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Development and Characterization of High
Quality Salted Mackerel Using Enzyme
Hydrolysates of Ecklonia cava
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This study was conducted to develop and characterize of a high quality salted mackerel using enzymatic
extracts of Ecklonia cava (EEC). In this study, potential antioxidative properties of EEC were evaluated
by DPPH free radical scavenging activity, hydrogen peroxide scavenging activity, peroxide value, and fatty
acid composition, and the antimicrobial properties were also measured by analysis for volatile basic nitrogen,
pH, viable cells, Eschericia coli and biogenic amine. Compared to EEC-untreated salted mackerel, the
salted mackerel with EEC was superior in antioxidative properties, while was negligible in the difference
of antimicrobial properties. These results suggested that the high quality salted mackerel with antioxidative
activity could be developed by treatment of EEC.
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Table 1. Proximate composition, salinity, volatile basic

nitrogen (VBN), viable cells and Escherichia coli of salted
mackerels treated with enzymatic hydrolysates from Ecklonia
cava and cactus

Salted mackerels in this

experiment” Commerc;e);ll
Control Cav Cac products
Moisture ~ 60.5¢0.8 59.0+0.7 60.040.8 62.7-69.5 (66.1)"
ch?%mgglttfzon Crude protein 19.3£0.4 19.9+0.3 19.5:05 18.3-20.0(19.1)
(/)p Crude lipid 17.40.3 18.1:0.3 17.7¢04 6.9-12.7(10.4)
Ash 22403 21:02 25402 23-46(3.3)
Salinity (g/100g) 24102 22+03 20403 2.1-47(3.3)
VBN (mg/100g) 6.1#05 69:08 6.10.8 15.6-29.7(22.9)
5 5
Viable cells (CFU/g) 26x10°  1.8x10°  2.5x10° 24%‘)(11()05)7-9"10
3
E. coli (MPN/100g) NEY  NE NE [“2_55)1(%302’;10

YControl: salted mackerel untreated enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava, Cac: salted mackerel treated with
enzymatic hydrolysates from cactus, Commercial
commercial salted mackerel.

“The data was quotted by Yoon et al. (2009).

NE: negative.

“The values in parentheses indicate mean.
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Z3| 520 A9 2.1-25% WA, A% 2 3gA7) A9
A 47 2.0-2.4% H 2 6.1-6.9 mg/100g W= Al A F
Zrell 5% frolarEell A &Fol7h UAeh Lejar, tha+, ZhE
g &g JJ% el Za VHEEElE Ae 1kasol
A zhz; 2.6x10° CFU/g, 1.8x10° CFU/g © 2.5x10°
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Fig. 1. Antioxidative ability of salted mackerels treated with
enzymatic hydrolysates from Ecklonia cava and cactus.
Control: salted mackerel untreated enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava Cac : salted mackerel treated with
enzymatic hydrolysates from cactus
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Table 2. Result on the sensory evaluation of salted mackerels
treated with enzymatic hydrolysates from Ecklonia cava and
cactus

. 2
Sensory evaluation )

Sample

code” Color Fish odor Texture Taste

Control  3.0£0.0°  3.0£0.0°  3.00.0°  3.0£0.0°
Cav 1.60.4° 3.3+0.5° 4.1+0.4° 4.4+0.4°
Cac 3.3+0.5° 3.3+0.5° 2.4+0.5° 3.9+0.5%

UControl: salted mackerel untreated enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava, Cac: salted mackerel treated with
enzymatic hydrolysates from cactus, Commercial
commercial salted mackerel.

?Samples, which were stored at 5C for 6 days, were evaluated
after cooking in a microwave oven for 5 min.

*)Different supercript letter in the column indicate a significant
difference at P<0.05.
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oo} o] A2A F 2kaFole FEFEe] vzt I
AL Hgxrgste] A48l Wolet sk ki,
AlA Fagole] FREEFS 2713t AAGle] BT %ﬂ
A 7Fa1%-012] 62.7-69.5% (Bt 66.1%) (Table 1)°] H] 0}04
wrol xto] 7} =T, o= o7 7HA] 8<leo] Ao 4
argole] AWHR: ko] (Leu et al, 1981) wWiizo] 2} a9 EP
A=A 5 7H a4 7EdE A 9 542 ks
o]lo] It AV A A e AxX AL 217 6.9 mg/100g
2 6.1 mg/100g0]1 AL, A 3dA A= Ao W} %AJ%
o|F M3 F7Fete] A 18 Al ZH7t 19.8 mg/100g 2
20.3 mg/100gel =2tk A, A A4 7| T 7
'24 7heaslE A el gAlgle] AlAl Farse] Al
Hu]-x—]oﬂﬂ;d/\ 61—31:0] ng]— }\] 7} 7 Eq4 _',]ul-xqoaﬂ;d

rlr R
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Table 3. Changes in moisture content, volatile basic nitrogen
(VBN), pH and total viable cell of salted mackerels treated
with enzymatic hydrolysates from Ecklonia cava during
storage at 5C

Storage Sample  Moisture VBN Viable cells
days  codes”  (g/100g) (mg/100g) pH (CFUI/g)
0 Control  60.5+0.8 6.1t0.5 592  2.6x10°
Cav 59.0£0.7 6.9+0.8 585  1.8x10°
5 Control  61.4#0.7 6.1¥05 591  7.2x10?
Cav 58.9+0.8 7.5t0.1 580  5.6x10°
5 Control  59.9+1.1 10.4#05 596  4.2x10°
Cav 60.4+1.2 117400 589  5.4x10°
Control  60.7#0.9 12.8#0.1 6.09  9.1x10°
9 Cav 586412 13.1+0.0 6.05  7.6x10°
Control  61.3+1.2 16.7t00 6.15  8.1x10*
12 Cav 61.0¢1.3 17.5£0.1 6.17  8.7x10°
Control  58.9+1.3 20.3t0.1 6.25  1.8x10°
18 Cav 59.1+1.4 19.8¢0.0 6.31  58x10°

YControl: salted mackerel untreatedt enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava.
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(15.6-29.7 mg/100g, HF 22.9 mg/100g, Table 1)
A7VE AR 10Y EE 1Y 0R FAE A, Het
2.9 mg/100g°] = eo}—t— Al71E oF 18Y ol 92 745

E]g_}z% o7 o]{L Furg A s ko] 510 mg%?l

AHE o Jm o}z 15-25 mg%2l 45 BE NEZ

a1, 30-40 mg%<1 7-9- 27143, L8] 3L 50 mg% ©]’%

R 2 #gska vk (Kim et al., 2007). 444

24 7k E Ay 2 FA e ksl o pHE

F 747t 5.85 B 59201905, A 6dA A= A €

RO o] FMAH P A & FhFo] T 1 uf 2}

A% 18 7HA] A A 8] Frkstel A7 18 Aol 242t 6.31

2 6255 JERI L, E &4 JEEEE Ay v—'i-°ﬂ

wE Zpol= A A A sk
AL T 2E &2 VHrRdlE AE 2 A b

ojo] Ay AZE AF 7247 1.8x10° CFU/g 2 2.6x10°

CFU/gel L, A% 39 Aol = k7t Zhastglom, o] % A%

2°‘&HWW“ A8 Frkste] A 18U Al 7H7} 5.8x10°

CFU/g ¥ 1.8x10° CFU/gS YERAATE o]} o] HAFolA

A7 2 5ol vlskel A% 3dA tha FHAdhe AR kA

o& Aol AAFOR Qdste] HHLwI} 30-40TQ F2

g o] W5 Aol ofgk FEFolet A ATt T, A

= W A3 2rasol (1.6x10° -7.9x10° CFU/g H$]ol 1

4t 4.6x10° CFU/g) (Table 1)ol] H]3le] 4247 & A4

sl A% A= FE 524 Tt E A
frirell BAIRLo] 7 AlFol B5F wekont, A% 18%7%11011h

a9 T webd aEd kalsol AlES A }

7] fJstel= Aol FE713HE 129 oWl = stojof & A

2 ek e
gH, AT A

o

ot o Xl rE i)
(o0 . 0
Lo o

rlr

(R ol (O fEL oY X0 N kT R
Jﬁ%—lo

BN o o

=

7102 pit 8 0] ok o)) el
A7 & ZE 24 }TTOHg el 8 FAle] ghalsol
9] AV A $F 2 pHO] S/ trimethylamine oxide
o B9 0 AR Qe sl olshe] M E A 474
B0 Agat Alate] 2ol ofate] whuldo] el s o] A
St geol A2 Fol 7R dEolet weE AT
(Kim et al., 1998).

Biogenic amine &9 W3}

Ik o 2 offF, 53] 1150, ¥X], o, #}A T
22 ARy SH AEFL 7 9 A T A=l 93
ofm] = ato] EEbAL2FE- | aldehyde} ketoned] o}r|=3}e} o}
u] 7] Holuk-gol 2]3}e] biogenic amine (AWF 3E;
putrescine, cadaverine, agmatine, spermine 2 spermidine, &k
% 3}31%; tyramine 2 2-phenylethylamine, &l €l = -4 3}gt
E; histamine % tryptamine)©] A3/ ¥ a1, o]} o] AAJH
biogenic amine-> N-nitrosamine®} 7+ “LOL“ 242 A=
T A AAAS 7HA 3 Aot & A QT (Halasz et al.,
1994). W3}, biogenic amine® F AW &2 FulA %
EHAEEA T2 o]&HA glon, W= B HE 2y 3t

S|

=
P dF AFA ABA B dAAE ASde] SAS
- 23}1= vasoactive amine 2.2 42 #] 31¢] biogenic amine-

o
12
N
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Table 4. Changes in biogenic amine of salted mackerels
treated with enzymatic hydrolysates from Ecklonia cava
during storage at 5C

Biogenic 0 day 6 day 12 day
amine®
(mglkg) Control” Cav?  Control Cav Control Cav

AGM  187.0+2.4196.2+2.5254.1+3.2272.8+3.9321.4+5.7 313.46.3
TRY ND ND ND ND ND ND

PHE ND ND ND ND ND ND

PUT ND ND ND ND ND ND

CAD  7.7#0.3 8.4#04 10.6%1.5 11.3x0.8 13.2+2.3 12.1%2.2
HIS  31.7£2.0 30.0£0.9 33.7#0.7 35.8£0.7 37.2+3.2 38.4£2.8
TYR  56+0.5 7.7+0.4 10.940.9 92+0.9 11.2#14 9.9x0.6
SPD  23+0.2 46+03 8.7+0.4 50+0.2 93+0.8 7.2+0.7
DOP  25.8+0.4 32.2+1.1 37.9+2.4 31.7+49 41.2452 36.4+2.8
SPM  2.6£0.2 3.1£0.2 3.0£0.8 2.9+09 4.2:0.3 3.6£0.6

YControl: salted mackerel untreated enzymatic hydrolysates
JCav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava.

YAGM: Agmatine sulfate, PHE: 2-Phenylethylamine, PUT:

Putrescine, CAD: Cadaverine, His: Histamine, TYR:
Tyramine, SPD: Spermidine, DOP: Dopamine, SPM:
Spermine.

AHAFE RS BRI A A FES v Jlvkal o4
#] It} (Cho et al., 2006). ©]& st dHAA A4 5 71
24 7R E A 9 FAY ksl 8-S A
7] $13}+e] biogenic amine %S HPLCE #4138t A ¥}= Table
49} Zoh. AFo] TRt A Aol #AIFLC] biogenic amine
= agmatine sulfate, cadaverine, histamine, tyramine, spermidine,
dopamine 2 spermine?} &2 7Eo] AEHUL, T8 HAFL
2 agmatine sulfate (187-321 mg/kg H ¢l), histamine (30-38
mgkg ) 2 dopamine (26-41 mgkg) SolUth el &4
7hrEdElE A 9 FAE 1karsel biogenic amine-> A%
215~ agmatine sulfate®] 74-%- ZH7} 1962 mgkg 2 187.0 mgkeg,
tryptamine, 2- phenylethylamine % putrescme-/] 35 25 B4
=, cadaverine®] 7-9- Z}Z} 84 mgkg 2 7.7 mgkg, histamine<]
A% 247+ 30.0 mg/kg 2 31.7 mg/kg, tyramine2] 7% 7.7
mg/kg X 5.6 mg/kg, spermidine®] 74-$- Z+Z} 46 mg/kg 2
2.3 mg/kg, dopamlne«] 4% 247} 32.2 mg/kg 2 25.8 mg/kg,
spermine®] 4% Z+7F 3.1 mg/kg 2 2.6 mgkgel 1L, A%
% B3t fIAY M A8 F7Eske] A7 129 Aol i= agmatine
sulfate®] 79~ 717+ 313.4 mg/kg 2 321.4 mg/kg, tryptamine,
2- phenylethylamine = putrescmeJ AS BT ERE,
cadaverine®] 74-%- Z+Z} 12.1 mg/kg 2 13.2 mg/kg, histamine2]
7% 247t 38.4 mg/kg & 37.2 mg/kg, tyramine?] 7% 247+
8.9 mg/kg 2 11.2 mg/kg, spermidined] 7%~ 22} 7.2 mg/kg

)
fT
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2 9.3 mgkg, dopamine®] 74-F- 217} 364 mgkg 2 41.2 mgke,
spermine®] 74-$- Z}7F 3.6 mgkg 2 4.2 mgkgolRA oW, A%
< AAIE Zrell biogenic amine - 719 zko] 7k gl
HF AHA AAA D FAAE ATt 54 FEshe
vasoactive amine .= &#]#] Q)+ biogenic amine 5 MRS
2RE FAGAA Azt A F5-5 Bl 91+ histamine (Tylor,
1986)°] S ) a4 ZhislE A8 el BAglel
T AlE BT 30-38 mgkg WS YERSITE Yoon et al.
(2009)= A% ¥7d 7131501 9] biogenic amines A g 2 3}
Al&el whE} Zpolzt 9l 69%F o] HEHUL, o5y TFH
agmatine sulfate®] 7-9- 116-2,041 mg/kg H$ (B 646
mg/kg), tryptamine2] 7-$- 0-9 meq/kg B (F 3 2 meq/kg),
2- phenylethylamine] 73-%- 0-18 megkg B (3 3 meqkg),
putrescine®] H-$ 0-68 meqkg W (HF 20 meglkg),
cadaverine®] 749~ 8-243 meq/kg W (BT 84 meg/kg),
histamine2] 749~ 30-243 meq/kg W9 (B 84 meq/kg),
tyramine®] 7% 0-68 meqkg HHY (Hi 26 meglkg),
spermidine®] 7-9- 0-12 mg/kg B (F 7 mgkg), dopamine
9] 7% 0-67 meq/kg WY (H1 14 meg/kg), spermine] 735
0-8 meq/kg HH (H+ 5 meg/g)el vt B v} Ao}
ole} Fo AR wjFo] Hol e a4 VHEEIE Y
ool FAIgle] AAl izl o] 79 A%k Tkalsolo] Hlst
o] histamine®] & HHAF-E -3k Holgpal dkE T
A, Yeo (2005), Yongsawatdigul et al. (2007), Veciana-
Nogues et al. (1997) 2 Kim et al. (1999) 2]352] histamine
AL w9 79 FDACIA HACCP &€& 93 guideline
O 2 50 ppms, A5E DA diE 9% 22 200 ppmE,
] A 2991 A9 28 offF 9 o5 AEe] 1,000
ppms, 1831, A2 AFe] 2,000 ppme, Atrre] 729 A4A
AlFo] 200 ppme, F-EvEtel s A Hats glovt
FAAA O 1,000 ppmeS A A S JTEAL B gk vl L,
Bartholomew et al. (1987)2 2]3&oll A histamine2] ¥&o] 50
ppm ©]3}o]H oA skl 50-200 ppm HelolH HAS LERY
7hs/d o] ghem, 200-1,000 ppmo]¥ HA4d-S YERSL, 1000
ppm °]Atold 9l sltta B gk vl vk FE3h Rossi et al.
(2002)2 histamine®] 542 ¢ 2 A4 8-13 mgke
W 2 E7E5% o] cadaverineZ} putrescine dihydrochloride
I 22 amineE 9] Aol &5kl A3 Holxtha Bk
vl Q). o]} 22 AT =4 Astol| tigh Balel 2 AFe]
Ztasolo] thdk biogenic amine®] ZAIZ n|Fo] Ho}
histamine®l] thgt Zb=o] A A 742 E&0]aL, nl=oA] A
A3k HACCP ¥ &5 9l35to] AA|E guideline 7FA = 7153}
o, AlAl 7] &4 JhEREE A7 il BAgle] AFE
HAA T Atel|A] ojgy 414 82 7t FoE Axdhe
7% histamine 5o 3k A= glog g A
IikshEghe] Wst

A2 5 e a4 JFrEdE Ay 2 A ks
ol FitelE gk Fig 2.9F &tk AlAl e &4 7}
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Fig. 2. Changes in peroxide value (POV) of salted mackerels
treated with enzymatic hydrolysates from Ecklonia cava
during storage at 5C.

Control: salted mackerel untreated enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava.

3.8 meq/kg 2 3.2 meq/kgol AL, A 6L AR = A AT
7 ekl A% 6L A 2+ 49 megkg 2 7.2 megkgsS UER
RNow, o] 2&s] Frhste] A%F 184l ZHz; 223
meq/kg 2 33.4 megkgdll E3HGITE o]ef £ AR w0
Rol X4 ksl A= ZH g4 7MEE A s
o7} A gl Fkargolel nlste] A AP At ol A
I ks ole Az e a4 TRl A kst
A= o]§ 7hsatthe AS AAbsA, A1 arEolel Zhe
FAARD AFE-AA oA 7Fasolo] Az e a4
7 dlE S S8k A Al kaisolol vlste] xpEs)
3 4 gloglgt #E Sl $H4, Yoon et al.(2009)2 7
Al Farsole] BatkslEgko] 9.9-60.5 meqkg W9l aL, H
Tt 31.6 meg/kgo] ATFL B a3k v} Qlok whebA Al ks
ol o] HAkslEGhol Hlate] AlA| 3FaLgole] #HabshEghS
A7 18dA el e &4 JhrRdlE FAE karsole] A
33.4 meg/kgs UERH O] Ht X o FAEA O, T el =
A2 7tasolo] 29 223 megkgS LER O] BHA o]dte]

aFAS FAEA

X
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[
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2 (20:5n—3 + 22:6n—23)/16:02] W3}

AL & e 24 7 EsE M Faso 2R
FE3 XA A 24 GLCE 2413 A3+ Table
59 2t e a2 JHEElE A 2 B2 Ak 2442
A edAed ZFdito]l 2442t 37.7% R 373%E M =9
i, gg o7 Zwdlab (47 361% 2 35.1%) 2 E3 (24
ojglern, Fa AWitE 16:0 (242

262% % 27.6% ) =
17:0% 2 17.4%), 18:1n-9 (Z+7+ 23.2% = 22.7%) & 22:6n-3
(B2 200% 2 192%) 0.2 A HHake] 57 = Ao glojA
zkol7F AT 645t AFgE AlAl 1kaiso ] X whak &4
of Hlgle] 18UF <t 443 AJA 1Faso]e = 2L
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Table 5. Changes in fatty acid composition (area %) of salted
mackerels treated with enzymatic hydrolysates from Ecklonia
cava during storage at 5C

Fatt 6 days 18 days .
acigl Control”  Cav" Control Cav Commercial”
14:0 5.0 4.5 55 4.7 4.9-8.7
15:0 1.2 0.6 1.2 0.6 0.9-1.6
16:0 174 17.0 19.6 18.6 13.2-22.4
17:0 0.6 0.5 0.6 0.2 0.3-1.5
18:0 3.3 3.4 2.3 3.5 1.8-5.2
20:0 0.1 0.2 0.2 0.1 ND-0.4
Saturated 27.6 26.2 29.4 27.7 28.5-36.5
16:1n-7 71 7.7 8.4 9.1 4.6-6.5
18:1n-9 22.7 23.2 22.4 23.4 11.7-23.1
18:1n-7 1.6 1.8 1.9 2.0 14-34
20:1n-9 1.4 1.2 1.7 1.6 1.5-7.5
22:1n-9 2.3 2.2 24 21 0.8-10.4
Monoenes  35.1 36.1 36.8 38.2 27.7-36.2
16:2n-4 0.4 0.3 0.1 0.3 0.2-1.5
16:4n-3 1.1 1.2 1.1 1.2 0.7-2.0
18:2n-6 2.3 1.6 2.3 1.3 1.0-2.5
18:3n-4 0.1 0.2 0.1 0.1 ND-0.8
18:3n-3 2.0 1.8 1.5 1.3 1.1-3.7
18:4n-3 1.3 1.7 1.6 1.8 1.5-6.2
20:2n-6 0.1 0.2 0.1 0.1 ND-1.8
20:3n-6 0.3 04 0.3 0.2 0.1-1.8
20:4n-3 0.5 0.6 0.6 0.7 0.4-1.3
20:5n-3 7.7 7.2 6.6 6.6 6.0-9.9
21:5n-3 0.9 1.1 0.6 0.5 ND-0.9
22:5n-6 0.1 0.2 0.1 0.5 0.1-1.3
22:5n-3 1.3 1.2 1.4 1.4 0.2-1.6
22:6n-3 19.2 20.0 17.4 18.1 13.5-20.4
Polyenes 37.3 37.7 33.8 34.1 33.9-42.5
EPA+DHA 26.9 27.2 24.0 24.7 19.5-28.8
Ratio” 1.55 1.60 1.22 133  0.87-1.60

UControl: salted mackerel untreated enzymatic hydrolysates,
Cav: salted mackerel treated with enzymatic hydrolysates
from Ecklonia cava, Commercial: commercial salted
mackerel.

?The data were quotted by Yoon et al. (2009).

JRatio = (20:5n-3 + 22:6n-3)/16:0.

askolar, ¥t B Riedlike Fkeke A Es UEIR
om, e Fo AHMF F 22:6n-3% 723, 16:0 2
18:1n9% T7lshs 43S YERSITE 3, Ahn et al. (3)2

X3t B Bieddlike SrMeivha Bt vl Q) A,
Yoon et al.(2009) A3 7kai5o] o] A al =4S Au

AT} L3Pio] 28.5-36.5% B, Bi=glate] 27.7-36.2% WY,
Zglelito]l 33.9-42.5% WL oA, F& AWk 16:0
(13.2-22.4%), 18:1n-9 (11.7-23.1%) 2 22:6n-3 (13.5-20.4%)°]
Ackar Bargk vl gl

e 5a Vhedee A R FAE e

©]9] (20:5n-3

+ 22:6n-3)/16:0 A3 H]= A2 64 A 7+ 1.60 2 1.559]
A3 A7 ISOWH Zv7k 133 9 1.225 YERO] e a4
=5 ol BAgle] AFLFTt BHRErE Fas)
BEFS UrEhHOi , 0189 A ARE ZH a4 A

o] -] AlEol Hlé}@ shoktt, ol e A2 7
7V g FAtsts wdoletn ATE QT ¢
ZFar5ol 9] (20:5n-3 + 22:6n-3)/16:0 Z=AJH] = 0.87-1.60
oJoj Al - AJAl ZHE] A ThEslE A ki ol e
A @Akl Wol M= a1 13kar Qoo a9l
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%}9 , DPPH free radical ¥ hydrogen per0x1de 2A
ggor /\I—J:] B gaksls, gakab gl A 24 2
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