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Table 1. Yields and proximate compositions of protein hy-
drolysates produced from hoki frame by enzymatic hydrolysis

using TPCCE : (%)
Yield® Moisture Crude fat Crude protein Crude ash
30 K 116 0.88 0.64 80.6 14.4
10 K? 104 0.91 0.19 76.8 17.4
5K 195 8.71 0.45 52.9 359
1K 585 1388 0.31 29.6 54.6

D30 K is the hydrolysate was permeated through a 30,000 molecular
weight cut-off( MWCO) membrane.

210 K is the hydrolysate through a 10,000 MWCO membrane.

95 K is the hydrolysate through a 5,000 MWCO membrane.

91 K is the hydrolysate through a 1,000 MWCO membrane.

“hoki frame used for the enzymatic hydrolysis was 2 kg on a dry weight
basis. The protein hydrolysate produced was approximately 1,540 g of
freeze-dried hydrolysate(77% as yield) and the rest was bones of the
frame. No muscle protein was left on the bones after the hydrolysis with
TPCCE for 12 hrs. The respective yields fractionated were calculated on a
basis of 1,540 g of the freeze-dried hydrolysate.
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Fig. 1. Optimum hydrolytic conditions of hoki frame protein with TPCCE. (a) is the effect of pH on the hydrolysis. Substrate
concentration=1%, enzyme to substrate ratio=1: 100(w/w), temperature=40°C, incubation time=1 hr. (b) is the effect of temperature on the
hydrolysis. The hydrolytic reaction was carried out under the same conditions as (a) at pH 10.0. (c) is the effect of substrate
concentration on the hydrolysis. The hydrolysis was carried out under the same conditions as (a) at 50°C. (d) is the degree of hydrolysis
profiles during the hydrolysis of hoki frame protein using TPCCE, papain, o-chymotrypsin and pronase E. The hydrolyses were

performed under the optimum conditions of the enzyme used.
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Fig. 2. Molecular weight profiles of 30, 10, 5 and 1 K hy-
drolysate on GPC column (pore size 60 A) by HPLC. Marker
materials: A, pepsin(MW 34,700 Da); B, cytochrome c(MW 12,400
Da); C, aprotininMW 6,500 Da); D, vitamin B,(MW 1355.4 Da)
[eluant: 0.05 M KH,PO, & 0.05 M KOH buffer(pH 7.0), flow rate:
0.3 m//min].
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Table 2. Amino acid compositions of hoki frame hydrolysates
(residues/1000-residues)

Amino acid 30 K 10 K 5K 1 K
Asp 53.5 572 70.3 60.0
Thr" 44.9 51.9 48.9 524
Ser 403 42.8 39.2 353
Glu 102.1 109.5 1279 1141
Gly 270.1 262.7 2242 1803
Ala 91.1 90.2 92.0 90.9
Cys 8.6 0.0 0.0 0.0
Val 46.8 51.6 58.9 61.9
Met” 17.1 185 158 12.0
lie” 50.7 409 44.9 44.7
Leu” 64.4 69.4 74.2 90.2
Tyr 8.1 8.2 35 2.4
Phe” 353 36.4 37.6 49.0
Lys 40.6 35.4 49.1 83.4
His" 18.1 21.9 20.6 15.3
Arg 523 52.5 432 73.1
Pro 55.9 50.9 49.8 35.1

Essem:;li ST 318 (%) 326 () 350 (%) 409 (%)
Total 1,000 1,000 1,000 1,000

DEssential amino acid.

100

Solubility(%)

—&— BSA
50
40 T T T T T T T T T T
2 3 4 5 [ 7 8 9 0 11
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Fig. 3. Solubilities of hoki frame hydrolysates, 30, 10, 5 and 1
K. A control was BSA (bovine serum albumin). Solubility was
measured after equilibration for 30 min at room temperature (25°C).
The solubility is expressed as percent total protein in supernatant
solution.
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Fig. 4. Emulsifying activities(a) and emulsion stabilities(b) of
hoki frame hydrolysates as function of pH. Emulsifying activity
was evaluated by spectroturbidity method. The mixture of 3 m/ of
1% hydrolysate solution and 1 m/ of oil was homogenized at 12,000
rpm for 60 sec. Aliquots were immediately pipetted from the
emulsion and diluted 50-fold into 0.1% SDS in 0.1 M NaCl, pH 7.0,
and then measured absorbance at 500 nm. The emulsifying activity
was expressed as an absorbance. Emulsion stability was evaluated
by a half-time(30 sec to 60 min) of absorbance from the stock
emulsions prepared for the measument of emulsifying activity.
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Table 3. Whippability and foam stability of hydrolysates as a function of pH
H Whippability” Foam stability”

P 30 K 10 K 5K 1 K BSA 30 K 10 K 5K 1K BSA
2 0.97 0.93 0.91 0.09 0.94 0.05 0.04 0.06 - -
3 0.98 0.98 0.89 0.35 0.90 0.03 0.07 0.08 - -
4 0.96 0.96 0.87 0.40 0.79 0.09 0.08 0.07 - 0.49
5 0.94 0.93 0.86 0.56 0.75 0.14 0.07 0.08 - 0.53
6 0.96 0.94 0.88 0.68 0.73 0.16 0.19 0.08 0.05 0.46
7 0.94 0.93 0.88 0.73 0.60 0.21 0.17 0.05 0.05 0.47
8 0.93 0.90 0.87 0.56 0.59 0.21 0.20 0.06 0.05 0.46
9 0.91 0.87 0.84 0.49 0.64 0.27 0.21 0.04 0.04 0.50
10 0.89 0.88 0.78 0.49 0.68 0.21 0.15 0.05 0.04 0.56
11 0.87 0.83 0.76 0.46 0.74 0.16 0.05 0.03 0.04 0.58

YWhippability was expressed by the following equation: (Total volume-Drainage volume)/Initial volume.
“Foam stability was expressed by the following equation: (Initial volume-Drainage volume) X 100/Initial volume.
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Recovery of Protein Hydrolysate from Hoki (Johnius belengeri) Frame with Tuna Pyloric Caeca
Crude Enzyme and Its Functionalities

You-Jin Jeon, Byoung-Jo Lee', Hee-Guk Byun, Jong-Bae Kim’ and Se-Kwon Kim*(Dept. of Chemistry, Pukyong
National University, Pusan 608-737, Korea; ‘Dongwon Industry Co. LTD., Seoul 137-130, Korea; "Dept. of Sea-
Food Science and Technology, Kunsan National University, Kunsan 573-702, Korea)

Abstract : Enzymatic hydrolysis with tuna pyloric caeca crude enzyme(TPCCE) was performed to recover a
protein hydrolysate from hoki frame, fish processing by-product. Optimum hydrolytic conditions were pH 10.0,
temperature 50°C, and incubation time 12 hrs, and then the degree of hydrolysis was about 60%. The yield of the
hydrolysate from hoki frame by enzymatic hydrolysis was approximately 77% on a dry weight basis. The prepared
protein hydrolysates were also fractionated through a series of 30, 10, 5 and 1 kDa molecular weight cut-off
(MWCO) membranes in order to investigate the effect of their functionalities according to the difference of their
molecular size. As the result of studying functionalities of the hydrolysates, 1 K hydrolysate showed the highest
solubility over all pHs, and 30 and 10 K hydrolysate showed more excellent emulsifying property and whippability
than the other hydrolysates.

Key words : hoki frame, tuna pyloric caeca, enzymatic hydrolysis, ultrafiltration membrane, functionality
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