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Physiological Activities of Enzyme Hydrolysates in Ethanol Extracts from Sesame, Black
Sesame and Perilla cake
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'Dept. of Food and Biotechnology & Institute of Food Industry and Biotechnology,
Hankyong National University, Gyeonggido 456-749, Korea

Abstract

This study was investigated physiological activities of enzyme hydrolysates in 80% ethanol extracts from sesame, black sesame
and perilla cake. Total phenol contents in 80% ethanol extracts of sesame, black sesame and perilla cake were 11690, 102,20 and
141.90 mg/g, respectively. Whereas total flavonoid contents were 64.10, 32.00 and 13190 mg/g, respectively. Total phenol contents
of enzyme hydrolysates in 80% ethanol extracts from sesame, black sesame and perilla cake were 41330, 22120 and 409.10 mg/g,
respectively, Whereas total flavonoid contents were 36180, 103.30 and 34580 mg/g, respectively. Electron donating effects,
nitrite-scavenging abilities, ferrous ion chelating effect and SOD-like activities increased by emzymatic hydrolysis. The order of
Electron donating effects, nitrite-scavenging abilities and SOD-like activities by emzymatic hydrolysis was perilla ) sesame )
black sesame cake. And the order of nitrite-scavenging abilities(pH 1.2) was sesame ) perilla ) black sesame cake.
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S A O e 4S5 e Aol Kot
H % 1985, Miyra T % 2002), o]E0] & vpekst a7} 24
Q3 Aoy AlmHET Miyra T 520020 WF WE2AE
A HAES B-glucosidaseol] <J3l wlBANFEN 7L 7143 =
of vl Fel= HAgH, ojAe AW F5E Heh &l
sto] WA FejEoh 2o A Ytk Bast
Atk FH Fukuda Y 5(1985)S F @A 80% oleh-e
2 FZE8le] dojxl FEE| B-glcosidased ZEAI7 A
7}, sesamolin, sesaminol 59| A|&A lignan 3gHEo] IF&
2 dolgon, olzel PstERE Huadd. =@
Kuriyama KI9F Murui T(1993)%= 370 G2 80% oeh-&=

FZ3 T f-glucosidaseTr o 2 ZFEAIZ] ARTR= cellulase®}
B -glucosidase® o] ARg3l= Zlo] ¢ Eﬂ'ﬂo]qﬂ— aF3iet.
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1. M2 " AlRS| HA2

B Aol AR e, S 9 E0eke 2012
190l A7) SHA SHAIROlN a2 &R 7|8
S Ao g w75k 4otcold WE HAsEA AR
2 ARt

2. 80% Of|Et

258 H=x
e, e 9 S0k WA BA7I(KA M20, IKA,
Germany)Z2 40 mesh@ ZHF4] 7Vske] 244
1 RAA, oAFete] FAGES AT ARl AA
H AEE 40F1CoAN FAAZREFY n-hexaneE 2HA3] A
Agt F, oA AT #2129 AR 100 goll sHf
o 80% ole&S FH7lete] 3 %uolﬂﬂx]e ol-g3te] sAIZE
¢ FEeh 4o #2822 ofFHA(Whatman No, 2)2
sk e el Tl 8IS Jhstel S19h BT B
o= 3 FEdte] AlxzSlh o] FEES 40=1TeN
7Ht&Z(rotary evaporator N-1000, EYELA, Japan)dle] -2uf7}
AAE ol -75C e F& AN 24A1F 4 AR
T FZAAZI(freeze dryer, FD, TD-5075R, Korea)Z T2 71
zole] 24R2 ABRAN. FE 780l Sge FE
Agg Arel Agol e 232 1Yy el W

&l
3t & p-hexanes

[e]

=

S 2 F 22 983 A A 2907 A 435 (2013)

H 2 slodch, AzE 80w e F2E AEE UE
oAl HstEr Ao AHE3ESITE
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3. SRt 9§t EAUMrES FEE M

aaRd ol A3t E4F Cytolase PCL5(Bision Bio Chem,
Aspergillus niger®] WFEAA Aojz a4 AA
o] ™, pectinase, cellulase, hemicellulase, [3-glucosidase®] &%+
B AAOIGE, A, SR 2 S s oS
FEEE A 10 g& APt SHF 100 mLel =9 F
Cytolase PCLSE A AlZFe 1%E Yo &F F, 1 N
HCIS 7}8le] pHE 4002 @3 3 60Tl 8AIZHESH &
s o}OdI:]- AR E A|ZAL ethyl acetateZ 33] HHE
FZ3 & ethyl acetate &E-S anhydrous sodium sulfate 2
GFAIA  JF(Whatman No, 2)8F3itt. o] oF s 40x1C
oA 7HtEZ(rotary evaporator N-1000, EYELA, Japan)3d}o
7t A3 AA" deelA dot1CE FHgrizste]
FA40T)AA Bakshax] Aol ARg-skith,
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ZYHE IFPE FFS Folin-DennisH (Folin O &
Denis W 1912)¢]] ¢Jale] #415}9t}. =, Folin- DennisA]2F-&
sodium tungstate 10 g, phosphomolybdic d(ld 2
phosphoric acid 5 mLE 100 mL §% Zgtx3Fo]| ¥
T2 ALS F ARSI &4 22k w%t ﬂ% =z
ato] Algatitt, Aedlo s ARH FRE 7 mL, A
B8M100 ug/ml) 1 mLE YL & Folin-Dennis A%k 0.5
mLE 7}ete], AE3] 38 F9| sodium carbonate E3}-gH
1 mL, 2FF 0.5 mLE ¥ 725 nmol|X TFEE A3
g, ol EFAFITAL tannic acid(Sigma Co., St. Louis,
USAyS ARg3te] AAstelern, FF54 X—Véoﬂ o]&gk
tannic acid®] FEE 25, 50, 75 % 100 ug/mLoltt. F E
gilE ke A gF9] mg tannic acid2 YERNATE
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T ZthExolE ¥ (Kang YH 5 19902 A8-89(200
rg/mL) 1 mLe} diethylene glycol 10 mLE &3}, of7]d]
1 N NaOHEH 1 mL 7}ate] & &3k & 37CelA 1ARE
HEEAIZL %, 420 nmolld FREE SGskSlr) olwl BEA
gL quercetin(Sigma Co., St. Louis, USA)= Alg3&}e] =z
detder, BEE 2 o]&F quercetin®] FEE 50,
100, 150 ‘;-l 200 pg/mLolth F FEfElol= RF2 A
2 gF9 mg quercetin® & YERJSICH
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T2 =A3slux DPPHY| 93t HA}F S (electron donating
dblhty S AME Pt AAF5LE BloisHH (Blois MS 1958)
S 3839 DPPH(1,1-diphenyl-2- picrylhydrazyl)ol] gt Z}

NEEe sl AAveson Z4aun %, A4E
9] AlE89(0.1 mg/mL, 0.5 mg/mL ¥ 1 mg/mL) 0,15 mL
E 244 #Helo 35 x 10> M DPPH Ll (Absolute ethanol

solution) 3 mL¥} & Egate] Aolx 3011 ¥HAIZl &
57 omold SUEE Al SFsYCH, B B}
T AES gt dx27e FR=E 22 2Hox S5
B2 ascorbic acid®} BHTE o]|&35l] o} =U3H
BUos WATolsE ST Ani W ol
Agre chewt e AXA ofsl DPpH AR5 A

Aot deIARAE FEke AR TRV XV\P‘O%
S 50% FAAaAZIEH o3 AR5 FE(mg/mL)E ICoix
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o} A A (NaNO,) 2ATE

oIr
J

Gray JI & Dugan LR(1975)¢]
Wo g 2438klth £, 1 mM NaNO, & 2 mLo] Al2&
H(2 mg/mL) 1 mLE 7F8F3L 0.1 N HCI(pH 1.2), 0.2 M T¢I
FgEAN(pH 3.0 B pH 6.0)02 247} pH 1.2, 3.0 B 6.0

2 24% ¥ Wealg 10 mL2 . o] g 37T
PIE WA F 2 hgels 1 mid Hste] 2 2289

5 mL9} Griess A|2F(30% AN 1% sulfanilic acid & 1%

naphthylamine - 1:1 H]&Z 838t 7)) 0.4 mLS 7Fete] Z

B3k} o] 3t e 1587 Ao w8k T 520 nm
o FREE ke =Aste olAiEks Tt thET

= Griess/‘lok Al FHFTE 0.4 mL 7P‘}°4 5%"5‘}71] R
o} opAAd AAREL AEE ke A A7k A

$o] obaae WEER eyl

A-C

N = 1
(%) B

x 100

N: Nitrite scavenging ability

A Absorbance of 1 mM NaNO, added sample after standing for 1 hr
B: Absorbance of 1T mM NaNO,

C: Absorbance of control
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8. SOD(supeoxide dismutase) A

=

SOD SAFEASS Marklund S & Marklund G(1974)¢] 4
Me WAsel AU = AEmel ARgan
mg/mL, 2 mg/mL 2 5 mg/mL) 0.2 mLol| pH 852 HA3
tris-HCl buffer(50 mM tris + 10 mM EDTA) 3 mL$} 7.2 mM
pyrogallol(containing 10 mM HCl) 0.2 mL 7}s}al 220

Z

SEet U Svlet ofete FE20 gaxz|o 2 Mzizs 409
1083 WA &, 1 N HC &9 1 mLE FH7kete] vhe-&
AAAZ F, 420 nmolA  FHREE 17230}93\"/} o] uj
superoxide dismutase FAFEATL olgfe] 2o zXE 3}
k.

SOD-like ability(%) = (1- Abs / Abc) x 100

Abc: Absorbance of control at 550 nm

Abs: Absorbance after sample treatment at 550 nm
9. Ferrous ion chelating £o} M

Ferrous ion chelating &3 27L& Marcocci L 5(1994)9]
o R ZAstleh. AlE8Y 1 mL(0.1 mg/mL, 0.5 mg/mL
2 10 mg/mL), 2 mM FeCl2 - 4H,Oliron(Il)  chloride
tetrahydrate; 220299, Sigma, St. Louis, MO, USA]l £ 0.1 mL
2 de 3 oj0Rn Aedd WAl F 5 mM
ferrozine[3-(2-pyridyl)-5, 6-diphenyl-1, 2, 4-triazine-4',
4"-disulfonic acid; P5338, Sigmal & 0.1 mLE H7}3F t}&
Estel d2elM 1021 WA, 562 nmollM F3=
5 ZA3E. FEFEY chelating &3 ofge] 2o u}
g A= 3 giERTEs YEAHQ  chelating  agent®l
EDTA(0.1 mg/mL)E AR5}

Chelating activity (%) = (1 - Abs / Abc) x 100
Abs: Absorbance of sample
Abc: Absorbance of control

10, 4 =4

A A= SAS package(release 8.01)5 ©]-83}o]
THAR FAIBFAL, Faake] FAA oA p<0 07 I
oA Duncan's multiple range test(SAS, Institute, Inc. 1990) 9|

sl AAskAtt.

TEFE
1_.

A S o k] sov olEke FEE &
FEFig. DS 2 3.54, 5.53 2 38002 St F&
F&o] 7P =3kt Kim B SS9 HE, SHE A
27128 s WEees = }OL e FEFEe 474
2.7, 1.9 ¥ 3.0%°| 9tk o}&l, o ARA g A, 5
e @ EghakelA 9] 80% oﬂﬂ% #%%91 FET7go| 3
&, S7E 2 E75dAMY FE5EEY 52 o=
UrebsT TM XWHH‘ Sz 9 S7hdke] 80% ollehe
FEES ZaoEdEted 42 ZaRdE FEree 44
14.48, 10.71 f;-l 18.68%E, BE AlZTolA &hAg]d o
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= acid, galic acid @ chlorogenic acid o] $HrEo] Uicha 3}
s gor, od2Ede HEARS catechol, umbelliferone, ferulic

aARIAEY FEHL 47 496 mg/g, 5.92 mg/g E 7.10 acid7}, B84 Z2Ag HE2bdle syringic acid, gallic acid,
mg/go| L}, caffeic acid7} =] ot et
25 600
I Ethanol extract I Cthanol extract
[0 Enzyme hydrolysate — [ Enzyme hydrolysate
20 a E 500 F
- ] s a b
= ) S =
= b 5 40t
i) 15 - T £
s =
5 c E 300 b
= E
E 10 A 8 ¢
k3 S 2m}
w a E b a
5 ¢ b s c
= 1o}
°
I ' -
0 . ‘ T
sC BSC FC .
sC BSC FC
Fig. 1. Extraction yields of ethanol extracts and enzyme
Fig. 2. Total phenol contents in ethanol extracts and

hydrolysates in sesame, black sesame and perilla Cake,
SC, sesame cake; BSC, black sesame cake; FC, perilla

cake
““Means with the different letters in the bars show significant differences

enzyme hydrolysates of sesame, black sesame and perilla
cake, SC, sesame cake; BSC, black sesame cake; FC,

perilla cake
“Means with the different letters in the bars show significant differences

among samples with the same treatments, Values are mean®SD(n=3),

2. Zu=slel= o

ZejulEsdEe AEd e 2xHY Qe 23f ARt
o] SR okt FReb EAFE 7HAH, AR
phenolic hydroxy7|= 2F}E2IAIR] 54 e Ad i,
Favhdy Ze A BAsd Zdske dEs za gl
of, Bt B oA, A, A T oY AegAd
S YERATH( Jang JH 5 2007, Woo HS & 2003).

Ak, S 2 Sapuke] 8o olghe FEEo| F
=8tge HEFg. 22 A7 11690, 10220 3 141,90
mg/gO 2, E7M8te] ¢ 7P wokow, S3Nuke] - 7t
& st

Yoon SK 5(1993)& E704F 95% &g FE&
3}3HE Sheko] 93.00 mg/glo® Hidlglon, B
80% oErEFEES FiE IFE FgF oH
(141,90 mg/g)2 2 YEISTE Lee JH 5(2013)> E709] it
eSS e dHeA FPYER caffeic acid-3-O-glucoside,

luteolin-7-O-glucoside,
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of

I
'S
rlo
i,

caffeic  acid, apigenin-7-O-glucoside,
rosmarinic  acid-3-O-glucoside,  rosmarinic ~ acid,  luteolin,
apigenin 2 chrysoeriol®] 97 3FES FATIATIL HE}
%tk Cho HSSE Ahn MS(1999)2 €A Fut Zo #HE2te]
s S 29, 7Eld, =Y, 584 Heitel 47
246.8, 109.6 ¥ 85.8 mg/100 g &, fFEl¥o] 7P} =gkon,
F2]8 FsAboll= umbelliferone, protocatechuic acid, syringic

S 2 F 22 983 A A 2907 A 435 (2013)

among samples with the same treatments, Values are mean=tSD(n=3),

g3, e, e 9 S0 8o dlERE FEE
arAgste] A aawdfEe] & dssidE e 4
413,30, 221,20 % 409.10 mg/gC 2, EE A|EToA &4
o ofaf FHlEstE kol SUkskem, 53] ute]
BF M w2 SHES Bt aads FEEY Fos
soHE TS 80w dlerEFEEol Hlsl FAuke] - 3.54
v, E3Aeke] 79 2.160, E7Mube] A, 2.88u 7Kg
Ao it

olgfgt Ail= &4 Fo dF AEo] dAsA =
2 A% ke wBAREY e ZejsEsigiEe] fEdos A
SEo] &Fo] Gols|AAY HAute] EAlet= wiEAE
= e e S3Etely SR o %7] wiE
ol Aoz Al HrHRhee YK 5 1988, Dewanto V %5 2002,
Turkmen N % 2005).

Fate] EAsh= A D o] H=sHEEE sesaminol
glucoside, pinoresinol mono-, di- @ triglucosides, sesamolinol
di- ¥ triglucoside o] YHA JrHKatsuzaki H 5 1994,
Moazzami AA & 2005, Katsuzaki H & 1992, Kuriyama, KI
S 1993).

Moazzami AA (200602 65%F FNE oz &3k 3
kg 80% oghgs F=3 23, AT 100 ¢F 5-232
mg(98+57 mg/100g)9] sesamolinol diglucoside”} 7A&E Tt
3L 3F¥le, Miyahara Y 5(2001)-& Z70EF 100 g S0l 790
mg?} SHrelo]  dlem, olE

sesaminol  triglucoside”}



sesaminol BIRA|+= Absidia corymbifera®l &3+ w|AE TiAL
waloll o tiFE R E o] 63%2] sesaminol® 3]

ATFAL BF3IT
3. & ECtE0|=E2t

el S 2 Sk 80w EHE: FEEY F &
ghR ol =8bek(Fig. 3)S ZH7t 64,10, 32,00 % 131.90 mg/g
o8 Ezfule] A9 FZelno|=o| ko] Asulml T3
Wﬁ‘ﬂoﬂ Hla & o= yehuth E70 Sl rHol 3l
= ZglESo|=EARE 0 2= luteolin, apigenin, chrysoeriol %
o] 9lom, o]5 FalA luteolin® A2 o AeTA
o] 7 Ask Aoz d#A drH(yamamoto H & Ogawa T
2002, Jung MJ 5 2001),

@, B, SR 0 S FEEe HareEe
T ETiHol=9 e Z47F 361.80, 10330 R 345.80
mg/goR Autel A% bt Ee dUE el W, 53
Aukel A% 7V WA Uehdth aiRsEe] & Eepuw
ojl=e] FF2 80% olehE FZE| HlE| Fute]l A%
s, FRNetel A% 323, Blurel A% 2620 7}

a3l
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I Ethanol extract
E [ Enzyme hydrolysate
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Fig. 3. Total flavonoid contents in ethanol extracts and
enzyme hydrolysates of sesame, black sesame and perilla
cake, SC, sesame cake; BSC, black sesame cake; FC,

perilla cake
““Means with the different letters in the bars show significant differences
among samples with the same treatments, Values are meantSD(n=3),

4, DPPHO|| 2Jst MXIZ0{s

DPPH(1,1-diphenyl-2-picrylhydrazy) &= 3}3H& Ah FA
o] ogstE T2 radicalZ ZABANE, vRSA A AAE
sofstd afrol Aol glojAl= 5Ado] Q7] wlEel o
THE] FAHES 517 nmol|x] v AgeFste] Ao WA
Fo%5(electron donating ability, EDA)E &A% 4 o} o}
g AAFASL free radicald]] HAE Fodte] AlE 9

Jlor

o4
T

a
Iin
T
=2
m
Mo
19

F£20| aixzl M2 M2y 411

dg] AR-Ha §lok(shin JH 5
2005).

A, 230 2 St sou olee FEEe] DPPH
of o3t AAFoIF(1 mg/mL)S AT AIFig. 4), 7Y
(50.26%) y F7HH26.02%) Y ZZAMEHG66.53%)2] £o 7 B
kel AS 74 o025} gy)r.a Ueldch E70uke] 80% o
Be 2250 AANFATL YZTFE  BHT (69.37%)9 H|S
32, ascorbic acid(97. 77%)1‘3]'1_ we Z0F Uit
e, E30e 9 S0Eke] 16502 ZF7E 1.00, 2.06 B
0.71 mg/mL}At}.

I O.1 mgfml
1 0.5 mgdmL
100 | EEE 1.0 mgémL ad

80

Electron donating ability{%o)
o

b b e b

AsA

SC BSC FC

BHT

Fig. 4. Electron donating abilities of the ethanol extracts

from sesame, black sesame and perilla cake, SC, sesame

cake; BSC, black sesame cake; FC, perilla cake; AsA,

ascorbic acid

““Means with the different letters in the bars show significant differences
among samples with the same dose, Values are mean®SD(n=3),

A CY BO992E AFH AR WA L S
o oME F2Ee] FunANE M A%, At &
71 SRt o Bk sl B el §A18 A
At

S8, WA, S % B 2EEe] AR Rl
AAF (1 mg/ml)yE SAHZAINrg. 5), 47 93.18, 75.87
9 93 91%=2, E704 > Fut ) S3fuke] Foldth 1
U ek S gke] fold Aol gl Ao ekt
P ( 0.05). et EAEE FEE ZaREY A
FoTL ascorbic acid(97.77%) X} SEEA|RE BHT (69.37%)
urke Ee ow vekdth S WA, SR 8
B FEE] ZARAEY 16 747 023, 0.60 3
0.20 mg/mLSt}. Kang YH %5(1995)2 ARl AwHE
o8 FE/b 45Pel wek FKat sgon, duy o
acidFol| A
hydroxycinamic acids®l|4] hydrocaffeic acid, flavonoids Z©|4]
© (Haatechinfi7t £ AAFATS Yepiglon, 4w
ofse Bglelo] 2 o] ¥ grow Yehitka sl
DPPHOY| 2]8F radical AATAL Hal, ZelHyol 2 Z

&  F  hydroxybenzoic gallic  acid,
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I 22 0(1 0 mg/mL)E Zds ¢ =2
Hico|Efto] =2 A8dFE vy 52 *‘ﬂ%ﬁli X
ST FHs @Y 9 FEEEE0E T
7} Y = 0.9812x- 70.473(R° = 0,9334) 2 Y
0,3799x-18,721(R = 0.9036)°0]Ytt.  IH FARIHNEESS A
A F (1.0 mg/mL)F FoHlE IF 2 g——‘i-r’/}EL:OIE sk
o] AAAAE 24 Y = 0.0929x-55.327(R’ = 0,9997) % Y

= 0.0702x-68.677(R* = 0,917 oe-&FZE] ZALH} =
2 JABAE B

s

100

a0 -

B0

40 b

Electron donating ability(%o)

0 4

AsA

SC BSC FC BHT

Fig. 5. Electron donating abilities of enzyme hydrolysates
of sesame, black sesame and perilla cake, SC, sesame
cake; BSC, black sesame cake; FC, perilla cake; ASA,
ascorbic acid

““Means with the different letters in the bars show significant differences
among samples with the same dose, Values are mean=*SD(n=3),

oA Al2w, A3 oF1#e| nitrosos} BHE-] U
A WHFEAQl nitrosamines A 4 Utk
3 AAle 540 glot grdelut ufjolx] Az
U Aol o3 ofFitgoe s FYEo] ofAEY B2
E248 YeRdth(Peter FS 1975, Fiddler W 5 1973).

WL S L Sl s A, S o
e s AR FEEe e LAes SE 4
o

IHFig, 6), pH 6001]/\1 ¥z 7.01, 4.47 2 5.54%2 LERE

™, pH 30014 Z}Z} 20,40, 14.86 % 16.35%%2 UEFIL, pH
12014 247} 38.46, 15.38 2 34.15%=, pt7t Sopel] me}
oA iﬂbo] =olA]E= AL HYok  AAFHel ofA
A a7 pHOl ARl FAE ) EA ) SRt

S 2 F 22 983 A A 2907 A 435 (2013)

TOE Ui

100

N pH6.0
1 pH30
I pH 1.2

a0

60

Nitrite-scavenging ability(%)

ot ee d a

sc BSC FC BHT AsA

Fig. 6. Nitrite—scavenging abilities of ethanol extracts
from sesame, black sesame and perilla cake, SC,
sesame cake; BSC, black sesame cake; FC, perilla

cake; AsA, ascorbic acid
““Means  with
differences among samples with the same treatments,
mean®SD(n=3),

the different letters in the bars show significant
Values are

el S0 9 S 2R SARsEe] ofF
2 aAs EA3AI(Fg 7), pH 6.0914 22 1527, 6.40
\:v_ 1

7.38%%2 YENSAL, pH 3.0 SHZ23 247 37.31, 25.07 2
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