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ABSTRACT

The main objective of this research project is to develop the natural antioxidant from
aquatic products. The hydrolysis of Japanese eel (Anguilla japonica) protein and their wastes
protein is carried out by using Papain, Protease N, Protease A, and Prozyme 6. The antioxidative
activities of the hydrolyzates are investigated. The pH value of hydrolysates decreased and then
increased during hydrolysis. The NH; contents of the hydrolysates increased with the hydrolysis
time; however, the soluble protein of Papain and Protease N hydrolysates increased at the 6 h
hydrolysis and thereafter decreased.

The predominant FAAs of pre-hydrolyzed meat and bone were taurine, glycine, histidine,
and alanine. Changes in the levels and compositions of FAAs, anserine, carnosine and other
peptides during hydrolysis showed that their increased levels of the hydrolysates obtained with
commercial enzymes were much higher than pre-hydrolyzed. Bone hydrolysates had more FAAs
than meat hydrolysates. The meat contained the highest amount of carnosine than that bone.
Anserine was not detectable in meat and bone, but they were found in considerable levels in
enzyme hydrolysates. The peptides of the enzyme hydrolysates increased dramatically in the first
6 h and thereafter decreased with the increase of FAAs. The total peptides of the meat
hydrolysate was slightly higher than those in the bone hydrolysate.

Different antioxidant measurements including the inhibition of linoleic acid autoxidation,
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scavenging effect on o,o-diphenyl-B-picrylhydrazyl free radical, and chelating ability Fe®"
showed that eel hydrolysates possessed noticeable antioxidant activities. The bone hydrolysates
possessed a little higher antioxidant activity than that of the meat hydrolysate. A good correlation
existed between the amount of peptides in the hydrolysates and antioxidant activity.

The molecular size of protein hydrolyzate is determined by membrane and gel permeation
chromatography, and the antioxidative activity of different fractions is also measured. The
fraction with molecular weight <5000 kDa presented the highest antioxidant activity. Results
revealed that the peptide with molecular weight of approximately 1,300 kDa possessed a stronger
in vitro antioxidant activity than that of 200 kDa. This study will also provide the essential
background and database for the efficient utilization of the hydrolysis protein extracts to
manufacture the natural antioxidant.

Key words: Eel; Protein hydrolysate; Antioxidative activity; Free amino acids; peptides

INTRODUCTION

Oxidation is essential to living organisms to fuel biological processes. The uncontrolled
production of free radical derived from oxidation may be associated with the onset of many
diseases such as cancer, rheumatoid arthritis, and arteriosclerosis (Halliwell and Gutteridage,
1984). Almost organisms are well protected against free radical damage by enzymes such as
superoxide dismutase and catalase, or antioxidant compounds such as ascorbic acid, tocopherols
and glutathione (Aruoma, 1998). Therefore, the antioxidants present in human diet are of great
interest as possible protective agents to help human body reduce oxidative damage. Addition of
synthetic antioxidants such as butylated hydroxyanisole, butylated hydroxytoluene, and tertiary
butylhydroquinone can increase the shelf life of food products by improving the stability of lipids.
However, these synthetic compounds were suspected to be carcinogen (Bran, 1975; Whysner et
al., 1994). Therefore, the exploration of natural antioxidants has been of importance.

Various physiological activities of the proteolytic hydrolysates from food proteins have
been detected. The antioxidative activity of hydrolysates such as soy protein (Chen et al., 1995),
caseins and whey protein (Chiang and Chang, 2005), sunflower protein (Villanueva et al., 1999),
egg-yolk protein (Park et al., 2001), bovine albumin (Hatate et al., 1990), pork protein (Carlsen et
al., 2003), skin gelatin (Mendis et al., 2005), fish protein (Je et al., 2005; Wu et al., 2003) and
chicken essence (Wu et al.,, 2005) have been reported. It is possible that the levels and
compositions of FAAs and peptides may contain some information regarding antioxidant
activities of protein hydrolysates. Thus, the antioxidant activities either of amino acids or
peptides have been investigated to gain insight into the antioxidant mechanism of protein
hydrolysates.

The present study reports on the antioxidant activities of eel meat and their waste
hydrolysates prepared accelerated hydrolysis with the addition of commercially available
protease. Changes in the levels and compositions of FAAs and small peptides during hydrolysis
are also investigated to find out their relationships with antioxidant activities. The potent
antioxidant peptide fractions are also isolated from the eel by size exclusion chromatography in

the present study.



MATERIALS AND METHODS

1. Materials

Fresh Japanese eel were purchased from seafood markets in Keelung, Taiwan. The fishes,
still in the rigor mortis stage at the time of purchase, were stored on ice during transportation to
the laboratory. On arrival at the laboratory, the fishes were immediately decapitated and filleted,
and the meat were collected and homogenized for enzymatic hydrolysis.
2. Preparation of eel protein hydrolysates

Eel meat and bone (250 g) were mixed with 500 g of distilled water and homogenized for
about 2 min. Commercial enzymes (1.25 g) were added to the mixture for hydrolysis process at
50 °C for 0, 3, 6, 9, and 12 hrs. The conditions of enzymatic hydrolysis were adapted as the
manufacturer recommended. At the end of hydrolysis period, the mixtures were heated in boiling
water for 10 min to inactivate protease. The hydrolysates were centrifuged (10 min at 7,000 x Q)
and the supernatants were lyophilized and stored in a desiccator until use.
3. Extraction of free amino acids and peptides

Extracts of FAAs and peptides were prepared according to the method of Konosu et al.
(1974).
4. Size exclusion chromatography

Peptide fractions of the hydrolysates were separated using column chromatography as
described by Chen et al. (1995).
5. Determination of soluble protein

The soluble protein was determined according to the method of Lowry et al. (1951).
6. Free amino acids, carnosine and anserine

Analytical conditions and procedure were performed according to the report published by
Shiau et al. (1996).
7. Amino acids of low-molecular-weight peptides

The difference between the value of amino acids by HCI hydrolysis and free amino acids
were referred to as the constituent amino acids of low-molecular-weight peptides (Konosu and
Yamaguchi, 1982; Chiou and Konosu, 1988).
8. Inhibition of linoleic acid autoxidation

The antioxidant activity of eel hydrolysates were determined according to the ferric
thiocyanate method (Chen et al., 1995).
9. Scavenging effect on DPPH free radical

The scavenging effect of the hydrolysates on DPPH free radical was measured by Shimada
et al.(1992.
10. Chelating of metal ions

The chelating of Fe** by the sample was estimated by the method of Dinis et al. (1994).

RESULTS AND DISCUSSION
1. Changes in soluble protein contents during hydrolysis

The soluble protein contents of eel meat during hydrolysis are shown in Fig. 1. The
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concentration of soluble protein was about 5~18 mg/g before hydrolysis, and the amount was
increased after hydrolysis. It increased dramatically in the first 6 h, and gradually decreased
thereafter. Soluble proteins of hydrolysates with papain and Protease N were found in higher
levels than other hydrolysates during the first 6 h hydrolysis. Although Protease A and Prozyme 6
both showed soluble protein during hydrolysis, their contents were much lower as compared to
those of papain and Protease N.

2. Changes in free amino acids, anserine and carnosine during hydrolysis

Changes in FAA constituents in the meat and bone eel during hydrolysis by employing
Protease N are shown in Table 1 and 2. The total FAAs increased dramatically in the first 6 h, and
then decreased during the elongated hydrolysis. Most of the individual FAAs increased during
hydrolysis, and leucine increased particularly much more than other FAAs. Leucine and
phenylalanine increased much more than other FAAs, which accounted for 25~27% of the total
FAAs in the meat and bone. As compared the changes of FAAs with papain and Protease N, both
enzyme hydrolysates had the similar trend during hydrolysis. In general, the FAAs in the
hydrolysate of bone were higher than that of meat.

The dipeptides, anserine, was not found in the muscle of eel. However, they were found in
considerable levels in the meat and bone hydrolysates of papain, Protease N, Protease A, and
Prozyme 6. Although the production mechanisms of anserine and carnosine are not clear, the
antioxidant properties of the dipeptides have been studied extensively. Boldyrev et al. (1988)
demonstrated that anserine and carnosine could decrease membrane lipid/oxidation rates by
measuring thiobarbituric acid reactive substance. Chan et al. (1994) indicated that
carnosine-related dipeptides possessed the antioxidant abilities under the phosphatidylcholine
liposome model, and discovered that the formation of the *OH free radicals could be detained by
carnosine.

3. Changes in low-molecular-weight peptides during hydrolysis

Changes in levels of peptides in the meat and bone during hydrolysis by employing
Protease N are shown in Table 3 and 4, respectively. The peptides increased dramatically in the
first 6 h, and gradually decreased thereafter. Glutamic acid, aspartic acid, lysine, and glycine
were the major constituted amino acids of small peptides in the Protease N hydrolysates. The
total amount of peptides in the meat and bone hydrolysates after 5 h were 11079 mg/100 mL and
2606 mg/100 mL, accounting for 92 and 16 times higher than that in pre-hydrolyzed sample. The
change of constituted amino acids of peptides in the Protease N hydrolysates was similar to that
in the other hydrolysates.

4. Antioxidant activity of eel hydrolysates

The inhibition of linoleic acid autoxidation of hydrolysates by papain, Protease N, Protease
A, and Prozyme 6 increased dramatically in the first 6 h, and gradually decreased thereafter (Fig.
2). This trend was similar to the changes of peptides over the duration. As compared with 0 h,
both eel hydrolysates from meat and bone accelerated process had higher inhibition. This result
illustrated that eel hydrolysate with protease possessed a noticeable antioxidant property to
inhibit the peroxidation of linoleic acid.

Fig. 3 shows the hydrolysates derived from protease hydrolysis were capable of quenching
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DPPH radical, and the scavenging ability of bone hydrolysis was higher than the meat. The
trends show that the scavenging effect for all hydrolysates increased slightly in the first 3 h, and
remained unchanged during the elongated period of hydrolysis. In general, the scavenging DPPH
radical of the bone hydrolysate was higher than that of the meat hydrolysate. The result revealed
that the eel hydrolysates might contain electron-donating substances, which could react with free
radicals, convert them to more stable products and terminate radical chain reaction. As shown in
Table 4, there existed good correlations between the amounts of combined amino acids and
histidine-related dipeptides in eel hydrolysates and their scavenging the DPPH radical. Thus, a
higher peptide level of the hydrolysate possessed a stronger antioxidant activity. Erickson and
Hultin (1992) indicated that, under inhibitory conditions, histidine-related compounds capable of
inhibiting lipid peroxidation might stem from its ability to coordinate with iron, thus preventing
reduction of Fe'* to Fe*". The fact that the enzymatic hydrolysates possessed DPPH free radical
quenching activity and reducing power may be associated with carnosine and anserine.

Fig. 4 shows the chelating effect of papain, Protease N, Protease A, and Prozyme 6
hydrolysates on ferrous ions. The meat and bone eel hydrolysates had similar chelating effect on
ferrous ion. The Prozyme 6 hydrolysate possessed the greatest chelating ability of metal ions
among all the hydrolysates. Metal ions are essential needs for health maintenance because human
body requires them for oxygen transport, respiration, and the activity of many enzymes. However,
metal ions are extremely reactive and will catalyze oxidative changes in lipids, proteins, and
other cellular components.
5.Distribution of molecular weight of peptide fractions

According to the previous studies, the 6 h hydrolysates of eel bone showed the highest
antioxidant activities, and the low-molecular-weight peptides were present in high levels in the
enzyme hydrolysates. In order to explore more insight into the antioxidant mechanism, the 6 h
hydrolysates were chosen as samples to analyze their molecular weight distributions of
low-molecular-weight peptides. The peptide fractions of the bone eel hydrolysates separated by
size exclusion chromatography on Sephadex G-25 are shown in Fig. 5. The fraction with
molecular weight <5000 kDa presented the highest antioxidant activity (Fig. 6). Four and/or five
peak peptide fractions were observed in the hydrolysates with papain, Protease N, Protease A and
Prozyme 6. Results revealed that the peptide with molecular weight of approximately 1,300 kDa
possessed a stronger in vitro antioxidant activity than that of 200 kDa.
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Table 1. Changes in free amino acids and related Table 3. Changes in constituted amino acids and

compounds in eel meat hydrolysates during related compounds in eel meat hydrolysates
hydrolysis with Protease N during hydrolysis with Protease N

(mg/100 ml) (mg/lOO ml)

Hydrolysis time (hr) Hydrolysis time (hr)
0 3 6 9 2 5 3 = 5 =

Tourine 4619 705 1805 1171 834 —— o 39 3 s
Asparticacid 072 2576 1852 9.70  5.86 Asparticacid  1.81 120474 114285 86677  863.77
Threonine 331 4922 2133 1438 784 Threonine 089 48157 45342 35024 34049
Serine 203 4107 2265 1368 854 Serine 0.86 44702 38379 32339  313.52
Glutamicacid -~ 3.63 5039~ 2321 1327 801 Glutamic acid ~ 4.53  1955.62 1806.43 1441.75  1392.78
Proline 385 1153 742 371 275 Profine )53  M830 40070 40401
Glycine 1556 2090 1443 868 626 Glycine 1349 76983 76337 56116  558.66
Alanine .09 6559 5573 3183 2253 Alanine 327 73543 73557 55221 53221
Valine 333 6721 5559 3047 2215 Valine 0.66 55580 572.04 40875  395.98
Methionine - 686 6268 3344 2842 Methionine 051 26546 268.10 22047  189.89
Isoleucine 280 7408 67.15 3750 30.03 Tsoleucine 062 55316 50539 40375 38531
Leucine 348 1633117935 10333 79.55 Leucine 134 857.05 84022 65540  600.08
Tyrosine 150 5968 SLe6l - 2515 2380 Tyrosine 005 26895 31907 24327  209.60
Phenylalanine 158 8208  98.02 5418 __467d Phenylalanine ~ 0.65  419.03 43543 32677 29437
B-Alanine 784 1301 1743 P52 8eAT B-Alanine 2677 12970 12035 11251  91.03
Lysine 744 109.61.=0.37 3030  21.82 Lysine 155 99349 97869 72749 73148
Histidine 10.11 415798580 2333 17.92 Histidine 5873 53650 49281 40347 40135
Arginine 183 100374643 _Bld2  19.98 Arginine 175 77026 72612 58037  554.62
Total 14231 112538901736 g0l 44660 Total 12093 11078.76 11158.58 8725.82  8385.08
Anserine — 3849 4377 3243 2558
Carnosine 47270 9598 14841 10748  89.52

Table 4. Changes in constituted amino acids and

) ) ) related compounds in eel bone
Table 2. Changes in free amino acids and related hydrolysates during hydrolysis with

compounds in eel bone hydrolysates during Prot N 100 ml
hydrolysis with Protease N LOLEAZo (mg ml)

Hydrolysis time (hr)
(mg/100 ml)
Hydrolysis time (hr) P 3 6 i 12
0 3 6 9 12 Taurine 5.43 = 6.68 - -

Taurine 572 19.98 4158 16.54 11.65 Aspartic acid 4.96 311.74 468.75 358.14 296.27
Threonine 043 1783 5170 4097 2436 Serine 275 11116 16998 9648  83.81
Serine 0.32 16.83 51.68 40.01 2351 Glutamic acid 10.38 507.13 749.39 596.50  476.82
Glutamic acid 0.82 10.55 34.51 23.01 17.59 Proline 8.00 195.03 299.90 230.69 186.66
Proline 0.27 4.52 10.91 7.19 4.56 Glycine 29.86 311.02 469.12 357.29 297.24
Glycine 1.01 10.93 32.54 26.07 15.51 Alanine 9.13 200.53 306.12 180.66 153.37
Alanine 1.20 4143 12433 90.83 55.67 Valine 2.12 110.70  189.04 98.45 80.32
Valine 0.43 38.84 12830  88.87 55.44 Cystine 032 0.61 4021 — 35.39
Methionine 0.02 3842 10901 6441 4171 Methionine 074 2993 11598 2355  54.08
Isoleucine 0.28 42.09 12194 85.34 54.41 Isoleucine 132 87.04 164.85 83.98 70.29
Leucine 0.42 107.85 292.78 173.35 117.18 Leucine 255 109.01 22917 3731 66.05
Tyrosine 0.20 34.83 96.28 59.19 37.79 Tyrosine 0.43 4044 39.86 _ 26.40
Phenylalanine 0.19 60.99 157.81 82.04 56.69 .

Phenylalanine 1.54 48.34 111.71 8.87 29.15
p-Alanine 1.93 19.17 44.98 22.05 15.44 .

B-Alanine 28.83 7.08 27.68 13.19 2.90
Lysine 0.55 37.30  101.37  73.12 45.85

o Lysine 4.06 220.97 333.77 227.10 175.41

Histidine 2.33 37.68 10423  67.63 44.41 o
Arginine 029 4035 11372 7894 45.97 Histidine 41.99 93.92 152.07 70.18 57.45
Total 16.80 68429 1800.46 1149.15  745.76 Arginine >S1 18900 29796 16396 14192
Anserine _ 2686 6372 2791 1756 Total 16598 260570 433630 2593.52 225473
Carnosine 24.89 73.14  140.21  56.20 42.96
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