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This study was conducted to improve yield and functional properties of autoclave-treated salmon frame
extracts (SFETA) using commercial enzymes (Alcalase 2.4 L FG, Flavourzyme 500 MG, Neutrase 0.8
L and Protamex 1.5 MG). Yield and angiotensin I converting enzyme (ACE) inhibitory activity of all
enzymatic hydrolysates improved compared to those of control (undigested extracts), which were the highest
in hydrolysates incubated with Protamex 1.5 MG for 4 hrs (P4-treated hydrolysates) and 2 hrs (P2-treated
hydrolysates), respectively. However, antioxidant activities of all enzymatic hydrolysates showed less than
29%. According to the trichloroacetic acid soluble-N, volatile component intensity and sensory evaluation,
when compared to control, taste of P4-treated hydrolysates improved, while its fish odor strongly smelt.
Therefore, for efficient use of P4-hydrolysates, the fish odor should be improved by Maillard reaction

of extracts or pre-treatment of salmon frame.

Key words: Fish Gomtang, Salmon, Salmon by-products, Salmon frame

A&
ol sl A owA, 2us] s fAF SA1L 7HA
Aol FAE, 8ol B A7] FH (jerky type)“] AAFE
o 7}?;6}04 =71 WAL Q= A AR 9] shelo]
A Ae1s] 87 ol8e) AU, B, FYE T P
2 2ASI= fish frame (57 = 7hEst7] #18ke] fillet®
Azshe A F Aol 2R79 el 2Hol
i wie] Belsi, o] F 26 o
Fsho ] f-2]9] =27 (Nagai and Suzuki, 2000)
S3b 2o A% 7154 AR (Kim et al, 2000
= 2 d=F (Montecalvo et al,, 1984) 2 ¢
f ©9E (Wendel et al., 2002) 5-©] the 35 o] glo]

ﬂiﬂ

b

mot‘

*Corresponding author: jinsukim@gnu.ac.kr

537

& A% AR M BEAITE fish frame?] & o]-&o #3t
AFEE EA G458 o] &3 b EdfEe Alx 9 74l
o) bzt = *1:"4*‘ o2 g9&S sto] 1| (surimi) S
A= o] & ¥+ A7 (Crapo and Himelbloom, 1994)2} 79|
Fo| Qg B3 Afo 24 F A AAE o]&EuAt
3t AT (Lee et al, 1997)9F 2ol o] Aj&hgof #gk AT
ol efelli= Ao MaH vl glrh. o] 2 <l&to], <10 frame?
A5 dF o] ALR R o] §x 3 I, tlF-ito] #H 7] o
FHe AL opr]star A= AAo|th (Ahn, 2003).

gh, SEvtele AE3HoR Saw, A7 B9 2 yEgs

A2 st FAITE BoIA 1 §F AL o] &3 Ty &3t
7hdbdste] gha, o gl E AR ThE A Ee] B 3 YR
(Yoo et al., 1994)°]t}. o]} 7EL% =% W AgEe Uas
A 7714 fEnte] ofu el Fol 8ol gk AL} peptide”t
o}k 3f-5o] glo} (Park and Lee, 1983) ol =58 2o 7



538 s A e TA A

A, 3 2 2R 7Y A8AAE kAL g
fish frames 2 A7 7hdabar, =& B A%
At ma A 1A 7 D
A AEE AT = Aok 34 o
o] 9ol &= A FAtd o W FHRIA A fofell A L ew|7}
4l Aet B

S, 7Y R =% A AEL] el ek A7 Tl
oA T} 1o (Mariko, 1991; Hiromi and Kinji, 1990; Keiko
et al., 1981; Cho and Yang, 1999; Park and Lee, 1983), ©]&
S E A E S, o] T R wEe FEE Alkest
7t oo & H A% 7154 NS et aaxAYE
A Z=3F A= fish frame =2 54 (Han et al., 2007),
H AW 704 (Heu et al., 2008) 2 7154 714 (Heu et al.,
2007)% 22 A5 ddE A7 s oltt AR ol &
of fm =AY w9S Alxstaat g AT FE T

>~

T oA Ao s S837] FE EF FEE0 #et
Aola, A AdH oz tpefslA SEE IR e 127}
& FE27 ol9 Ve NS fste] axEsty VIHS
AZ=3E o= Zol B 4 gl

B Ao E 22718t Aol frame FEEY & 2 V)%
A NAE BHoR dA AdHeR Hol 85 e
22718t A fiame FEEol Ulst] 471A] Al G4 48
2137 HAAZA0A AxE 1271 o] frame FEE 9
A EeA i A dishe] AR okt

Az B

pAIR=S

Ao (Oncorhynchus keta) frame (Z°] 58-62 cm, T
209-248 g)> 10 FAFE 7t T FAHER WA 215 2005
A 4ol FAbFAA] Absht 2] Aof FAIE Al xE Sl
$954ko 2R E) HACCP #2184 solA] T3ke] Qg

AL vhg Aadista s FF ety AEFobEstd AR
SRk oo A, FI3E A frameS L3 Av|2 Hok
3 o2 -25C WYEaro] B3|

[e)

A frame FEES & 2 14
AL83 459 @A =, Bacillus licheniformisol A E2]%E
Alcalase 2.4 L FG (°]3% Alcalase® W&, &&=}
55-70Col™, A pH7} 6.5-8.5%), Aspergillus oryzaed X &
2] ¥ Flavourzyme 500 MG (©]$ Flavourzyme®. = ™8 ¥ 1L,
2=7F 50CeolH, HA pHZF 7.09),

S| Bacillus

R AR T AR

PN
A

MN

amyloliiensquefaciens?| A1 &2l%¥ Neutrase 0.8 L (°]%
Neutrase® HH %31, F 2257} 45-55ColH, 4 pH7} 6.0
) B Bacillus sp.l4 E2]¥ Protamex 1.5 MG (°]¥F
Pratamex® ™I 3, HAHLSL7l 40ColH, A pH7}
6.0-7.09))= Novozymes Co. (Novonordisk Bioindustrials, Inc.,

Denmark)ol| A F+{]&le] AL-&-3lA Tt

Aol frame FEF&E ol &4 7= Ax

210 frame fref &4 7R ES o] frameol] o5kl
3ufel S F3t= AAGE 7FstaL, autoclaveo| A L 719t
(121C, 47171 Hele he olahaha ghe #38o) v
shekell diate] 1%l sidshs 459 44 &4 (Alcalase,
Flavourzyme, Neutrase 2 Pratamex)E &7 ARl Al A A s
44 £xm AND 5 nGRo] AAE skl T A=
(cheese cloth)= o] 3}a}3lar, oo ] Ay-=29 s}t
2l AEE wesh] flste] A=A C)ellA 1A17E &<k A
gk shE RbE Fsho] Al xS

o 9l obrix

kil 21 o AOAC (1995)‘?3 o] w2} semimicro Kjeldahl%‘
SA A, AFEFS A9 HT] Hste] AES brixe
0-32% W99l refractometer (Atago N1, Atago, Japan)= =7 &}

Trichloroacetic acid (TCA) 784 A4 2 I 7]
A4

TCA 7H&73 di+=
TCAE 7}t Th5 1543 F4E3] wHkAZ] & 4328 (8,000
pm, 20 min) ¥ FSNE A RE A, 1L %
A=k A E (10 g)oll 20% TCA 30 mLS 7}k thg 1557k
w3 723} (10%), A4 (100 mL) 2 F41+2] (8,000 rpm,
20 min) 3 FZ NS A BZ ZA T, o5 FA| AEES
semimicro Kjeldahl'} .2 A4 &S 435 b3 o<}
22 A ofste] AT

TCA 7484 A (%):%ﬁ%ﬂ e R e B
° TCA Ag] A Az 242 F%
g7l 44 Conway unitgE AR§she v iy

(Pharmaceutical Society of Japan, 1980)2.2 A3} t}.

T X

Ao frame FEE9| A X E Sephadex G-50 L&
AbgEle] oFey g2 o ® AAEN T A ojug AR
= YAEE (12,000 x g, 158)3}e] DR FEE (5 mL)S
millipore filter (0.45 um)& o35t AL-8815 . A2+
Sephadex G-50 ZF# (i.d. 1.6 x 100 cm)oll FY3te] &4 0.5
mL/min®. & FHG F3gFo] 3 mL7} = dlo] EEAA
EHLS FHE 280 nmoll A AT A EAE
L5 SIS A S-S 919 25 DA insulin

,500 Da), cytochrome C (12,400 Da) ¥ carbonic anhydrase

4o
<

~
N



o] frame FE= 2 T& H A7 A 539

(29,000 Da)E AF&-3F3A T}

sk el S ACE Aol

}2F3}52 ferric thiocyanate (Mitsuda et al., 1996)H ©. =
Hoed Qe FYEE ofdlel Aoz Axtete] eI,
=, A& 0.25 mL, 559 0.25 mL, sodium phosphate buffer
(pH 7.0) 1 mL, 28] 1L ethanol—o— 22 3= 50 mM linoleic
acid 1 mLE tubeol] £33k & 60°C incubatorol| A A543}k
Atk 24A1%F 3 AFSFAIE 50 uL, 75% ethanol 2.35 mL,
30% ammonium thiocyanate 50 uL, 3.5% HCIE &2 f+=
20 mM ferric thiocyanate solution 50 uULE test tubed] ¥l
3EES T F FHEE SAHE T ol WP oR

Axtate] bR AT

d| =
s
KX
F g
e}

IN JN‘
0_1_4 O

e
Fasts (%) = (1 - ﬂli ) % 100

Angiotensin [ converting enzyme (ACE) A 32 A

angiotensin I converting enzymeS ©]-8-3}4] Horiuchi et al.
(1982)2] Wro =z HAAE gt F Zorbax 300SB Cs column
(Hewlett Packard Co., 4.6x150 mm)°] 2% HPLC
(LC-10Avp, Shimadzu Co, Japan)= 2]3}3it}.

1!}

=5

t

-
s i

= o
=

AER St AN AR
(ZE-2000, Nippon Denshoku Industries Co., Japan)= L (),
a (BAE) D b (HAE) S ZAE T o F o] g3kl
ofef Aol uwhe} WMAE (white index)S A8 AL, o] ul
FEF WAL Lgkol 96.82, agke] -0.42 B bgke] 0.64°] At}

= = PN = el
3 AxES

e

White index = 100 — v/ (100— L)* +a® + b°

HAY =
vl Zre] SAHS g Alie AlEr 2Ed 4
4 g8, BAA A9 4 mLE 40 mL nialol] Z}2F Y3 HXZE S

FYH septa® B3 F 50C

WaEke] H-AUE 3 EAA L—O}?‘ir/}. A3, v Y
T9o] AL Az ARE o] &ste] F99 IFS =0
e "o d F7kolA HAE (odor concenrtration meter,

XP-329, New Cosmos Electric Co., LTD, Japan)2 7 3}t
H AU ZAEE A3 AR mvE YJER QU

s B FAA

s HAE 10%19] panel memberE §3Fe] &4 7R3
A E3FA] AL autoclaveoll A L2 7FEAIE] (121°C, 4417
SA o3 2 B A gz ()0 gxE 2t
T, g s Ve sHe R st a4 e idlEY
£ &) gz Hste] dotet A g 4-14, o] Hu} §-¢
B¢ 698 0% sk 93] Ao UK vh P gk

el 2 2= o

2 YERISH. HolE o] FAA Zli= ANOVA testE ©]-8-5k]
AHEA $ 2 Duncan®] U974 (Steel and Torrie, 1980)
o7 HAFa HA (5% FrelFo)s AT

SR B Iy
a4 T/ L AYAZ ] mE L7kt
g 7k OHgﬂ & Wst

S8 2 7)SA MAS BH o Fojy ae 7iet (121C,
AAZH A&l 459 4dA A4 (Alcalase, Flavourzyme,
Neutrase & Protamex)® # ] 3k §_ 7t 22 brix 2
Gl e Fig 1 W 29} @k gl e ojulele
brixt= &4 A E] Ao frame —%%%OL iz (C)7F 3.5°0]
o}, Protamex A2 &9 A §- 3l 27|HEH 343 7t

a}7] AlZtake] aA|zE o] Foll = 4.5°5 YERNATE SRRk

=1 O
==

4

5.0

—&— Protamax
—a— Neutrase
—e— Flavourzyme

—8— Alcalase

3.51

3.0 . . . .
0 1 2 4 6 8

Hydrolysis time (hr)

Fig. 1. Brix of enzymatic hydrolysates from salmon frame
extracts incubated with various enzymes for different times.
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Fig. 2. Protein content of enzymatic hydrolysates from salmon

frame extracts incubated with various enzymes for different
times.
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Table 1. Angiotensin I converting enzyme (ACE) inhibitory
activity (%) of hydrolysates from salmon frame extracts
incubated with various enzymes for different times

Incubation time (hrs)

Enzyme

1 2 4 6 8
Protamax 5547 71.23 (371??” (611_;1685; 67.92 63.9
Neutrase 5547 4239 4269 5037 56.31 60.49
Flavourzyme 5547 5397 66.80 6560 61.93 69.64
Alcalase 5547 5865 6178 5957 60.98 63.50

% Samples used for analysis of ACE inhibitory activity was
diluted to five times.

YValue in the parenthesis indicate ICso value (mg/mL) of
ACE inhibitory activity.
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Fig. 3. Inhibition of lipid peroxidation activity of hydrolysates from salmon frame extracts incubated with various enzymes

for different concentrations.
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Fig. 4. Molecular weight distribution profiles of hydrolysates
from salmon frame extracts incubated with Protamex for
different concentration.

The sample were chromatographed on Sephadex G-50 column
(100 x 1.6 cm). Standards : carbonic anhydrase (29,000 Da),
Cytochrome C (12,400 Da), aprotinin (6,500 Da).
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Fig. 5. Volatile component intensity of extracts of salmon
frame incubated for different times with Protamex.
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Table 2. Trichloroacetic acid (TCA) soluble-N content,
volatile basic nitrogen (VBN) content, white index and results
on sensory evaluation of hydrolysates of salmon frame
extracts incubated with or without Protamex

Hydrolysis time (hr)

0 4

TCA soluble-N (mg/100 mL)  279.6+12.8  582.4+13.1
VBN (mg/100 mL) 15.642.2 23.4%3.2
White index 12.6+1.2 10.3+0.8

Color 5.0£0.0°" 4.7+0.4°

Sensory Odor 5.0£0.0° 4.2+0.6°
evaluation b .

Taste 5.0£0.0 6.9+£0.5

YMeans within the column followed by the same letters are
not significantly different (P£<0.05).
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