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Abstract

This study was conducted to investigate the antioxidant activity of perilla seed meal (PSM) protein hydrolysates
and peptide fractions prepared using proteolytic enzymes and ultrafiltration to improve the usability of PSM as
a functional food ingredient. Optimal conditions for producing PSM protein hydrolysate using Flavourzyme were
determined to be pH 7.0, temperature 50°C, 10 unit of enzyme concentration, and 4 h hydrolysis time. The yield
of each peptide fraction obtained by ultrafiltration was found to be the highest (45.65%) in the <1 kDa fraction,
followed by 5-10 kDa (16.45%), >10 kDa (16.37%), 1-3 kDa (10.86%), and 3-5 kDa (10.67%), respectively. The
DPPH radical scavenging activity was the highest in the hydrolysate, the reducing power was the highest in the
3-5 kDa firaction, and the superoxide dismutase-like activity was the highest in the <1 kDa fractions. The hydrolysate
and peptide fractions produced from PSM protein showed different antioxidant activities, and thus they could potentially
be used as functional food ingredients. Further evaluation as a functional food ingredient would allow the application

of PSM protein hydrolysates as food materials.
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£ Aol A18-¥ S7(Perilla fiutescens var. japonica
HARA)HHE b e el st oA zufd =4t
EAE dAR WHeE FHAfoln FE MEE
Queensbucket(Seoul, Korea) 2. 2 5-E A Fwtc). S8t
2 o] EHS AASG L v T A Asle] 40T deep
freezer(MDF, Sanyo, Tokyo, Japan)©l] H.ZslAA] 238
AT S8Rt 1;/_}@1'4%3_1; 7]“’?‘!?‘3}15}7] {8t AR-&-gH
T 7R 491 pepsin, trypsin 2 papam—J Sigma-
Aldrich Co.(St. Louis, MO, USA)°|A T3 o,
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acalase, protamex, neutrase
(Nordisk Co., Bagvaerd, Denmark) #|&
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A 607 wHFSHATE ©] 3 1 N NaOHE 2% & 943517
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pH 4.0 273kl 25 CollA] 305 Bt vESA|A Tl A&
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A& AU oju] dojzl v HHAES Sy
1:2(w/v)9] %%——’F% 7Fsle] homogenizer(AM-1, Nissei,
Tokyo, Japan) = 23] & 3}A17]1 F 0.1 N NaOH2 ©|&
sted pH 702 S8R U, BA% AlA Ea7ewel
E AZE I3 A5 = ARSIt

F

HE

< Anson(15)¢] -2 WY sH
*]ﬁ%%’l’oﬂ buffer solution 1 mLE 713+ TFS, 7]
(0.6% casein, pH 7 0) 2.5 mL< ¥ 31 37CE incubation
T 429 05 mL ¥ 37CAA 1083 ¥HSAIF o WS-
& 0.44 M trichloroacetic acid(TCA) 2.5 mLE ¥o] HF--&
FAA 7] 3 AL A 1057 WX & TR dAlBal st
o] & /‘}‘:"” 1 mLo] 0.55 M NaCOs;£< 5 mLe} 1 N
Folin & Ciocalteus reagent 1 mL §-9]-2- o] 37TCel| A 30+
b AAIA 660 nmoll A F-235=(U-2900, Hitachi)E 578 5}
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71E 540 FE 1 mite. 2 sk 9o el ek
=" dmArlR aire] A4S pepsin 81.14
unit/mL, trypsin 314.51 unit/mL, papain 259.82 unit/mL,
acalase 420.37 unit/mL, protamex 498.60 unit/mL, neutrase
562.69 unit/mL 2 flavourzyme 189.65 unit/mL°] %1t}

s

|\

o ox

% opp S

A ZaE AR
g 3lo] Table 12] §4
A z7 et g4 st &
7y g2 4 buffer solutionS ©]-&
A 23k 2™, 10 wmite] EAS 37 }6‘}"3‘3} a3 shakmg
incubator(BS-11, JeioTech)E ©] 83l Z} §49] & &=

of| Al LA ek ARt Bt wRkeE &, 94 51t 7183t
B4 RS BAAZ] £ 18,000 xgoll Al 20 E<F UAE

2Jete] ojzl Bae sHeraE el



Conditions for hydrolysis of PSM protein for producing hydrolysates and ultrafiltered peptides and their antioxidant activity =~ 607

Table 1. Hydrolysis conditions of proteolytic enzymes for perilla
seed meal protein hydrolysis

Hydrolysis conditions

Proteases

Temperature (C)  pH Buffer solution

Pepsin 37 2 0.1 M glycine-HCI buffer
Trypsin 37 8 0.1 M sodium phosphate buffer
Papain 37 6 0.1 M sodium phosphate buffer
Acalase 50 7 0.1 M sodium phosphate buffer
Protamex 50 7 0.1 M sodium phosphate buffer
Neutrase 50 7 0.1 M sodium phosphate buffer
Flavourzyme 50 7 0.1 M sodium phosphate buffer

I &3

dil vt o TRl e TR Eoll 20%
TCAE T H7sto] A2odlA 308 &<t BAA7] &
AR e AsAS g FHslo], bicinchoninic

acidBCA)H(17)9ll F38to] 10% TCA 7}&4 whulz kS
A &, ofge] 25 o] &ste AF=EsISiTh

7R E (%)=
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10% TCA 7}-84 WA=k
T T

A =258 U sieoint EElo|l= 24 M=

E7fard A o] ThRalE S Al xsh] st Xie &
(16)S] WS 7 Wgste] B4 HA FE227 wet
7FEalsk3iTh 0.1 M sodium phosphate buffer(pH 7.0)5

o] &3l 5%(wv) T2 Alxd SR &9 25
mLe] flavourzyme 10 wnitS 715k 504 44|13t F<F
A HEEAIZTE o] F 99T ellA 1027t 7Md ko] &4 vt
= BAAIZ] F 18,000 xgoll Al 20 F<F LAl sk3
. Aoz A5 S 3kl o] (molecular weight cut-off
1, 3, 5, 10 kDa)= AF8-3l] EA}F <1 kDa, 1-3 kDa, 3-5
kDa, 5-10 kDa, >10 kDa® & #3511 B2 %3] ztz}
o & 9 glsl e ST

Jang 5(18)2] WhHel 3ol =7 3159 th Microwell plate©]]
TEHE Az 7t S/ueid JheEEE 100 lLE
#gk ¥ 02 mM DPPH &9 200 uLE 7}ataL, 37CollA]
3047t incubation ¥ microplate reader(EPOCH, BioTek
Instrument Inc, Winooski, VT, USA)Z ©]€-3}o] 517 nmol)
7\1 FHEE A5

Mau 5(19)¢] ol wet S SF3ATh e-Tube
o ¥EEE A|Z3F A& 250 pL, 0.2 M sodium phosphate
buffer(pH 6.6) 250 L2} 1% potassium ferricyanide(KFe(CN)g)
250 WL F7Fste] & E3ska 50ClA] 2023t WA A
t}, o] Hkg-9lof 10% trichloroacetic acid(CClz;COOH) 250
ILE 718k 3 25T, 1,000 pmollA] 105 B¢+ 94 E-2] et
At} o] 5 250 UL} 0.1% ferric chloride(FeCls-6H,0)
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Superoxide dismutase(SOD) A2 =72 Bradford(20)
o] Wd ug} =R A 23 A8 0.5 mLol| pH 8.5%
1% 3t Tris-HCI buffer(50mM tris[hydroxymethyl] amino-
methane+10 mM EDTA) 3 mL<$} 7.2 mM pylogallol 0.2 mL
& 7tsted 25T Al 1023 W] g & 1 N HCl 0.1 mLZ
HE-S-S- A A A]71 & spectrophotometer(U-2900, Hitachi)2-
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AT F oBS] ARRAEE 29 AIE Fig
17} 2}, 7} 54 ERo) HE ST A4RaE
= 2A17HY ul = flavourzyme 66.60%, protamex 55.57%,
papain 53.49%, pepsin 49.91%, trypsin 49.87%, acalase
47.97%, neutrase 42.60% % ERTE 4A17ke] g
flavourzyme 70.68%, protamex 56.43%, papain 56.08%,
trypsin 55.75%, acalase 52.37%, pepsin 51.04%, neutrase
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Fig. 1. Degree of hydrolysis of enzymatic hydrolysates from

perilla seed meal protein.

The bar represents the mean and SD (n=3).

Values with different letters in the same hydrolysis time are significantly different at
<0.03.

PSigniﬁcant difference between 2 h and 4 h by the Student’s t-test (p<0.05).
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59 VIR es =335t on, 71 A= Table 29 Y
ERQlTh 7Rl Ee] 7gEel == pH 7.09014 70.50%
o7 folxor 7P =k m (p<0.05), pH 4.0914 pH
1O = 7Eall =7t feld o g2 Sttt 1 o]+
ol 7t =r) ZAske] pH 9.0914 = 2829% % 71
S TR =S BAATh Beak 5(23)9] ATelAE 2
Abe A e] ZhrEslEol pH 745904 7HEal =7} 7
ol B AT AR} fAbskTh whebA S
2ZRE 7Rl E A A8 flavourzyme®] 24 pHE
7022 ARsIth HA pH 7.0004 &0 wWE 78
e TR es =43 Aul 50CoAA 69.31%%

oA o7 7} E=kow(p<0.05), 304 59.11%2-= 7}
7 ke 7k JehT) Jang 5(24)9) ATelAE EA
ZheiAbEREY WA Tkeddes 47l flel
flavourzyme S ©]-g-3ted 7hRal =g Z4 e A7, 50T
N 71 & Balms el 2 A Ao} A5k
o} wEbA, EZ A A 2 2 st E AL 9%

ﬂavourzyme«] A %E‘C 50C= ARt A
7.0, 50C A Ehsro e 7t Ee] 7=
2 2% A7), 5 witol| 4] 44.78% 2.2 Fe]H o g JH
wrokom 10 unitoll A 67.68% % FoA o2 71 =7
Ebthp<0.05). L Foll= 7R wr) 7 d\_o]-M%tﬂ o]
© 847 NS Sl V1AL o] FE5] Wi
Atsdch webA AT 2 R JhedslE Aﬂ*&%
913 flavourzyme®] 4 EAFEE 10 it 2 24819



Conditions for hydrolysis of PSM protein for producing hydrolysates and ultrafiltered peptides and their antioxidant activity =~ 609

Table 2. Degree of hydrolysis of perilla seed meal protein
hydrolysate obtained by flavourzyme at different pH, temperature
and enzyme concentration

Hydrolysis conditions Degree of hydrolysis (%)

4 43.14+1.00"

5 57.26+0.53°

oH 6 58.42+0.52°

(at 50°C, 10 unit) 7 70.50+0.27"
8 40.80+0.41°

9 28.29+1,09°

30 59.11£0.31°

u 40 63.6310.54°

(:fr;%ergfui% (m(l?lg) 50 69.3140.11°
60 62.63£1.59°

70 61.661.60°

5 44.78+0.31°

10 67.68+0.33"

E“Zym‘zaf?ﬁ?“;:‘ﬁéﬁ’;‘ (unit) 15 66.48+0.38"
20 64.60+0.06°

25 62.51+0.12¢

"MeanzSD (n=3).

Walues with different letters in the same column are significantly different at p<0.05.
th. o)/l Aol whet flavourzymes ©]-8-3F S/0bc
2 7Rt E ALk 918k 24 el 212 pH 7.0, 507,
FAFE 10 unit, 7HEESAI T 42130 2 A Stgl o
o, o] wjo] 7R EE 69.16% Tk 2 A7 T A
Qe S| F5Ee HHZAL Table 1914 A4
# flvourzymee] H74] pH 5 L2} DA TS & 5 glgle.
o, HA 24 slelq g WeSErt S net
SRRt Boldl Aow Bue

o
o

R =7t 7 =L flavourzyme 7R &S

AHRAR & o] -&3le] FAFF >10 kDa, 5-10 kDa, 3-5 kDa,
13 kDa, <1 kDal 2 33 & FAUXx 3t 4% &
< Table 30| YERN QUL 71E8lE B8 E 57HA] SollA
1 kDa ©]a}e] £&o] 4565% = FrolAog 1 2o £
< HAHp<0.05). o]&= Eh 2Hgo 7 Qg aiake] wh

o] 849 A} HEpo| =R THEEs E o] &)
Eolxl Ao 2 gebec) 3 >10 kDa 82} 5-10 kDa
Bglo 747} 1637%9} 1645% = B 528 82 Hlow,
3-5 kDa 87} 1-3 kDa +9-2 27} 10.67%, 10.86% 2=
o 8-S JeRAT You 5(25)2 ATFolA @l
ol m kx| Tl d s Ea B EAlE &S ST
A7} 1 kDa ©|3f £89] 80] 4023%°= 71 =0Tt
Huste] 2 A5 A3 AT 28y Yangd)
Hong(26)9] Aol A= 10 kDa ©] 9] F&o] 7M4 =&

o= eht B 47 Azhst Yolstgiu, ol AHeE
A, Hk, WA Y HAEES Ao|z DU,

Table 3. Yield of peptide fractions obtained by ultrafiltration
system from perilla seed meal protein hydrolysates

Fraction Yield (%)

>10 kDa 16.370.39"™

5-10 kDa 1645+1.00°

35 kDa 10.674321¢

1-3 kDa 10.86+2.48°

<1 kDa 45.6520.63"
"MeanzSD (n=3).

Walues with different letters in the same column are significantly different at p<0.05.

(-OH)7} A3tste] gz YA 2 wg-S TEAANAFT=
Atz A te] EAgika 9 A A #its) g de ot
A A3}2ksl wh-g-o] A uk-g-2 H #2171t} 1,1-Diphenyl-

= e
i)
i)

2-picryl hydrazyl(DPP < A A g e g
Ze astEd I ghgate] gaEo] i HA d
t}. ol2lgh & o] &3t ikt EA o FaFTS
sk, S A o] gavbriaE 3 ke
73S Bl & Y52 DPPH S AAGS
=731t} O A= Fig 240004 B vl 2ol §471
Tl =2 ICsx 740l 0.58 mgmLE fro] 4 o7 717 wo}
%2 DPPH #HHZ 2755 YERAITE T2 2 10 kDa
o]/ge] #-glo] 0.67 mg/mL, 3-5 kDa E&©] 0.79 mg/mL2]
ICso %< YERHATE 1 kDa ©]3ke] £32 2.11 mgmLZ
freldom Mg & ICs = DPPH itz &7 50]
g S & 5 itk o]#3 A3 Bamdad9}
Chen(28)°] He]ehild g ArleRe o gz 27 %S
10 kDa ©]3ollA 71 =2 A4S Btk Haugh A+
Aot FAREATE ek oAl Tld TRl ER
HE golojio o8 ¥ HEle|=2 DPPH 2tz
27%%S =33 A3 <1 kDa¥} 3-5 kDa HElo| = £F o]
Tl Rl Bl el W A5 S B o, acalase
¢} flavourzyme= ©]-&3to] A& 7hriaE2] 5-10 kDa
Y50 7MY =L g 2ATE UERd A5 27H29)
o} fAleISITE oleldt Axte AAVNEE ST 5-10 kDa
o] gejojt FEEL AT TS 7L e HE|=
E= oprAke $Hkal 9lo] DPPH eht]Z-2 eFgshAl
7)3 2 Auke-S Aded 4= olv) WlEo® dAvE
o} ¥hA, gioA] &% el =E el TtE Fal
A2 3 kDa ©]3} £&o] 3-10 kDa ¥-2¢l H]&] %-& DPPH
g 27 5S Hoi(30) & AT A} xol7} QSith
Collupulin MGE- ©]&3l] EFEO2HE AL Fhvle
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el &} ghooju} slEle]=9] DPPH U 2ASS =
23 A¥K(18), 1.0 mg/mL FEol A 8-24%2] ]z A
& 7KL glo] & ATellA A& Skt E o] DPPH
gz 27%0] $5E & 5 AUTh =7 3 kDa o5t
Hefel= £ 9] gu)Zd 2750 7P frsilen, 1
THE 10 kDa ©]/3e] Heto]= #&o] F A2 & g
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ol=9] Eal, opn|iike] FF B el wheh 1 EAel
ztol g Hol7] wEoz FHETH3).

ST g o] AR E 2 o5 8 & 3
22 =43 Z3KFg. 2B), 3-5 kDa 22 o] 13642 pg/mL2]
ICs #o2 fro]xog 7P =& e vehfiglon,
10 kDa ©]4} £20] 15059 pg/mLe] ICy FLoZ F HAE
e 299 ek ubE, 1 kDa ©]3dke] ¥-g o]
564.16 ngmL=E 71 =& ICs w2 YEhfo] g2 o]
PSS G T AT HM FEES do st
AL FEfol= B9 S S A7 2 mgml =
4] 0.08-0.189] &L= S B om, A&} HEfo|=
(3 kDa °]aho] A} HEto] = 2 (3-10 kDa)ell H]a}
=2 S Hoj30) & AFZAT e} thai Aol & HTh
FolH Al B A S flavourzyme?} alcalase S H] 53t T}
P A RS B AT o] 88t JgEE] F gkl
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53l A2 Hefol=o] FdES S A7) 1 mgmL

oA <F 01029 TS UeRo] # Aoa] 4
2 FEE] ggFo] ml S =55 & F AATH29).
flavourzyme= ©]-83to] A& 7l E 9 ghelo]
3 &2o] 89022 | kDao|3l7} /1Y =L ubd, 10
kDa ©]/d 8 &<] g0l 7P WA eh29) & A+
Az} zpol7h AU T
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Fig. 2. Antioxidant activity of the enzymatic hydrolysate and
peptides obtained from perilla seed meal protein. A, DPPH radical
scavenging activity; B, Reducing power; C, SOD-like activity.

The bar represents the mean and standard deviation (n=3).
Values with different letters are significantly different at p<0.05.

Aol TFAE el B S ATE AxT
o 2Fg3ste] AE &4 DNA 2 thal o] J3Fs Fo
=315 X171t} Superoxide® AH7t A} S-S o}
gE FeE AW sk S35 opr1d 4 glom, SOD
= 20, 2H—H,0,+0,%} 22 Whgo 2 A Az HE
AZE B3tk SOD fAFEZEo|& SOD9F o]
superoxide® A AtAhR AL F= gle
superoxide?] WH&-A-Z AAste] A& 4lsld &0z
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