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Protein hydrolysate was prepared as a natural flavor stock from the sharp toothed eel (Muraenesox cmereus) mince using com-
mercially available proteolytlc enzymes, Alcalase, Neutrase, Protamex, and Flavourzyme. A 6 hr hydrolysis of mince, to which water
of the equal weight of the mince was added, w1th 2% (w/w, protein weight) Flavourzyme at 50T yielded a hydrolysate of the highest
acceptability. Removing the access lipid in liquified hydrolysate (not dehydrated) after enzyme hydrolysis, five times repetitive
extraction using n-hexane (liquified hydrolysate: n-hexane=4:1, v/v) was effective, resulting in less than 1% lipid content of the
dehydrated-hydrolysate. The amino acid composition of the hydrolysate (prepared with Flavourzyme) was similar to that of the
starting material. Hydrolysis led to an increase in concentration of not only total free amino acid but also free amino acid such as
serine, glutamic acid, alanine, and methionine responsible for umami taste, especially up to about 40 times for methionine. Major
free amino acids in amount were leucine, phenylalanine, valine, alanine, and isoleucine and they comprised about half of the total
free amino acids. Moisture adsorption, fat adsorption, emulsifying capacity, and foaming capacity of the hydrolysate were 870.1+7.9
%, 352.0+5.3%, 503 +1.2%, and 87.5+ 2.5%, respectively, and solubility was 83~84% at acid pH range of 2~4.
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Table 1. Prediction equation for the calculation of protein ef-
ficiency ratio (PER)

Equation Equation

no.

1 —0.684 + 0.456[Leu] —0.047([Pro]

2 —0.468 + 0.454[Leu] —0.104[Tyr]

3 —1.816 + 0.435[Met] + 0.780[Leu] + 0.211[His]

—-0.944[ Tyr]
4 0.08084[ZAA,] —0.1094
5 0.06320[ZAA,] —0.1539

[ZAA;1=Thr+Val+Met+1Ile+Leu+Phe+Lys;
[ZAA,]=His+Arg+Tyr.
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Fig. 1. Changes of DH (degree of hydrolysis) in mince treated
with Alcalase, Neutrase, Protamex, Flavourzyme, and
endogenous enzyme. Mince/water ratio of 1.2 and 2
% (w/w, protein weight) of each enzyme were used
for hydrolysis. Hydrolysis temp.; S0C.
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Table 2. Sensory evaluation of hydrolysates prepared from mi-
nce of sharp toothed eel by four different enzymes

. . Hydrolysate*
Attribute Mince
A B C D

Bitterness 053¢  15¢ 593 608  797°

(0419 (065 (501 (509" (6512

Umami 231 490° 197 205 182°

(MSG-like taste) (432%) (6429 (253 (29290 (276°)

L 7260 545 56T° 539 556°

Fish-like smell 00y (5o G552 Gar) (533

Means with different superscripts in a row are significantly di-
fferent (p<0.05). Ten point line scale with 5 word anchors was
used. “poor~very good” was used for the degree of liking,
whereas “not at all~very strong” was for the determination of
intensity.

*A, B, C, and D are hydrolysates made with Flavourzyme,
Protamex, Alcalase, and Neutrase, respectively. Mince/water
ratio of 1:1 and 2% (w/w, protein weight) of each enzyme
were used for hydrolysis. Hydrolysis temp.; 50C, hydrolysis
time; 6 hrs. Numbers in parentheses are sensory score with
samples added 0.5% (w/w) NaCl
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Fig. 2. Influence of Flavourzyme concentration on DH (degree

of hydrolysis) of mince.oThe ratio of mince/water; 1:
2, Hydrolysis temp.; 50C. Hydrolysis time; 6 hrs.
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Fig. 3. Effect of mince/water ratio on DH (degree of hydroly-

sis). Water was added to the mince at the ratio (mi-
nce/water, w/w) of 1:1, 1:1.5, 1:2, 1:25, 1:3. Fla-
vourzyme was added at 2% (w/w, protein weight).
Hydrolysis temp.; 50C, hydrolysis time; 6 hrs.
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Fig. 4. Effect of the amount of added n-hexane to liquified hy-

drolysates on the lipid content of powdered hydrolysa-
tes. n-Hexane was added to the liquified hydrolysates
produced by hydrolyzing mince, to which water of
the equal weight of the mince was added, for 6 hrs
at 50C with 2% (w/w, protein weight) Flavourzyme.
After adding n-hexane, the mixture was shook and
centrifuged. And then the supernatant (n-hexane la-
yer) including the lipid was removed and the preci-
pitate powdered by freeze dryer.
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Fig. 5. Effect of extraction time with n-hexane (the ratio of
liquified hydrolysate: n-hexane=4:1, v/v) on the lipid
content of powdered hydrolysates. n-Hexane was ad-
ded to the liquified hydrolysates produced by hydro-
lyzing mince, to which water of the equal weight of
the mince was added, for 6 hrs at 50C with 2% (w
/w, protein weight) Flavourzyme. After adding n-he-
xane, the mixture was shook and centrifuged. And
then the supernatant (n-hexane layer) including the
lipid was removed and the precipitate powdered by
freeze dryer.

Table 3. Proximate composition of sharp toothed eel and its
powder (g/100g)

Ash

Crude
protein

Moisture C;u_de
ipid

Sham toothed 94501078 823£0.3 1524036 162£008

Powdered-shai
toothed eel P 6714056 080007 8430+102 722+0.14

Data are mean values of triplicate determinations standard
deviation.

xite &244 ou =4kl leucine, phenylalanine, valine, ala-
nine, isoleucine 5ol 29, ©1% alanined A sz ZF A
olnliateln o] & 5%9] ojm|iito] WA o W (4896%)S
AR gl Rol EAHoIU. 7t E 25y FE 9
AL £44 Helolroln] HE|EE THge LA opu| it
o] Helolre] 7t & WEOE Lol FdHE &4
& 2gbol & UA e (Pedersen, 1994; Clegg, 1973). e}
A 7HEESHE AZA exopeptidaseS AHEEE LA ofn| kit
9 % Ee FE7 LolAlA &3 Ao A A & 7t
B0 # AFe] 2LAEY ASE AME EA7) exopeptidase ]
40 A FUE ol frejotvliity FF HeME 4

H

pS4

Table 4. Free amino acid composition of raw and powdered
sharp toothed eel

Composition (mg/100g)*

Amino acid Raw sharp Powdered sharp
toothed eel toothed eel

Taurine 1,396.72 (28.30) 29333 (2.04)
Phosphocthanolamine 9.87(0.20) 2249(0.16)
Urea 200.05 (4.05) 128.74(0.89)
Aspartic acid 6.81(0.14) 151.62(1.05)
Threonine 80.44 (1.63) 579.28 (4.02)
Serine 4484 (091) 37704 (2.62)
Asparagine 592(0.12) 298.34 (2.07)
Glutamic acid 61.84(125) 419.97 (2.92)
Sarcosine trace ( - ) 73.51(0.51)
e-Aminoadipic acid 1229(025) 14.17(0.10)
Proline 117.32(2.38) 120.60 (0.84)
Glycine 616.26(12.49) 363.10(2.52)
Alanine 163.43(331) 945.89 (6.57)
a-Aminobutyric acid trace( - ) 8.83 (0.06)
Valine 41.08(0.83) 1,11631(7.75)
Cystine 1.53(0.03) 86.74 (0.60)
Methionine 20.89(0.42) 815.03 (5.65)
DL-Allocysthathione 5.67(0.11) 12.76 (0.09)
Isoleucine 35.09(0.71) 901.84 (6.26)
Leucine 62.67(127) 2,891.89 (20.07)
Tyrosine 4267(0.86) 55576 (3.86)
B-Alanine 525.44(10.64) 284.63 (1.98)
Phenylalanine 36.81(0.75) 1,194.80 (8.30)
B-Aminoisobutyric acid 38.09(0.77) 175.45(1.22)
Homocystine 20.51(042) 108.84 (0.76)
v-Aminobutyric acid 790(0.16) 2.52(0.02)
Ammonia 332.14(6.73) 225.00(1.56)
Hydroxylysine 8.28(0.17) 160.06 (1.11)
Ornithine 4.20 (0.09) 2448 (0.17)
Lysine 89.42(1.81) 723.59 (5.02)
Histidine 686.00 (13.90) 449.10 (3.12)
3-Methylhitidine 34.46(0.70) 167.37(1.16)
Carnosine 201.71 (4.08) 50.10(0.35)
Arginine 25.54(0.52) 659.04 (4.58)
Total 493589 (100.00)  14,402.22 (100.00)

*Moisture, lipid and ash free basis. Data are means of tripli-
cate measurements.
Numbers in parentheses are % to total content.
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Table 5. Total amino acid composition of raw and powdered

sharp toothed eel
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Composition (mg/100g)*

Amino acid Raw sharp Powdered sharp
toothed eel toothed eel

Aspartic acid 8,802.66 (9.49) 8,867.04(9.29)
Threonine 402941 (4.34) 4,099.62 (4.30)
Serine 3.823.51(4.12) 3,841.28 (4.03)
Glutamic acid 13,730.91 (14.79) 14,109.31 (14.79)
Proline 4023.10(4.34) 4,295.80 (4.50)
Glycine 5.928.70(6.39) 6,823.00(7.15)
Alanine 5692.30(6.13) 5,892.05 (6.18)
Cystine 19590 (0.21) 511.16(0.54)
Valine 4,024.84 (4.34) 4,657.48 (4.89)
Methionine 2.995.20(3.23) 2,899.66 (3.04)
Isoleucine 344941 (3.72) 3,932.58 (4.12)
Leucine 7.219.69(7.78) 7,091.32(743)
Tyrosine 2991.33(3.22) 2,943.40 (3.08)
Phenylalanine 3,636.26 (3.92) 3,641.89(3.82)
Histidine 286261 (3.09) 3,181.33(333)
Lysine 8,357.98 (9.01) 8,396.83 (8.80)
Ammonia 4,546.00 (4.90) 3,439.35(3.60)
Arginine 6,479.36 (6.98) 6,787.89(7.11)
Total 92,789.17 (100.00) 95,410.99 (100.00)

*Moisture, lipid and ash free basis. Data are means of tripli-
cate measurements.
Numbers in parentheses are % to total content.

Table 6. Calculated protein efficiency ratio (PER) values of
raw and powdered sharp toothed ee! and their com-
parison with those for capeline and cod

PER

Powdered sharp
toothed eel

Equa-
tions*  Raw sharp

toothed eel Cod**  Capeline***

1 242 235 2.86 2.86
2 2.50 245 287 288
3 2.90 287 324 3.25
4 262 270 299 298
5 276 2.86 2.90 2.86

*See Table 1 for description of equations
**From Shahidi et al. (1991)
***From Shahidi et al. (1995).
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Table 7. Functional properties of powdered sharp toothed eel

Functionality %
Moisture adsorption 870.1£79
Fat adsorption 352053
Emulsifying capacity 503x12
Foaming capacity 875125
Foaming stability
0.5 min 829+31
10 min 32309
40 min 21716
60 min 18.6£0.5
80 min 161+1.1
120 min 28103
150 min 0.0

Data are mean values of triplicate determinations % standard
deviation.
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Fig. 6. Solubility of powdered sharp toothed eel in water with
pH.
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o]7} 91913, glutamic acid, aspartic acid, lysine, leucine, glycine
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