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2  oremzie 353 AR 522 ASRAAD ASENEL Bk 200 det 2Yse] o] )5H &
A2A o4 FHoR A4l g4 2H(1st-SMR, MWCO 10,000; 2nd-SMR, MWCO 5,000; 3rd-SMR, MWCO 1,000)
e BAE ol4she] Aeke 4Rl HAzA] FANUT, £ DI FAE B AEHAL W, A
S35 ool O 284 % Y BIHE QA 2T BAe] HE OB AR 92 Jase Folr] 9%
45 340 thsko) AEshglch AR 39A uker] BAoIA pH-dropH o2 Wse] AT TaE Alcalase(1
A), pronase B(27) %o, 3RA AL collagenase(39A)E AHESt. AW ASRAZAL 129 A, Bak
T 0.2mg/ml, 7]Ad F24) 50(w/w), &% 50°C, pH 80, 989 600ml 2 4245 6.14ml/ming e, 294 &
255 03ng/m, 710 Ea0) 33(w/w), 1919 2AL 1ekAst EYatalnh 22lw 3UAY AL EA%E 01ng/
ml, 718 &2u) 100(w/w) 2 54EE 10m)/minelGet. 154 2hhe71E 147 Este2 me) A4 Aeke
4 A el A Z4A AstE 30% 2L 15%Qon, 294 2 3R 27 14%, 5% 2 18%, 8%}, 124, 29
A g 32A =gl A SRz AstlA SR Es 47 35%(Kieldaht, 87%), 31%(77%) % 27%
(70%)%om, 444 39A kgl A A2 Ee] ATAFE ) AE 1004 E4 mee 430meel ek

Abstract: The enzymatic hydrolysate of gelatin extracted from fish skin was fractionated and recycled through the
membrane reactor according to the molecular weight for the purpose of using as functional material. In addition, the en-
zymatic hydrolysis conditions of gelatin, enzyme stability by membrane and mechanical shear, and effect on the long-
term operational stability of the recycle membrane reactor were investigated. Using the pH-drop technique, Alcalase,
pronase E and collagenase were identified as the most suitable enzymes for the hydrolysis of fish skin gelatin. The opti-
mum hydrolysis conditions in the Ist-step membrane reactor(1st-SMR) by Alcalase were enzyme concentration 0.2mg/
ml, substrate-to-enzyme ratio(S/E) 50(w/w), 50°C, pH 8.0, reaction volume 600ml and flow rate 6.14ml/min. In the
2nd-SMR by pronase E were enzyme concentration 0.3mg/ml, S/E 33(w/w), 50 ‘C, pH 8.0, reaction volume 600ml and
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flow rate 6.14ml/min. In the case of 3rd-SMR, enzyme concentration 0.1mg/ml, S/E 100(w/w), 37°C, pH 7.5, reaction
volume 600m! and flow rate 10ml/min. Decreased enzyme activities by mechanical shear and membrane were 30% and
159% in the 1st-SMR, were 14% and 5% in the 2nd-SMR, and 18% and 8% in the 3rd-SMR, respectively. Under the op-
timum conditions, the degree of hydrolysis in the 1st, 2nd and 3rd-SMR were 3.5%(Kjeldahl method, 87% ), 3.1 %{(77%)
and 2.7%(70% ), respectively. The productivity of hydrolysate in the continuous three-step membrane reactor was 430mg

per enzyme(mg) for 10 times of volume replacements.
Lo 2

A 29 7)5¢ e 99AY FeUt Foid
of w2} A 7| 5AE NFEe A7 T
3 o]FoAT glrH1-4]. |5 F dEAH Ao
galAde ol PHasz Aed eEAES
#ape] QoprpstAe e fepFelt el &
TFHE AgaAzA °l%3}34“ Alxeldt. 3], ¢
S AeriEe &9¢ 33ed A
olghe Aeo] g8 AT5, 6].

A Sl sl R EL FE A e ¢33
o &FF EaEe] it ’{}""Q,P_i o] 453 Qe
g Ao 2 sieRa|® 74 tryptophanst
72 A opu At cysteineo] 2AH (7], ¢
g2 B3¢ 7%= lysinoalanine] Ne-DL-(2-amino
-2 -carboxyethyl}-L-lysine] & 2& SA4E4o] A
A= o} kA Ao] A7} Hx i8]

TS A3 E4E o]4% WAy d43
AR #g dF} o]FjAT 9lenH9-12],
A3 wo] 7AtEL A dARRE g
29 AA10~90% )7+ Dol 13].

1?44 B A7 Axd giuksr)el A
l" Aed gubsrle E4F 243 A7)
FA7A QLT F on A&
¥ejste Exleo] 44 & JieEHE
& 3"&’%} Fx, A2 48 AL, AZRF
vl Az, ARAZY @5, 2FHY 27, FAA
AR g 4 AFAN} shsstte A 5 o
#71A] BA-o| Qich.

dutdo 2 AL FA42 JNeREHA R
HEL FalFAAANA A7 AEA Qe 2ok
We ot wgel &ute] 7ste o4 AE
Bda ot 14]. 2y AHLE ojuxAl 24 F
oks} 7HAeke W& glycine, proline, hydroxypro-
line, glutamic acid 5 4% ¢ o}v|xAto] AA ofv]
kAR oF 71%& ARz Qo 15].

FA3E, A5 A A4 3E, 1994

Ao sl @3 dTE Sattlerlee 5
[16]& 49} A 7teE &S meat emulsion
ol4 binder2A °]4% + Uk F3, Mon-
sheimere} Pfleiderer{ 17]= = 837188 9%
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1A 2 23A whibg7]e] B4 ARl A
" F4%E Alcalase 064 (s.g.=1.25 NOVO Ind,
Cophenhagen/Denmark Batch No. PMN 0046, 90-
9), Neutrase 0.5 £(s.g.=1.25, Novo Ind, Cophen-
hagen/Denmark, Batch No. PMN 0106 88-9),
chymotrypsin(51 units/mg solid, Sigma Co., No. P-
5147), papin(12 units/mg solid, Sigma Co. No. P-
4962), pronase E(4.4 units/mg solid, Sigma Co.,
NO. P-5147)9.ed, 3gA =hit$rldHe car
boxypeptidase® A|=stg ot AL FAo] vieht
A ¢ko} u]AgE F3 collagenase(335 units/mg
-solid, Sigma Co., No. C-9891 )% A3t} Aol
AH8-3H et

2.3, I EHE &%
7 oA gl Tael g 71he Ahe
2= Adler-Nissen[24] 9] whilol #3819 T3}
qoh 2, 7 )A4AE 7 548 HABYS e
W pH 2 £52 2% o2, EUT pHE 23
g E280E shhe R Meo2 datd 2
29 NaOHFE S43e] g o2 AR
o
BxN

M%) = Sovpxnn < 10
oJ7]4 B : NaOHY 222 (ml)

N : NaOH¢ Normals %

e : oNH719 37 H2==0.085
(50°C, pH8.0)

MP: <A o

he : A % peptide 5
(11.1 meqv/g-protein)

2. 4. 3 2MNoM o SR AT(Ky Vi &
5)314) uk-g7|d 4] Alcalase® o] Az} sj
A S Te e S AeE &34
stk &, 334 kg7l 44 0.05, 0.1, 0.25,
10 9 20%(w/v)dl ojgjAdzte] 44 100miE 4
3, 50CE 7}4d¥ o 05N NaOHZ pH 80202
Z2A8 9t 27 oy Adetd S 5449
0.06mg/miE 73t whg-A|7|HA 28 e 15%
A2 whSEFE 2mlE Fsted 20%(w/v) A
A3tol AIEAHTCA) 49 2ml7} &9 e AFEH
o] Wi vortex mixerdolj A 187 ukgk ¥ YA

324 g 7)E ol4d oiHAdste A% st A TAH AL 683

£2)(1,500x g, 10min)3tgic}. A5 2mle FHsto
Ax3E Lowry 512519 wye2 Z£4sld Km
&3 Vmaxzts AAtst gt

2.5. o4 3ciA| Yutg7|E 0|&8 ofmjHalElg
7t=29
2.5. 1. oIZA] 3CHA| 9pek27| X

A44] 3A Habgy] A= Fig 13} o] 7]
A FFRAA, 194 2uh3-7)(1st-step membrane
reactor, 1st-SMR), 2xtA4 =k-$-7](2nd-step mem-
brane reactor, 2nd-SMR) ¥ 3<tA =huk-g-71(3rd-
membrane reactor, 3rd-SMR)A A2 FA=%leH,
7NAZFFAANE AT 449 whukgr] AAe 3
$7), %% hollow fiber membrane), &3k
7)(Nuova II, Stir Plate), pH AFZ47)(Cole-
Parmer Instrumental Co., Model 5652-20), 24
(Manostat Co.), ¢¥Zz4d¥n, WLEFEY &
H=Z(Cole-Parmer Instrumental Co., 6~600rpm)
9 otzhe] ZFH=(Cole-Parmer Instrumental Co.,
1~100 rpm)2 FA=HY. o) 4 AXE &4
o2 ey H3te ohg3 2ol 194, 294 ¢
3tA kg-r) e AFxAE EA5

2.5.2. ®&A| 3ek| RT|9 HSIA 5
7t. pH 4 2224

194 2 224 =kg7elA pHeY &%+ pH-
drope2 AdA¥ Alcalase ¥ pronase E9 A
z279 pH 80% L& 50C2 $A5%ch WeE
#E2 pH: pHAEZA7]E o]43 o pH 8002
THA7A pH 80 o|32 HojAd dzte] TFH=
7} %5 ] IN NaOH7} 7ba)# pH 80£012 =
AE3Y, & 9972 50+05C2 249
om, IEE s whg7)d AAAHE Y Stirer
No. 5o ZAAA WA F AAHA FAH=
& 243y}

394 hikgrlg e 2dAdA EHE sgeR
HES collagenase 7}FEaAss] Y5t b2
T % pHE #7 37C ¥ 752 A

o 33
194 % 224 Siesld AH4E FRARe
e L AR Bl 10000 olH(IHA) ¥

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.4, 1994



684

AW - BT

NaOH
solution
@

!

pHIC}»-:‘
i
f
i
|

z

o
‘ Pt

Fi

| Menbrane
(MW 10, 000)

_I:“‘:v.__h‘

el

1st-SH
Reservoir

Feed tank ank

Z
-
]
i
=]

L Heater

i Heater l Heater

|

NaOH
solution
e NG
m ‘l“ o)
\ FI =
pHICH- | ﬂ—
Membrane | \fembrane 4 !
(W 5.000) (W 1,000)
| |
[_’@"LT_! | Ur‘ f
i L J
3 P | 2nd-sH L Pi | ard-sH |
Reaction tank i |Reservoir Reaction tank 1Reser\oir1
(@) tank (@) — tank |

: ; ey
' Heater i Heater i [L Heater |

Fig. 1. Schematic of the recycle three-step membrane reactor for the production and separation of enzymatic

fish skin gelatin hydrolysates.

TI: Temperature indicator PI: Pressure indicator FI: Flow indicator P1: Recycling pump
P2 : Feed pump P3: NaOH pump PCV : Pressure control valve

pHIC : pH indicator controller 1st-SH: 1st-step hydrolysate

2nd-SH: 2nd-step hydrolysate 3rd-SH: 3rd-step hydrolysate

5,000 oJ3H(2tA )gte] 4&¥& 10,000 MWCO(A
/G Technology Co., Model UFP-10-C-4) % 5,000
MWCO(A/G Technology Co., Model UFP-5-C-4)
AHgstgled, 3gA #hitgrle A JteRdE
o Akl 1,000 olstwt &+ 1,000 MWCO
( Romicon, Model 1.0-43-PM1 )& A}-4-3H 4o}

=
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. #E452Y 24

Zb A ke AR A F3Age £
255 TR #EHE 274 %A
st EAstglom, 7 dut-sr)d Ax)g o
&5 E 2D 29z 1534
FEETY A uk-gde] 3k
Fe-2 ubs7)o 1%(w/v) A8 48 500ml
Y3, 50°c2 248 t}¢ IN NaOHE pH 80
2 243t AR}
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s
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=)

(Sl

z &SR v Ee) 9%

1A 2habg7) Axe) 2bd 25491, 2, 4 2
6% (w/v)e Aztel Lo 500mlE Yy, €% 50,
pH 802 =Ag o, ¢HEEEZ 0.864¢/min
(Masterflex No5)Z AAsHA 4274 Rzl
e FEEEE SAsqn) 294 2 35hA) whike
AT 22k 2559 1, 2, 4 2 6%(w/v)9) 1
A g 2%HA R E 49 500miE Y3 19

+43E A54 A4z, 1994

g 7l4ish AT Yo st B §
#4558 249500,

2.6. A543 YutET(o Mo et Ty
(Km, Vmax) £
15tA 2hibe-7|o A Alcalase® o|zAgels 7}
LA § 424 (Km, Vmax)e o83 2
202 AAFA A%, F, 05, 1, 2, 4,
6%(w/v)e] A=}E4d 500mlE 2tz wk-g7)o)
43, 50C, pH 8022 4% %, 0.lmg/ms &
A%FE 713l dbA Y W EREY s@S
086 ¢/mine 2 ZAHAA ¥ ¢HPE o]L3}o
#2455 6l4m/mine 2 24P, 4L £33}
T T EHES 108 71402 1208 F¢ 2mi¥
33t &4 ukrl Ao} e wie 2 A4
< 3% d$ 27145 (mgN/ml/min)E A4t
&4 Km, VmaxZ 73}4c}.

2HA Tubgy) AFdAE 194 speis
pronase E¢] 7)142 Al459¢ ¥ o2
A gl et Fdgk 245} g
A3t MEEEATE Fegen], 3ohA ke
o4& collagenase®] 7|AE 29A 7}4ENES A
£3t9on, &% 37C, pH 752 24§ & w4
g Hulo] tha] 0.lmg/ml HEZE collagenaseS
7bete] 1dAlel 5948 2H0 2 do wedn A
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2.7. A& 30| 2ebSTlolM Zt chAEE AN
iRl EH 7Y
2.7.1. E&8k

194 ibsreA 1% (w/v) o9zt g
500mliE wkg7lel ¥, &% 50C, pH 8.0(1N
NaOH)e 2 =Ag F, 97]d] E25EE W1
of ta] zZ+zt whgF-=o & 0.02, 0.04, 0.1, 0.2,
04,10 2 15mg/ml7} H&E2E & 449 5ml
£ 713 g, 555 6.14m/mincll A F}EaA]
As o JlEs BHEoE Qi AgEHe IN-
NaOH 449 <}& 543t Adler-Nissen[ 24] 9]
o] w2} 7l EAEE Fehdct

244 whab-g-7)e A= pronase E9] 7]|AZA 1%
(w/v)8 194 7FeEaEs AHstd 24%sd
ks v-ud s zZ+z 001, 005 0.1, 02, 03 ¥
04mg/ml7} H=E wHE §449 SmE slshd 1
A shikgr)ol A9} 2 wye g g R 7
st

34 ghukgr)ol A& collagenased 7|REA 1
%(w/v)e 29A 7lrEAES AMEEle 2x 37
C, pH 752 =A% ¥, collagenased] =& dh$
2yd s z+7 0.01, 0.05, 0.1, 0.2,0.3 2 04mg/
ml} HEE 71 F, 194 kg7 oA} 2
Yo sl =g AXtetsint.

2.7.2. 7j@&g

194 k7] ZAA 7|9 98 o
3} e 2702 A5 F, 05,1, 2,
%(w/v)9 olgAdztel gl 500mlE uHg7)d ¥,
50CZ 7}gsled, pH 8002 24 thg, 779
7|44-del Alcalased] 5=71 ub3-4H59 0.2mg/
m7} HEE BE i424d SmE 13 ¥ FEE5E
6.14ml/minel 4] Ea¥ oo} 728wy o 2 3lo
et e Fakgd

224 kgl A 1744 7leEaEe A9
Zo] zkzte] 7144 o) pronase E¢] o] g4
o ¥-go djs} 0.3mg/m7} EEE 7}3ke] 1A
Aol 2re wpye 2 JlpRale g kgl

3A keIl ME A7l F9% sre 2%t
A 7teEs gl collagenase®] oFo| wH-R-3lo] oj

o de

]

ul
=

# 0.lmg/ml} Hx% & 3489 5mE 7g
Z, 1A kg oo Ao}l ZHe w0 B sl e
& 7ahgr.

2.7.3. 7|A §24H|

1A 2hakg7]) B A 1%(w/v)e o5 dete
49 500miE ¥H&7lel ¥ &&= 50°C, pH 802
2 243 ok, 71Ad 24wz 42 25, 50, 100,
200, 400, 600 2 1000( w/w)°] HEE EAags 7}
F F, FE5E 6.14ml/min| A AaFEAe} 72
< #We2 IN-NaOH €99 28%& 43
=g AXsgc

294 2hikg-71 A X o) A= pronase B9} 71A 24
1A 7ApEES AHga Aol 194 kg7
ol o} & who 2 g3hgion, 3ntA Huks7)e
A5 224 JlEAES 71AR 3l collagenase
2 37°C, pH 75904 ubgA12 A9 A9 o
g o2 AXstch 479 e Wyo g whg
% 285+ 05N-NaOH ¢k& &A3}o 7lefals
£ Axstgch

N

. 7.4, 413892 £

1A =hk-g7) A eM S 1%(w/v)e] o=z}
A 400, 600, 800 2 1000mlE ¥bg7le] W
0°C, pH802 2 A% o, o7 asek
1H-8- 5o i3l 0.2mg/ml(S/E=50, w/w)7} =
£ e 3449 5miE JHEle fE45 6.14ml/
mine A EAFEANAY 2 W g slpREs
& Tatsch.

22A BTl A 1%(w/v)e] 154 7154
& 4ol pronase E9| <Fol ub-3-3lo] o3l
0.3mg/ml (S/E=3333, w/w)’} =& =& 54
4o SmiE 7 F FUF e AAsigled,
3A kel Me 22 sl EHES A)e
Tds Fozger 39 2% 377C, pH 758 =4
& o3, 24 7148 8 collagenase®] o] ut
SHae] dis} 0.1mg/ml(S/E=100, w/w)’} Hx
& 3to] A7)s} HUd Wy o R SRR E et

Act.

B4
+E
H

[od

1

5

Lo
)

v
fid

1

2.7.5. RESL
1A 2hikg7] AAeA 1%(w/v) os) Aete
44 600mlE wHg7lel 93, 50°C, pH 8.0(IN-
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NaOH)o 2 ZAg thf, wF-o s Ti%o)
02mg/m7} HEE BHE F449 5mE 7Heho, £
2£% 2 614, 100, 1967 9 23.83ml/mine 2 ¥
HA7HA EasEolAY 2 WyoR sleds
EF T3

204 whabe7)9 A 1%(w/v)9] 1244 758
#25} pronase EF A-&3he] A7)} Fe wlo
2 AXNsgen, 34 ikl 1%(w/v)
9] 27 712 E3 collagenase® o483 %
37°C, pH 759141 4715k 2 whHo2 S

2.8 &4 3CHA| ZebST(0|M Zt CAEE F4
of obyMof| o|x|= Q1A
2.8.1. g9 5%

ahake 7] ARl 2 FHA FESHE £29
Faeks 2487 Y8 24 GAEE HA sl
z7s}ol A Patedrt. 1A L 25hA Pukgr) 23]
A FF5 600mlE wH5-7ld Y2 &= 50T, pH
8002 =AY oig, uhsRod did FEiFe]
Img/m} =2 HE §489 5miE 78 &, &
#2% 0864 /min, #3455 6.14ml/minol A =&
E3le] 0% 2HE 54%E Lowry ¥W[25]02 &4
shgiet. 3tAl Ehks-vlel A= &5 37C, pH 752
zA3 ¥, 845 086 ¢ /min, 3% 10.0ml/
mino| A 4719 2+& wgle 2 EAsgc). o|d 7
AE whkgy) 39 27) 2R HAALEHE
A5 A3 dAEE 25 9 ply} 234
FHTE 2459 YUY S5 2 gAsA FFe)

_— 4
£
e
2
E~)

2.8.2. 943719 g9 J|AIH MEH H Yol

A abe oA A &,
384 "wh37lel F574 600miE ¥ &% 50T,
pH 80°% ZAg F Alcalased] oFo] uhg-itud|
e 1mg/mi’} HEE g 44 S5mE 71§
¥, 43712 HE 108 402 ImlE F3lo g
2% 50C, pH 8028 =A% 1%(w/v) o= A=}
ol 4mie} E3tate] 108 Fo WA F 20
%(w/v) TCA 49 5mlg 7}ste] TCAZ}LEo &
Aot A2HE S 14284 E T3
127 2hibg-7) AA e 2AEA] 714 Q) At

T8, A5 AM43E, 1994

& lmg/m} SH=E 9E 32494 SmE 71d
¥, 245 614ml/min, $3H#EE 086 £ /minZ
AFA71HA EA e e oz st F
284& Tl A1 54T 248 e)A o]
EA28A viAEe 4FE EA%0 S5t T
Tygon tubinge 2 FAZ AAA FAHE F
35ic}.

2A Hubgr]e A5, 194 kg9 F
gk zAs oA pronase E9 oFo] uh-3-H-gjd ©)
3 lmg/mle] HEE e 449 5mlE 47
of Y1, 154 2bg7]ol et 2 wgo g A4
dgleny, FU 273 A 25tAA A o
o] A2EAd v GFE 1A is-7|edl A9
e dyo g dld F48AE Teed. 34 2
u-s-7]e] A F5HT 600mlE wherld €93, &
% 37C, pH 8022 %A% t}2, collagenase
kol ub-3-H-gje] didll Img/ml} HEE ¢HE 54
£ SmE 71 F, E34E 10m/min, £FHEE
0.86 ¢ /mino| A 2HFAI7|HA 1A 2hikg-7]o) A
9} FUF wyo® FAFAHE Figd. FIdT
Z73o| A wto] AN A dFe 19
kg 7lol Ao e whyo 2 sl FAEAE T
&t

229 %) =
A7 tll M 4284, E(mgN/ml)
Hex7] 29 84, E(mgN/ml)

x100

2.9. 12 2fe37IoM 7| ESE S

12 whkg 7)ol A g2 49 Zkedags 27
et A" F=8 Fo 4719 HHxzAs A
MR AEE S8 5, 5, 10, 15 2 20%(w
/v)8 AEEd 600miE &7l 47 Ya, &
T 50C, pH 80, £#4% 086 ¢/min, F3&%
6.14ml/min® EA3te] 7]A) FA¥|7} 50(w/w)
o] HEE A4S R F, 1208 § Jp5EaA
285 IN-NaOH & St 7lees=s
Totsich =&, 294 2 394 whibgr)e) e
10%(w/v)8 7t 7|44 A sirddies 7
zre] HAZZgN A 1dAI9} 7o uhgo 2 ol
.



2.10. HEA 2etgTloA 9 M 55

1A whikg7] ZAAA 3R Tl
o A A7IelA 7E 1A ke A
X AR S48 F, &= 50
C, pH 8022 23¥ 10%(w/v) ojfA=d 4
600mlS ¥H-g-7]el Hw, Wg-F-2d B8 2mg/miz}
HEE Alcalase® 718 ¥, €845 0.86 ¢ /min,
+24% 6.14m/mine® 1HA7|2, WA F
g e #9E A FAHEF 10%(w/v)
o}3] AHFYPEA(50C, pH 8.0)& =& &8 F&H
€ 7IrEdEY r2dss U $52 B3|
THHASG. g AR #H2 5 +F
He 7ty Aawe SAA ok A2 o
43te] AAstolct. ‘

22A k] AA Y A%, 194 sl EdE
71AR o] 1A A2t FAG 2R354 whE
Ao 3 3mg/ml7t H=F pronase EE 7} F
1544 ehabgrlo Ao} 22 wo s ZAsglen,
327 =hikg7) AR At 10%(w/v)e 224

=z alo

trEdES 2% 37C, pH 752 A3 colla-

genases) o) WAl A Img/mb} HEE
UE Ea4Y Smig b A F A1) 2
e gez AuFe e,

% wA SeoloIA AR aE e A o
& 5ol 425E AR 2SS Aagos 24t
Cheryansh Decsli 26181 9ol meh <7+ 4413
(PD) =& 3 AAH(Pe)o.2 ehlsic,
P(mgN/mgE) = £L°

ol =

7)) P;: &7 A Abek(Instantaneous producti-
vity)

D AAHAZE t(min)W o] BF YA
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Fig. 2. Comparison of the proteolytic activity of
Alcalase, Neutrase, a-chymotrypsin, papain
and pronase E on 1%( w/v) fish skin gelatin.
Conditions include substrate as fish skin gel-
atin, S/E=21.3(w/w), 50°C, pH 8.0.
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Fig. 4. Effect of transmembrane pressure on perme-

ate flux with 1st-step hydrolysate concentra-

+ tion in the 2nd-SMR (pH 8.0, 50°C, Recy-
cling rate 0.86 £ /min).
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Fig. 5. Effect of transmembrane pressure on perme-
ate flux with 2nd-step hydrolysate concen-
tration in the 3rd-SMR (pH 7.5, 37°C, Recy-
cling rate 0.86 £ /min).
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Table 1. Kinetic Constants for Batch Reactor and

Three-Step Membrane Reactor
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*K,=Vmax/E( £ /min)

A vld 1A, 224 R 39A k)4
Kmgt2- z+zh 154, 13¥) 9 184 A= & wid
VmaxgtE 4uf, 26 2 4u] A= i, o]} ko]
3|2 Ae Wa) 2z DA kg TlelA East 74
9 Asto] 2A bt AL 5] ANt FE
HAAY Hade] a4 FHo2 AT FAA,
HEERES] ool 7 JAAQ ALY F o
g elate 7]dHE Ao 2 s

&4 3T SpISTIoIN FHEe) =

DA Tl 2 gAER 1%(w/
V)9 7|A4Nd Erses wIAA 4o 54
7b 43t A =239 b sl
£ %43 A= Fig 63 2o} 194 whikg )9
AT, 1%(w/v)e] 718488 disll ai%57} 0.2
mg/m7tAe JteidEst F43 ksl 2
oMo Faryrrt FUHIYE IR HEE 35%
2 79 dAsdct gdebd 2455 E 0.2mg/ml(S/
E=50, w/w)7} Ajtsictz gdE g

294 k719 AS, 1%(w/v)e 7|24
g8l i4%% 03mg/mi7tAE 71¢EsEs) b8
Aoz 7t 2 o|4ke] EAFEeME leE
A=t 3.0%2 AL AAIA FA =Tk wehA] 2
9A Tuksr)elA A% EE 0.3mg/mi(S/E=33,
w/w)Z AA3 At

3HA k7)ol A 1% (w/v)e 294 7}pEs)
& 49% 71AE2 AH8319 collagenase 553}
o 7Rl e g S48 A, collagenase Fx7}
0.1mg/ml ool A& 7leRallwr) 26%2 A9 o
Aato] 3AN MY Ea¥EE 0.1mg/mE AA s}
9t Bhumiratana 5[35]& 2ubg-7jo)A] oggt
WAL F4AE 7H34A] 05mg/mle] Hgsiciy 1

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.4, 1994



690 A - 08

4.0

 a—=15tSMA
35

e

2.51

—o 3rd-SMR

4 2nd-SMR

2.0q

1.57

Degree of hydrolysis(%)

1.01

0.5

0.0 T T T T T T T v y
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Enzyme concentration(mg/ml)

Fig. 6. The effect of enzyme concentration on the
degree of hydrolysis in the 1st-SMR, 2nd-
SMR and 3rd-SMR.
Conditions: 1st-SMR[S=1%(w/v), pH 8.0,
50°C, Flow rate 6.14ml/min, V=500ml], 2nd
-SMR[S=1%(w/v), 50°C, pH 8.0, Flow
rate 6.14ml/min, V=500ml], 3rd-SMR[ S=1
%(w/v), pH 7.5, 37°C, Flow rate 6.14ml/
min, V=500ml].
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Fig. 7. The effect of substrate concentration on the
degree of hydrolysis in the 1st-SMR, 2nd-
SMR and 3rd-SMR.

Conditions: 1st-SMR[pH 8.0, 50°C, Flow
rate 6.14ml/min, V=500ml], 2nd-SMR[ pH
8.0, 50°C, Flow rate 6.14ml/min, V=500ml],
3rd-SMR[pH 7.5, 37C, Flow rate 6.14ml/

min, V=500mi].
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Fig. 8. The effect of substrate to enzyme ratio( w/
w) on the degree of hydrolysis in the 1st-
SMR, 2nd-SMR and 3rd-SMR.
Conditions: 1st-SMR[S=1%(w/v), pH 8.0,
50°C, Flow rate 6.14ml/min, V=500ml], 2nd
-SMR[S=1%(w/v), pH 8.0, 50°C, Flow rate
6.14ml/ min, V=>500ml], 3rd- SMR[pH7.5,
37°C, Flow rate 6.14ml/min, V=500ml].

1000(w/w)el 4 20(w/w)o.2 dolHe of 7p43-

200 400 600 800 1000 1200



AEH 39A BRSNS o148 3T AEY A5

5.0
4.5

g O - T ——a 15tSMA

& as .

feof sz

2 25 —

g 20

§, 1.51

1.0
0.51
0.0 . . , .
200 400 800 800 1000
Reaction volume(ml)

Fig. 9. The effect of reactor volume on the degree
of hydrolysis in the 1st-SMR, 2nd-SMR and
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Conditions: 1st-SMR[S=1%(w/v), E=0.
2mg/ml, pH 8.0, 50°C, Flow rate 6.14ml/
min], 2nd-SMR[S=1%(w/v), E=0.3mg/
ml, pH 8.0, 50°C, Flow rate 6.14ml/min], 3rd
-SMR[S=1%{w/v), E=0.1mg/ml, pH 7.5,
37°C, Flow rate 6.14ml/min].
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Fig. 10. The effect of flow rate on the degree of
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3rd-SMR.
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2mg/ml, pH 8.0, 50C, V=600ml], 2nd-
SMR[S=1%(w/v), E=0.3mg/ml, pH 8.0.
50°C, V=600ml], 3rd-SMR [S=1%(w/v),
E=0.1mg/ml, pH75, 37°C, V=600ml].
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Fig. 11. The leakage of enzyme in the 1st-SMR,
2nd-SMR and 3rd-SMR.
Conditions: 1st-SMR[E=1mg/ml, pH 8.0,
50°C, Flow rate 6.14ml/min, V=600ml, Re-
cycling rate 0.86 ¢ /min], 2nd-SMR[E=
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rate 0.86 ¢ /min].
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Table 2. The Effect of the Batch, 1st-step, 2nd-step and 3rd-step Membrane and Mechanical Shear Rate on En-

zyme Stability
(%)
1st-SMR 2nd-SMR 3rd-SMR
Time(min) | Batch None Batch None Batch None
Reactor | Membrane Membrane Reactor | Membrane Membrane Reactor | Membrane Membrane
0 100 100 100 100 100 100 100 100 100
10 97 93 95 98 98 93 98 98 92
20 95 92 84 98 97 90 98 96 89
40 93 90 78 98 92 88 98 91 83
60 94 85 70 97 91 86 97 90 82
90 90 80 67 97 89 86 97 88 81
120 89 79 65 97 89 85 97 87 78
150 88 76 64 96 89 85 97 86 78
180 87 76 63 96 89 85 96 86 76
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Fig. 13. Comparison of the degree of hydrolysis on

10%(w/v) substrate concentration in the
1st-SMR, 2nd-SMR and 3rd-SMR at opti-
mum conditions, respectively.
Optimun conditions: 1st-SMR[pH 8.0, 50
¢, E=2mg/ml, V=600ml, Flow rate 6.
14ml/min], 2nd-SMR[pH 8.0, 50C, E=
3mg/ml, V=600ml, Flow rate 6.14ml/min],
3rd—SMRI[ pH 7.5, 37°C, E=1mg/ml, V=
600ml, Flow rate 10ml/min].
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Fig. 14. Long-term operating stability of 1st-SMR,

2nd-SMR and 3rd-SMR for enzyme-sub
strate  hydrolysis optimum conditions,
respectively.
Conditions: 1st-SMR[S=10%(w/v), pH 8.
0, 50C, E=2mg/ml, Flow rate 6.14ml/
min], 2nd-SMR [ S=10%(w/v), pH 8.0, 50
‘¢, E=3mg/ml, Flow rate 6.14ml/min], 3rd
-SMR[S=10%(w/v), E=1mg/ml, Flow
rate 10ml/min].
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Fig. 15. Comparison of the productivities of

hydrolysate with the batch reactor, 1st-
SMR, 2nd-SMR and 3rd-SMR.
Conditions: 1st-SMR[S=10%(w/w), E=
2mg/ml, S/E=50( w/w),pH 8.0, 50°C, Flow
rate 6.14ml/min, V=600ml], 2nd-SMR[S
=10%(w/v), E=3mg/ml, S/E=33 (w/
w), pH 8.0, 50°C, Flow rate 6.14ml/min, V
=600ml], 3rd-SMR[S=10%(w/v), E=
1mg/ml, pH 7.5, 37°C, Flow rate 10ml/min,
V=600mi].
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