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Enzymatic Hydrolysis of Yellowfin Sole Skin Gelatin in a
Continuous Hollow Fiber Membrane Reactor
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A continuous hollow fiber membrane reactor(CHFMR) was developed and optimized for
the production of yellowfin sole(Limanda aspera) skin gelatin hydrolysates using trypsin.
The results were summerized as follows:

The K, value of the CHFMR was 24 times higher than that of the batch reactor,
indicating reduced enzyme affinity for the substrate. The K; value of the CHFMR was 85
times lower than that of the batch process, showing a significant reduction in trypsin
activity in the CHFMR.

The optimum operating conditions for the CHFMR process were 55, pH 9.0, flux 7.79
mi/min, residence time 77min, and trypsin to substrate ratio, 0.01(w/w). After operating
for 60min under the above conditions, 79% of the total amount of initial gelatin was
hydrolysed. Enzyme leakage was observed through the 10,000 MWCO membrane after the
20min of reactor operation, while none occurred after 5hr. Total enzyme leakage was about
12.95% at 55C for 5hrs. However, there was no apparent correlation between enzyme
leakage and substrate hydrolysis. The membrane has a significant effect on trypsin activity
loss for 60min of the CHFMR operation. The CHFMR operating with the membrane lost
34% of the initial activity versus a 23% loss of activity after 3hr in the continuous reactor
lacking the hollow fiber membrane. The measurement of fouling property showed that
relative flux reduction was 91% and flux recover rate was 92% at 10% substrate solution.

The productivity(378.85mg product/mg enzyme) of the CHFMR was more than 4 times
higher than that of the batch reactor at 55C.
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tophan¥} Z-& PFoln]xAbd} cysteineo] £l A
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1. X} &2

AB(F 5, 1992) 4 ZA7vAe (Limanda as-
pera) FHAZEE AzH B-Type(&Za AAz]) A
FaL A2 48] AHEE E4E Alcalase
0.6L(S.G.=1.25, NOVO Ind, Cophenhagen/Den-
mark Batch No. PMN 0106 88-9), pepsin(800~
2,500 units/mg solid, Sigma Co., No. P-7125), Pro-
tease(0.3 units/mg solid, Sigma Co. No. P-2143)
2 trypsin(10,000 BAEE units/mg solid, Sigma Co.,
No. T-8003) °I 21}
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Fig. 1. Flow diagram of a continuous hollow fiber
membrane reactor(CHFMR) for the hydrolysis
of yellowfin sole skin gelatin.

FI: flowmeter indicator
PC: pH controller
PI: pressure indicator

TI: temperature indicator
/!
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o2 dolAH 4L FFPLIL FEHEEN 3
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T dt7] (Nuova 11, stir plate) 2 55 + 05C8 =3
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2) Z=ZA2(Hollow fiber membrane)
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25 10,000 MWCOE Al&&H4ich
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1) 250 g
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F4 600miE ¥ 2% 55C, pH 9022 2%
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A719F U 2P el o7 FTA £
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A PPk F, WSl FHFF 60miE B2
pH 90, 2% 55C2 =A% b Imgmid 45
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8. Fouling MZ &X

FA k3710 A Aztgl 7] =] th§ fouling
41382 Capannelli 5(1990)2] 9ol bz} A&}
At &, ¥h-g7)d 271¢4 600miE ¥ pH 9.0,
L% 55C2 FAF L ¢BEEE 860ml/min2.

2 4AsA st 4¥L 10, 15 £ 20psigE W3}
AFIRA FE4EE 23R Y 18n 71349
9 FEE 1,2 46 2 10% 2 HIAINEAN 437
9] ZZAA Wzl & 2 NFEA §&
&5 5 ZAYY AEEF FEEEE 25 50
o] FF52 53 A L 3719 4 2dd
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93 FaEd FEEE9 T (Relative flux
reduction, RFR)E o8& 29 o3 Aista.

RFR(%)=(1—J,/Jwe) X 100( %)
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Fig. 2. Comparison of the degree of hydrolysis
obtained with four proteases. Conditions
include substrate as yellowfin sole skin gelatin,
S/E=200(w/w), temperature of 50C for
Alcalase and molsin, 55T for trypsin and 40T
for pepsin, pH 8 for Aicalase, trypsin and
molsin and pH 2 for pepsin.
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2. dsA
7t
1) Z3Alg
FEAY ¥hg7)
9 FETA FFAE AXso Q89T
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Fig. 3. Effect of recycling rate on permeate flux.(Pr=
7.5psig, S=1%(w/v), pH 9.0, 55C)
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Fig. 4. Effect of transmembrane pressure on permeate
flux vs yellowfin sole skin gelatin.(Recycling
rate 860mi/min, pH 9.0, 55C).
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Fig. 5. Lineweaver-Burk plot for hydrolysis of yeliowfin

sole skin gelatin with trypsin in a batch reactor,
pH=9, B5C, E=0.06mg/ml.

ol AlXE trypsing el HF K. ¥
Veux®t 2 242} 0.668mgN/mi(0.371% ), 1.468mgN/mi
/min ot A £(1991b)2 pronases] 3 gy
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238t} Svendsen(1976)2 subtilisin carlsberg®
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trypsing| B3&HL A

A& A gl wreEx AFE
%337 989 Z JIAFES AHEd o e
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€55 FY3 (steady state) o] TE31= Al
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Fig. 6. CHFMR kinetics-effect of substrate con-
centration on the hydrolysis of yellowfin sole
skin gelatin with trypsin in CHFMR.(pH 9.0,
55C, E=0.1mg/mi, J=7.79mi/min, V=500ml,
Q=860ml/min)
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Km = 1.618(mgN/mi)
144 Vmax = 0.347(mgN/m/min)
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Fig. 7. Lineweaver-Burk piot for hydrolysis of yellowfin
sole skin gelatin with trypsin in CHFMR.(pH
9.0, 55C, E=0.1mg/mi, J=7.79mi/min, Q=
860mt/min, V=500ml)

3521 A% 2449 Michaelis-Mentend 5
Table 191 JEMth A4 A Kaghe 3E4]
o uls) 248 AE & W Vo, K2 0l$ 3
Tk, ol ol A&A ol TA e} 7)He WY
o] BA velys e Al R F2HUA
U g e Ao Fdoz QF A, e
EFE =g 9% 7[AH Y A3 H(shearing
forces) 5 998 AR 7= Aoz AdHG
(Mannheim, 1988).

A& NN Vot Keakol &4 b3 2424
42 2 g5u AE We A& A g 9
Eol 93] FFAY WHE-7)NA trypsing] &40
ZAade Aoz B A g 549 A
x99 HAE2A Vo /KaHZt 2545 7123 54
9 A= A Hed R v FI3AY
WS 7oA Vo KaHI 7 108 A= BHA Uit

Table 1. Summary of kinetic parameters for batch and
continuous hollow fiber membrane(CHFM)

reactors

Kinetic constants Batch CHFM
Ku(mgN/ml) 0.668 1.618

(%) (0.371) (0.898)
Vonax (mgN/ml/min) 1.468 0.347
*Ko(min) 1 29.360 3470
Vinan/ K (min) 71 2.198 0214
*R? 0.980 0.990

* K2= Vinan/E (min) ™

**R%: Relative coefficent
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Fig. 8. Effect of enzyme concentration on the hy-

drolysis of yellowfin sole skin gelatin with
trypsin in CHFMR.(pH 9.0, 55T, S,=1%(w/
v), J=7.79ml/min, V=500mli)
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