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Abstract

The objective of this study was to compare the hydrolytic and antioxidant characteristics of oilseed
meals (soybean meal, perilla seed meal, and distillers dried grains with solubles (DDGS)). The oilseed
meal samples were homogenized in distilled water at a concentration of 20% (w/v) and enzymatically
hydrolyzed with applied enzymes (Alcalase and trypsin) at an enzyme-to-substrate ratio (E:S) of 1:100
(w/w) for 2 h. The optimal hydrolysis conditions of the applied enzymes were pH 8.0/50C and pH
8.0/37T, respectively. After inactivation, the resulting protein hydrolysates were fractionated by
ultrafiltration, obtaining fractions below 5 kDa, and the filtrate was freeze-dried and powdered.
1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, 2,2-azino-bis-3-ethylbenzthiazoline
-6-sulphonic acid (ABTS) radical scavenging activity, reducing power and total polyphenol content
of the obtained oilseed meal protein hydrolysate fractions (5 < kDa) were measured. The lowest
degree of hydrolysis was observed for perilla seed meal (p<0.05), which was likely due to the lower
protein solubility of perilla seed meal compared to soybean meal and DDGS. The DPPH and ABTS
radical scavenging activities were significantly higher in the hydrolysate fraction from perilla seed
meal, along with the highest total polyphenol content (p<0.05). In conclusion, the results of this study
suggest the potential utilization of perilla seed meal hydrolysate fractions as an alternative to
manufacturing bioactive peptides from soybean meal. A further study to isolate and identify the
antioxidant peptides from the hydrolysate fraction from perilla seed meal would be warranted.
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N H(Glycine max)®] G4 7Fg FAEEQ] thFtl(soybean meal)2 Bt 45% ope] ThlidS Fhi
slo] Hefo]= I opu|lAR] ARYA AkS QIR 4§ AMHo g ZEx|o] SirHZhang ef al., 2024).
ti ol A AR HEto| = 2ol 4l(lysine), HIE] 2 (methionine) R E 3 E K tryptophan) 52| &
> of|iAbs FHGHA 23lste] JPACE TIR7F 946taL, T4 ot iAre] Ade] whet £
Hepo| B Al FEY H At 59 ARBA e VAT F2A Itk e al., 2018). 2
AZAAEA A B (Food information statistics system Nov 20, 2023)0]] t2H AlE-& tfjFHo] 714
2 2020 of] oF 149 A5310] ek ol ThAlet 4 Qe UR AES] ) o 380l Bt A7)
g 93t AJo|tKGarbacz et al., 2023). ©|A] Aol W= S7(Perilla frutescens)S] SAONA 5
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£ FE5he oM sk ~7’11‘3(1)6'1‘11161 seed meal)¥} 4] A7 |5 AMSHO] SpoflAf
o2 AJARSH F Aok 244 F4JUN(dried distillers grains with solubles)2 thFE-S thAS
7] T3Yo=g —T—‘:'-— ¥ QltiLukasiewicz et al., 2012; Oh et al., 2020).
B 71343 718 EXREIIE S)o] W AAAQ] 3F JaReixte} g2
12410l 419] E-o] AJgkAo]tKFan ef al., 2023). 0|23}t vl AlRS] Eg-
A& W5 Hote] a4% il JRRe] 7leo] Add o R dihs| A-8E 1 It Venuste e
al.,, 2013). B4 7lpRols IEARS] THlES ARA 0] fEfolE 22 {2 ofu|iAlo 2 Fsfist
of 43} Fa A0 TE IYF 7R F, T Bole S0l ot 7k B4 A R 3
A 27149 A A 5L 71de 4 Tk Tavano, 2013). ESE thizl 9g EA4 9 7]. 3]
2, S, AR Y T4 55 S0l Tt st § A A7 5 Aeish ol2gg ek
= -8 A E29] o] 7]~—°]-E](Sentls-More et al., 2022; Venuste et al., 2013).

Tl el G dR Tl digh Aok B9(cleavage site)7} Tth27] Wlzof 2F 7l
2oiEe] 7Fd 4 71534 :/\é:% ZAsl= 593F QQlo|thDeng et al., 2018). A& 4%l
Alcalase= Tl 0] HE}o|E A}E 271 FOE Addsio] 3RAKS} SHdo] 2451 Ae|eh4] HElo|&
Aol g E)= AF851E endopeptidase?] Shto|th ESL SEO] thld A%t G4 5Pl
EZ AU typsin} oF27] arginine) 52 2ol Ulysing) Theo] 1A/t Hefol= HeS 72 afat
= endopeptidase©]tt. o] F7HA] G4 HES pH, 2= U A|7F 59 7Keis] 2AE Aofsto] 71

Bofies) 2400 o1 el W WA KB 0 48 OIS BN 49402

87} Q4=5]tHZhang, 2020).

o]A2] °q¥°ﬂ o= ARGl 5 kDa o5l AEAL Heto|Ei= 11 o] EA} HEto]=0f
H| 519 o) 9531 Sk}l E43S Uitk B sl B} QJtKPark er al., 2014). AAE Parkd}
Yoon(2018)2 S SRS 75| T FMES AT Hefsto] Qojal Siejolst R0
sagol wiz} sis 9] Ao} Uehdtia wslelrh et 94 24t S vl 7}

TR At B4 Bt A AlRFAoH, A AFTH Hel o] =8 ¥R AlRo] &3k
L S R S AR TieRiEe] Ak A4S Hlwet Ate ARt Aotk wet
A, & A7 S S5 2P 28510] ks UEdle 78 B T EsiEe]
A4t 7Fs/de B7FekalAr AAfsiyitt. 53], tiFHt 7kEsiEe] thA| aE B71sH] fisto] o
Tk Sl 9l 255 AU Alcalase S EFA 0 R Tl Bs|5lo] 7R EAL BAGHT,
o el TheRellEe 29| ofHsto] 5 kDa ofste] £82 E53t F doldl v Alm il
7hEstEe] Akt 544S Hlwsisith

>“Fﬁ@m

o
=

o

X,

tlo

|

ol

ol

%

oL

ol

. XM=z 3 HiE

SAXE

B Ao] AR ek ek 48%) S U AFESIAHIANS Co. Ltd., Korea)ollA] A1k
om, ST TF 360 SIS 23 ol WA R0 T S8 YA
(Keuireum Co. Ltd., Korea)ol|A] AJZHo)ch &4 Fukchung] slak 29%)Q 240 24 A2
oA A Ao | AlES]ANHanjungss Co. Ltd., Korea)olAl Fufis}ict RE Alge=
PENY 25 ARl 2As10] 25U, Aol ARl A7k W 2] Hasiirt

I:II'E A}.EOI AI‘l 7|- ='3H
B ARR(REL SRt 2 8 b 20%(w) BER SR B T Ty s
Sh0] 2] TS 915} 0.1 M NaOHE AM§31o] EFE pHE 8003 285t AR



42 AR S B4 JREE 20 SN 2

Sl St 9 S 9t E0) phi 717} 655, 641 1 4455 LERIGIE SUEE 2]
(HG-15A, Daihan Sci., Korea)& ARZSFY] 10,000 rpmo|A] 287F A5, Alcalase 2.4 L(EC
3.421.62, a declared activity 2.4 AU/kg, density 1.18 g/mL, Novozymes, Denmark)Z} EZAI(EC
3.4.21.4, trypsin from porcine pancreas, 1,000-2,000 BAEE units/mg solid, Sigma-Aldrich, USA)& A&
Slo] g4d0R FI5BEaeItE G4 o 7]29] HlE(enzyme to substrate) A|F0] Tl Sleko]
thstod 1%(wiw) &2 A76lch B44 7lpRs] Bhg 2712 Alcalase?] 739 50C % EHAIY] 3¢
37CE AH519T, g 22 A% FF(JSIB-22T, IS Research Inc., Korea)oll A 2417t 59t
7RSS A ofF s S B 34 EB/SIE A5) 85Tl 2087 ZHESIit:
U5 Al 7RrEeES A2olA 6027 W2t F AIRE A3 500 w35, A #7] 315 pm,
885705, CHUNG GYE SANG GONG SA, Korea)Z oj7}5l0] E-84) 23S AA5I3ct oJh 3,500
g 4CoA 2087 Yiliefsio] 718/99] A Eefgt F 7 A ffel 4C Wdolx] Hatsisict:

s1R|02 ultrafiltration)2 S5t 2XI12 5 kDa 0[5} &8l 22|

EARFo] 5 kDa oJ5iQl HElo|= RIS Eajsp] o B AlR 7lpeRoE ghejofnut
(Vivaspin 20 MWCO 5000, Sartorius stedim Lab Lid, UK)& AR&-510] 3,500 g, 4TOlA] 2027 94
2212 et ol 5 kDa ofsle] B 0TolN AT )% SEARE0:10” Tor
pressure, PVTFD10R, Ilshin Lab, Korea)S 23451911, SAAZ U EUSRE A5 -20Co4 B3
SHH in vitro A} B4 EA40f ARgSIGITh

YR AR TR 54

1) CHEXI 2354M(Protein solubility)

U AES] e oS Li 5(2013)9] HPHS S-85te] SASIlth AR 2 g2 0.1 M
potassium phosphate 2= 20 mL2} 1.1 M Potassium iodide &ZH(pH 7.4 A7} & FA7S
o]-&3}o] 10,000 rpmO & 287t FE3IGTh FAT AlRE 3,500 g, 4TOllA 2087 LR,
AFZoH.2 o] 7}X|(Whatman no.4, Whatman International Ltd., England)]] o2}t & Biuretf 0.2 T
A 55 S5l tHAmirni ef al., 2018). A= THA 5= bovine serum albumin(BSA, purity>
98%, Sigma-Aldrich, USA) EE3541Z E-85t0] Ao, Tl 8432 meg/g 0= VI

2) 7}l (Degree of hydrolysis)

U AR B4 7leEsf oF ZlpRdlles Tl B S4S 7IWEOR Sl Pierce™ BCA
Protein Assay Kits(23225#, thermo scientific, USA) & EA4Ho|| Q)5 £415191thPark and Yoon,
2018). 7I5E5)E 2 mLOj 20% trichloroacetic acid(TCA) 2 mLE- &7}519] 1,600 g, 20Cof|A] 3057+
AAEERE F A5 bicinchoninic acid(BCA)RH w2t & ST 10% TCA 7R84 Tl
T S5k A=l TE 5= BSAE HEEAE ARESlo] SR 2540w gHilst
AL, 7REelEE the Al ol8ste] 4RSSt

PIEIE(%) = (10% TCA 7HA Bujders Galdzh x 100
stejojast HiR AIR 7keEdliE 2Elo| st &Y
1) 1,1-Diphenyl-2-picrylhydrazyl(DPPH) ZIC|Zt AHS
S ARR 71REIE G 5 kDa olst £89] DPPH 2ttt 44 B4 Chen 5(2012)9] WS

A
=
5-83510] AAJ5}%TE 99.9% ethanolol &3] 0.1 mM DPPH 894 100 £LE S20] A|(1 mg/mL)

Resour Sci Res, Vol. 5, No. 2 | 63



Son et al.

64 | Resour Sci Res, Vol. 5, No. 2

oF Zelstoirt. EtE 25CoflA 30 &< Bk & Hio]AE EF0|E 2t(Infinite M200 PRO,
Tecan, Austria)E ARSI 515 nmolA SFEE St Avana= T2 ARE 1R E6}
o FFEE ST oM, Awnonz DPPH A2} S/74E LR EF0610] FJEE 57T 4ho]
th JFFL 59U 519] L-ascorbic acid(PHR1008, Sigma-Aldrich, USA)E AR83}193ch. DPPH ]

2 A75E e 5412 olgsto] Autsleint
DPPH E]'q;"—:x]— —/1\—7_1%(%) = [1 - (Asample - Ablank)/Acontrol]Xloo

2) 2,2-Azino—bis-3-ethylbenzthiazoline-6-sulphonic acid(ABTS) 0|2 ZiC|Z
AHs

U5 AR 7eEsE 3 5 kDa ofsh £212] ABTS o 2izd 47 B/d2 Cui 5(2022)9]
HPR-S 3-85f0] AAISIH. 7 mM ABTSO]| 2.45 mM potassium persulfateS 27}5}0] ABTS
22 AZTE 5 AR A AL0] AN 1641 B2t Hkslrt. o] spectrophotometer(Libra S22,
Biochrom, UK)E ARE5lo] ABTS 2]z €M) S50 7T 734 nmOjA] 0.7+£0.027} EAIE $542
S)Asto] AREBIAT. 40 Lo 314 A=(1 mg/mL)= ABTS 2tz 89 5 mLo} S9et o] % 62
B2t Ao 1SS 0] % W20 FPEE 734 nmoflA] SFBIHE Apues AR A S5
S5 23610 243 ST oI, Awme ABTS 407 8a} A|25 HESAJA dojd F34=
P UERAtE 127 59U 559 L-ascorbic acidS ARE3I9TE ABTS iz 4452 o
TS olgsto] ALkslgiH.

ABTS E.I‘T;]Z—:,]' /\7-]‘-6‘(%) = (Ablank - Asample)/Ablankxloo

3) #=d(Reducing power)

25 ALR 7RSS R 5 kDa o5} £&19] $HIgL: Athukorala 5(2006)2] WS 3-835]0]
A5 25 mg/mLe] FERE 5550 85H AlE 0.25 mLE 0.25 mL2] 0.2 M phosphate
buffer(pH 6.6) % 0.25 mL2] 1%(w/v) potassium ferricyanideE E£}3t 0]% 50C 2452004 208
o} uk3s9ith HES-Eof 10%(w/v) TCA 0.25 mLE A715t & 025 mLE EZ5l0] £54= 0.25
mL 2 0.1% ferric chloride 2 mL2} &315}3it}. o]% 37T oA 1057t W18 & spectrophotometerS:
ARES] 700 nmoflA S8 EE S5kt S AR 7] S8 o] Ajol= YERfiglom,
2T 5 mgmL FE2] L-ascorbic acid?] 2HHeE 53 W OE ZAsto] Yepft.

4) & 2= &

U5 AR 7I0llE 720 5 kDa ofst £819] § &5 RS Folin 1415 ARESto] &415}
HTHAoshima and Ayabe, 2007). 1 mL9 34 AlE(1 mgmL)ES Folin-Ciocalteu(F9252,
Sigma-Aldrich, USA) 1 mLe} &%} & 10%(w/w) sodium carbonate solution 1 mLE E&°] H7}s}
ot TF=2 AL20A 1A 933t F spectrophotometerS: ARESH] 700 nmoflA FFEE 57
sioick AR $ el Pe BEBUC plic acido] T AATHES F3l0] A&,
AR AR S mgd gallic acid BH(ug GAE/mME)CZ TAJSFITE

EAIEA(Statistical analysis)

B 7 2 9)9)5} AA W (completely randomized design) Q& & 33]9] ZE Wk Agog
AAEAL, BE HlolHe Br+ETEAHS.E)E FHSIT. SARARS SPSS Statistics(Ver. 18.0,
IBM, Armonk, NY, USA) & 73S o]85}0o] AYuj2] AKX (one-way ANOVA)T}F TA9] Tl
7 (Duncan’s multiple range test)S Eo1 F-4 AA(p<0.05)2 AAISIAH.



ui= A2 Q2 B4 JKeEsiE 23l FMs

n. ZAa ¢ oF
8 Mg Ji-Eol £
B (R, SR 2 94 Zguhe] Sl SRS Fig. 1o Leholt 1R
A EZLE v Aol diFH, S R S 9 EFES] pHE Alcalase 712ollE
oA Zkz} 6.61, 6.07 9 4472 SN, EFA 7IeEoE0lA 242} 6.35, 6.02 E 4272 YERY
ofT}. w1 ARS| E5o] ule Thubd Bapge] Rol4jel ol Ll hRHES: 1648 mylg0
7V w2 @ Soide vekd v, SR 101.6 mg/g O 2 THY W RS UERRITH
(p<0.05). ©]F9] Ao ool SRS °F 40%2] AW o 5 #8499 g=dlik(linoleic acid)O]
AR 249] 70% oVdZ AAISAIHPark ef al., 1990), T3} S<p< 7o) A Qb
Z¥ZF 18% L 9% 4==o|tKDoxzier et al., 2011, Liu and Rosentrater, 2012). W=HA], -S4 35 o|%
27140 ) B ANA) Qe 29 G A Aol REslo] 7ol W thkd o
2 el 2o 22, ofde] ol B4 9 ok 23 BHL Sl Tl 8a14S
277 TioeRe) B S} BTHE SNk W o SlkKin et al, 1994), BAH 71
59 240] Do FlRe) AR Bl YR 2ajHo] 2 e et AuEoR T
Tl 34 489 Aol Ao 2o Sl S olvisi i gege et
7172) w0l 2782 L |2tk Tavano, 2013), B3], B84 T Soo] ke B
YE= S (ageregates) H &= (precipitatesye Fgoto] T 7eEsiE A 4 Aot
(Zhang et al., 2023).
ey glao] S 8o B, b T R B 9 eRe) 2A@EL o 7Y
H1E, 2%, AR 3 pH 5)2 7Rl aed) 7i-EsiEo] AEAo] 9= riAle 8 8910]
CHVenuste et al., 2013). B¢ A2] Tl 7lapReles= Fig. 20] WeUQIH:. tiFel S04 9
S Zgute] I SRR 777883 81% 42001, UHR AR B U thild 7]
40 U2 7lRalEe] 9214 Aol} e Sal, SRStz S5 2] vat

200 100
OAlcalase B Trypsin
180 a P b
~_~ o) C C
29 160 b °\° 30 — _Q_ e _
on ~
E 1o 2
)
£ 1 S 60
- 5
= 100 >
— -
2 o
@ 80 = 40 |
£ v
S 60 z
5 g0
A 40 & 20
20
0 0
PSM DDGS SBM PSM DDGS
Fig. 1. Protein solubility of oilseed meals. SBM, soybean meal; PSM, Fig. 2. Degree of hydrolysis of Alcalase- or trypsin-mediated
perilla seed meal; DDGS, dried distiller’s grains with solubles. Each hydrolysates obtained from oilseed meals. SBM, soybean meal;
error bar indicates the standard error of the means. “° Means sharing PSM, perilla seed meal; DDGS, dried distiller’s grains with

the same letters are not significantly different (p<0.05).

solubles. Each error bar indicates the standard error of the means.
*¢ Means sharing the same letters are not significantly different
(p<0.05).
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o] 2& 7R =S UETHp<0.05). ol TEld -Bog(Fig. 1)ollA A3t vlet o] S/t
o] wro kil 23] oJgt Axte AlREch E7EoIA Alcalased] 715 oHE7} EZA] 7)
Folerrh 22 vh, diFela) FEo s Alcalase®] 7hRo Rt ERAl0] & 7lRafe

S BT p<0.05). itz AEAldle EHAl AAA(trypsin inhibitor)7} —LZHOVI iz

EA A A g

Aal AAAlS] =2de
UL At

83 AR IR

1) DPPH 2iTiZt A%S
4 5 40 ol 9} DPPR S oA
DPPH iz gAishile} 22 opia) o] 2
wpg(ok S1smmyolA BT 7

R AR e

w2o] T 7

908 1 2L B

T =

7}‘ oH
120
2 100 f
§ a
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SE 8 b
o - _2 ] C
= = —
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- _
= o0 60 €
& .S ]
oY
= § 40 g f
2]
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Fig. 3. DPPH radical scavenging activity of small peptides fraction
(< 5 kDa) from alcalase- or trypsin-mediated oilseed meal hydro-
lysates (1 mg/mL). CON, L-ascorbic acid; SA, Alcalase-mediated
soybean meal hydrolysate; ST, trypsin-mediated soybean meal hydro-
lysate; PA, Alcalase-mediated perilla seed meal hydrolysate; PT,
trypsin-mediated perilla seed meal hydrolysate; DA, Alcalase-mediated
dried distiller’s grains with solubles (DDGS) hydrolysate; DT, trypsin-
mediated DDGS hydrolysate. Each error bar indicates the standard
error of the means. ** Means sharing the same letters are not
significantly different (p<0.05).
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3tE Q2 5 kDa O[5t £2lo| SHits}

wofEol st BHE Whse el Ag
1980; Jao and Ko 2002). A tiZ0 2 ARESE L-ascorbic acid®] DPPH 2tz 445

ol B2 vlusie] fojHoR 2 Be EME}. ol

o) A} AR AR SO, SR S 7 S4

2 A5t A AlcalaseRt =&
2O Y I F 60T OVJ—J AP 37
(AVilésGaXiola et al., 2018) oabA], BE AlR S

2 71pRAES UERRLEhp<005). olde] A7) sk w4}
EYA S BByet Geka B vt gt

EYA Hefste] 7iRefEe YA 49, E
_/'\_ QL= AAsk Oﬂ;qg] _1_140] 7]— oH _g_goﬂ = 9TRe u)2 Ll

T2

¢
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2 Fig. 30 Yefich
) whgsio] Sz 94 9. 1 A% 57
45k B740] glom), e Balsin) Aol Saite B

SHH Yamamoto and Kajimoto,
2 94.56%=

< YERHSIE theog %ﬂﬂﬂw Alcalase @ EZA A3t 7[-Ha)E
S B3lo 77} 75.88% E 69.70%2] DPPH 2H]Z 4

5 Uehlo] ot gl 94 g
Qo] W=w 924 B
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~ 100 |

S

-

S = 80 b

=2 ™

N

£ = 60

<

/M Eo <

<5 40

>

=

7 I H 11
) [

CON SA PT DA DT

Fig. 4. ABTS radical scavenging activity of small peptides fraction
(< 5 kDa) from alcalase- or trypsin-mediated oilseed meal
hydrolysates (1 mg/mL). CON, L-ascorbic acid; SA, Alcalase- medi-
ated soybean meal hydrolysate; ST, trypsin-mediated soybean meal
hydrolysate; PA, Alcalase-mediated perilla seed meal hydrolysate;
PT, trypsin-mediated perilla seed meal hydrolysate; DA, Alcalase-
mediated dried distiller’s grains with solubles (DDGS) hydrolysate;
DT, trypsin-mediated DDGS hydrolysate. Each error bar indicates
the standard error of the means. ** Means sharing the same letters
are not significantly different (p<0.05).



U= A2 93 B4 JReEsE 230 St E

g 7R OHB_S: A2)gt Sl 7lpReiEe] AEA 282 0.5 mg/mL9] FEo|A 87.7%2
DPPH 2}t]Z 2458 VERITK Yang ef al., 2018). E3F Kim 5(2019)] ¢iLo] wj2w EgAlo
2 71=East —WHHP 7} ElE2] 3 kDa oJa} &2 0.1 mg/mLOJA] 36.89%2] DPPH =ttjZ 4

5= Uehlom, o]2fst %2 A7 52 3 kDa °]of] W2 EXJ&fl leucine, isoleucine, proline
9 serinesr X3 57 o] icAle] EAo] 7l°1°PE} 0]} FABHA Kim¥} Yoon(2020)9] A-ollA
S/ ERAL 7R oiEe] DPPH 2tz 752 7123f AIRPER(0-6417h 247 A3, Al
bl EPE WS 7= silou, 1A o] lL FoZQ1 Aot igiet. o]t oo A
£ 5 E71H 7=elE2] DPPH 2tz &7 5 7isl W27y} 0401{ #2l9] 2719
of3f FF= AL Kim 5(2019)9] AEofA 0110} Hie} o] AZAt Heto|=E50] F2 71
DPPH 2tz £750] 7|0 qittal F4Eth

2) ABTS 2iC|Z AHs

ukE ALR 7RRESIE 5 kDa oot £38]9] ABTS @]z AASL Fig. 40 VeI ABTS
g oA BA2 254 9 2 sikE 2ol 28 7hssh Akt 24 7o) @ ARSgE
THDryéakova et al., 2010). YA 2L = AREH L-ascorbic acidE 99.01%2] 5(}/\1'5} 4L YeR|
et B B AR 7REESlE 804 Alcalase Tt E-AIONA {94 0% &2 ABTS 2tz
A70] Uehyt). o]ggt Aak= o] 4] KimT Yoon(2020)2] HZojlA S EgAlo s 7]
Bafist 7} BIE9] ICsogte] 139.85 pg/mLE E7H} Alcalase 7P 2ol 1Csoft] 166.76 pg/mL

Hr}h &2 ABTS E}qﬂ 2GS Hl Zet Ak, EFAlY] oJs) 7ieEsiE 71 259
ABTS 2z 2A5L 74.35%2 tiFdlal 844 Z24ut 7} wofE 290 Hlsto] & +AE
LR 15 (p<0.05). o] @] e S7feke EYALC R 7liafigt 7iisE-2 2004 514
St SEoA] 85.53%= =2 ABTS 2tz &7 45 H3low, o= & AL9] Axet FAlsith
(Kim and Yoon, 2020).

3) #=d(Reducing power)

HHT AR 71ES)E 5 kDa oot £2]9] SR Fig. 50 VERAGIT 2helE BA2 A
SAI7E ARG A4S Folols 58S Hrkoks o ARSEH, EEo] 948 *ﬂ 700 nmof|A]
I Zro] =0k EXJo| UthDuh, 1998; Xie et al., 2008). FA] RO & ARES} L-ascorbic
acid= 0.619] 2rIEE UERiQIth E789H9] Alcalase@t EAl 7145 OHE HollA 72} 0.3, 0.29

2 ORI Zo|7t gilon, tiFatat £44= 279k Alcalase 7I=EolE £80] EFAl 7l
ShE EelHoh O30 &2 Shdes YEiIt ol Zhao 5(2012)2] AA Tl 7l
% EAI] Alcalaselth T &2 SlES Uehd A-271e} fAFstth ol2et Aile 7]
27 F 529 70 o3t B4 fEolt 2/Jo] gl IA RS miKlol 710 &= Qi
S0} 7 EelE £ di e S48 9] Vi RollE BElET fojFo s =2 3y
< YeRfQIth Kim¥}t Yoon(2021)2] Aol wEd thRLOE ARR3SE Trolox 2 BHT(butylated
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Fig. 5. Reducing power of small peptides fraction (< 5 kDa) from
alcalase- or trypsin-mediated oilseed meal hydrolysates (25 mg/mL).
CON, L-ascorbic acid (5 mg/mL); SA, Alcalase-mediated soybean
meal hydrolysate; ST, trypsin-mediated soybean meal hydrolysate;
PA, Alcalase-mediated perilla seed meal hydrolysate; PT, trypsin-
mediated perilla seed meal hydrolysate; DA, Alcalase-mediated
dried distiller’s grains with solubles (DDGS) hydrolysate; DT,
trypsin-mediated DDGS hydrolysate. Each error bar indicates the
standard error of the means. " Means sharing the same letters are
not significantly different (p<0.05).
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Fig. 6. Total polyphenol content of small peptides fraction (< S kDa)
from alcalase- or trypsin-mediated oilseed meal hydrolysates (1 mg/mL).
CON, L-ascorbic acid; SA, Alcalase-mediated soybean meal hydro-
lysate; ST, trypsin-mediated soybean meal hydrolysate; PA, Alcalase-
mediated perilla seed meal hydrolysate; PT, trypsin-mediated perilla
seed meal hydrolysate; DA, Alcalase-mediated dried distiller’s grains
with solubles (DDGS) hydrolysate; DT, trypsin-mediated DDGS
hydrolysate. Each error bar indicates the standard error of the means.
*f Means sharing the same letters are not significantly different
(p<0.05).
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