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The potential utility of fish scales to the functional food industry has been investigated due to its antioxidant
and antihypertensive characteristics. In this study, we report on the reactive oxygen species (ROS) scavenging
and angiotensin | converting enzyme (ACE) inhibitory activities of gelatin hydrolysates processed from
Branchiostegus japonicus scales, which are also high in protein content (about 46.1%). We prepared the
enzymatic gelatin hydrolysates with four proteases (@-chymotrypsin, Alcalase, Neutrase and trypsin) from
B. japonicus scale gelatin, which was prepared according to different reaction times, substrate/enzyme ratios
and substrate concentrations. The enzymatic hydrolytic degrees of the gelatin increased time-dependently
up to 6 hrs, while the Alcalase gelatin hydrolysates showed the highest hydrolysis degrees compared to
the others. Furthermore, gelatin hydrolysates of Neutrase and @ -chymotrypsin showed the highest DPPH
radical and H.O» scavenging activities (ICsovalue; 9.18 mg/mL and 9.74 mg/mL), respectively. However,
the activities were not significant (P<0.05). We also observed that the four gelatin hydrolysates significantly
increased ACE inhibitory activities from approximately 20% to 60% (P<0.05). Among them, the Alcalase
gelatin hydrolysates showed the higher ACE inhibitory activity (ICso value; 0.73 mg/mL) compared to
the others. These results suggest that the enzymatic gelatin hydrolysates prepared from B. japonicus scales
may possess a potentially useful function as an ACE inhibitory agent. As such, the utility of B. japonicus
scales should be given due consideration for application in the functional food industry.
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Table 1. Characteristics of proteases used in hydrolysis of
Branchiostegus japonicus

Enzymes pH Temperature{T) Origin
a-chymotrypsin 7.8 25 Bovine Pancreas
Alcalase 8.0 50  Bacillus
Prote licheniformis
ases Neutrase 6.0 50 B(_acﬂlus .
amyloliquefaciens
trypsin 76 25 Procine Pancreas
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DPPH radical scavenging activity
1,1-diphenyl-2-picrylhydrazyl (DPPH) A ht]Ze] ot
S vl G A VeEaEY] AAZAHL AXTdT
(Electron donating ability, EDA)& ©]43l= Blois (1958)9]
w0 W ste] 243519} 4.0x10° M DPPH 899 100 4Lol
Z} 7}FREAE 100 pLE B 527 wiksle] 3087F HhE-A)
2 F 517 mol| N FHEE 43} ool Ui FE=

7 W R 7 EEl e e 248 24310k Blank
= DPPH 4] ethanolS AHE-3F1 AL, controlS 2% HlE AT}
g 7leRE g SHF5E AMEEH

DPPH A& (%)={1-(Sample OD-Blank OD)/Control OD}x100

Hydrogen peroxide scavenging activity
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Table 2. Proximate composition of Branchiostegus japonicus
scale used in this study

(%)

Sample Crude protein  Moisture Ash Other

Branchiostequs 46 11002 85:001 45041 0420001
japonicus
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Fig. 1. Comparison of hydrolysis degrees of enzymatic gelatin
hydrolysates. The enzymatic gelatin hydrolysates were
prepared by various enzymes ( @ -chymotrypsin, Alcalase,
Neutrase and trypsin) and reaction times (2, 4, 6, 8, and
10 hr). Conditions of reaction : Substrate/Enzyme ratio=100
{wt/wt), Substrate concentration = 3%.
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Fig. 2. DPPH radical scavenging activities of the enzymatic

gelatm hydrolysates (10 mg/mL}. The results are mean of
three replicates = standard error (SE).
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gelatin hydrolysates (10 mg/mL). The results are mean of
three replicates + standard error (SE).
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o2 DPPH Sz AABEES F7MIAL, 229 ICsw
2 9.18 mgmLHET} (Fig. 4). 18|31, Iatslrsd 2ASAHL
@ -chymotrypsins AH&-8 A g g 7R850 718 =4
velgon, 7lrRS % 9 DPPH &4 A 9] Z719) nkaizt
N2 7R S AR FA% A4S FHE g
uisich a2l Alge] %t 71| el Zatsled A
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Fig. 4. DPPH radical scavenging activities of Neutrase gelatin
hydrolysate according to various concentrations (2, 4, and
10 mg/ml). The value of IC50 was expressed as the
concentration of Neutrase gelatin hydrolysate inhibiting the
50% of DPPH radical, The results are mean of three replicates
+ standard error (SE).
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Fig. 5. Hydroxyl radical scavenging activities of «
~-chymotrypsin gelatin hydrolysate according to various
concentrations (2, 4, and 10 mg/ml). The value of ICsp was
expressed as the concentration of & -chymotrypsin gelatin
hydrolysate inhibiting the 50% of hydroxyl radical. The resuits
are mean of three replicates + standard error (SE}.
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Fig. 6. ACE inhibitory activities of the enzymatic gelatin
hydrolysates (Img/mL). The results are mean of three
replicates + standard error (SE).
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Fig. 7. Comparison of hydrolysis degrees of Alcalase gelatin
hydrolysates according to various substrate/enzyme ratios.
The hydrolysis degree of Alcalase gelatin hydrolysates were
determined by various substrate/enzyme ratios (10, 20, 50,
100, 200, and 500 wt/wt) with 3% substrate (wt/vol) in pH
8.0 at 50C for 6 hr. The results are mean of three replicates
+ standard error (SE).
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Fig. 8. Comparison of hydrolysis degrees of Alcalase gelatin
hydrolysates (substrate/enzyme ratio; 100 wt/wt) according
to various substrate concentrations, The hydrolysis degrees
of Alcalase gelatin hydrolysates prepared by 100 wt/wt of
substrate/enzyme ratio were determined according to various
substrate concentrations (1, 3, 5, 10, and 20%)(wt/vol} in
pH 8.0 at 50C for 6 hr.. The results are mean of three
replicates £ standard error (SE).
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Fig. 9. ACE inhibitory activities of Alcalase gelatin
hydrolysate according to various concentrations (2, 4, and
10 mg/mi). The value of IC50 was expressed as the
concentration of Alcalase gelatin hydrolysate mhibiting the
50% of ACE. The results are mean of three replicates +
standard error (SE).
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(Bowes et al., 1955; Cho et al, 2005; Sobral and Habitante
2001; Gudmundsson and Hafsteinsson 1997; Jamilah and
Harvinder 2002; Cho et al, 2006). H* £9°], £44 FE7¥
& FEAY ARES BEFHo R 23T, BHEHOE 9
atH, vl-g-o] A Ex, 53] ¥3¢ FEEEY FUE <&
T Ae FHE Mo EMN, g FokellA o] &5 itk
(Heo et al.,, 2003; Ahn et al, 2008; Athukorala et al., 2006;
Yamaguchi et al.,, 1979; Kim et al.,, 1996 and 2001, Shahidi
et al, 2001). °} AFeME 2= S5 v e A=
IR B AZE Yl AlcalaseE o] &3l HE, 22
e g /e EA SF vE fd dEE rEslE
o] Az 9T B&HY L0, BaH FEIW) F&
e AS Fd% & Ao

7l ol EAd= Ahe AE Ee 5EY AESH
2 o] F7184 dsf Ashihe-E fAA B ¥A48
S YedA g ol #EL iadA FEEE
superoxide anion, hydroxy! 3 DPPH 2HtZ, singlet oxygen
2 0,9 2 FGAT Fol Al Xt Exjstes AA
Asle] Hakelgg wEo g ol = Hed), oj59
ALHE-g-of 2138} alchohol, aldehydeTF, ketone R 52 A
Agro 2 A el DNAS £4404 4L g B
ofuiel, MlEkes}, Al et 23, Al F Az Azl
oS U271t} (Kovatcheva et al, 2001; Ruberto et al., 2001).
o} & 53] DPPHE 71 AT free radical 24 A E Y
bt ol 71 wel A E I da, HiksrAs A
Zh 71859 DNAY Alzteh S5 doA 7 A k3t
2 fuditts <A U} (Park et al, 2002). ] =} A&
A B AFAEC] 48 AL dstal glon, B
Havh o]FolAal ok, T IS 74 B4 7|
B uf, 7pRago] 6~9%2] HEIZoA H& dHitsl B4
& vehiSickn Ras e (Yamaguchi et al, 1979), AaF
7 2o AT dipeptide?] anserine ( 5-alanyl-L-
methylhistidine)#} carnosine ( 4 -alanyl-methylhistidine)©] 34+
3} BAJo] $E kil B (Kohen et al., 1988) AT} ojy]
e Aetd e A% Zialele) detd ] rlrieEe] it
3t 84o] O A f-ele] F8IAIR] @ -tocopherol BT
10% AZ ¥ PI8ke BAve o 23t Ease 4o
(Kim et al,, 1996). %% ofz}, AWHa o E Alas NEHOE
3H= 9%7 9 dipeptide =, Met, Trp, His, Tyre o 43
HE =Y 5 gk o] re A7 437t B
Bh 31Tk (Kim et al, 1996). o] AFLEEH, Bio] o3
Az L= vle Fdo] AgE 7tz o] DPPHSL #4t
shrdoh 22 AT S JAEte Fis 848 AT
= 2% AASAT 22U, old A7-5<] At HE =9
st B4 HlstHe o, v W s A4S 1ol
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4Z 59 28 48R 2 &84 AT T
F92 9 E gHA AoA ojeld AU Ame
goz MEE S A5A NS A A7 ASH
o2 T AT} (Giles et al, 1997; Oh et al, 1997). o123k
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(Oh et al,, 1997). W], Bo AAEL dijd Faiz
ZheEslE Aeed 1 75 Ee g, HEl=E0] ACERAE S
A AZicke Buste gtk £ ACE 848 dAlst=
e =9 A9 CEH Prolined} W3S o}u] = Ab (Tryptophan,
Tryosine, Phenylalanine) 59 #7]1& & &#3tx 911, 1
Aol F9 & HHEolg= AL BT (Cheung et al, 1980)3}
At +el 9 @J—}tv 1A% S5 vls fd Agd 7
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3ttt o] 2 O}U}E SE s §9 AR 7R Eo

a7 7eRe) s oo AlxgomA Bl o g8Fo
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