ICarbohydate content = 100 - (Crude protein + Crude fat + Crude ash).

https://www.ekosfop.or.kr

32 OlF £=59 FEI/HE &5

Z99E RIS AEA ] g ExE 24 ARER
ThFet ot BEAES 7HT ol Hled OHZL tH&E
AT AA 29T oEN i) Ft, FEEA 59
ket AYggE 7= Ae2 dEA Qtk(Veliogly,
1998). o5:9] =& wE FEY s FF2 Fig. 1
3} o], 4.39-6.51 mg GAE/g DW HH& vepgon,
PUE-E°IA 71 &2 oth& HIth olojA] ofek32 -8l
2 ARgoto] &3 BUE-EQF EEZF Z4H2F 5.57 mg GAE/g
DW 9 5.38 mg GAE/g DWO& &2 ke Yehgl
t}. PUE-W, AE-W 9 HWEE Z+Z} 5.08 mg GAE/g
DW, 4.83 mg GAE/g DW 9 4.39 mg GAE/g DW=&
ot olgsto] P& FEE| Hoto] B2 FE Hil=
o, ol= Hlud 242 £ Hlof gk} 3ol w71
2o 2 WETh Wen 5201902 &80 ©E #
AA7] 2% FE229 SEYVE FFE AT 2
3 B3 eSS i AREole 42 259 FE
H& =R 7217 6.34 mg GAE/g sample ¥ 8.94 mg
GAE/g sampleZ, 25T & A] £ 8|2 AMSHS
o o @2 Eeue I UERlth Baskeit) Park
5(2017) tefet =240l oJsll &2 o FIuF gl

b
I e
EE HWE

Fig. 1. Total polyphenol content of bitter melon extracts
obtained by various extraction methods. Bar represents the
mean and standard deviation (n=3). GAE, gallic acid equivalent.
Values with different letters are significantly different at p{0.05
by Duncan’s multiple range test. PUE-E, probe type-ultrasonic
assisted extraction with 60% ethanol; PUE-W, probe type-
ultrasonic assisted extraction with water; BUE-E, bath
type-ultrasonic assisted extraction with 60% ethanol; AW-E,
autoclave extraction with water; EE, 60% ethanol extraction;
HWE, hot water extraction.

5

i

80

a
L b
& d
: I I
0.0

PUE-E PUE-W BUE-E AE-W

i
[S]

Total pholyphenol content
(mg GAE/g DW)
N
o
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9] FEYHE T2 ST 2y, 231 &, dR9Y
2 9 A2 wHl 3204 Z17F 84.20 mg GAE/g extract,
61. 31 mg GAE/g extract @ 41.27 mg GAE/g extract

B 250 25804 7P B2 %}E'é'“é Uehfio] 2 o
T 735',}9} H]%?_P B Eoﬂﬂ} BudratQ]- Shotipruk
(2009)L % % 2 £&3 FE35k0] 42 *

=9 ¥ ﬂlﬂl 2 3. 32—4 99 mg GAE/D\X/O]O*
2\34, Oyt oz AR oF9] e 2289 F
ZddE IFFL 2.75-3.40 mg GAE/gl 2 R g9t

(Youn 5, 2019). ERF vl o5 9 < oo 22
E52E9 Evs I 47 3.24 mg GAE/g DW 4
2.24 mg GAE/g DW(Kubola®} Siriamornpun, 2008)%
Higlo], & 79 231 F30| oF2RY EHeS
F20] afEdS & 5 AUSITh 0|9 A AT, 23T
FE2 2309 FEALLE A4HE 7|27} AE AlEE
< Tsto] Alx Wi 549 &5 9 &8iio] S7HL
= 7/4\0 oHEcHHorzic
5. 2012). E?l E_%ﬂ} gy 57,‘—
Eoﬂ v =2 Edus
Z spof| #1A]5tod —’F}—Oﬂ 2 ES BoiA AL
z /\]ioﬂ NUAE Mol 230 2 A% 99, 2
ST ZEH 230 A= 3—%3%7} Eiﬂoﬂ/ﬂ Ay =]

& 279571 SItol ABTS 2
A%, hydroxyl &tz 275, gedg 4 Fe?t 7

Hlolg :5;3’4% 243} A3M= Table 29+ 2t} ABTS gt

1, ggow EEQ} PUE—E7} 27} 0.54 mg/mL 9 0.64
mg/mLE Yt oW Al 55 719 F94Q Zol= ¢
At E3F 52 G = St} ¥ 529 4¢, PUE-W
9] 1Cso%tol 0.75 mg/mLZ, AE-W ¥ HWES o]-83}o]
Ao 2280 v &2 ABTS o 2A5S Et}
Nam¥} Kim(2017)2 vl&3 7101322] ABTS gtz 44
5 SAT ZH e FEEY g5 FEE EF
1,000 pg/mL S=A ¢k 70%2] &4 &4& HIiIste)
OU% Pham 5(2019)2 oF9] d&t& F&E3 4 &

ZEo|A ZF2F 490 pg/mL, 470 pg/mL SEoA 50%2]
ABTS &z 245 HIthyl Bskyint. ofFo] Ko
80% HEFS: 2EE-2 1 mg/mL =0 I 90.3%, B
56.71%, U 28.65%2] ABTS ttjZ £AZAH S Hoi, of
FHAo] tE RYo] v =2 HtFd AAGTS 7=

Ni

Table 2. Antioxidant activity of bitter melon extracts obtained by various extraction methods

Extraction method ICso value (mg/mL)

ABTS rqdical N Hydroxy! radicql - Reducing power Fe* chelating ability
scavenging activity scavenging activity

PUE-E? 0.52+0.02" 1.9440.02° 1.2340.03° 1.3540.02°

PUE-W 0.75£0.05* 2.5140.07° 1.6140.06° 2.71%0.25°

BUE-E 0.6410.04% 2.5140.09° 1.33+0.03° 2.2610.15°

AE-W 0.82+0.05° 2.90£0.19° 2.2240.04° 4.810.16°

EE 0.5440.02° 2.2140.07® 1.960.04° 1.5340.18°

HWE 1.8540.13° 3.160.08° 3.1740.31° 5.85+0.24°

YResults are mean and standard deviation (n=3).

Nalues with different letters in the same column are significantly different at p¢0.05 by Duncan’s multiple range test.
IPUE-E, probe type-ultrasonic assisted extraction with 60% ethanol; PUE-W, probe type-ultrasonic assisted extraction with water; BUE-E, bath
type-ultrasonic assisted extraction with 60% ethanol; AW-E, autoclave extraction with water; EE, 60% ethanol extraction; HWE, hot water

extraction.
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Ao g YeERtHChoi 5, 2012). T3t Boo 5(2019)
70% ofehe F&E°] ABTS &z 27452 1 mg/mL
SEolA 71, I& D dollA 2+t 15.50%, 27.69% 2
34.093%= Histo] £ A-to] H|g] W2 &4dE Hlch
o|4fa} Zro] Z+z+e] Aol Al ABTS BttiZ &Aoo A}
olF Hols A2 WS vRT A E5 4 A

74 59 Aolo] o5t Ao Az,

I YA ANEAE &A1 2l
ZF A oA AA=EHE A3t o]t hydroxyl 2
ZHo] tigt o 2559 AAYYS 579% 23, PUE-E
7} 7P @ 1Cs08k(1.94 mg/mL)& E3om, o]o] EE7}
22 [Cs08H(2.21 mg/mL)E HERAT}. th & PUE-W
9} BUE-E7} 0.51 mg/mL& 5Y3t [Csoake UERHIAL

, G5 FEEY ICsoftol 7MY =4 o9 #3854
hydroxyl radical 24%2 3 mg/mL %94 31.7-
75.8%9 #< Kol H5o] T FAt 49 Holg B
AokLi 5, 2010). Kubola®} Siriamornpun(2008) o
F d4 FEEY hydroxyl radical 2A% [Csodt2 ¥,
27], vsn 9 $43% 47 119, 167, 267 2 173
mg/mLE HI15to], & Ao4 A2 EdHE 559
2750 We =32 gelsteit

gL FRAElES 71l EAo] ferric-ferricyanide(Fe®)
=0 FAE Tt free THZS AHIAA
ferrous(Fe*)2 AgEE SY4EE 700 nm THFA &
BLE ST AR, o] FIrE 4o 7HgA
LAEHOyaizu, 1986). FEHH IE oF 2529
g S 43t A3, PUE-EY] ICsogke] 0.23 mg/mLZE
2032%E BUE-E, PUE-W, EE, AE-W
4 HWE 22 32 [Csogt= UEHSITE 8719 1127}
F 9 230 2229 FAYS ST 2 250 ==
= SO 127 FEEEY FoHoE &2
IS Ho(Bae 5, 2019), & AT ZAyel Zdh
Youn 50192 939 70% & FEE2 1.0
mg/mLolA 9F 0.69] &8-S Eltty Histo] 2 ¢
ol sl tha =A UEHth Shg2 Qs dRHE

< A 5= Q= vl C 22 reductone T2} ene-

E
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diamine, thiol-enol ¥ ene-aminold} Z2 471 7}
A1 Q= SRMEEO] free 2T A HHES) 8
2 ABNESE FEAANOEN A S YER
(Shimada &, 1992). &3, AE2RE F2H FE5°
AL Hisy £49 g S50l TE oheret Akt
S HRItKShebis &, 2013). wehA 250 52 0]

Bilo] Qe FEEL Selug vRY U B B

o
=
A=Ao] F4olLg Aot A\ WA Tgo] Z)

48 Z2A7 free 2] 44 oA LIS Uehd
o olF 2589 Fe" Aold R ABTS A2 2

A3t Bt B3-S EA. PUE-EQF EES ICsogkol
247k 1.35 mg/mL 9 1.53 mg/mLE Fo&°o=% w2 4
fojd a3E Uetiigler, v 22 BUE-EQ} PUE-W
7F 242} 2.26 B 2.71 mg/mLe] ICso#tS YEFH AT v
W AE-WeF HWEE wj-$- W2 Fe’* Aoy A3HE Uet
WAtk Hashemi®t Ebrahimzadeh(2014)= %&1t =
£, ot & 4 &3l 3522 ol 2 FolF FE=Y
Fe** Z#old &35 &% 23, 74 589 =7t
450.2 pg/mL, 657.4 pg/mL, 826.9 pg/mLolA 50%2]
Fe’* g0y avrl yeht 230 2&89] Aoy &
W7F 7V 2 A0 Histo], & A Aol A6k
o E3F 50% AEE=E 59 oF FE2ES 3.4 mg/ml
w4 84.8%9] Fe** Aoy AxtE H 399 (Choo 5.
2014), o59] FHAge] W& HgkE FEE2 250 pg/mL
STolA 40.99-73.91%2 A#ol¥ AWE YHEH ]
(Kumari &, 2018), Aol @& & Afo|& HIH. o4
oAl Zo] eSS &= o] probe FE Y XZTHE
ol-gsto] AL EjHlE FEE0| 2 A A4S U
Hol, of9] 7|54 AEFaAEA S &4 Al PUE-E7}

g
19€ ¥ 4+ AT

34, Hoth BN

a-Amylaser= AEo|Y glycogen® T2 o-Z2T9
glucose@ZA] A= 0] = tfdH9] ¢-D-(1,4)-glucoside
2%S wofole AR, B3k tiAte] B44l ak
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o|tHPatel®} Ghane, 2021). °]&3t 849 &4Jo] A5
g 4% AAE B34 AUE o2 AR Eofot g4
7} ZAEo] @508 fYE= FY dol AAaHoEN &
g 24 9% T 4 UHJang¥ Jeong, 2010). THEkA]

H]o]2Y e} vvt @ 1EFEST 7S Aglof A
sl Toste e-amylase?] 7\1'511@”‘512 g 45
AA AREA Y G gt o FEE9] Fdk T4
% OPO}FJ] 9Isto] @-amylase AL ST 2t

S5 Tt oHESE Asj@Ao] ko A
E@D}(ﬂg 2). &89 5% 0.5 mg/mLﬂ 1.0 mg/mL
oAl PUE-E, PUE-W ¥ BUE-E®} o] 233}E o]-g5}o]
P2 FE50| e FEH Yo d2 FE=0] Bl =L
H w2 AofdgdE Bk 1.5 mg/mLolAE PUE-ES
BUE-E9] Asi&/gdo] 27t 86.92, 83.68%= THE
of vls} FoH 0T =2 = HEMSIHE ESF 2.0 mg/mL
SZo) A= PUE-ES BUE-E7} 22} 90.46%, 89.38%Z
7 =2 A2 B, o]+ G RFQ acarbose
9] 9F 90%2] Ao Z Holu g-amylase AJEIE 7}
A AZ & AU o7} o] 2295 ol-gste] A&
FEE0] & FEE9 Hl6] =2 AfES U=

zztl
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Fig. 2. @—Amylase inhibitory activity of bitter melon extracts
obtained by various extraction methods. Bar represents the
mean and standard deviation (n=3). Values with different
letters are significantly different at p{0.05 by Duncan’s multiple
range test. PUE-E, probe type-ultrasonic assisted extraction
with 60% ethanol; PUE-W, probe type-ultrasonic assisted
extraction with water; BUE-E, bath type-ultrasonic assisted
extraction with 60% ethanol; AW-E, autoclave extraction with
water; EE, 60% ethanol extraction; HWE, hot water extraction.
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4], o]= 230t 2802 AAJH hydroxyl 2ffZo] &4
9] g-amylase £A4} 25 HPA|A EAZ AAlot= A
o7 HuEdtiKadkhodaeed} Povey, 2008). Nam¥}
Kim(2015)2 o39] 80% ofehE F&E°] 4.0 mg/mL
55o|A acarbose?] 70% &S R 2™, Ahmad 5
(2012) of5= Aol|x] &3+ 2A% 423t polypeptide-p
9] g-amylase A BIE SHT 47}, 2 mg/mLojA =
A5 36%, polypeptide-pv 38%2] AefartE Hilst
of & A Aol g tha 2 SHEZ el
a-Glucosdiase= 2% AHu| N Lo ZA5to] ©§451E
< 9GRE Bofote A4EA B3ks 4300 5% 9
2 Ith(Patel¥} Ghane, 2021). WA led AR
o st g 24 F ©kE AP YA g QL
&3 H|oEF Gty t%] 1S F2 A ARE
AaliA= T 4st E F4E Aofd 287} Itk Namat}
Kim, 2015). 2 @A ofF FEE9 e-glucosidase
Asfid/d2 Fig. 30 YEHSIH 0.5 mg/mLollAl= PUE-E
7} 30.48%% S4E0] FHoE TP =2 A=
HYH 1.0 mg/mlL $ENA= Le FEE259 A&
g0l 43| F7Iet3loH, 59| ogtEZ &2 ARE-sto]
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Fig. 3. a—Glucosidase inhibitory activity of bitter melon extracts
obtained by various extraction methods. Bar represents the
mean and standard deviation (n=3). Values with different
letters are significantly different at p{0.05 by Duncan’s multiple
range test. PUE-E, probe type-ultrasonic assisted extraction
with 60% ethanol; PUE-W, probe type-ultrasonic assisted
extraction with water; BUE-E, bath type-ultrasonic assisted
extraction with 60% ethanol; AW-E, autoclave extraction with
water; EE, 60% ethanol extraction; HWE, hot water extraction.
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PUE-E, BUE-E ¥ EER ¥ FE8°| 2 A28
eIt 1.5 mg/mLellAl= PUE-E9F EEZF 2F2} 69.91%
2 66.8%2] Asi&dS HAtt. ol= PUE-ESt EE7l G
W A 7A 2 ARE-EE acarbose E439] 95% E 93%2] A
s Ueto] Fd 7154 2AMEAY TS
& & A9 2.0 mg/mL wEolAE PUE-ES} EEZ} 2
7} 78.74%%F 77.65%% 780 FAHo=E TP =2 A
S Tt ol Ao A Hold e-glucosidase
A< Uetd o5 239 2252 Pk 758 &
AZA 9 7FsAdE BT Yuk 520152 o5 X9
95% ollgtE FE2=1 & =80 247 80.1%, 8.1%2] A
= HEtHo] 95% cghE F58°] & #2250 10
H} =2 g-glucosidase AEAEE HAral B s3]
EZF A Gof| 2 AL oF9] ¢-glucosidase AI5H
S ST A} I FEE0] 2.5 mg/mLolA 29.65%
£ Uetlo] 71 W2 84S B, 100% g &
£0] 66.88%E Ho 7MY =2 AoiddS EAtHKang
5, 2018). Nam¥t Kim(2015)2 "|[/ds A9 g4 4
e FEE9 e-glucosidase AfES = 3},
oetE FEE0] 5 FEEET RYH0E 2

1 5ttt o oA HiE AT Az
2 54 23t dAstglon, o39] e-glucosidase A3f
Ae 52 U= ARG AT

iy

A5

RS

A

rle ot

B o

= g
ox,
filo
olN
N
N
>,
N
N,
(e}

2 F= A= B0l ItGoo &, 2016). E3F o
F I TR F2 FE AE AEU Pepo|m9
UFog 7HolA FHo| A4S T AW =g AHA
< AsiAA ey} FARE 28-S ot AR UEA
ATHAL 5, 1993).

3.5. MTT assaytf &/zt HE HZ=
AZ=ZAIEQ] MTT assay= 7HY 28 A== oHA
FAROR, Aoll= AEE olgst] FEE0] AIZE A

o =
A7le =S BUoke Aldoltt. olFaRE F5H &
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gulE FE20 gt AR F40f| vA= FFZ FRlsH]
Aol tHAME RAW 264.7& o|g5to] &A3I3ct Ax
of Z+ AIZF 400-700 pg/mlL &=2 AZstal 2447t
T AR Y& vFst] Mg 9% 2
IE Fig. 40 Yetf]lth. olF &80 AZs4o= <
gt cell population®] Aste] 7|Q16t=A] S43t A3}, &
£ XA 80% o4 BEES Ho| tiAAEAA £
o] A9 gl= AL Ittt

6.

FEHe= A diNEE I8 349 99 4
£2l lipopolysaccharide(LPS)ell 2J5f| ZH=otA A==H
nitric oxide(NO) 59 4% w7/} B4 o=F £H|5H
HHMoncade¥}t Higges, 1993). NO+= tAJA L]
2 9 Ao Asdde] 528 9TZ shA|eh, HEgt
NO9| AL d5= ot o, Alx=sd, 24
&4 =9 otk Forstermanndt Sessa, 2012). w2t
A FEEY FHFT 42 SA5H7] sl RAW 204.7
cell®] NO 8494 =& 5793 AakHFig. 5), AE-WE

ALt B FEE0NA T 222 NO A4l 44

>
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Fig. 4. MTT assay of bitter melon extracts obtained by various
extraction methods. Bar represents the mean and standard
deviation (n=3). PUE-E, probe type-ultrasonic assisted
extraction with 60% ethanol; PUE-W, probe type-ultrasonic
assisted extraction with water; BUE-E, bath type-ultrasonic
assisted extraction with 60% ethanol; AW-E, autoclave
extraction with water; EE, 60% ethanol extraction; HWE, hot
water extraction.
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Fig. 5. NO production of bitter melon extracts obtained by
various extraction methods. Bar represents the mean and
standard deviation (n=3). Values with different letters are
significantly different at p<0.05 by Duncan’s multiple range
test. PUE-E, probe type-ultrasonic assisted extraction with
60% ethanol; PUE-W, probe type-ultrasonic assisted extraction
with water; BUE-E, bath type-ultrasonic assisted extraction
with 60% ethanol; AW-E, autoclave extraction with water; EE,
60% ethanol extraction; HWE, hot water extraction.

e AS gRlstatt. BUE-EY B¢ & EOﬂH 9
Ao ® NO 4o =2 AdleS Ueizlen, £3] 700
pg/mL BEoA 49.43%2] NO o= 94‘ 50%2] NO
QA a3Hs Bk T2 5EoA PUE-E9 PUE-W
ES 22 51.71%, 53.98%2] W NO FAHS Yery
040\1] BUE-E, PUE-E, PUE-W ZF9] 9922l Ajo]=
Ut ¥hd EEQF HWE= ZH2F 71.68% % 78.51%=%

NO A48 dA a7} thad 2okom, AE-Wol A¢ 2E
B4 NO AAE°] 99% o2 NO A4 JA &zt
£ UERA L3ttt olek Zo] 2315

59 I 4o A UehgEd, o+ 2%14 &9
745 vy ¥ 40ToA F&0] A= o] FAF &4
S 7= AE9) ] ¢ dwAo] Q7] fREOE AlmH
tHSimon &, 2000). Shin $(2014)& AmF oA %

23t 32&E0] dF FEEEG oF 12% 32 NO BAH
o Bysle] B o7 Ak} A5t LupchalolRol
70% oerE FEE 4<% 1 mg/mLolA 47.1%2] NO
S Hol(KimT} Lim, 2019) 2 Z3}of H|gto] &

A5 TS EAT, XS o4F9 80% et —zr%%
2

9

ox

00 pg/mL SEoAA 55%2] NO S Husto] 2
Aghol| B5te] =2 FAS HYtHNam Kim, 2015).

A rlo ok
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