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Abstract This study aimed to investigate the characteristics of protein hydrolysates derived from
defatted egg yolk using various proteolytic enzymes and compare the antioxidant activity of the
resulting hydrolysates. The defatted egg yolk powder was subjected to enzymatic hydrolysis using
four different proteases (alcalase, bromelain, flavourzyme and neutrase), and the resulting
hydrolysates were evaluated for their antioxidant properties. Through analysis of available amino
group contents and sodium dodecyl sulfate-polyacrylamide gel electrophoresis, it was observed that
the defatted egg yolk powder treated with alcalase, flavourzyme, and neutrase for 12 h exhibited
a high degree of hydrolysis value. Based on the RCsy values obtained from two different antioxidant
analyses, all hydrolysates showed comparable antioxidant activity, except for the alcalase
hydrolysate, which demonstrated notably higher scavenging activity against hydrogen peroxide than
the other hydrolysates. These findings suggest the potential of protein hydrolysates from defatted
egg yolk, a by-product of lecithin extraction, as natural antioxidants.
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A fAol 8%t U9 PAkS sl Al A&GSiA AAAE B4R oln n|EEE 2ol
2714 diAl g4 HyO,, ‘OH, Oy 59 A A2 02 4 HtH(Cho 5, 2008). o]<}
TE @AgAataEo] Aol Qs TAsh= Atetd AEHAREE Higsly] Sl $2 & &of WA
% reactive oxygen species(ROS) 24 A|A7} o]& AAZLoZE A|AJHKim 5, 2023; Yu 5,
2017). 184 9, 25 o= =9 315HA Yo g AAH 2o S
AZ-2 superoxide dimutase(SOD), catalase(CAT), glutathione peroxidase(GPx)2} Z-2 AW ROS
Z4 71-0] #osh= a4of oldE FEsto] AX Ul ROSE S7HIZCZH AL F/4ddwel
o, 214 9 DNAC] B|719 4, v]AEd w1 E £X1j(Jeong 5, 2017; Kim 5, 2023). ©]&
AlZol A FAE Wefsta ok F4sto] o, ¥ g, AgHAAS, oi dg 59 4%
Ae AUt HAEo] IH(Na 5, 2016). THEbA] o]t B/ditago] k) Ao TSt
= AR AEHAZRE QA W ROS 24 AIA 2] 432 AI5t7] flsl #o] 45 FAA7IA
U A g A8S JAIske AR 58 F7HQ1 2ol 8 FHth(Bouayed?} Bohn,
2010).
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EE 84 Atho] o) &4 N2E Ete] HdFog
Arsl 84S 7FXtHHong 5, 2009). Yutd o2 34 Falst
A2l BHA® BHTE @8] AR&ota Qlout 47| B8 w2
F2HE, =4 2 B0l AT tEo] 4HRRY] BAJA QAo
2 Q8] o3 7|7k AF Aol g HA FASH] At
5t A7}t SaelA AT QtkJeong 5, 2021; Lee 5.,
2022). A A= EHos E2jHE SR, carotinoid,
ascorbic acid £ ojg] A8 Y8 & 3t 2&Eo0] fgjHio|x
THNain 5, 2021), ol SAEY didS 7taEasto]
Azgt 7l ET AR Helo|E E5E FAS B
o] It R H3 QItk(Ha 5, 2017; Na 5, 2016). £3], &
Foll A Hobr] 4 TEA DRl I U4 opn| Ak
A5 Zokehal QlE Bt ofue} gt & WY V5ol B
Z & e lgyet 2 TiiAS zobolal Qltk(Sarantidi 5,
2023). E3E HER A, H|EFY] By, H[EFY By, GAL HIEF
D, HIEHI E, HIEH K, Z, 3, 3, Adw, p7I=E, FH
Ql, Aokt 55 FotLL Qlo] YYTH R =2 HHE 7t
A Ak, 33 lecithino] A FSAIZH chgFsiA Z-8-Hol
e} lecithin & o|99] FAE H7|go] JF7kstal Qlth
(Yang 5, 2014; Zhao 5 2023). Lecithin &0] o]-&5H+= W
g 2ako] Q1| A HFS oF 16.8%0] 5 60% ©]AHY]
S-S S-okal ZolE Eokal H7] == A olth(Han
IR

webd B Q7L 439 BNy AR 24E o8
lecithin % ©] %9 $4HQ) @A UFro R Yol 9
Eol=g FAsH: B SRS AT T, B B

9 QPgS Wobste] AEA HAREY A S

o

9 e 7RO,

L. g XKSeoul, Korea) 2 2 2B 143t 95% prethanol AL} &)
o

Z

2]

L

A 3}=H(Siheung, Korea) O 2 X -E 13t 95% n-hexaneC.Z

1d 24 2 AA ARSI 2o = ANGE 24
AE] §-3(Tenebrio molitor, mealworm)S 2.9l Q (Damyang-
gun, Jeollanam-do, Korea)o|A] 52 AzxE ZHAAE &=
2 ) AHgalelon, B thE REe For okule
523 (Yangpyeong-gun, Gyeonggi-do, Korea)ol|A AJAHE A
2 FY5HH. L-ascorbic acide= Junsei Chemical Co.(Tokyo,
Japan) 256 751310, =2H A= #)2AS(Yongsan-gu,
Seoul, Korea)o| 4 AZE Fej= Tofstoict. Agel Aa
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HE A&Es -20°C ofst sAe] HyshH ARSI
Alcalase, bromelain, flavourzyme % neutrase @ad 23] §
A& NovoAl &S iS4 AKSeoul, Korea)ZHE U5
o kRS 542 Hs AMSE 2,4.6-trinitrobenzene
sulfonic acid(TNBS)+= G-Bio-sciencesAKSt. Louis, MO, USA)
2HE 3951921, sodium dodecyl sulfate(SDS)= Wako
AHOsaka, Japan)Z € Y3} Sodium bicarbonate= g
AKSeoul, Korea) 22X E] GL5}9).2H, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-PAGE) 7] %50
ARE-E]E= tetramethylethylenediamine(TEMED), 30% acrylamide/
bis solution 29:1-2 Bio-Rad(Hercules, CA, USA)ZE ¢
siSick 1 el eistol g R4S Al 4 £7] Boe BT
Sigma-AldrichAK(St. Louis, MO, USA)Z ¥ F5lo] A&
s,

2.1.1. EXtg 22

W Bt Wt B lecithin 52 915 2% &9 &
& o]-833Atk(Seo, 2012). E3t &1 &2 718} lecithin
S5 o] vlsf vjw A FA|Hol1 o] heksto] Akl A
O% FE o|§Hth(Zhao 5, 2023). WA & Eo] 8uj
(w/v)Q] 95% prethanol2 A7}l 55°COA] 150 rpmO.&E 34
ZF webetm &3 2, 201 FAsto] JMAA s 3
AES 2ottt dd S 33 HhESt & JAES
instrument tray©]] % fume hood WoJlA| 2447t oA} AZ3s}
gt Axd Edo] 8ul(w/v)Q] 95% n-hexaneS F7}8f 55°C
oA 150 rpmO. & 3A7F whkely &3 &, 208 2|5t
AAAFS 459 IHES £ &, AT JAES
n-hexaneZ ©|-&-s] A&ttt TUS IS 23] wHELT
instrument tray©]] %7 fume hood WollA| 2447t o]A} A%
Aot AzE AR B2 20°C B2 BRI AR

S

=13 I-“}_

5

%

T ¥ FES HZE
eFsto] 4%(w/v)2] 714 Ao A
23 7, 90°Co|H 208 B FAA At AAS BB
A 7R3 A (alcalase, bromelain,
flavourzyme, neutrase)s 22t 7]& &0 7]& dv] 1%
(viw)E A7FsE] 55°C, 130 rpmol| Al 12A]7F B3t 714535}
At o] F 7HEESES 90°ColA 2087 7HEste] SAE &
DS ZT e eEelEY] 13 ES AASH ] fdl
13,000 xgol| A 202 59 HAE2|5lo] AE5HL cell strainer
2 ojZ8t & 0.2 um membrane filter(mixed cellulose ester

membrane filter, Adventec, Toyo Roshi Kaish, Ltd., Tokyo,
Japan)E ©o|-&sto] ol¥t PSS AX dWIREAES €A
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o} g7t ES 72417 B9t 52 &St 20°C 52
o] HypstAA Ago] ARgigltt. dEl7teReES] e
TepefE Azo] ol8e SAGHY B o] 52 Az o
3 hslepslEe] BAS vww RS,

SAGE 9 2R $5 valeoEe) Azt 27t
Park 5-(2023)29] B3} Yu 5(2017)9) "ol w2} alcalase
el TlpR e aas ol-gste] AaPstalon, il 7l
=9 AlZR+= neutrase EAE 0]-8-5t] DAGS} Tz
e ARt U PHOE XISt

=2} &5 (green tea extracty> B Z3F 108)(w/v)Y Z
FE Eote] 80°ColA] 3AITHY & 23] ®HhE F&5k0] A%
stoH, A FEEL 6 um 9J1}X|(Whatman No. 3, Little
Chalfont, England)Z o3} & 55°C 80| A 344 Z9Fs
7|12 55 § 52 7Rt -20°Ce] 5210 HyshHA
Aol AMgSHRIT

2.2 EHYESf i+ 5&

el RIS 4L 99 5aA A2 A0 g
5} TNBS assay "' (G-Biosciences Co.)2 0]-&5}tHCho
=, 2019). AJ7HE 7HESES 13,000 xg, 4°C, 1087 ¥4
Hejsto] J5de o] Aol o-&st3ieh 990 uLo] 10 mM
sodium bicarbonate(pH 8.5)°f] 10 uL2] 1% TNBS &3H(v/v)
5t} 0.01% TNBSE A|=311L, AlZPE G4 718 whgdg 7t
PRAEE 13,000 g YART}o] B AE 100 L
9} TNBS 50 uL=E 4l0] 37°Col|A] 2A|7F ¥FgA)7] & ¥hS-&
ARIAZ17] Y8l 10% sodium dodecylsulfate(SDS)2} 1 N HCI
L A715FITy. 1 3 microplate spectrophotometer(Bio Tek
Instruments Inc., Winooski, VT, USA)E 0]-&3}0] 335 nmoj|
A FFEE SHT T AR 7RI EE L-tyrosine &2
2 ZHAKSE available amino group concentration(ug/mL)<& ©]
&35to] YEhiSlch

7 aad gAGS vl EolEe] dhlde] e I
oF7] 98l SDS-polyacylamide gel electrophoresis(SDS-PAGE)
£ 0]-&5}3ith. SDS-PAGE: Park 5(2023)9] "#of wiet 4
Fotdry. T4 1247 7] §RS-8HS 13,000 xg, 4°C, 10
271 YYRSto] A AT} sample bufferS 3:1 M1 &2
E3sto] 15% gelof] loadingZt F- 80 VOJlA] oF 247k 59t A
71855t olnf iAo BApgE &lZ 213 molecular
weight marker+= Bio-Rad Laboratories(Carlsbad, CA, USA)9]
A EL o]8slH 2™, loadinge] B¢ gel& 0.1% coomassie
brilliant blueS ARE-5lo] HMSE T 10% acetic acid’} T-&-FH
30% methanol& ©|-8-5lo] BM5I3t) o|& A¥k= Gel Logic
2200 PRO Imaging System(Carestream Health Inc., Rochester,
NY, USA)& o]-&5}9] polyacrylamide gel-S& A%t & o]
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2.3 SR BWILEHNEY MY HY 5F

ABTS radical &7 4 A2 Yu 5(2017)9] S &
&sto] SAsIqh HFE=7t 7 mM<l ABTS®} 2.45 mM<l
potassium persulfateS &3}t & A29] AAofA 12-16A17F
=9t Hlx|5ko] ABTS radical M-S A X35t A% ABTS
radical €982 734 nmoj|A SF& ko] 0.70+0.027} HE=
phosphate buffered saline(PBS, pH 7.4)°2.2 3|45t} A&
20 pLoj| 3149% ABTS radical 89 180 pLE 7}5}o] A0
Al 1R F9F ¥REAIZD F 734 nmoj|A FBEE SASHIT
olff A3}t S FTVLE 122 TFYA 7= A A5
SEQ RCsogtd B4 HIIE 913t FAHETEY troloxE A
&3t BF FAZ AT T mgd trolox FFCE HERR
H(Yu 5, 2017).

ABTS radical &7%5(%)
= 100 - (A& &T%E / control ZE x 100)

Hydrogen peroxide (H,0,) &7 &4 &4 Jang 5(2019)
o] uo] weh A2 20 uL, PBS 100 uL, 1 mM H,0; 20 uL
£ 96 well plate9] 7}St & 37°C incubatorof| A 587t HES-A
Zt}. o]& 1.25 mM ABTS 30 pLe 1 U/mL peroxidase 30
uL 7F8kal 37°C incubatorof| Al 1027 BH-3-A]# 405 nmof| A
ST E =45}9 ). Peroxidase= control¥} B & T4 T
#Z 1.0-1.3 Afo]7} E|T 5 PBSE 3]A5git. ofu] Ax} gh
FSFEE 128 SPA7=H A% AR 522l RCopkd}
24 W T PR woloxd ALB3lo] BE FHL
23t & mgd trolox FHFOE YERHATHYu 5, 2017).

Hydrogen peroxide 4~715(%)
=100 - (A|& &= - blank L / control S x 100)

24. Exjttgt SIS BoE 9 SHtel OHEA BOf

SAER] A3t FdS Yot 7| 915te] 25°C incubator
o ARE HTSPHA 1697F ABTS radical A7 A4S =73
skt 797 WY 5L AlZtol| dH4atst 24 S5kl
o, 79a} o]F 2= 3Y 7HA0R S BS A6
c}. olu] Ast obgA Bl E dl L-ascorbic acide} =2}
FEES HRLoR EEoI3lon, 0d4AE 7|E2 = Holst
= A} 24E %E YERAI

N

5. &/ 24
Al Aol tigt B4 B2 SPSS Statistics 26(Statistical

d
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Package for the Social Science, Version 26.0 SPSS Inc.,
Chiago, IL, USAYE ARESI10H, RE Hlo|E = 24 3% vt
E5lo] ¥ EFHA(meantSD)E YERYITH 15 719
o4 Aol ASolle LA FiE4 (one-way ANOVA)
2 /\]-—33}@137_ Duncan’s multiple range testS ©]-&-3f AL 3

22 AW 5%(p<0.05)9] FFEONA 2 7719 £
4 Aol A3t

3. 24t A nF

3.1, EILE EHIIAENE HE SY

2t B4 WS A0 G2 TR EE Bl 9
] a4 A AZHEQ, 0.5, 1, 2, 4, 8, 12, 24 h) HFSES X
F5lct. 2447 A5FAE wf, alcalasewt1} flavourzyme<*
9] available amino group?] sx=7} Z+Z 3,447.71 pg/mLe}
3,190.63 pg/mL=E 7} =3kt}. WHH, bromelainiI} neutrase
9] available amino group?] s Z=+ Z}Z 1,580.61 pg/mLe}
2,112.2 pg/mL2 B3 @2 7RSS YeRfQlth(Fig.
). o|AY a4dE 7FpRsiert B2 A et o= 4 &
27F AYE 7138 Bl Aol = It Ao ”&E}%E]{Wouters
5, 2016). Alcalase*¥} flavourzymes-2 12A]7F 5% available
amino group =7} FES| ST} 12417 B = gtet 5
7FE-S Ve 9l 01, bromelaintt ¥} neutrasext-2 8A|7F B9t
238 271 T SAIE Ol FRER: TnslEe] 994 st
£ Holx] glof 1241710] AT Ha A2 Agtole ekl
9.

124 WEAT 7 B BAGE tlrleRsEo)
SDS-PAGE W&lZ QI3 A}, v B AT 37 kDa 9|9
TEA S| EAE AT 4 YA Td {2 A

—{1—Noenzyme —@—Alcalase --A--Bromelain

--O--Flavourzyme —&—Neutrase

@
8
8

»
g
8

N
8
8

concentration (ug/mL)
g
8

Avaliable amino group

Hydrolysis period (h)

Fig. 1. Degree of hydrolysis of defatted egg yolk by four
different proteases at 55°C. Each value is mean+SD (n>3) and
different superscripts (*°) on the graph at the same time are
significantly different at p<0.05 by Duncan’s multiple range
test.

https://www.ekosfop.or.kr

9 o Wi=e] welo] okl Ao Mo waagol uls)
AEA ] Tl go] wol MAE AL & 4= 919 T(Fig. 2).
E3], alcalase7-3} ﬂavourzyme:rL—o- 10 kDa ©]A}9] ‘;}““75 L
T7F A9 oA gFal fjFEE 10 kDa o[ot2 Ef= S
gQlg 4= 91O, TNBS assay 212} FASHA alcalaseQ]-
flavourzyme B4 A Ej7to] THE B4 H|F| 7kpE3] 80]
£99 9 % 9I9ITK(Table 1).

9 gﬂ_g_ dhgos & el Al 124K 1R
S8 4Se] £ 03 F PSR WPl Deslai o
o 7} 48 SlyleEEEo] AR 28 HAAT 4.06%,
alcalasex 27.13%, bromelaing™ 11.14%, flavourzyme- 8.64%,
neutrase> 14.31%02 alcalase”} 7FF &0 =9toH,

(kDa) Marker
250

1 [21 131 [41 [51

Fig. 2. Effect of four different proteases on SDS-PAGE profile
of the defatted egg yolk protein hydrolysates. SDS-PAGE
patterns on 15% gel of the defatted egg yolk hydrolysates. Lane
[1]: no-enzyme; Lane [2]: alcalase; Lane [3]: bromelain; Lane
[4]: flavourzyme; Lane [5]: neutrase.

Table 1. The yield of protein hydrolysates prepared from defatted
egg yolk using four different proteases

Enzymes Yields of protein hydrolysates (%)"
No enzyme 4.06£0.95%

Alcalase 27.1342.44°

Bromelain 11.14£1.62°

Flavourzyme 8.64+1.34°

Neutrase 14.3142.40°

[Total solid content of protein hydrolysate - total solid content of blank
(without substrate)] / total substrate content % 100.

PEach value is mean+SD (n>3). Different superscripts (*%) in the same
column are significantly different at p<0.05 by Duncan’s multiple range
test.
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TNBS assay®} FARRE A37F UehdS gRlstlt 5= 9
AlE FHo il YRE o] &3t GH7RESES AR Al
o o] RAE= 20% oldolA =A== 40% o= Eltkal
Hue 1 QIARKPark 5, 2023), BAHS dl7teEsiEo)
78 alcalaseE A3t UMA| R4S BF AR &0 &
gHoz W2 AL gRIT 4= Ut ol= Ao o]&d
% £0W weiEo] g B4 f7] &ufjof] 2fsf HAdE o]
7hrRo9] g&o] Wopxl Aolzt Azt

3.2. EXfttet B oZY St 2

ABTS oz &4 &4 ZHHS ABTSE potassium
persulfate®} ¥-3-A|A AAJE HEAO] ABTS radicalo] gHAF
5} 290] 9o} AA A Sheierel L BRMo] Ry
SO oS olat B} B4 2RO 240 nj2
3 pH ¥sjo] HHH0JeKLeed} Moon, 2019). 0 ol-gsl]
troloxg ¥ EFE sto] SAUGS dHl7feRelE o] ikt
22 TEACZC = 3Hislgom, A|IZEE ABTS radicalS
50% AAsH= 4 RCo Q& HAFSH Table 20 LR it
RCsogt2 alcalasewt 57.83 pg/mL, neutrasewt 59.66 pg/mL,
flavourzyme- 63.54 pg/mL, bromelain- 69.10 pug/mL, B &
23 166.03 pg/mLE GAHE 90A0l Zjo|2 o H|
Haol] W) EaFolN ANHOR Bo st PAS B
ATt 53], Hhw SollM= alcalase HH7IE3=2] ABTS
radical &7 &/do] 7 =9t

Hydrogen peroxide(H,0,)& & 9 thAl I F AZ A
g I, Ak g a4 whgof oo BAEE AR W
/gol mi- ARt B4 AYaL Slrk. B/dAAF] dFQ It
Skeat 32 AAF AIE9 mitochondrialt peroxisome©]| A]
BREY HEo oM = e A i Al

Table 2. ABTS" scavenging activity of the hydrolysates from
defatted egg yolk prepared with four different proteases

o] gHiksl BAQ catalase, peroxidase 5ol 2514 =40]
gl H02 AAH AT UVel 22 Qi Z=olut At
2-89] ZAZ sl I AA Q] FFol A B Atart
AUA| A RAE|o] AstE AEHAR QI AlE i E/4do] &
W 1 23, DNAZ MAEAL Ameto] st slo] 417
W}, o, FUALE O 53 22 4914 oprlatthleong
5, 2017; Na 5, 2016; Yoon 5, 2022). & oA
peroxidase®| 7]l ABTSE H,0,2} ¥HSA|A SAHe ol
7ESE S H0, 27 B4 5785 tH(Table 3). ZF 24
M 24 U SRR 1,0, 2458 RCuZHOE 1]
WSt Z3}, alcalase 83.28 pg/mL, neutrase 88.27 pg/mL,
bromelain 94.98 pg/mL, flavourzyme 98.46 ug/mL, H| & A
253.03 pg/mLE Yepgth webd aAXeE 2571 Has
o+ o] 52 H,0, 474 EA4E& B O™ 1 5 alcalase 84
Aol 7P St B 7= AE ERIT 5 itk

o|49] A}, alcalaseZ 7tpEdfoto] 2 T7lEoiE
o|A ABTS 2tz Asf &2 RCx°] 57.83 ng/mL, Hy0,
A7 &9 RCx°] 88.19 ug/mLOE LEEOH, 450 g4
A2 & FAkeE B0l 7P 9t Ao E YETH ol
ABTS =Z AAZAT H,0, AAE40] hydrogen atom
transfer WHO 2 2§ 7]H0] FAs] JHAA 7 A=
AS uigitt. AgAtoA Bus ohekst di7EaiEe]
ABTS radical A3 &4 Z23E B3-S W neutrase ZHY 7
A2l 75 7= (Yu 5, 2017), alcalase EAITF 7heit
Sl E(Castro2} Sato, 2015), neutrase ‘¥ 7}4=E3E(Cho 5,
2014), flavourzyme A 7}5-5AME 71 B ol E(Park 5, 2023)
o] 93t A BAE HGloH, H0, 27 B4 A& H]
W3t FF, alcalase ZAAAT 7I4EE, flavourzyme FA]

7HEHARES @40l B4 UEheH. ole &40 71 Jol4

Table 3. Hydrogen peroxide scavenging activity of the hydrolysates
from defatted egg yolk with four different proteases

Enzymes RCs) (ng/mL)" TEAC (ug TE/mg)? Enzymes RCs (ng/mL)" TEAC (pg TE/mg)?
No enzyme 166.03+1.01% 30.07+£0.28° No enzyme 253.62+11.76Y 37.93+3.58¢
Alcalase 57.83+0.68" 82.25+1.69* Alcalase 79.45+2.04° 158.2244.19°
Bromelain 69.100.23¢ 69.50+1.04 Bromelain 94.06+3.33 140.33+2.77°
Flavourzyme 63.54=0.11° 72.24+1.25° Flavourzyme 79.57+4.33" 135.31+2.91"
Neutrase 59.66:0.86° 76.24+0.39° Neutrase 89.49+7.61™ 131.09+6.29°
Trolox 5.20+0.02 Trolox 10.724+0.99

YConcentration required for 50% reduction of ABTS™ at 1 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

»Each value is mean+SD (n>3). Different superscripts (“°) in the same
column are significantly different at p<0.05 by Duncan’s multiple
range test.
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DConcentration required for 50% reduction of H,O, at 10 min after
starting the reaction.

ITrolox equivalent antioxidant capacity.

»Each value is meantSD (n>3). Different superscripts (%) in the same
column are significantly different at p<0.05 by Duncan’s multiple range
test.
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I 9= 74 opulAbyl g 13} L20] Zfolof 2J3] 7}
SE8) A AAYUE Y= Hetol= U ofn]iAte] 4o
Ayola}y] WjEo] gitst a7t 2olE YEh= Ao gzt
€t

3.3. Exjdg EUl+Eo=9 gitiaf IEY

A5 2tz 718 ROSE B84 0= A|AT Y d=l
L-ascorbic acide= A&, 27 = HAdFA Sof FAskA d
FAAAR A= ] AMEEI gloy, 27} EbAst
of &, Yt 22 QR g viztsHA whgs HA 4L
Ql=th(Yu 5, 1991). 0|23t L-ascorbic acid®] SHI4-S A}
A1717] 98l ascorbic acid FEA|7F AFRE= ALE 9oLt
a-80] oA hyo] Uth(Lee 5, 1999). TS, =20 gt
FH 7HEIE A 2] A4S Ak 59 A0
™ 73t AR S EHAT =2 M0 E Qlsf AjAHo R
2] ofgith o] Slof ARSHHAR FHE ks
A9] Aol Wagh AHolchYeo 5, 1995).
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9 O (data not shown), DEYA:= 9t4Z]9] gHAksls-E XG5t
AR A E 8 4 JZ Aol wdE

o rl

et

A9E &

3.4. Lfgfet cH7frZol=2 giitet 24 bl

o ==
A AL(Castro?} Sato, 2015; Cho 5, 2014; Yu 5, 2017)
oA =2 AeS Bl W, ZAX §5(EY) 4L &
A= S7eRS 5T DEYAS] @AMt &4 sl
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—e—DEVYA (150 pg/mL)
—{F—Green tea extract (16 pg/mL)

~--L-ascorbic acid (16 pg/mL)

Relative antioxidant activity (%)

Time (day)

Fig. 3. Stability of antioxidant activities of DEYA compared
with green tea extract and L-ascorbic acid. Each value is
mean+SD (n>3) and different superscripts (*°) at the same day
are significantly different at p<0.05 by Duncan’s multiple range
test.
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T(100 pgmL)E AHSH 23, Yy} a7 EefEo)
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20] 79 $O1H02 W YL ehiTiFig. 4

A9 A= EUIR alcalase, bromelain, flavourzyme,
neutrase BAE A3t BAEY o JppReEC] A}
/o] mxE|o] Hls| RFolFor FHEJSH, ABTS
radical 27 E43} H,0, A4 &4 % DEYAZ| 71 &4
St Akst S-S HHTh ESE DEYAE 34k} obgA A
oA L-ascorbic acid} =2} FE=0] v|5] ¢ A 3
A2 HYlon, 7E AEAA fd divleRsEE
st 24 MOl E R0 A AT AT ¢
HE AT 8-S SIS ol Fo LAY Tzl

100

ABTS radical
scavenging activiting (%)
8

Fig. 4. Comparison of antioxidant activities of DEYA and other
natural antioxidants. Each value is meantSD (n>3) and different
superscripts (“%) on the bar are significantly different at p<0.05
by Duncan’s multiple range test.
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