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Antioxidant Effects of Hermetia illucens Larvae Extracts Using
Different Extraction Temperatures and Solvents
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Industrial Insect and Sericulture Division, Department of Agricultural Biology, National Institute of Agricultural
Sciences, RDA, Wanju 55365, Korea

Abstract

This study investigated the antioxidant effect of Hermetia illucens larvae using different extraction temperatures and
solvents. We found significant differences in total phenolic content (TPC), total flavonoid content (TFC), an in three
antioxidant indexes 2,2-diphenyl-1-picrylhydrazyl (DPPH), 1,1 -azino-bis-3-ethylbenzothiazoline-6-sulphonic acid
(ABTS), and ferric-reducing antioxidant power (FRAP) contents, among the samples depending on the extraction
temperature and solvent used. The sample extracted with water at 45C (HIW-45C) showed the highest TPC, DPPH, ABTS,
and FRAP contents, while the sample extracted with water at 90T (HIW-90T) showed the highest TFC. These differences
can be due to the different chemical structures of the extracted components. Based on these results, HIW-45C was the
optimal extraction method for Hermetia illucens. We intend to further investigate the availability of functional materials for
Hermetia illucens using this method.
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Fig. 1. Total phenolic content (TPC) of the extracts from Hermetia illucens larvae. HIW-45T : 45C hot water extract of
Hermetia illucenslarvae, HIW-60T : 60T hot water extract of Hermetia illucenslarvae, HIW-90T : 90T hot water
extract of Hermetia illucens larvae, HIE : ethanol extract of Hermetia illucens larvae, HIA : acetic acid extract of
Hermetia illucens larvae. Values are expressed as mean * SD (n=5), values with different superscript letters are
significantly different at p(0.05 by Duncan’s multiple range test.

W2 VTR AT S OB R T/ Fa
FEA o] Wl Eof 7MEAIRE HAIE Tl
Yoz AFHI JUrHKim et al., 2019). E2F ot ]
7hsoli 5ol Bl HEst dizgF AR 4= Al 7]
&o] gHEo] glo] 7HEAIREA &8 7Fs/do] ot
(Park, 2016). &g, o 5=51 Hlwsto] g HY
S0l dA5] Youg Hio| 94k AAfRA FE
I Jtk(Vargas-Abtndez et al., 2019).

AA7IA] otE|7HE 5ol e EAKim et
al., 2008) ¥ A& ©]8€(Choi et al., 2019; Kim et
al., 2019) @b F2 HIE o o=
AR 2 Fo] Al FHE ] AU vd&E H3KChoi et
al., 2022), A5+ £%(Choi et al., 2022) 59
S84+, AHd BI71AQ0 F+ ZY(Alvarea et
al., 2019; Firmansyah and Abduh, 2019), &4
(Pyo et al., 2020), & F==9 APAEZ E3}t
AA|(Park et al., 2021), o5 v G3KPark et al.,
2022) 5 22 71578 At HaEa Qlok =
% 8 At a5 (Park et al., 2014), EHE
7R E e 418t G5(Firmansyah and Abduh,

2019) 59 FAtel &4 A7F HuHa glon,
AA] 2 Lo mE P4 S vl A=
Hag dp glot,

Fatst §52 BEs AEHA S T
E e So= A W Aaset, Tl DNA 5 o
z2 9 7| AR 71ed &S FEskA,
oot AR 31 9 L3 @40 =2 It £ T
2 G 73] /44 (Reactive Oxygen Species,
ROSYE AAsShH= 58 C&(Kim, 2013), B/ditars
AW wol7]zte] oo tiHE AT B KTt
AA SEHoE AXH I {2 7150] s
Ay g g<lo] HtHKim et al., 2005). E3L
e tRlEE oo AAER=T AWolA

ZA5t= ascornate peroxidase (APX), catalase,

dio
HE
H
fu

glutathione reductase (GR), superoxide dismutase
(SOD), glutathione peroxidase (GSHPx) %
catalase (CAT) 59 @4tet 84, X irsh 2
] A= RS 4 A= butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), tertiary butyl hydroquinone (TBHQ),
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Fig. 2. Total flavonoid content (TEC) of the extracts from Hermetia illucens larvae. HIW-45T : 45T hot water extract of
Hermetia illucens larvae, HIW-60T : 60T hot water extract of Hermetia illucens larvae, HIW-90T : 90T hot water
extract of Hermetia illucens larvae, HIE : ethanol extract of Hermetia illucens larvae, HIA : acetic acid extract of
Hermetia illucens larvae. Values are expressed as mean + SD (n=5), values with different superscript letters are
significantly different at p(0.05 by Duncan’s multiple range test.

propyl gallate (PG) 5°| 9loH, =g Pitsteat
AL 7HE o2 AAgo] Eof d AMSEAL glont
jgsFon AUzt B8 Al 7h $pdder o
&8 Soll F2Hgo] Yehg 4= Qltk= A foliAdat
A EAR ARgRFOlL ARS HRAl] thel HA<I
TAZE A= QK Branen, 1975; Kim et al.,
2016). A4 P = F2 4 RS2 vitamin
C, vitamin E, carotenoid, flavonoid, phenolic
acid, tocopherol & EF=lEe] FAgEoH,
QAT FE71e A4S AHdlotAd S
AAAA At 448 NAAFIE Ate 28 d
3 7 It Wang et al., 2013). ol AAof
Bag2 A9l gloy aHlgoe=m g0l
ol 84l Aok} g AAZ AREA L aiE
Hehfiz] Eetche @o] drh wEbd AR dd
PARA A gt At S o]Foix]an
JoHByun et al, 2020). FH/HA] HAE [
7371678 &4 ] et A7t 2bs] Y= 3L
Qo™ (Osawa, 1994), E3] 524 E A= 9 dS
a4 Eajote] doj7l HWElO]=(Kim et al., 2000)2t
25 FE9] 22 AR T3 IS S-S TR

Zo=w B §ItKjun et al., 2014).

webA] 2 Ao A= ofmE)rhEelEel 15 4
= FE A, FE REE FEYT g5 FEEHIWVA4
5C, HIW-60T, HIW-90C, HIW; Hot water
extraction of Hermetia illucens at temperature)2]
T s 9 T S0l RS APk, te &
/d Z&<31 DPPH (1,1-diphenyl-2-pycrylhydrazyl)
radical scavenging activity, ABTS (2,2' - azino-bis
- 3 - ethylbenzothiazoline - 6 - sulfonic acid)
radical scavenging activity, FRAP (Ferric reducing
antioxidant power) activity £33 &9l otH2|7+s
5ol 5 G FE2E9 AA st A 2AL] o]

& 7Fs/ 3 AAIBIALA} i
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Fig. 3. DPPH free radical scavenging activity (A) and uM TE/100 mL sample (B) of the extracts from Hermetia illucens
larvae. HIW-45T : 45T hot water extract of Hermetia illucens larvae, HIW-60C : 60C hot water extract of
Hermetia illucens larvae, HIW-90T : 90C hot water extract of Hermetia illucens larvae, HIE : ethanol extract of
Hermetia illucens larvae, HIA : acetic acid extract of Hermetia illucens larvae. Values are expressed as mean * SD
(n=5), values with different superscript letters are significantly different at p(0.05 by Duncan’s multiple range test.
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-2 20 3 3 AET § 2715 AASIH. A
H #52 -70C(Nihon freezer, Japan)°IAl 24 A3t
oy F5EET ¥, 72 ARFst FZE7Z(shin
biobase, Korea)stalow, Az op2]7lsolzel
52 Ba7|(Garyeo industry, Korea)Z E413F &,
100 mesh gkl A=A o2zt oliEel &%
B9NHI, Hermetia illucens)= A Z35FAct.

2.2. ofH|2|7}S0h S0l 7E &= AR

op|g7tE ol 5ol §5 FE=2 I5(45T, 60T,
900), e, 4 59 8w &5 Al xst3om,
ofd|2)7hgoll5oll 75 = (HD 5 g ofl &7 100 mL
(w/v)= A7kt &1l 44 FE=HIW-XT)
2 45, 60, 90C9] XA 100 rpm, 24 Azt
wyksHAA F25H90, oeh-& FZE(HIE, Ethanol
extract of Hermetia illucens)}< ultrasonication
(Sonics & Materials, Australia) 2= 10 s/10 s/15
min 5t FE519.0H, 4t FZE(HIA, Acetic acid
extract of Hermetia illucensis 4TCelA 100
rpm 2 & 24 A7k WRtsHAA &6t TPC, TFC
9 gtst AIF(DPPH, ABTS, FRAP)Ol AH&H
oprg7tEolsel % FE=MHIW-45T, HIW-
60T, HIW-90T, HIE, HIA)< 10,000 rpm, 10 &
YAEE(CF-10, Daihan scientific, Korea)std,
filtration (PVDF, 0.2 um, Hyundai micro,
Korea)?t & AM8-513t.

2.3. Total polyphenol content (TPC)

of|gf7tEolsell #% FEE9 TPC+E Folin
and Denis(1912)#H-S Wysto] SH5I3ATE A=
20 uL ¢t deionized water 1,580 uL & 2%t &, 2
N Folin-Ciocalteu’s phenol reagent 100 uL, 20%
Na,CO; (w/v) &4 300 ul H7Kste] 30 &7
kS5t tt. UV-Vis spectrophotometer (Libra
S70, Biochrom, UK)E ©|&3st 765 nm °lA
FREE ST A=t FUR} 2 A gallic
acid & EFEHE AMSSIY standard curve &
259l Almet FYUg TPC & YHERE gallic
acid ¢ =& A4S mg GAE (Gallic Acid
Equivalent) / 100 mL 2 YeRH AT,

2.4. Total flavonoid content (TFC)

of|2)7tE o5l §% FE=2 TFC & Zhishen
et al.(1999)3 Singleton et al.(1999)2] -
+Asted A5kt A& 200 ulL @ deionized
water 800 uL & E&5t9 5% NaNO; (w/v) 4 60
ul, 10% AICl; (w/v) 8 60 uL & €&ote] 5 21F
gkgstgtt, 1 M sodium hydroxide 400 ulL,
deionized water 480 uL & Z7loto] thA] 6 E3F
HESAIZ] & UV-Vis spectrophotometer (Libra
S70, Biochrom, UK)E ©°l&ste] 510 nm A
FEEE SHSIHT AR 59 F27elA
quercetin & HBFEHE o]8dlY  standard
curve & AL, A=t FUSH TFC & U=
quercetin & L& A4St mg QE (Quercetin
Equivalents) / 100 mL 2 YEFH AT

2.5. 1,1-diphenyl-2-pycrylhydrazyl(DPPH) radical
scavenging activity

off 2|7k oll 5ol % FEE° DPPH radical
scavenging activity= Blosis(1958)¢] W&
HEste] ohat Zol S4sk3. DPPH AoF 24
mgS methanol 100 mLell &%ste] -20C A
BS993, DPPH reagent= A8 ol methanol&
ol-gsted 517 nmeold FF= 098 £ 0.02%
S| 45te] ARSI H. A& 50 uloll DPPH reagent
1.5 mL& 28sto] A29] efaolA 30 B3 HH-EAIX]
%, UV-Vis spectrophotometer (Libra S70,
Biochrom, UK)E ©]&5t4] 517 nmeld E&F=E
ZAottt. A= DPPH radical scavenging
activity (%)= ool Ao what Alatstact. Alzet
FUL ZANA troloxE EEEHERE ARESH
standard curve® Aot Almet FYS
e S UetlE trolox?] B8 A4S uM
TE (Trolox equivalents) 100 mLZ WEFH I

DPPH scavenging activity (%)

(ABSC()n,trol - ABSS@mch)

= X1
ABSControl 00
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Fig. 4. ABTS free radical scavenging activity (A) and uM TE/100 mL sample (B) of the extracts from Hermetia illucens
larvae. HIW-45C : 45C hot water extract of Hermetia illucens larvae, HIW-60C : 60C hot water extract of
Hermetia illucens larvae, HIW-90T : 90T hot water extract of Hermetia illucens larvae, HIE : ethanol extract of
Hermetia illucens larvae, HIA : acetic acid extract of Hermetia illucenslarvae. Values are expressed as mean + SD
(n=5), values with different superscript letters are significantly different at p¢0.05 by Duncan’s multiple range test.

2.6. ABTS scavenging activity

ot 2}7Hg -5l

O =

o

F220l ool 2.2

azinobis — 3 - ethylbenzothiazoline - 6 - sulfonic
acid (ABTS") radical scavenging activityS Re et
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al.(1999)9] #HH-E& WHIPste] ZAsIEE. 7 mM
ABTS" 8985 2.45 mM potassium persulfate (final
concentration)d} E&5te] A-29] FAolA 12-16
A1ZE HE-SA1A ABTS radical cation (ABTS™)& A4
AZ1 Z A9 Aol PBS buffer (pH 7.4)E ©]-85F]
734 nmelA &= 0.70 £ 0.022 5]45}o] AL-&-5}
Atk sl 5 FE=2 44 A A= 10 ul
ofl ABTS & 1.0 mL= F7}5te] 30 € A&ollA 6 &
HRSAIZ] & UV-Vis spectrophotometer (Libra
S70, Biochrom, UK)E ©]-85t 734 nmelA S3%
£ =451, A=e] ABTS radical scavenging
activity (%)= ool Ao wat Aatstact. Alzet
FUt XA troloxE EEEFR Aot
standard curve® ZMotANL, A=t FUTN AR}
g5 U= trolox® FEE Aktstel uM TE
(Trolox equivalents)/100 mL= YEFH ATt

ABTS scavenging activity (%)

(ABSControl - ABSS{LW[)IE)

= ><
ABSC(mtrol 100

2.7. Ferric reducing antioxidant power (FRAP)
activity

offg)7kgoll 5ol F5 FEE° FRAP | 9%t
e A32 Benzie and Strain(1996)2] W&
HEgste] A5ttt FRAP reagent+ 300 mM
sodium acetate buffer (pH 3.6) 25 mL 2} 40 mM
HCl 2 83t 10 mM TPTZ (2, 4, 6 - tripyridyl - s
- triazine) solution 2.5 mL, 20 mM FeCl3-6H,0O
solution 2.5 mL & 10:1:1(v/v/v) HI &2 2 23}5}o]
Azxstgom, A Aol 37CelA 10 # ol
Hk-gsto] ZEH|5FATE FRAP reagent 900 ul ol A=
30 uL$} deionized water 90 uL& 23%oted
37CollA 3073 FaollA WREAIXT &, UV-Vis
spectrophotometer(Libra S70, Biochrom, UK)E&
ol-gste] 594 nmolA FEEE Aottt 7t
Alze] e trolox @t FeSO47H0 &
REEFEAZ A6 standard curve & 2HJ5HAL,
mM TE(Trolox equivalents) / 100 mL ¥ uM
FeSO4-7H,0 / 100 mL 2 Yehf et

2.8. SAIEM

nE AL 53] ol TEAFEE FPotglor,
A2 SPSS  statistics (ver. 27, IBM Co.,
Armonk, NY, USAE AH&stdlct. EA4 94
AS2 A EAES (One Way ANOVA)S
o] g5ty A5 AF2E Duncan’s multiple range
test (p(0.05)= A5t
2}

3.2 Y

na

3.1. Total polyphenol content (TPC)

2 delMe oilEFtsolsel f5= = &
9 FE REE GEE 5] 2H0R FEES
A xsto] EAst9lon, =559 TPC+ Fig. 1¢l
eSS, TPC & HIW-45CE 93.14 + 0.95 mg
GAE/100 mL, HIW-60C + 35.76 0.52 mg
GAE/100 mL, HIW-90C+ 32.82 0.41 mg
GAE/100 mL, HIE+= 23.21 + 0.16 mg GAE/100
mL, HIA+ 30.65 £ 0.19 mg GAE/100 mL 9=
gRIstatt TPC+= & 89 € F& 2T o=t
Y39l ztolE UEtglon, ofehg 9 4t =5 HT

O

*
+

do P
o,

gorz ol E dAF At {AHH
Polyphenol compound+ A& EAfcl= 2%}
OAMEERA 4P7I(-OH)YE 7D QloB =R free
radical &+ ZAESt]  free radical & AAsk=
P2 Zg5HH, phenolic acid, flavonoid,
lignin, stilbene 5°l At} o5 Aol thrtA
Fol Wt folier IEEEE Ak
AR A 2H85to] gef E o, 25 Eg oA,
A5 2 Lo} o 22 oo Aeg/dS e,
TPC 7} 571845 A2/ o] S71eitial g4 glof
AR B0 THEARl xR &8d 4 v
BaEy 9ot (Blosis, 1958; Loizzo et al., 2013;
Choi and Chung, 2019). @Wz2tA ofd|E]7lsol 5ol
FEolA Ak 249 HEA ue &eE 5
Q= TPC FE& 93t 24 2702 45C 44 ==
QS SRlskant



228

€V

160.00 -

140.00 A a

o
[ ]
&
8
L

100.00 A

80.00 A

60.00 - ¢

uM TE/100 mL sample

40.00 A €

20.00 A

0- 00 T T T T 1
HIW45 HIWe60 HIW90 HIE HIA

~—
&

300.00 1

200.00 A

150.00 A

100.00 - d

uM FeSO04-7TH20/100 mL sample

t
e
=
=
.

0-00 T T T T 1
HIW45 HIWe60 HIW9%0 HIE HIA

Fig. 5. uM TE/100 mL FRAP activity (A) and uM FeSO4#7H20/100 mL FRAP activity (B) of the extracts from Hermetia

3.2. Total flavonoid content (TFC) TEC

H

g

TFCE EAot9x, 1 ZAik= Fig. 201 YeRHSIC

illucenslarvae. HIW-45T : 45T hot water extract of Hermetia illucenslarvae, HIW-60T : 60C hot water extract of
Hermetia illucens larvae, HIW-90T : 90C hot water extract of Hermetia illucens larvae, HIE : ethanol extract of
Hermetia illucenslarvae, HIA : acetic acid extract of Hermetia illucenslarvae. Values are expressed as mean + SD
(n=5), values with different superscript letters are significantly different at p(0.05 by Duncan’s multiple range test.

rir

G4 FZE9 HIW-45C+ 17.64 + 0.64 mg
QE/100 mL, HIW-60C+ 8.79 + 0.74 mg QE/100

AFAE ollellsosel 7% B 0
mlL, HIW-90CE 72.71 + 1.62 mg QE/100 mL,



FZ 2 9 gujjof k2 of| 2|7 5-ol(Hermetia illucens) w5 FE&&2] FAtst a3 229

HIE= 39.13 + 2.38 mg QE/100 mL, HIA= 3.05 +
0.96 mg QE/100 mLYE ERIstATt. Flavonoids
A1Zof|A4] g=0]7] polyphenol compound % otz
C6-C3-C6& 7| 2E4 02 oh, LM 5.2 s
UebdthHertog et al., 1993). ©l&< phenolic
hydroxyl 717} £A5I22 free radical scavenging
activitys 8ot 4et &8 1AM (Beecher,
2003), anthocyanin, flavonol, flavanone, flavone,
isoflavone 53 72 flavonoids, ellagic acid¥ &2
non-flavonoids2 EHFETHKim et al, 2013).
opflgl7kEolsel % FEES TFCe TPCS
TYoHA 7= 80l 9 & 2= wek [l Afe) 7t
o2 Rl om, TRC 4 & 213H="4=] TPC
F22 9 Y 22 HIEYS RISt o)t
TE AR HEES g5 FEHT 70% oS
F2o] ¢ 52 TFCE 7FS HasH o™ (Kwon et
al., 2016), N&EES B4 = 100% oE+& & 2ot
40% gk 20| ¢ =2 TPCE 7H2 sttt
(Kim et al., 2020). @2t flavonoidAl &4
febzxe] w2t & 8uiel &8sl Aot
tt2 2 2(Middleton and Kandaswami, 1992), A&l
e 240 weEt 2y & 8V R R target
2 ditt HH 2Ug AN 22 2702
A7gstojop & Zl o & At gt

o

|rL

N

3.3. 1,1-diphenyl-2-pycrylhydrazyl(DPPH) radical
scavenging activity

opg|7tsol el % FEEY e FE
5t7] $15ll DPPH radical scavenging activityS
g+ A7H= Fig. 30 HeRHSic. ofrl2]7Hg o5l
% 5259 DPPH radical scavenging activity~=
HIW-45T (36.30%) » HIA (22.21%) ) HIE (13.26%)
> HIW-90T (8.49%) > HIW-60T (6.04%) +=Oo=
Uetgten, =259 L7t SVl o Aabgos
T3 FEOEH o7 FUele s RIS Free
radical <IA|9] ©ad z)dat ¥h-gote] st 9
A3 9l EA= 44 92, melanocyted
&40 2 melanine A4t B 5|1 ItHCho et
al., 2010). ==tA ofF|2j7hgolEel f5 FEE
free radical 278l I3t melanin 34 A &5
AP0l 9FAl &4ket &4 HZ7KDPPH, ABTS,
FRAP)E <35ttt DPPH radical scavenging

o e ok

ol
£
=

activity = 4tet E4o0] -2 Hapdg H1 Q1= free
radicald] DPPHE AAAZICRA LMoz
s Y E o83 et 84 S WRieR,
2= 9, pHell #i-¢ wiztsitie ©o] AT Bl E
PAesS wEA B 4 Qv Aol gl
ohRt 7164 a9 itet 245 TMok=t] del
o] 8E1 QItHKim et al., 2015). ¥¥kgo =2 TPC7t
=9W DPPH radical scavenging activity”} ETh=
A7 B E A Q) 21K Gheldof and Engeseth,
2002), 2 <dAFo|dE TPC® DPPH radical
scavenging activity 7ol FEg A E SIS
T ATk ol= o7 HEolEel 50 & 2= 9
Sl wet g8=lE TPCe TRCO FR7el #tol7}
Qho] Gtet &/de ZpolE Hol= Ao & Atm .

3.4. ABTS radical scavenging activity

ogl7tsoli 5ol §% FE29 ABTS radical
scavenging activity & &4 A= Fig. 490
el ofElztselsel  ®% FEES
deionized water & ©|-&3to] 10 3]45te] ABTS
radical scavenging activity & ZA°I9S A$
HIW-45C  (65.49%) > HIW-60C (27.81%) »
HIW-90T (23.30%) » HIA (18.42%) » HIE (15.48%)
+=O082 Ueon, 559 w7t S8l ot
ABTS radical scavenging activity® &k
oEdoer FUKE ERlsktt. ABTS radical
scavenging activity = ABTS diammonium salt 2}
potassium persulfate ¢ F-g-of s A3dE ABTS
cation ©] @43t E4of ol AAEHA HEA A
At HA o8 B B4 o]8sto] MtRksS
WO 2(Kim et al., 2009), 1A WellA
radical & tAlote] 7Hd oz itdks-<
Wiot), ol A 2 /A =49
3t 22 575h7] 919l AMEEl= 2= DPPH
radical scavenging activity & B SRS A
FAitebso] o vizbelA 574 7hsst Aoz By
AUt Loizzo et al., 2013). & AFoME= 7]E]
H1E Hiep Zo], FUg FL9| of|E|7hgollsell
/e FE=9 4t v st 27, DPPH radical
scavenging activity ©l Hl8l ABTS radical
scavenging activity 7} 80 R =2 tesE
Helg SIstAitt. ol 9A Aatt vket Zo] DPPH

r

ol
F]’F

0
Frl'.‘

ool I o N
o oX o

I, 4,

rr

A
(

L
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radical scavenging activity & F=2 454 249
PSS =%, ABTS radical scavenging
activity & 54 9 &4 24 25| sheS
Z4sts A7t H-8 o =A o7t ollsel #F
FE59] I35t EHo] free radical FF<l W=t 4AA
o] ztolE Hloz FAikets o] 2pol7t WA=
A0 2 AR ETHKim et al., 2002).

3.5. Ferric reducing antioxidant power(FRAP)
activity

oi2|7tE ol 5ol §5 FEE FRAP activity &
5743 A¥= Fig. 5 ofl Hefligich obdl]7hsofl 5ol
% 5259 FRAP activity = DPPH, ABTS radical
scavenging activity &t &G 5HA HIW-45T oA 717
E2 e 4o] Fl=l e, HIW-45T (255.87
uM PFeSO4-7H,0/100 mL) » HIA (109.88 uM
FeSO4-7H,0/100 ml) > HIW-90C (99.73 uM
FeSO4-7H,0/100 ml) > HIW-60T (84.51 uM
FeSO4-7H,0/100 ml) ) HIE (68.05 uM
FeSO4-7H,0/100 mL) <22 ZRI=Stt. FRAP
activity & A& OS2 free radical & 475
FietsE  S7Aske  DPPH, ABTS  radical
scavenging activity &= TFE2A] 4rsHE20] pH
3.6°14  Fe*-TPTZ complex&  F2X9
Fe*’-TPTZ complex & LA 7= Y& o]g5}o]
A8 =Ysk= UHoltHBenzie and Strain,
1996). & Aol A= FRAP ¥ ofuz}, DPPH, ABTS
radical scavenging activity =5 GFFEEolA
YO uf¢ =2 et gAgo] ERIE ST olet
HAE A= op)7hE ol Eel WH7] & FE=lA4
7H =2 FRAP activity 7F &1 =2 H(Park et al.,
2014), WIF71H FEEIANE B FEEINA 1
=2 FRAP activity 7} =22 2(Park et al.,
2006) & fAFATL} UL AHFS ERIskirh
ohfgl7ts ol 5ol F5 229 -Suloll whef ghd=el
Zpol 5 Hol= 212 oHA] A&t uiet Zo] & 8¢
T F= 250 gt 7|QIsks AoR AlmHr
a=jx oplgFRsoliEel fEolA AR 2dE
FE5P7] T HAH o] FHHETH, At 59
FiesE SR 5 U ALR AAEH o=
oigl7tseliEel % FEEC] A A=A
o] 8% & = 7Fe Aol Yle Ao = o

&

for

. gk
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M

432 8

T 255 v Aoz Egsbr] flste] B2
A7F A= 9lew, 1 F o)t
il 9 B7)=29] ghgo] f45to] AlR fREA
AMB7FEA0l w=& ZCoR HrbEoA ik 2
AFoM= ofElFtsolsel F59 g4 FE=
(HIW-45C, HIW-60T, HIW-90C), & F5&
(HIE), 4t #+&&(HIA)S Al=ste, TPC, TFC, d4tat
S4(DPPH, ABTS radical scavenging activity,
FRAP activity)= ZAFHETH 1 23, HIW-45TC7}
AA FAEHA 2= g2fx] TPC EA=E Qlst] 71
St B AAET SHEE THle R st
TS THAE AR ERIFQ: mEk B A
A= oiElFksolisel /FY E¢ FEE
(HIW-45C)& < st A=A 28 4 =
Z|ZAmE AMTMs @ ACR AFEY, &%
FE2E9 5-84E] BHAPAE Soto] = 8 2
F5 2L Ao figk Ayt e Ao=w
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