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Summary

Optimum conditions for enzymatic hydrolysis of purified rapeseed
(Brassica napus var. Youngsan) protein were investigated, and some physico-
chemical and functional properties of its hydrolysate were determined.

Pronase showed higher activity in the hydrolysis of rapeseed protein
than Alcalase and Neutrase. Preheated treatment of the rapeseed protein
decreased the activity of Pronase. The degree of hydrolysis of rapeseed
protein was greater in distilled water than in phosphate buffer solution.
Degree of hydrolysis was reached in steady state after 1 hr. Optimum con-
ditions of the hydrolysis of the rapeseed protein were 40°C in reaction
temperature, pH 8.0 in substrate solution, 1/100 (w/w) in the ratio of en-
zyme to substrate and 1% (w/v) in substrate concentration for Pronase, res-
pectively. At the optimum hydrolysis conditions, km ‘values were 3.484
(w/v).

UV and intrinsic: fluorescence spectra of the hydrolysate showed the
maximum absorption at 274nm and 360nm respectively. Intensity of yellow co-
lor decreased in the process of hydrolysis and the surface hydrophobicity
decreased up to fourfold. The main bands of hydrolysate oy scdiua dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was observed at
14,000 to 12,000 dalton molecular weight. Solubilities of hydrolyzed
protein increased by 10 - 15% compared to those of unhydrclyzed protein at
acidic pH. In the hydrolysate, while absorption of both water and oil, fuam
expansion and emulsion stability were increased, absolute viscosity, heat
coagulation, calcium coagulation, foam stability and emulsion activity were

decreased,.
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A % ¥ BE (Absorbance )

ANS 1-anilino-8-napthalene-sul fonic acid
BSA #mEdE 9l (Bovine serun albumin)
DH huk 43 BB B (Degree of hydrolysis)
[E] B EBE (Enzyme concentration)

Km Michaelis constant

ME 2-Mercaptoethanol

Mw 4y F & (Molecular weight)

PAGE Polyacrylamide gel electrophoresis
Rm WY B EE (Relative mobility)

[S] T A ¥E (Substrate concentration)
SDS Sudium dodecyl sulfate

SHMP Sodium hexametaphosphate

So FE B K ¥E(Surface hydrophobicity)
TCA Trichlcroacetic acid

Tris Tris(hydroxymethylamino)methane
LF E AR B(Ultrafiltration)

Ly o (Ultraviolet)
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I B @&

HWREE AFE Aoz it dofoly wWeol auiE 2 = Sl FRYU &
MR 22 shuelch 23y mRERAM 71E8S =W ¢ Fo] mEm
2 o 43%2] BABL ¢Astn Aoy A F29 S HRE BHE &
Hi gle Axo] B, AREABSE o885 B3t s AFelrt 2
ol WEMEAEAE FE mEK BAHY R olvl:=4td methionineo]

E51A gh=o doo, H3| lysineo] FH3tA FolNUL(El Nockrashy &,
1975), olmjxAl 2AMo] HER = 1A 5+ BHEoleli(Sosulski, 1973)
ote{# olch 3} Sarwar 5(1985)¢] MEMEAE clE oA HAESS ¢
oy EAo chslel vl AHEY Aol ostd mEMEAES TR /J\EA
2 MBEHAM dojd BABHCTIE YA 53 £HEAHEY casein2}
= 3 E3o] Al riw jath EY AMKBMN BEE TolM: Ko U # R
ik, AEAEAY, BE SoM ATEEAERCH $45132(Sosulski, 1983), ¥
Z72 AES AH2Y ¢ Ude F2 784S AU Ak 2L XEE A
3l WA BEE S mEEARS AYAHLE ol&FHA X3tx oled,
2 o] fE Qo] AEE glucosinolatert T-HEQ] o1, EY WMWMESY F+E
#| 8} 3l phytateZ} 2io] ¥-fElo] 27| wiFel|th(Erdman &, 1979: Clandinin
3. 1981). F 5(1990)2 SHUAAIY BAHEBES BMEMKSIL RAWRE(100K

) 5% Ae|slo glucosinolate?} phytateE F&3] AAY 5 3= HWREB
He MEFES A At

EEEY Al S8 7HE3la AZR3ALU ARt S &M BB
B A Auisle FH4o2A A Fe FH d¥E nlHckMatil, 1971).
EAHEY ftdol 482 71X dx2E &, o2, pH, BE, BtEx, K
B5. Bk, B 5ol alch o] WS Kk, S BRE ER AWd,
AEY, mBE A, HEE WEE BHR 5(Nakai2l Powrie, 1981)& ¢
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st=u) BEM HEdE 12 A2 EAEY oWy %<& njich

ojeld BABS REEME o/ &3t siNe AEel 1A e Rl
& HAs] o|&sjof & Layt gtk U BAHuich Uile HkEE 2§
7212 A= AY gich mietd ol @il F MY FAY SIY Bl U
sl wto g w&Alvl: MEEE WA Fikol WY A7t s B2
olt}, AREBAMEY Mg HiAds Wi HEM, LBK U MR 6
#fio] olth(Pour-El, 1981). #ME B st A @dte] Atd3tol ol o
L3 glov} nTe) #fEl AL Zichsly] olYPch ulebd {LBHYy, BEREY
ool 232 AL S} (LB B82S tryptophan, cystein T2 U ofn|icite
&4, EE lysincalanine ZL S4B A4 T sigydel =2y oI
(Desslie®} Cheryan, 1979)ol BESKRY o]l F2 A7 A2n(Shukla,
1982), 53 BAMES ol &5l BHHE BEHS FRleE W2 A7 A
=53 alch

BEEoll 23t peptide A¥e] K4 M carboxyl 7|\l amino?] @& Wik
2] %7}, peptide At&el 2apar 74, Az a1 wid §& dodled o
2% peptide A Eole ASEAKS B WA cHPhillips and
Beuchat, 1981). Eg3ol 23 HAKY tmALME BEAEY #8843 4388
Z7IA713, AlZe) M HIALNoZA Ayt o|8H £ ot FI
ol W BAH SRetET) ofolAAY, VEL tF AE WS §EE £0]
3oglom, o]yt AL WIS A AEe JELE AMSH ¥ ohY
g} gtz ogw syt 7}s3lti(Beddoes®} Steinkeraus, 1976).

YUty o ME RES MX M MR RE BE o XE &H 59
IS & T Blgof o) Ayt ATEAE (Desslieg} Cheryan, 1981 :Kang,
1984), casein(Bliss®} Huttin, 1977), olmjAatel(Z 5, 1991) Foll chisiyE

2 a7} o] R ¢lol}, MEERAES BEE U REREA 3¢ 47
= AY e dAelch

MEBRAEY MK B AL 2 A Harpansson F(1974)2 R WIKE
BB S pepsint papainSE fKSMEINA Bl MASMEHS BHEE, od

rizx_



A el AZS BHRES 2711200 carboxymethycellulose #& REH
A2 AEAL} YA KEHS F7HZckn 3tdch Lacroix &(1983)2
pepsin?} trypsin©. & KM F BARBSI Soi3 KLy TR KS MY
& 4RIt casein BT} £ BEE 4382 caseinz} @ o]zt glglcta
ot} Ponnampalan 5(1987)2 otM&e{td MEEAES trypsin?} pepsinS 2
mASMUCSH mEHE BAES 70% ol 7Rt Rastdey Sy
A olof izt A7t AL ¢l Yot

whety 2 Aol s REmIMOZRE F 5(1990)8 HHol ot s,
Huste dojzl MEEHES BERE mASMSHZ] 13 K# Bkl cisty 2
E3tdeon], ol MHE KoM Foiz mAHMp BELBH HHE F W U
BHEEX 2YEY, KEHKHE, ¥EE, SIS-PACERH T& FAs, EI o
Kool @tEd S K, oHBl BFME, B U s REH Ko Wt BRI
W, AEA, ddAE HHS FFstAch



I #8%%E

MMl Al Aateto] 7}A vl Brassica napus(Youngsan)F& AlFolA
Qsto] B/t Ea HHBE AZ5lo] o 10mesh2 MR F MU} Ao
olsfA AR MASIT Aol HEEE 1Kgoll thdlo] n-hexaned 2 14 7}3}
o 447 MIEE 43 W2 ¥ AEsD, AXY HEMS TlA] 60nesh2 B
slo] MBS WSO A& HCH

2. WMEEHES WE

WEEGES] M, BNS F 5(1990) W wiet AAlstdch &, #
I 508 1% SHVP B (pH 8.0) 1 lo) YolA & AHojFHAM 1A T 14
Z23l3, 2°C, 10,000 x gollA 208 B WAlEelstd, 22t £&2 14 £2
AL 1% SHMP ESgE S0O0mlo] cThA] & PEIIEA 0E F¢ FESIL 2C,
10,000 x goll A 2087 Al Ee|ste @2 1, 2 45 A& ¥shei(1,500ml) 2N
HCl €902 pH 3.52 SAA HAA F L4&e(2°C, 10,000 x g, 20&)3}
o, A S 1500l FF5(pH 3.5)0l Y3 Ultra-Turrax homogenizer
(KarlKolb, West Germany)& A}&3}ed 10,000rpmoll A ¢t 285t HA 3] HEHA
) ¥ chA] fAlEel (2°C, 10,000 x g, 20F)3todch HAY A g FFRo
(500ml)ef) 2 HEIZE ¥ IN \aOHB® MO pH 7.5 ZAY ¥ FRARB(100K
Da.) &3t FAZAZsIcHFig. 1).

+



ERTIEAAN BAMEA BiEd 123 BARBB= Pellicon Lab Casset
System(Japan Millipore, Tokyo)g& Al&3sle F2 BERSE 8&3IA2,
Pelliconf(membrene)2 2088 4 F &R R (nominal molecular weight cut-off)
100K Da, B& Alg®on RMATHES 240cn?(60cm? x 4)8 UYAF3HA 3t
RBEHS MOl 2Kg/cn2o] HEE 2 At 13 RARE BE A0S
WA golo] Ryt 50% LAY wizbr] AAlstadct

Defatted rapeseed meal
Extract with 1% SHMP two times
at room temperature
1st extract for lhr.(meal:buffer, 1:20 w/v)
2nd extract for 30min(meal:buffer, 1:10 w/v)

Centrifuge(10,000 x g, 20min)

|

Supernatant Residue
Adjust to pH 3.5 with 2N HCI
Centrifuge (10 007 x », 20min)

Precipitation Whey
Washing with dist, water (pH 3.5)
Centrifuge (10,000 x g, 20min)
Dissnivit. and neutralizing in dist, water(pH 7.5)
|
Ll{rafilt“ation(IOOK Da. ) concentration

Freeze drying

Rapeseed protein

Fig, 1. Preparation of rapeseed protein,



3. kM Ik

1) ok RE BRH

Ak Re] BE eSS A5t eis) #R, B, pH BE MR RE,
EE BRE 58 Welstn dAAL A AN ¥ ko REE FPstact
(Table 1),

Table 1. Reaction conditions for enzymatic hydrolysis of the rapeseed

protein.
Enzyme Pronase, Alcalase, Neutrase
Solvents distilled water, phosphate buffer
pH 5.5, 6.5, 7.5, 8.0, 85 9.5
Enzyme concentration(mg/ml) 2
Incubation temperature('C) 25, 30, 35 40, 45 50, 55
[E] 7 [S] (w/w) 1/50, 1/100, 17133, 1,200, 1/400
Substrate concentration(%, w/v) 0.5 0.75, 1.0, 1.5 20, 25

(1) R A4 dudyE B3l o3 7 EOMRE BEIN
oL EMo)HA AtgdAoeg o]f 7l%5¥ Pronase(Calbiochem, B grade, CA,
U.S.A), Alcalase(Novo, 2.4AU.g, Denmark), Neutrase(Novo, 1.5AU/g, Denmark)
o] ths}ol casein(Sigma Chemical Co.)., egg albumin(Hayashi Pure Chemical
Industries, Ltd. Japan) % WRXEAEBS EZHESIH HEA oyt BMRE#S
th2} 2ol A stadct EY XKool chy #E 32AE R7] $3l] mRE
3 Az} gt AL vlastedct XK 23S sodium azide 0.01%& X3t 0.01M
sodium phosphate-citric acid R%E#(pH 7.0) 200mlol] wol FZRAtolA 100



'C, 3022 7tE EE IdlE &3AU £ 3wlF AEBe Wil 40CY F2
oA 1087 BY& FAIT ¥ B XHES &7} 1:100(ww)o] HES BX
7t 30232t ks RSt ks fE4poll 20% TCA 8 3ol & 713te] 302
A2olA WA F Fhatman No. 2 ARG AE3ld st o] FFdS
280nmoll N BEEE SHst] MR FHES th3at 22 Ao g3t Aatst
(Cunningham, 1977)

N ok

32
2

(Sample Azg0 - Control! Azso) x 1000

Units/mg enzyme =

30 min x mg Enzyme

(2) 45 9 pH: REE2 ABKY AolHE B7] 23ty MEERE
288 200ml&] 0.0IM sodium phoshate-citric acid (pH 7.0) = XKoo} =of
R EH KE 1:100(w/w)o] HEFSII 40ColA 30& UAHLz wb-ZAI2L
< Helsin mKSMES £35S, pHe ABKE BRKE AL&3te pHE ¢
2|3t 40°Coll A 1412 whe N K MES &3 3ldch

(3) BE % MR MEEE: BELS pH 8.00]A4 5C HHL22 142
RhSAl ¥ MASMEES S3stAch B HEAoE AT g BERe
MEERS A8t & ub-g7|ol Pronase MK (2ng/ml) 200m1 & 7}5ted 40
C. pH 8.022 ZHY r}F WHSIIEHE BMREE AEE 0.150l & 2331
pH 8.02% ZAHH 1x MEEARE 3ol TSt 30 ¢ U204 ok #
A ¥ kS MES S3stAct

(4) X o EE AE: ¥X 3 EH BEe] 23 278 Yolis] 9
3lo] ZH4E BIKE 3o pH 8.0, 40°CollA B¥Fe} HES HE 1:50, 1:100,
1:133, 1:200, 1:400(w/w)Z HIAFIEA 1A BHAA MASMES &3}
A3, ZE BES 0.5%(wv) 2408 KB RES €23l 147 95
KMES &3 stact



2) ok MES &%

HWEEAE S0 MRE YolM 2MAIY mKI MY 3nlE 95CY §F
oA 583 MERESIY MRS AEHAZ S 20% TCAEY 3mlE 713lHo
A2ollA 308 LAAFI QAE2](4,000rpn, 102)% F A5 mE@ES
E&S micro-biuret ¥y 02 ZM3todti(Itzhaki 2} Gill, 1964). ik MHE =
chet ol viehjalch

hoxd EAHE
Ky RREE = x 100
REAE

o] wj tEHELHES 10% TCAZ Yol BREIA] Ue= BHEE st

3) BHB BER &%

WEEAE £4(0.5, 0.75, 1.0, 1.5, 2.0, 2.5%)oll BEF} XE] W7l
1 100 (ww)o] S|£E KRS 715l pH 8.0, 40°CollA 1083 ok WAl A
BRIEHS &Fsich. 1 REREEE 58 280nnol 8] BREES F712 U
ERR, Ko ¥ REEESL REBRES &3l Lineweaver-Burk plot&
YEMSt] Al4rstedtH(Lineweaver2} Burk, 1934).

4. kS EH Mz

i, BMY MEEAHE 1082 1 18] FF5ol wo]il IN NaOHE 7}8}o] pH

8.028 ZAINT 40CY H24RoAM 2027 HYE FASIGcE o o

_10_



Pronase £ (2mg'ml)& BEE HEel H7I1 0 1000] HEE XEEHKA 713
¥ pH 8.02} 40°CE RAISIHA 12 kG EY F SAARSY hKkIBYE
Apg-stadct,

5. mAkSMEAHS BB U BEN ¥4 £

1) toksrEpel siosok
Ko, BEES. BEHE ¥ A0AC “H(A0AC, 1980)0f uwhe} M Ajstadct

2) W AYMEY &F

REEAR 0.288 st 4zt E2}A 0] Y32 0.1M sodium phosphate-
citrate BEH(pH 8.0) 20ml & 718l =ofA 1% ¢hlAl o wbE 3 ol F t}
Al 10812 A8t o 2}x](No. 2, Toyo)2 o 43t o ed& Unikon 860 spectro-
photometer(Kantror.; & A3l 250nmoll Al 400nm7t2] B¥ES A s)aict

3) @BEE®|¥X A¥EH ZA(Intrinsic fluorescence spectrum)

M EOHE 0.25& Fatsto 0.1M sodium phosphate-citrate #8 % # (pH
8.0) 20ml & 713t H moli o] 8AE riA] 10u)E M3l o2}x] (No 2.
Toyo) 2 o 2}3}t of 2}l & fluorospectrometer(Perkin-Elmer Ltd, LS-5)& A}&3}
o} 280noofl A A sl 300nmoll A 400nm7hx] &) BAHBHUS FH st

4) &F 33
FARZRYE A BHEE BXYE 202 fel FF L0 QolM Mzt
Zil(Model TC-1, Tokyo Denshoku Co. LTD)& A3l FEE(Ycir)E SAs1A

1=

-11-



5) kM BiK#(Surface hydrophobicity, So) &3&

Toro-vazquez®} Rengenstein(1989) ol uwlz} H¥ EARK 0.23< B
3led  0.IM sodium phosphate-citrate ¥ (pH 8.0) 20mlof] <ol o] &S
THA] 108k 2 3)A3ted 0.1% thd gAg ghEol A o fA](No. 2, Toyo)Z2 42}
3t ool micro-biuret ¥ (Fig. 2)28 wh¥al %5 0.125ng/ml HA 23
¥ t}-2 8uM2] ANS(1-anilino-8-naph-thalenesulfonate) 401§ 7}5to] 375nm
o EEAEIR 3t thF 470nmolH <A E(0.025 - 0.125mg) & HEA7IH
HYEXUS &35 BREE HA(Linear regression equation)ol 23jA
A HRAE F3ta 2 1&71e] o) So k& Tt

6)  SDS-PAGE 4#7

SDS - PAGE(sodiumdodecylsul fate-polyacrylamide gel electrophoresis)+=
Kang(1984)¢] ®tof miat 2 232 130 x 1 x 120(mm, ¥ x D x H)o]H, slap
A& whEo] Aystalch Ao BRBET 13% acrylamide AEA M Zole
100mno] o A7) &EHKS pHie 6.82 ZAstarh ApE2 S0ulolny A8w
6mA2] HFE AHE3te] 841 T AN A AMY AL 0.25%
coomassie brilliant blue R-250& AMR3lo 12217t 5 ¢t dMAlZion, Ya
Ty (G F R 24 2:201, v/v)& AR Sted 4lA|BtalTt Gel scanning
2 WIHE 550nmol] A Dual-Wavelength Flying-Spot Scanner(Shimadzu)& A}&3}
of HNBBE (Rl utet 5 TRE FPsHATL £ FFRE ST 215
Molecular Weight Marker(Fluka AG Chemische Faborik CH-9490 Buchs, Mw.
45,000 - 14,300)& A}&stich

7) pHR BME

¥ EAHE 0.53F 50018 FHol woiA of £4& IN NaOHZ pH 10.0
o2 ZAY th 2V HCIE 7HRaL & pHE 9ollA 2712 223t o]
£ pH HE 2ml% 2|3t Al@ ol ¥ 10,000 x g oA 10&7 LAd22]3)

o @2 A5 A& micro-biuret YU E FYstoct. EAK BHME TUL pH

_12_
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= 0.0004 + 0.2237X
r = 0.9993

Absorbance (330nm)
o
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o
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o

0.5 1 1.5 2 2.5 3
BSA concentration (mg/mi)

o

Fig. 2. Strandard curve for protein determination by micro-
biuret method.
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100X 2] BRMES 1002 stof pHoll citt BAE XMES Lehich

8) KE 53

B EEH 1.0g8 ¥3oted vlojsio] Y FH/4 100018 7hsted 1% T
WA §AF ThEolA 20CollA Ostwald BY(Kimax, No. 50) ¥SEIHS A1&5lo
B BEHS RNKES Systdct eNKES e g2 A gstdg U
Ehfolct

P2 x t2
n2(centipoise) = 7, x
A1 X 4

1 BEEERE B o) RMEE(20C) 72 0 At MHKE

1 MR 2o WE p2 1AM BE
1 MR o) BTRER] tz 0 ARt HTRR
9) e BEH®

da REMES Kang 5(1988) %ol whel Bp BAH 0.2:8 20018 3§
ol ¥ o] & 5nl1& 23t 60%2] CaClz(w/v) 0.08m1E 7}5tod vortexgine
mixer® Z 43 4,000 x gollA 2082 QAL2sld A5 Fo il gag

micro-biuret W¥ o2 XA st}

10) # ®\E%

Kramer2} Kwee(1977)% ol ule} #¥ EAE S 0.58& 50mle] ZH 2o
HoiA o] & 10nlE 23t AlYBo] Y 2082 BZ2EHI100C)ollA 7} 5}
o G2oA MY F o] £ 3,000 x goll 4 2027 QAIE2sle] QL ATy
39 <A & picro-biuret WY o2 ZFsdc)

11) K4 9 # BigH
K3 BRKANL Convay unit (KITEG)E A&3td UiZol 38 EEE S0mg

-14-



& ¥3 Rl FF4E Yol Unsle] Aol 2412 T FAR F Hsel
E29 ke &S FASACL KD RS 1.0z Hbtol F2Y k42 &
& g2 Jepdolrh

M RIS Sathe(1981)58) el 23l 1.0g8] MEtel 718
10m1 8 22} 7}3td vortexgine mixer® % 431, A4 3023 FAR} ¥
4,000 x golld 2087 QAL L A5Ye] HI§ 1wl £F MAYHE
Abg3te] FAstch M BUHS 1.0g8] HEpel FAY K+4718 FuE
nl¢2 Yehyodct

12) AEA

Hsu 5(1977)¢] Wyo whet ¥ ERE 0.55& 50018 FFFol ¥4 o]
£0)  20m18 2|8} Ultra-Turrax homogeniger(KarlKolb, West Germany)Z
10,000rpmoll A o} 302 B¢t A WEY F FA] 1000l £F HAHAT ol Yol A
3 Rug &3l A20lA 1412 WA F AZEAY & FHI AF
REESE epjAct

AERE ¥4 Fu(ol) - AEHE A2 ¥3(n])

HAE ke (%) = x 100
AEYG M H1|(wl)
124178 2] AE $3l(al)
AE &2H (%) = x 100
2z AE Ful(ml)
13) oEd Kt

Pearce$} Kinsella(1978) ¥hHoll wiz} ol WA FE##8M (emulsion activity
index) &, olE A RE# (enulsion stability)2} o @A MEE# (emulsion heat
stability)& Haque2} Kinsella(1988)¢] %ol £33t &Astact. MM HAE
0.2g& 0.0IM sodium phosphate-citrate R (pH 8.0) 20mlofl o]l o] &

-15-



1201 #]3led vlolAHo] Y3 8plel 454718 718t Ultra-Turrax
homogenizer(KarlKolb, West Germany)Z 10,000rpmoilA] 20 ¢t 3t HElg ¥
o] £ 50u1F 2|3t AlPHoll Y31 0.1% SDSLY 4.95mlF 7}¥ ¥ 600nmoi
M BEEE &5t o} RERSE EAISIACH

2(2.303 A)
FLEH(n?2/g protein) = ——— x 100 x 10-4
d C

A= 600nm BXE, ¢ - BROR(STT7]8 R, vwv), C - EERRE

A d REHS #lt 22 P2l 3 Y F o] &9 SmlF 3
3ty 3,000 rpmolM 5@ T HalEeldt st Aol 30ul It 7o
0.1% SDS 894 2.97ul§ 7}s}e] 600nmoll A BYEEE &3l on odd MRE
#He oy et SnlE 2|35to] 80°ColAM 30E3 71T ch A0 Wiy
¥ 3,000rpno A 52 T HAEANE Y ¥ sFAolM 0ulF st 0.1%
SDS&¢Y 2.97u0l& 7}3le]  600nmoll A BEEE &P ¥ KERSE EASIA

ct.
14)  B#H #F

EE AEES 23 jx] 33 & AAfen, A BHE ol e}
o oA EHES FHY AEolth

_16_



I HRY%E

1. mks®\ =2

1) foksM RS BB

EOH KM BFE &, Pronase, Alcalase, Neutrased] casein, #HEXE
FH, egg albuminol th¥t BERIEHEELS Table 20 Ueh ). WREESES
KoM EHRS ZAH BE BXol thdlo casein®Th= WotoL} egg albumink
the walth BRFIZE Pronase’t AH4E RE ZBEAEC ol 13 &
EHE Uehiddch =3 MAEY EEEAES WASMIAS o caseini}
egg albumino] thsiAM = BERTEHE 7} FIiEigcl. Tl MBREAEY 2%
© 233 Uit MBE I MEEAH oisle Pronased BAHELE 155
Units/mgo] 31 MBEH 7 £+ 98 Units/mgol Art. whebd MREBAES ks
Fe MEES QY HelolM PronaseR Jl4-E3)sid & wfr} & Aot} Uuta
o8 MEHEY BARS KSR XL BRNol 3718l xS EES 27}
b Zleg RIED glon(Alder-Nissen, 1976), B3] ATEMESY 2L
Pronasec] oI%t tik% Mol d MBEY EEEol 2 ol4 MASMET 275t
t ZLe® RAE3 QrhKang, 1984). Ll 2 Agel Azloas wiye A
27t @ofAla itk & Pronasecl ¥t WMEESES MASMAX Pronases
TEEES IMESI] & w7} 60% 0|4 F7I8t AUth ol MEEAEo t}
< EHBR & egg albunin & caseinzi= W] ELFREEEE 2AEo 9
oo MEBEAM el {3tz UL HoT oatE: BMREEMI AAYA
7] tiEolela & 4 Utk EU MREBAES mMREIR AxPoz I W
ol BHELEY oY MAEAEY ol MREHL LA 2oz A
Ztdth. 38y Alcalase @ Neutrase2 MK MY 790 WMBES o] iz
F718He AzolA ol MREAHEY BIBH Kitolaels] Bl Pronasedt #

z
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KEAH Alolo] Holste HE #HRH L= mMBE 2 HEBAKY #E
ol mE Aoz Wyztgd 4 glch

Table 2. Enzyme activities on the hydrolysis of unheated and preheated
food proteins with commercial proteases,

(Units/mg)

Preheated Unheated

Casein Eggalbumin Rapeseed Casein FEggalbumin Rapeseed

Pronase 204 67 98 199 9.8 155

Alcalase 61 25 55 58 5.1 38

Neutrase 78 30 33 66 5.0 24
2) ¥% % pH

#MRXEBEHES 0.01M sodium phosphate-citric acid S} KWK 2}
7t 83MAIFISL AT Helste] koMY A}E Figo 33} Pl KSR A
ol wtE MK MEE 271 1A 27 kS MET 23] Z718 whd 14
2 olFol= AL ¥ ol ol ZAaE ou] AR BIA 2 mk
SR Aol whE pH H3tel WA VA AdE Hoeg WML &, AWAS
BEE R pKGMAM hKSEE A 719 tEo] 1A Zt7kR] & pH7t 7. 50
A 6.87k2] FH38] Ay wbE 1412 o] Foll= Huisiaitt. Bfol ulelyE &
WEEClE RBAKE AHEY w7l 332 20712 w2 MKSMES Lehugdc),
o] Pronasec] 2% HMEEEES mAS M AFolM BE = MASR
Kol HEERE ZgYcin & 4 9ok welM sodium phosphate-citric
acid REHE ALBY B¢ mMALM Fol= oo HES MASBEYZRE A
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Degree of hydrolysis (%)

0 .

0 30 60 90 120
Time (min)

Fig. 3. Effect of solvents on the hydrolysis of rapeseed
protein at 40 °C, [E]= 2mg/ml, [E)/[S] = 1/100.
(—=— distilled water —=— phosphate buffer)
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the ol URINEZ ABKE BEE AL8sl UF pHE RASIEH 3=
Zol A ol &S fMME $& Ho2 dchHC)

MRXEEHES pHE delstd ks MA A2be Fig. 49 Yt} Pronase
= A pH7l F4(pH 7.0)22 YR HwEBAEAME dUstajd pH
8.00]4 2ol o|Z & Dasslieg} Cheryan(1981)2] AXEEHEANMY H
pHE= 8.00]2t Ryt Azt vixy Aoyt 7 5(1991)9) citrolMe] pH
6.02t= Alol & viehHct uheld BERFBEHS Ve pHte ZEo| utel o}

& 2toj7} sl Ae® Bch

3) BE W ¥R MLEH

Fig. 5= pH 8.00M BMEE Wa|3ld kMY ZAzjeltt 257} A4
Holl whet K MES F7151] 40CollA 1A &S AL MES Lehida
3 olelld e st oA ATEAENA L Kang(1984)2] 40°Cob= n
=8} Dasslie2} Cheryan(1981)¢] 50°C, thitgzollMe] 7 5(1991)2] 50°C R}
v %2 258 ddrth

HEHLZ FAIZE whgale] BKe) MREHS S35 915t pH 8.0, 40

CollA} A 3ol whE MREHS FHY A Fig. 63} Zrl. mEEAEY
Pronase pnk% oA 2 A zzolel Yztsls 40ColME 217te] Hijo] ule}
Pronase Tt oF7Hal 7Zt43tl o), 3x17t o] ¥ = Aol #inksjA OoOm oluf B
FEHEL 92%E UEehigich

4) ®X BE U EX RE

Pronases H7}%t MEEAE S pH 8.0, 40°CoAlA ZEol th¥t Pronase &
n RS Welstol 1A kAL Abs Fig. 72 Zch Pronase ME7}
S7tdol utel AAFHoZ kLM FAS] WS XEES 1xo] Ysi=
Pronase& 71 w7}l MASME 7L QA3 F7i=don 1% o] Fol= Z7}3}
T Pronase %ol ulste] tuk4MEETY chx] F71812] bolrh. wiebM AaAdw
o M= B Pronase?} MEEAE2 Hi 1:1000] Hgsiciz nictgc)
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Fig. 4. Effect of pH on the hydrolysis of rapeseed protein
at 40°C, [E] = 2mg/ml, [E)/[S] = 1/100.
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Fig. 5. Effect of temperature on the hydrolysis of rapé-
seed protein at pH 8.0, [E] = 2mg/ml, [E)/[S] =
1/100.
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Fig. 6. Heat stability of Pronase activity on rapeseed
protein at 40°C. |
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Fig. 7. Effect of enzyme concentration on the hydrolysis
of rapeseed protein at 40 °C, pH 8.0, [S]=1%(wW/v).
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pH 8.0, 40°CollAl EE Hriarg dalstn HH 1xol FE3hs Pronase
g 71519 1417 kS MAIZ Azbs Fig. 83 Zth 1x R REA Hole
mASRES VEhign BE BEV /bl uiel kS MEEZE BAR Ha
stalt). 1x ol Aol A Mk EES At EE BV BEA €S st 22
2 woiged, ol HE EEES EAE MASEAAN WUHoE dojibs
" golch.

2. BH% Emol WE

MBEABES EE BE & 27 HEEEF Fig. 9o VEhilth 27
e & T 27 108 ol A UM Fistdy] wiEel 108 RhgA|
7 % 280nmollA] BXES ZAHsT H¥ BXE F71E vehldeow EH &
Bt 274 248 Z7iste) EE REV 150wy o 32 §E& YE
Ligdth ol¥ HE BES Z7iet tle] A& Haste F¥E VEhiAr

o] 28 & ulet~ & Fig. 100] Lineweaver-Burk plot& LIEb gl o 7] A

4

ko 3.48%(w/v)E @, o]22 Pronased M 7% casein(Bliss 2} Hultin:
1977) 1.67%, A< SEE B (Dasslie2} Cheryan:1981) 0.75%, ci#p(Z &, 1991)
1.01% BrChe T koo W2 %S KHol thy M RSl &S e
Ly MEBAES casein, KEEAKE, UIFHERECTIE Pronaseo] thyt RFnfel
e Rog mictdc

3. mASAMEAES BEEN U BEN i
1)  toksMmel —Hsy Ak

1x MNEAES pH 8.0, 40CE X318 A MR N EH ks 1:1002
2 71ste] YEAloZ 1417 kMt @old ks —B RO ERS
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Fig. 8. Effect of substrate concentration on the hydrolysis
of rapeseed protein at 40 °C, pH 8.0, [E] = 2mg/ml|,
[E)/[S] = 1/100.
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Fig. 9. Initlal velocity on the hydralysis of rapeseed pro-
tein at 40°C, pH 8.0, [E)/[S] = 1/100.
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Fig. 10. Lineweaver-Burk plot on the hydrolysis of rapeseed
protein. : [S], concentration of rapeseed protein(%);
V, hydrolysis velocity(increase of A zs0 /min).
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Table 32t Ut} tnks el Ay F YU 22 74.9%, 0.2%2 o}
Efton BEHFES 14.44F KSR U2 FHREAHE()I HEBEg,
control 2 E7])of |3l <zt Fristdel ol Azb= MKy M pHER A
S H% dvtel Ao HEEDE FMNU ALeE AZHch

Table 3. Chemical composition of rapeseed protein and its hydrolysate.

(%)

control hydrolysate

Moisture 7.7 2.9

Crude protein 71.8 74.9
Crude fat 0.5 0.2
Carbohydratea) 6.6 7.6
Ash 13.4 14.4

a) By difference,

2) w Y BAEEX AYEY
EEHY WV 3 BAERX AYMEHS #igolo]xat FolA tyrosine,
phenylalaine, tryptophanol 2]3}o o]Fo{2H, o]& ojn|:=AtE2] §ajint o}
Uzt BEAEBY YAFR4sE 22 BAU Urtn oA olcHSchmid, 1989).
Fig. 1104 W AHMEYS vetlded NB97] 279nm, ks B2 274nn
F2olA HelF<4§ vehdol ks Mol ot okt blue shift7} LElteL}
AP 2= 3 A7 gt WYY BEAE 2¥EHE Uz oden, A
EdolM BEES] ol Mol EAR BB Aolof 2sle o]Fojzl Re
2 Zdrt
Fig. 122 B8 BaEY BHRERX 2HEYo|n HR@7} 345nn F-2of A
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Fig. 11. UV spectra of rapeseed protein and its hydrolysate.
Spectra were recorded using 1 mg/ml protein con-
centration. (—— control =~ e hydrolysate)
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peak§ B ubH k4 M-S 360nmoll A peak7t LpEhLI 2lom R4l u
3le] kSl HAREXIUC) 3 A ez oot olof TS BEHEX
AMERL] peak: F 2 tryptophanZt7|of 2]3te] LIElLl= Zl(Kella &, 1988)
o2 B AdoME kS BE Jstd BAES HEVE detxlz, Exhdel 7t
Z]9A ol tryphophan BZ7F Bt} Wol =&EH D EY I Po] Yo F
7Y ZAzel ulzl EHEXUl A ehd Res ALl

3 HeE W REERKE

Table 4= B¥ BAHEY ¥EE U RAHKES Jehd 2o mFEES
B HeE:s F3 ZA4EAY HB4rt 50.65%0 2hH oKy #EH-S 36.252
o7t AEh AAEZ BEHOE UUEE WKSEHY At BAE MR
EaEEcH w2 34 AFoz HsE et oy A2 EUL o Pronase
KA MEE A3l FE ZEol A4zt Boke BAEZ ZUs Jdd #He
dEo] Helslo] HaEe Wiyl dojd Zeg £ & U HEEE U4
Al717] flsiM s BAg Fol B 7123 dF7t o Wy Ao Az}

FEEAHS HUES FECl Edo Uehts BKEESC] R2E LE]
L=t ks By 9.72 HB(35.7)0 vldle] 4uf = ZAdtdch REAK
K-S BAES £9 FolM BAEEHE2 Z2¥sY(Kinsela, 1982)& LtEh)
= Zeg E AY Ax: mASME Ul HAHE 3A Zadided
Phillisp2} Beuchat(1981)& HAKS #X ki Me ks MY BAKEE)
&g FUMIACE Eadta ded & A7 Axe @EEAES Pronase
KD ME BKEE =E3FE7 BASESY &Hct Hui3deg A Frist
of BAHE o] A o2 UsiWAY olUd RE HRA&EE o]
4% AAAE peptide 24 T2 A7t o oy Aoz Azidc]
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Fig. 12. Intrinsic floursence spectra of rapeseed protein
and its hydrolysate. Protein solutions were exited
at 280 nm using a 5 nm bandwith. ( —— control

............ hydrolysate )
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Table 4. Color(Ycig) and hydrophobicities of rapeseed protein and its

hydrolysate.
control hydrolysate
YciE 50. 65 36.25
So 35.7 9.7

4) SDS-PAGE 24

B EREAEe SDS-PACE &4 Z2f= Fig. 132 Zch HEHNBEE(Ro)ol
izl EBEAEM vad STF&EcdM HBage AdYFEe] 2.3 - 1.9 x
10¢dalton®] Ex}2}& 717 band® FAH o2 Ul ojglel 3.5 - 3.1 x
104daltong 7}3 band7} EXE|glon ksrMEYHS B4 F& band7} ZEA3HE
A th¥E 1.4 - 1.2 x 104dalton®] 4 F&E 7} band7} vielkict, o]’ o
KoMy ES T8 Lande MEEAES 7led S4& HIAZH 2oz 47
Hrh

5) pH3 BRE

Het BEEY pHEl BME= Fig. 142F Zth pHrt Zh4Aydo] uhel BARE
€ Z43ste pH 30l HBaet ok #pol 22 15%, 242 A4 XE LiEh
A3 Y| RZolE AL vl BEEE Lehddch ks #EHS HES
of uldt AMFHZolA 10 - 15% A= & BHMEE Uehildesd oA
Pronase K%M U3to] carboxylZ|L} amino?] #E WE@EHEL] F 7t e
Aoz wYwl |

6) KB, Zes U ¥ REHE, K5 U Rik#
Table 52 ¥ ¥LEE(Absolute viscosity)E LIEpd ZHoe 2 A HB4G7}
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Fig. 13. Molecular weight distribution of rapeseed protein

and its hydrolysate by electrophresis chromato-
graphy. (—— control -~ frydrolysate)
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. 14. pH-Solubility of rapeseed protein and its hydroly-
sate. (—=— control —=— hydrolysate )
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1.096 centipoiseq! W' fok4 MM 1.038 centipoise® ZAHE LIER|A
tlh KEEs BABY +£84 deldA HE@HBHNI 4AL Uehle ALeE, K
B W= BaKe vEME 9 kfune Hed 7|ddle Ao|thkella F,
1988). ¥Ev HAMAe Extazt AL AV oo ER}Fo] AL4HF EF
FZ7} F8ol N7 E4E KEE ol og & AN FAUH S MRY
ok 4y ol olstd EEE S polypeptide chaino]l E3JE Lo X 7]t Ao
i Hct.

44 BEHRS HBE7 72%¢ Wi ks Y-S 5552 A4S el
2Th Rackis(1977)&= HEEES MRS ko Hs e Za REARS 2
£A7]3 K5 BKH AEZHEE SRt Rt Aok wREHAESY
Pronase k%M Za BEMC] Zastded o3yt s REHS Yol
A& (imitation dairy products)H 2N PPH 7t & 8/FAI717] 918t %
#& A7 of Fasich

M OREES NBarE 7,240 W ks EY-S 4.8%2 A4S &
BB # BES pH, ol27x, MEBEE, S-SAY ¥F T AstA 2 o
3] ARG W=rHKinsellagl Shetty, 1979). Machiko(1984)+= HEES # BE
v kg BAACt 2astded, & dFoaMe mEEAKC| Pronase M
KIME Qstol KW BkE(Table 4)o] Zayof mizl # WEHST ZH2UL
LIERA L glet. #REAES Pronase MASME # REHO] 24y A2 MR
BEHHA BAEE #ifetto]l $& Zleg Hzidcl

K BUteHE $Bae 0.36 g water/g proteino] H|3le] K MRS
0.52 g water/g protein® & F7}3ltt. o] MASRE U BEBRES F
7VE K4 iAol Z1%r Aoy M2E o Desslie®} Cheryan(1988)2] X 310j
utE2d Ky BRI BEE olojiate] o3} wlHYci St Beuchat F
(1975)2 fok4sr#E=E 2131 carboxy group, amino group-S WS F717t
Ko BUHE S22t 2astedct. BAKSY K5 B 98 vxe
A2z of 2 7pxlQld pH, ion BE 3 EEES MEH, oinlkite AR, Uy
=9 £a1, ITR S st I A detdcla stedcHHernansson, 1973).
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i RIKHS BRI 7.46 ol oil/g proteinQl WHA K4 42 9.75

ml oil/g protein® 2 HEEEE S Pronase KM= # RIKNS F7HA] 7=

22 LElkitHTable 5). # BHS RE BHAEZ odFd FE4= #ATL
Aded & dEdME mAHBE Aste] RE BHAK#E(Table 4)0] ZAFTH=
ZAz2teb= X3t Qdalth  Hutton S5(1981)2 W% EEEY # BUHES
B, NF 37, BAHY BE Ao & Uetin Rasided 2 AEYy
Aol ks W] W RISl F7F=  Pronase MAZMEE (€ peptided
2ol i Bithol S 2o AT #h RUgHol iy 72 orE Jls
3 &ol vzl wol AFEe] A otM FEY 4 4 A7t Kinsella
(1979)52 #E Sc/¥os ZYHte ri2g mRikels dgsta alch od
W RN HEA oM BojE EEN FI AFoMY 1A&EFS FA T
252 Bl 5o shitolch

Table 5. Absolute viscosity, calcium precipitation, water and oil

absorption of rapeseed protein and its hydrolysate.

control hydrolysate
Viscosity(centipoise) 1.096 1.038
Calcium precipitation(%) 71.9 54.9
Heat coagulation (%) 7.2 4.8
Water absorption(g-water/g-protein) 0.36 0.52
0il absorption(ml-oil/g-protein) 7.46 9.75

7)) AEE R AEA 54
Table 62 ¥t HAKY AELE RAFE AT HBaG= 50% A
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E BE#S Vel BRREZ 66432 F75lal=d o] 2 Hol v)dly
165 Z71% 2102 ol gt Azt pepsin, papain MK WP AELL 714
Zith= Harmansson 5(1974)8] R 1etx A3t A}E Bl AF KEHA
Aol &= MBI 72%F oLt K BHS 6952 BB vty W& REE
< Uehdgdch ol3iyt AE HWEEAES Pronase MASME Aoz B
KEEEL F7HTable 4)3te] BEHC] Z43= o2 Fzido} EY BHE
A AE BEHC] w2d 2 A¥oME ks Epe] KES Z4(Table 5)2f
tEol AE REHC Lashe ZAAUE Aot 7I1xyY ¢ BEEH 4F<
air-water interfaceol] &2l%| 3 air droplet& ¢AA]|F]&= RS PAstgzn A
ZAEE gt o] of mBFHUEAEUl JIEF o HAY 5 U7 Aol X
“HEAEBS BEJ 2a5ich 7122 REH-ES protein-protein} protein-water
interface?] Acid A7)l ojsf 2-9xH, o2 BAE E2MY AP}
22732] ionic environmentol 23] H¥S W Hoez oA sltHKinsella,
1976). ER} o] AEA o S vlAE YAEE AFYL AL, EEE B
B, pHel Win¥ (B, B FJFEH IEY ) %S Lo 71X Bl 5%
B 22 AHUAE 72 REHRS ABRAE ZHA] Ydecte Rax dr)
(Kinsella, 1976).

Al BAH iy oY A FEHER, YA REH, JdEHE MREHS
3% ZAzb= Table 72} Ut oE A FEHEHEBE HBHIL 11.8902/gol v] 3}
kS B 11.85m2/g02 Ao Hixstalen, odd REH U oldd MK
Bl 2loiAde 0.49n2/g, 0.41m2/gC 2 BMio] vzl 4t FristdEd
Harmansson 5(1974)¢] pepsin, papain A4 BB AdF LEHS Z7HAA
The Raets dx|she Z24E 2th Kuehler(1974)2 ko4l 221 32
717} oA HA& WAt 3193 Sathe $(1981)2 kel Bl
T, EEHS BE, pH Fol ofddo ¢%& oj2cta 3131en], Harmansson
5(1974)2 carboxymethylcellulose 2 REMS AME-S MEEAKS odyd
REHS 108] 0|4 F7iAZicte Bl gt BAEY dEd3L 942 &9
& BWEREt, 715 BmEE, BE, oH RAE ME BFRE U BE ALS

b
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He 7189 &5 ®E 88 223 k5E&k S J84 338 gern ¢
2 A glth(saffle, 1968).

Table 6. Foaming and emulsion properties of rapeseed protein and its

hydrolysate,
control hydrolysate

Foaming

Foaming expansion(%) 50 66
Foaming stability(%) 72 69
Emulsion

Emulsion activity index(m2/g) 11.89 11.85
Emulsion stability(m2/g) 0.29 0.49
Emulsion heat stability(m2/g) 0.26 0. 41
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I

Mg I(Brassica napus var Youngsan) S 2R E i, FHEsld Qo
MREEHES R KSES7] 918 BB st AR, xS
Mol BB U BN BHS 2SI

Pronase’} ¥ EEEolA Alcalase, Neutrase® U} %2 FE#S JJeEhld D
HWREEEY WMBEL Pronase?| ¥AJE Z4AZich £ HMFEEAEY ok
SEREE BEREclE RBKAAN o £ ZAME dorl. BMIZE 14371
Al F43] whgo] dojiirt I o)¥ = fntsjAcTl.  Pronaseo] ¥ WMEEN
B ks 22202 40°Ce} pH 8.00]0 2 MK N HE ol B BRE
Ztzy 1/100(w/w), 1%(w/v)oldct oje} & ZABINA kn 3.48%(w/v)E
et

okl W o BEHEX AMEHS 72tz 274nm, 360nmoll M EhA§
VIEh ol EEEE 47 Zay ubd RE BKES o 4w) ZAstdch Sps-
PAGE 24 A} A% o] 1.4 - 1.2 x 104 dalton®] 4 F&E 7}2 bandZ U}
Eiston], pHBl MMEE M2l 10 - 153 E 71313, K5 U # &
W, AF BRE odd REXS 71T A e KE, M 3 24 mE
B AE REHE, oA FHEERE Hasidch

n2 i
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