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Scavenging effect of the hydrolysates from
Hypophthalmichthys molitrix meat protein on hydroxyl radical
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2. College of Life Science and Technology , Dalian Fisheres University , Dalian 116023, China ;
3. Department of Food Science and Engineering . DaLian Fisheries University , Dalian 116023, China)

Abstract: The purpose of this study was to investigate the scavenging activity (SA) of the fish protein
hydrolysates ( FPH), which were produced using five different hydrolytic enzymes from Hypophthalmichthys
molitrix protein, on hydroxyl free radical, and to separate the active peptides produced by hydrolysis and measure
the molecule weight distribution of the active peptides. The fish protein hydrolysates (FPH) are of increasing
interest due to their potential applications as a source of bioactive peptides or as nutritional ingredients of food
products or as nitrogenous substrates for the fermentation media. According to the scavenging activity (SA) of
Hypophthalmichthys molitrix protein hydrolysates on hydroxyl free radical produced by Fenton reaction, papain and
trypsin, whose hydrolysates had higher scavenging activity (SA = 81.5% and 83.5%, respectively) on
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hydroxyl free radical, had been chosen to be the good hydrolytic enzymes from the five applied enzymes such as
trypsin, papain, pepsin, subtilisin and flavourzyme. Furthermore, the optimal hydrolysis parameters of papain
and trypsin hydrolysis reaction, including the temperature, time, pH, enzyme content, and the substance
concentrations in enzymatic reaction system, were determined by the orthogonal design Ly(3*), respectively. The
influence of the process variables enzyme substrate ratio; effect of intermediate substrate and enzyme addition was
studied with regards to the extent of proteolytic degradation and the scavenging activity on hydroxyl free radical,
and to the molecular weight distribution of the active peptides. Although the degree of hydrolysis (DH) increased
with the time and the enzyme addition, there were no direct relationship between degree of hydrolysis (DH) and
scavenging activity (SA). Then the Hypophthalmichthys molitrix protein hydrolysates produced by using papain
and trypsin with higher scavenging activity on hydroxyl free radical were fractionated with Sephadex G - 25 resin,
respectively. The absorbance of every fractionated component was measured at 280nm and its molecular
weight distribution was calculated according to the absorbance and standards graphs drawn. The results
showed that the optimal enzymatic hydrolysis conditions that could produce the protein hydrolysates with the
highest scavenging activity on hydroxyl free radical for using papain were temperature 50T, time duration 15
min, pH 6.5, enzyme content 1.50% (w/w) and enzyme/substances ratio 1:2, and that the highest scavenging
activity ( SA) was 88.2%; And the optimal enzymatic hydrolysis conditions that could produce protein
hydrolysates with the highest scavenging activity on hydroxyl free radical for using trypsin were enzyme content
0.25% (w/w), time duration 60min, pH 8.0, temperature 55°C and substance concentration 1:2, and that the
highest scavenging activity (SA) was 84.2% . The fractionated active peptide, which separated from the
Hypophthalmichthys molitrix protein hydrolysates produced by papain, had the highest scavenging activity, SA =
95.1% , on hydroxyl free radical and its molecular weights was 2.2 kDa. And the fractionated peptides, which
separated from the Hypophthalmichthys molitrix protein hydrolysates produced by trypsin had the strong scavenging
activity, SA = 89.6% , on hydroxyl free radical, and its molecular weight was 14.2 kDa.
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Tab.1 The suitable hydrolytic conditions of the five enzymes
BECT) MG (U-g™) W IR B B (%)
pH S,
temperature enzyme activity E/S
i E H B8 trypsin 8.0 50 13500 0.4444
B E F18§ pepsin 2.0 37 4600 1.3043
A /R H 8§ papain 7.0 55 4700 1.2766
KB R R subtilisin 7.0 50 13600 0.4412
X E&EEM flavowzyme 7.0 50 7300 0.8219
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Fig.1 The scavenging effect of hydrolysates on hydroxyl free radical
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Tab.2 The factors and levels of papain hydrolysis

HH factors
K A B c D
level () B (min) n MEESH(%)
temperature time p E/S
1 50 15 6.5 1.00
2 55 30 7.0 1.25
3 60 45 7.5 1.50

W R KL 102

Notes: substance concentration 1:2
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W B K, pH # Z e B /s RNE B RS B ) vt 18
B EEEREARRWEE &R ABCD;, Bl
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10min.15min 1 20min 4 M EBEYHNE B
HEFRERHAT TR (R, HERNE
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Tab.3 The scavenging effect of hydrolysates produced by papain on hydroxyl free radical
7 condif)n;ﬁof%lyﬁo]ysis BHRE%) s condi?i%n;sﬁ oﬁlyﬁtolysis BBRE(%)
no. SA no. SA
A B C D A B C D
1 1 1 1 1 94.7 2 1 2 2 2 87.9
3 1 3 3 3 91.9 4 2 1 2 3 88.6
5 2 2 3 1 4.6 6 2 3 1 2 81.0
7 3 1 3 2 79.9 8 3 2 1 3 80.9
9 3 3 2 1 72.8 K, 274.5 263.2 256.6 242.1
K, 244 .2 243.1 249.3 248.9_ K, 233.6 245.7 246.4 261.2
K, 91.5 87.7 85.6 80.7 K, 8l.4 81.0 83.1 83.0
X, 77.9 81.9 82.1 87.1 R 13.6. 6.7 3.5 6.4

WM&k GEERBLAAIL HRREEANER
HEES)HITLBHEXRRKK(F6). ME6
R, BEEABERYMEAGEERIERARE
B R &1 B A,B,CD,, BIR EE R 55T, Bt jE) &

F4 AMFOMSEREKFHREL
Tab.4 The optimization of time with papain

Bt 18] mp(c) MEEHN HHR
(min) temperature (%) pH (%)
time pe; E/S SA
5 50 1.50 6.5 76.5
10 50 1.50 6.5 80.5
15 50 1.50 6.5 88.2
20 50 1.50 6.5 82.3

W RPWHE B 1:2

Notes : substance concentration 1:2

ReERHRAEGHE ANEOM.BEA
MESAREBBAGT XM ARAK LY EY
HITKE. BGREY, KB AARBENEAH

60min, B &R 0.25 % ,pH 5 8.0, HREMH
REtHEwBEEOMERYE A A EFERIERN
BREEHIIAFEHN:D>B>C> A, DM ERES
BEWEKR, BEAZEE/N.

£5 BEAMBMERKER
Tab.5 The factors and levels of trypsin hydrolysis

H X factors
K F A B o D
level  HEF(T) BYiE(min) B R (%)
temperature time pH E/S
1 45 30 7.5 0.25
2 50 45 8.0 0.50
3 55 60 8.5 0.75

W RYWEERIAKL 1:2

Notes : substance concentration 1:2

EHEGRERGEREY, ANEOR REOB 5
AR BAEIR YR E A K =1:2(K 7).,
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Tab.6 The scavenging effect of hydrolysates produced by trypsin on hydroxyl radical
. .3 LS . [ 3 L N
5 conditions of hydrolysis HBE(%) Fe conditions of hydrolysis EERE (%)
no. SA no SA
A B C D A B C D
1 1 1 1 1 81.3 2 1 2 2 2 67.1
3 1 3 3 3 79.9 4 2 1 2 3 78.7
5 2 2 3 1 72.9 6 2 3 1 2 71.2
7 3 1 3 2 69.7 8 3 2 1 3 1.7
9 3 3 2 1 87.2 K, 228.3 229.8 224.2 241 .4
K, 222.8 211.6 232.9 208.0 K, 228.6 238.3 222.5 230.3
K, 76.1 76.6 .7 80.5 K, 74.3 70.5 77.6 69.3
K, 76.2 79.4 74.2 76.8 R 1.9 8.9 3.4 1.2
7 ANEAR.BECBRERYRE
Tab.7 The optimal substance concentrations of trypsin and papain
substance concentration 11 1:2 1:3 1:4 155 16 17 1:8
AEE IR TIRE(%) 77.6  88.2 8.6 80 5.2 2.0 70.8 6.6
scavenging activity of hydrolysates by papain
BREAMBAEYDHNERE( %) - -
scavenging activity of hydrolysates by trypsin 76.7 84.2 80.7 78.9 76.6 74.8 69.5 67.3
23 BB TRSHAE At BE R R B e A R KT % A HRERE
HAB A FAE IBEARE 200000 TR % K SA=95.1%, BE2. 83 XY, ERKR%E

2000kDa) MR C(4r T8 12.3kDa) JEH &
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Fig.2 Separation curve of standards by Sephadex G - 25
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Fig.3 The absorbance and SA of hydrolysates
produced by papain at 280nm
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Fig.4 The absorbance and SA of hydrolysates
produced by trypsin at 280nm
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