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Fish scales have potential in functional food preparation due to their antioxidant and antihypertensive properties.
We investigated the angiotensin I converting enzyme (ACE) inhibitory activity of Tilapia mossambica scale
extracts. Hydrolysates of tilapia scales were prepared by enzymatic extraction using five proteases ( &
-chymotrypsin, Alcalase, Kojizyme, Protamex and trypsin) after scales were treated with hot water for
3 hr. Scale enzymatic hydrolysates prepared using both hot water and enzyme treatments exhibited elevated
hydrolysis (about 25%-55%) compared to only enzyme treatment (about 15%-45%). Enzymatic hydrolysates
(1 mg/mL) prepared by both hot water and enzyme treatments also showed significantly increased ACE
inhibitory activities from about 20%-75%. The pattern of ACE inhibitory activities was similar to the degree
of hydrolysis. Alcalase and @ -chymotrypsin hydrolysates displayed the highest ACE inhibitory activities
(ICso = 0.83 mg/mL and 0.68 mg/mL, respectively). In addition, the ACE inhibitory effects of @ -chymotrypsin
hydrolysates increased with decreasing molecular weight (5 kDa>, 10 kDa> and 30 kDa>), with the 5
kDa> fraction displaying the highest ACE inhibitory activity (about 89.9% and ICso = 0.1 mg/mL). We
suggest that the peptide compounds of enzymatic hydrolysates prepared from tilapia scale enhances ACE
inhibitory activity and might be useful as an antihypertensive material.

Key words: Tilapia, Tilapia scale, Hydrolysate, Gelatin peptide, Antihypertension

M B FA AFT A8 3 FEFoE e A A

nEgte AMAR R Aol (5~20%7F Ax Q= A F =& T HIPY d@o2 WA HTh(Frohlich
o2 EWMAL HER ATAY T guy S Aze wy  (1982) IR AL tiRE WHA AA FAT XL
AL ol7|A)A A3 Ao T AARHOE UH:HUL} 2242 A=A ¢ e o8 71 29E 7R Renin-Angiotensin-

Qo) gitk o= ARA Hee §Aste 7| FE o :_d Aldosterone el AA WelA "ot A Fe 24k

43 B BoR WP AR Yo e gl  FHY LS AnD LA U (Weiss et al, 2001; Walmor
et al., 2000; Richard and Re 2002; Ursula et al., 2004). A
*Corresponding author: kshyun@jejunu.ac.kr o] &5t Q= BB 2 decapeptide$! angiotensin [

426



angiotensin 1 converting enzyme (ACE)el &3} C-2he]
His-Leuo] EoAA yzroezaf gy $5380] e
octapeptide?l angiotensin 112 =M oldA AMAHH
angiotensin 11 AR F oz HHS F&315, AFdA
aldosterone 2] #HZ -7V\774 AAFS F7IA Mo "
& F5A7e AES gk (Maruyama et al, 1985 and 1989;
Matsm 1993). Oiﬂid ACES] #7442 <A l%‘ﬁibﬂ g4
210 Hl= angiotensin [19] BAS A3}A|A 8o 4+
ﬁxﬂ"ﬂ 4 %A #Fo} w2} A Renin-Angiotensin-Aldosterone
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AaA Aol Qo] Fag Hojrt
S 3242 ACE AAA =AM 3 A2 enelapril®]
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Table 1. Characteristics of proteases used in the hydrolysis
of Tilapia mossambica

Enzymes pH Temperature(T) Origin

. Bovine

a-chymotrypsin 7.8 25 Pancreas

Alcalase 8.0 50  Bacillis
licheniformis
Proteases Kojizyme 6.0 40 Bacillus sp.
Protamex 6.0 40 A. oryzae

. Procine

trypsin 7.6 25 Pancreas
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Fig. 1. Mimetic diagram of ultrafiltration membrane system.
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Table 2. Proximate composition of Tilapia mossambica scale

used in this study
(%)

Other

Sample Crude protein  Moisture  Ash

Titapia

. 97.06+0.1
mossambica

2.620.01 0.320.01 0.04x0.01
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Fig. 2. Comparison of hydrolysis degrees of the tilapia scale
enzymatic hydrolysates prepared by enzymatic extraction
technique. The hydrolysates were prepared from tilapia scale
according to various proteases (@ -chymotrypsin, Alcalase,
Kojizyme, Protamex and trypsin) and reaction times (3, 6,
12, 18, and 24 hr}. The results are mean of three replicates
+ standard error (SE).
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Fig. 3. Comparison of hydrolysis degrees of the tilapia scale
enzymatic hydrolysates prepared by both hot water and
enzymatic extraction technique. After the hot water extraction
of tilapia scale (for 12 hr), the hydrolysates were prepared
from the tilapia scale hot water extracts according to various
proteases ( @ -chymotrypsin, Alcalase, Kojizyme, Protamex
and trypsin) and reaction times (3, 6, 12, 18, and 24 hr).
The results are mean of three replicates + standard error (SE).
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Fig. 4. ACE inhibitory activities of the tilapia scale enzymatic
hydrolysates. ACE inhibitory activities of the enzymatic
hydrolysates (1 mg/mL) were measured. The results are mean
of three replicates + standard error (SE).
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Fig. 5. ACE inhibitory activities of the tilapia scale «
-chymotrypsin and Alcalase hydrolysates according to various
concentrations (0.25, 0.5, and | mg/ml). The value of 1Csg
was expressed as the concentration of @ -chymotrypsin and
Alcalase hydrolysate inhibiting the 50% of ACE. The results
are mean of three replicates + standard error (SE).
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Fig. 6. Comparison of hydrolysis degrees of the tilapia scale
@ -chymotrypsin  hydrolysates according to various
substrate/enzyme ratios. The hydrolysis degree of «-
chymotrypsin hydrolysates was determined by various
substrate/enzyme ratios (10, 20, 50, 100, 200, and 500 wt/wt)
with 3% substrate (wt/vol) in pH 7.8 at 25°C for 12 hr. The
results are mean of three replicates + standard error (SE).
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Fig. 7. Comparison of hydrolysis degrees of the tilapia scale
@ -chymotrypsin hydrolysates (substrate/enzyme ratio; 100
wt/wt) according to various substrate concentrations. The
hydrolysis degrees of @ -chymotrypsin 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 7.8 at 25°C for 12 hr. The results
are mean of three replicates + standard error (SE).
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Fig. 8. ACE inhibitory activities of & -chymotrypsin
hydrolysates according to various concentrations (0.25, 0.5,
and 1 mg/ml). The value of ICsy was expressed as the
concentration of @ -chymotrypsin hydrolysate (100 wt/wt of
substrate/enzyme ratio and 10% of substrate concentarion)
inhibiting the 50% of ACE. The results are mean of three
replicates + standard error (SE).
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