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Table 1. Specification of hollow fiber membrane used in the two-stage membrane reactor

Characteristics 1st-SCMR 2nd-SCMR
Manufacture company A/G technology A/G technology
Membrane type UFP10C4 UFP5C4
Cartridge dimeter (inches) 3/4 3/4
Cartridge length (inches) 14.25 14.25
Internal diameter (mm) 05 0.5
Surface area (ft%) 0.7 0.7
Max. operating pressure (psi) 25 25
pH. range 2~13 2~13
Max. operating temperature (C) 80 80
Molecular weight cut off 10,000 5,000
Material Polysulfon Polysulfon
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Fig. 1. Schematic diagram of the recycle two-stage
membrane reactor for the production and separation
of enzymatic flounder skin gelatin- hydrolysates.
TI; Temperature indicator, PI: Pressure indicator, FI:
Flow indicator, P1: Recycling pump, P2: Feed pump,
PCV: Pressure control valve, FCV: Flow control valve,
pHIC: pH indicator controller, 1st-SH: 1st-step hydrol-
ysate, 2nd-SH: 2nd-step hydrolysate.
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Fig. 2. Comparison of the proteolytic activity of Al-
calase, a-chymotrypsin, papain, trypsin and pronase
E on 1% {w/V) flounder skin gelatin. Conditions inc-
lude substrate as flounder skin gelatin, S/E=21.3
{w/w).
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Fig. 3. Effect of transmembrane pressure on per-
meate flux with flounder skin gelatin concentration

in the 1st-SCMR (pH 9.0, 55°C, recycling rate 0.86
{/min).
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Fig. 4. Effect of transmembrane pressure on per-
meate flux with 1st-step hydrolysate concentration
in the 2nd-SCMR (pH 8.0, 50°C, recycling rate 0.86
1/min).
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Fig. 5. Lineweaver-Burk plot for trypsin-flounder skin
gelatin hydrolysis in the batch reactor (65°C, pH 9.0,
E=0.06mg/m/).
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Fig. 6. Lineweaver-Burk plot for trypsin-flounder skin
gelatin hydrolysis in the 1st-SCMR (E=0.1 mg/m/,
pH 9.0, 55°C, flow rate 6.14 m//min, V=500 m/,
recycling rate 0.86 //min).
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Fig. 7. Lineweaver-Burk plot for pronase E-1st-step
hydrolysate in the 2nd-SCMR (E=0.1 mg/m/, pH 8.
0, 50°C, flow rate 6.14 m//min, V=500 ml/, recyc-
ling rate 0.86//min).

Table 2. Kinetic constants for batch reactor and two-
stage membrane reactor

Batch 1st-SCMR 2nd-SCMR

Kinetic constants

K. (mgN/m/) 0668 1618 4.970
Vinax (mgNm!/min) 1468  0.347 0.279
*K, (1/min) 135580 19.260 15.480
Viar/Km (1/min) 2200 0214 0.056-
R? 0.988  0.990 0.986

*K:=V.ua/E (1/min)
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Fig. 8. The effect of enzyme concentration on the
degree of hydrolysis in the 1st-SCMR (pH 9.0, 55°C)
and 2nd-SCMR (pH 8.0, 50°C) [S=1% (w/v}, flow
rate 6.14 m//min, V=500 m/].
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Fig. 9. The effect of substrate concentration on the
degree of hydrolysis in the 1st-SCMR:(pH 9.0, 55°C)
and 2nd-SCMR {pH 8.0, 50°C) ({flow rate 6.14 mi/
min, V=500 m/).
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Fig. 10. The effect of substrate to enzyme ratio
(w/w) on the degree of hydrolysis in the 1st-SCMR
{pH 9.0, 55°C) and 2nd-SCMR (pH 8.0, 50°C) [S=1
% (w/v), flow rate 6.14 m//min, V=500 m/].
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Fig. 11. The effect of reactor volume on the degree
of hydrolysis in the 1st-SCMR (pH 9.0, 55°C) and
2nd-SCMR (pH 8.0, 50°C) [S=1% (w/V), flow rate
6.14 m//min].
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Fig. 12. The effect of flow rate on the degree of
hydrolysis in the 1st-SCMR {pH 9.0, 55°C) and 2nd-

SCMR (pH 8.0, 50°C) [S=1% (w/v), V=600 m/]
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Fig. 13. The leakage of trypsin and pronase E in
the 1st-SCMR {pH 9.0, 55°C) and 2nd-SCMR (pH 8.0,
50°C), respectively (E=1mg/m/, flow rate 6.14
m//min, V=600 m/, recycling rate 0.86//min).
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Continuous Production of Fish Skin Gelatin Hydrolysate Using a Two-Stage

Membrane Ractor

Se-Kwon Kim*, Hee-Guk Byun, You-Jin Jeon, Hyun-Phil Yang and Duk-Je Jou! (Department
of Chemistry, National Fisheries University of Pusan, Pusan 608-737, Korea, 'Department
of Food Science and Technology, Dong Sae College, Pusan 616-010, Korea)

Abstract: A continuous two-stage membrane (1st-SCMR, MWCO 10,000; 2nd-SCMR,
MWCO 5,000) reactor was developed and optimized for the production of fish skin gelatin
hydrolysate with different molecular size distribution profiles using trypsin and pronase
E. The optimum operating conditions in the 1st-step membrane reactor using trypsin were:
temperature, 55C; pH9.0; enzyme concentration, 0.1 mg/m/; flux, 6.14 m//min; reaction
volume, 600 m/; and the ratio of substrate to trypsin, 100 (w/w). After operating for 1 hr
under the above conditions, 79% of total amount of initial gelatin was hydrolysed. In the
2nd-step using pronase E under optimum operating conditions[ temperature, 50°C ; pH 8.0;
enzyme concentration, 0.3 mg/m/; flux, 6.14 m//min; reaction volume, 600 m/; and the ratio
of substrate to pronase E, 33 (w/w)], the 1st-step hydrolysate was hydrolysed above 80%.
Total enzyme leakages in the lst-step and 2nd-step membrane reactors were about 11.5%
at 55C for Shrs and 9.0% at 50C for 4 hrs, respectively. However, there was no apparent
correlation between enzyme leakage and substrate hydrolysis. The membrane has a signifi-
cant effect on activity lose of trypsin and pronase E activity for 1 hr of the membrane
reactors operation. The loss of initial activity of enzymes were 34% and 18% in the 1st-
step and 2nd-step membrane reactor, whereas were 23% and 10% after operating time
3hr in the 1st-step and 2nd-step membrane reactor lacking the membrane, respectively.
The productivities of 1st-step and 2nd-step membrane reactor for 8 times of volume repla-
cement were 334 mg and 250 mg per mg enzyme, respectively.



