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Inhibitory Activity of Histidine Decarboxylase in
Mackerel by Natural Materials and High Hydrostatic

Pressure Treatments

Seul-A Jung

Department of Food Science and 1Technology,

Graduate School, Pukyong National University

Abstract

Mackerel (Scomber - japonicus) 1s the most consumed fish
species by the ‘consumer- in severalcontinue of the world.
However, these mackerelcan cause food poisoning such as
Scombroid fish poisoning by histamine which generated through
the process of distribution and preservation. Free histidine in
mackerel muscle is transformed into the histamine by
microorganisms producing histidine decarboxylase (HDC).
Scombroid fish poisoning is one type of food poisoning with

allergy-like symptoms and exhibits the toxicty when it ingested
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to human body at large quantities. Therefore, to prevent food
poisoning caused by the consumption of mackerel, main
attention should be a focused on the preservation and control of
histamine. Thus, this study was performed to investigate the
inhibitory effects of natural materials and high hydrostatic
pressure treatment on histamine production in mackerel. At first,
changes in viable cell counts, histamine contents, pH and VBN
of mackerel fillet treated with ethanol extracts of Ecklonia cava
(EC) and Eisenia _bicyclis (EB) were measured at 4C. As a
result, viable ~cell counts were no difference. between the
untreated and treated .sample. The mackerel. fillet® with added
EC/EB extracts had reduced growth of viable cell counts by 2
log cycles after 10 days. Histamine contents of mackerels
treated with, EC and EB extracts were measured. The histamine
contents were- decreased by EC and EB extracts (115 and 96
ppm) compared to-.control at 5 days (384 ppm). The pH of
mackerels treated with EC and EB extracts were no difference
while pH of the control was increased during storage.
Furthermore, VBN of mackerels treated with EC and EB
extracts were significantly decreased compared to the control.
Secondly, viable cell counts, histamine contents, pH and VBN of
mackerel fillet treated with high hydrostatic pressure (2000,
3000 and 4000 bar) were measured at 4C. The high hydrostatic



pressure(HHP) inhibited the growth of viable cell after 5 days
over 3000 bar. Especially, the viable cells of mackerels treated
with 4000 bar did not appear. Histamine contents of mackerels
was significantly decreased by HHP. Furthermore, mackerels
treated with HHP showed significantly lower VBN values as
compared to the control and the pH was not affected by HHP
during storage. These suggest that the adding natural materials
extracts and HHP treatments to mackerel decreased histamine
contents in mackerel muscle. To verify ~effects of natural
materials and HHP treatments on histamine production, histidine
decarboxylase produced by Morganella morganii was purified by
ammonium = sulfate with salting—out, dialysis, DEAE-sephadex,
aminohexyl-sepharose and sephacryl S-300 HR column (specific
activity : 250.81 U/mg).

E. cava and E. bieyclis ethanol extracts against purified HDC
from M. morganii—~showed high inhibitory activity. Especially,
dieckol separated from E. bicyclis ethanol extract showed high
inhibitory activity with ICsy value of 0.51 mg/mL. The purified
HDC treated with HHP showed lower activity depending on
increasing pressure. Therefore, E. cava and E. bicyclis ethanol
extracts and HHP treatment may reduce scombroid fish

poisoning by decreasing histamine production in mackerel.
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o =
4 olFoltk(Lee, 2009a). aLsol=AolE, 7ol H FA
A 4 FFE AR O oAM= A FFoL M FoH 53
EPA(Eicosapentaenoic acid) % DHA(Docosahexaenoic acid)®t %
2 =& ¥ A WA Polyunsaturated fatty acids, PURA)o] %3}

sHAs} HEdd 4 A4 ol E#7F Ak (Garcia 1998). &=
g dgAst B HETE dWadrt = taurine, 5 FUIERA
et darstE S A= selenium EOAIE FE3 HAC st
A ol o dRekal ol IF H YA ol w5 o
FoltHKim et al., 2002)7 ey, 9]elgt algol= A=A srt v
Wt neEESA Al A Abst FeElEol FA o WA AS
carbonyl 3t¥=2 AHom Qg =HF, FeAPLte] AHe=m <l
g o WA, FFrre] Ask B ombghA kA e e A7 3o
XA A E histamined] 98] scombroid fish poisoning®} #Z& A%
= Tu doA FHd U s FoEH JEAFOE o] &5

lor, 1986), Klebsiella pneumoiae(Lerke et al., 1978), Hafnia

alveilOmura et al., 1978) % Vibrio alginolyticus(Yoshinaga and



Frank, 1982) &3 &2 %

=)

Atell 98l histamineo] Ad¥E Ao =
HuEgom 1 FoM%E E3|, Morganella morganii®t Klebsiella
pneumoiae’} 7FE & Y9 histamines A= Hoz 4HA
ATHTaylor, 1986).

o Fo] ¢kxs] Ful®l @A histamine?] -2 histaminase?]
Z-goll o3 thA] EE7F Hol e38]e FhaE vk ofyg; 1 AR

ol'

A AdAsE 42 A9 fley, 7] gl A A ¥ histamine 4
A B3 E A ¢ F2AE0o] scombroid poisomingS WHAIA AFE

< et} Histamine A AGEd 24 AA U 9] #3235t
Row 2 yollA = @i dn Aitste] B[EA Y dHE EAFoR
AodyA] weS oA eFEtHHungerford, 2010;, Maintz and
Novak, 2007).. 1=t} o559 Fajm= <ls] mAdEdd o) H4d=
histamine allegy’d A F=52 F&SlojH d&Fos HH A S4S

el Zez g Qo F9 FAowA WA BE &5

T 2 7Y 54074 HW 4HA S44Y g2 F=H7Ut
WA EL A I tH(Shalaby, 1997). wFebAthistamine Aol Yol &4l

B e F o] A= histidine decarboxylaseS Ao}
of <A StHsh= Aol Wiy 23kt Histidine
decarboxylases @A e|Z BG4} Al7]= Aol oJg7] wjFo L&
Iio] AAstty. AA74A] histamine A Aol

3 A2 spiceE H7FgFo 24 histidine decarboxylase@A] H

ol
20

oX.
tlo

et

4oz sAste

=

biogenic amine®A < A|(Shakila et al., 1995; Wendakoon and

Sakaguchi, 1995)¢ &g A5+ 7} tiF-Folm wjg- w3k Ao}



mebA] ot AP 7leAdS T ddEoly mAE 2 gaie] &4
= Aod e g AHe ol &

W (well-being) ¥} Z&FA~(LOHAS)E3t=Z 7o st #A4lo] F7)s)
A HHA HdA Ao vt A 2ol did A7 g
Jom I FAME fFH e dEzie ol V7 A& &
of kiAol AFHIAUS W oYt ZAF mdgI wEwl, AfFai
9 alginic acid, laminaran & 84 O9dHF 5ol F55HA H-H o
Aol v AeddE 7Hxiv. 2 Fol M= Frel(Eckionia cava)$t
3 Eisenia bicyclis)S 4t (Lee, 2010), A3 (Yoon et al.,
2011; Li et al.; 2009) 2 a4 A3 &A(Jung, 2011; Moon et al.,
2018 Tg¥s AE AsAds s dom dEA o] =R
71578 2AEA e 7HAI7E AT

AEF o] =84 AP BRd e A2 s v gdA T
=d A2 FF AFd AF A Al Y& FH AstE 4o
717] wiitol Ao FE s mA A FOoRA M, Ve H X
27t 7be st s -Arhe RS0 BT =

H 7k A 2] W o] Al AFE 7 Vs 24 ZEa vk (Knorr,
1993). 1 ToAME Zagt 7ee ¥4 2 %
Al T A=Y A 9130l fle FHE 7R A E AdTEEA
(Bover-Cid et al.,, 2011), #t7]&o 2= H Aol Wiy
AA AEE, amino acyl-tRNA, ribisome % mRNA¢ AgtFo] I}
Auo] mAES APEATIE Aem dEA dom(Park et al,

2007; Farkas and Hoover, 2001), AX% 7|59 33+ A ¥x9 o



o] WMo m ofuaAke] AFHTE AsfE 7] ol mAE AlEU
TAAEES FEHAEA AxES E4A1717] el th(Farkas and
Hoover, 2001). welx], =3¢t 7|&L gmzad Fxwst o= gz
WS st didoe] A EAY e mAdE, AEWA &
A9 XS Aost=d addo|tH(Hoover et al.,, 1989; San
Martin MF et al., 2002). 231% 7]&& Fu7} Foj=x Hsko g
spopnbg-o] FxH =0 Aol R HA vt Skt A
FaAgo] st ek 3t AHEvlEe AeAE E

H
L a5 AT B mEARA A HelHoR AgFns B

i,

o 3, g 2@ FHE FAGHHA PAES At 45 EZAs)
A 7122 (Lee et al, 1996) A% F23 A gl a34olt)

meha 2 AT M=, Glso] I "AE A 2A4Fd AYE

S3to] histamine /gl o et= F3l A= AH oA 2 v A
Eo] AYAlE histidine decarboxylase A&l g+A L &-Qlslar o}t
histamine A4 1A & 25 histidine decarboxylaseS A st %
A 2AFAAAe] aHE FEeL A Aol e 87

of thafl 2w x gkt



1. A3 =

2 Ao 8% slzF= #Hl(Eckionia cava)?t WSt Eisenia

bicyclis)& 7AE Zs|otoA] AFHSI] E5= 3ol FA st Ao
Zx3&be] B 7] (Deasung atron, Seoul; Korea)=® &3 3t

5, —20CelA) Baasbas A3lol ARR3FI T

Aol ALg8 A5 (Scomber japonicas)= FAFAA F- U

A% 2749 HzihEclA Feistel Agle] Mg,

1-3. A%k

A &lo] ALg3 TSB(Trypticase Soy Broth) #&3= Difcorle] A=
o Abgska ) 2150 Ap&-3t Alefo & L-histidine
monohydrochloride monohydrate, pyridoxal-5"-phosphate,

polyethylene glycol no. 300, potassium phosphate monobasic,
polyethyleneimine, DEAE sephadex, Aminohexyl Sepharose,
Sephacryl S-300% SigmaAlellA 33 th. Potassium phosphate
dibasic, Ethlenediaminetetraacetic acid (EDTA)=  YakuriA},
ammonium sulfate+ JUNSEIA}] A] TRt Tk



1,4-dithiothreitol (DTT)¥ Boehringer MannheimA}oll A T+ 3F3 o
H EAT(MW. 12-14,000)2 Spectrum LaboratoriesAte] ZS A}
&3}t

55 74 ¥4 2l histamine-producing bacteria
= Morganella morganii IFO 3848, ATCC 258305 3t nAEHE
AE(KCCM)o A ZHzF & whol A 3o AFE-3}S tH(Hungerford,

2010).

2-1. FLE g

2-1-1. N8 F&
AZ B A5 E-EE 94% ethanol= 10W(w/v) 7}ate] A2
oAl A 24412F wwkslH FFekglth. 5 F 942 7[(UNION 32R,
Hanil Co., Korea)® 3,000 rpmolA 10E37F YAE 3 & Ap=oliul
HAstlek. o] #BE 33 wHEste A TS Kol

(Advantec 5A, Toyo Roshi Kaisha Ltd., Tokyo, Japan)®

ol
ol
38

% rotary evaporator(RE 200, Yamato Co., Japan)® 7+t 3
T} o] HZAMS 37CoA AFAZ & -20CoA B dAST
=

3 Asle] Ao AFREQATE EI QR 2ES Az 2L 104
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[e] 7
93 77 2%

hyi)
=<

lol FAEH 150

3

ole] mzlek &= AlA
st 24 +%71(216L-600 ULTRA, AVURE Technologied Inc.

Aals

oF 118-24 Tl A
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, "+ PBS(Phosphate



buffered saline, pH 7.4)& 10 wj(w/v) 7}s}e] 1000 rpmol 4] 1#3F
7 A3 Ace Homogenizer, AM-7, Nihonseiki, Japan) 3F t}S 104}
s o R At dvAlETE AR 3|4 S PCAY wdalo]
37TCoNA 24-48A12F Wit 5, D [ AlFste] S48

5915 T Histamine BAHF 574

histamine A% $4-2 Kanki 5(2007)9] ¥HS Fas)

Ak e 1150 S 1 gol 0.1 M EDTA (pH 8.0)% 24 mL #7}
o] WHHEEa-100C e Eell 203 AAAD F, d5Eo 10

A YAAZY, o8 AAHA R ofFHF v, A # NS Histamine

assay kitE A3l UV/visible spectrophotometer® 470 nmol A

S3EE 548k histamine &S Bt ATt

¥
N
:EH

183

3-3. pH 2" VBN &% &4

pH SA& AAE3 argel 5 gol /-5 108 7kt 4 7](Ace
Homogenizer, AM-7;-Nihonseiki, Japan)= 10,000 rpmol] A 2%+
43} 3 e, pH meter(HM-30V, TOA, Kobe, Japan)® =743}
A, VBN SHEe  2EZFHAAKorean Food and Drug
shAth Al gE a5l 10

AAE 7 W S

=1

Administration, 2002)2] ConwayH< %+
gol SFFE bl 7Feke] 1081 iy, 5
3023 H=stdth ol& A#d F, 5% HSO.= pH 4.00.% W 7G3}
3 100 mLE A€3t9th Conway unit WA gk A& 2 0.01
N HySO4E, Ao+ KyCOs 23HENS 22t 1 mL¥ H7bebal &3

A
o~



ato] 25°ColM 1A WA ¥, el brunswik AleS @ W&

A 7Fekal 0.01 N NaOHE 2 A3t}
4. Histidine Decarboxylase A A|

4-1. EALHH AX

Histamine—-producing bacteria®Z%4-E] crude histidine decaboxy-—
lase® F%3t7] 93 Tansase S(1984)°} WS Fasiich. M
morganii 5% .10°-10° CFU/mL %% 3}lo 0.5% L-histidine
monohydrochloride monohydrateS. 3 7}3F TSB Hi%]o] 735}
35Tl A 12A13F ml<katSieh. i ¥iFelS 12,000 x g2 30%3F €
Aedste]l | #AE FHSAT. mfE A buffer A.1 M
potassium phosphate buffer, 0.1 mM sodium EDTA, 0.01 mM
pyridoxal phosphate, 0.02 mM dithiothreitol, 1%(v/v)
polyethylene glyeol no. 300, pH 6.5)%2. washing 3+ &, -20T¢l
BAsty Ao A3 rE. Washingst wet cell2 1:4 H &9
buffer® @AE A7l 3 %3 *2](VCX 130, Sonics & Materials,
USA)3F cellE IIAIZ1 2 12,000 x goll Al 303+ 4172514
AsHE Ao FAES oA 1:3 H[EE bufferg 7fsto] i
O 253 Agsta d4dte 3 Asdes o3 dsdd st

20,000 x goll Al 3087 thA] 3 W A EHsE L AALE 978k



4-2. Ammonium sulfate 4] 2 FA]

%@ 29 ammonium sulfateE 7}8te] 35%= X3FAIZ1 F 12,000
xgoll A 307 dAlEE st B84 A= AFsta Sl
ammonium sulfateE 7}éto] 70%= ESIA T ©
301 dAEE st dAddeE AHdES T Ammonium
sulfate 70% ¥3+ HAES buffer AZ 37 & FA9HMW.
12-14,0000% ol-&3to] 4

WA F4e AXET.

IS
o
S
S
X

09

2
X

4-3. Chromatography

DEAE-sephadex chromatography(@1.7 x 20.0 cm)+ ' buffer AZ
HAYsl AHem 0-0.4 M NaClg sE7FHIZ dAFoR R33519]
o &4 Q& fractions Eo} ultrafiltration cellS ©]-83}o] 533
<, aminohexyl-sepharese chromatography < A A5 T
Aminohexyl-sepharose. chromatography(@1:7x 20.0 cm)< buffer
B(0.02 M potassium’ phosphate ~buffer(pH 5.8), 0.02 M
succinate, 0.1 mM sodium EDTA, 0.005 mM pyridoxal
phosphate, 0.02 mM dithiothreitol, 0.1%(v/v) polyethylene glycol
no. 30002 #ds} A7 ¥ 0-0.5 M NaCl& F=TH2 @A AR
wEsgYh. 3k, EA49E fractions Eo} ultrafiltration cellS ©]
43lo] FF3 = sephacryl S-300 chromatographyS 2 A|&}%t}.
Sephacryl S-300 chromatography(@1.7 x20.0 cm)< buffer B=

AR5 A7 F B9 2 §Ea
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o,

4-4. 9 d F= =
Robert(1996)¢] =HHH
FEZAE st 280 nmollA STFHEE

2 olgetel Bud FEE 4o

S 0] 83} bovine serum albumin(BSA)S #

tel 2 HAF=A(Fig. D

|\

=74

ol

[N

5. Histidine Decarboxylase A

Histidine decarboxylase A S42 37TCoA 7]&<l histidine?]
histamine2.2 W% % HAEE =Aso a2 n o5ttt Kanki 5
(2007)7 Nitta (20095 #arsked buffer A 1 mL¥ &5 0.1
mL< test tubeol F3Ske] 37TolA 52X MiFd &, =a N (Z
fraction) 0.1' mL& Z}stof~ thA] 5 wigstalth 200 mM L-
histidine monohydroechloride monohydrateZ: 0.2 mLS #H7}3k &

37CoA 1587 WS A1AH histamineS A FA T WSS A X A7

—_—

7] $I3te] 94-95T A 5E3F WA F A Bel FE WA

o}, AAd¥  histamine A%S  95le] Histamarine assay kit
(Kikkoman  Co., Tokyo, Japan)E  A}-&3}¢ UV /visible
spectrophotometer® 470 nmollA &35S =439 tH(Sato et al.,

2005).

5-2. A& 9]3 Histidine Decarboxylase A F7H
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AAE 93 Histidine decarboxylase A 3|&4 L 99 Histidine
decarboxylase @A SH-o|A L 2l dAT Fx9 FF F

Y xah U AAE 245 HUbskalth A ¥ histamines

Histamarine assay kit® A #slo] olgje] 2oz AXlslth

A8 (%) = 100 X [1-(B-C)/A]

AT ARE 7B B2 FEE
B ARE WM FEE
C: aag s 82 4=

5-3. 2A4Y(High Hydrostatic Pressure, HHP) g <3k
Histidine Decarboxylase A3 =4

A histidine decarboxylaseE® AU 7](215L-600 ULTRA,
AVURE Technologies Inc. WA, USA)®] processing chambero] ¥
o] = °F 18-24TCsellA 1,000, 2,000, 3,000-% 4000 bar®] A4

—

|\
o

o}
o7 ztz} 387 A esled $1¢ Histidine decarboxylase &4

A Al 23 Agd m4AE HUbesid AAdd

v

oA =

pot

histamineS Histamarine assay kit® A&3s}o] olgje] 2oz A4l

sheiet.

Sh e g FYE
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6. SAIA

A Ao sl FAIA 8= SAS software (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)S o]-&35fo] 4k
TAS stlon, A 85 e F94 AL p<0.05 Gl A

Duncan's multiple range test®¥ ol wa} 2139 o}
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Table 1. Operating conditions of ultrasonicator to obtain crude

histidine  decarboxylase from  histamine—-producing

bacteria
Instrument VCX-130
Time 10 min
Pause 20 sec, 20 sec
Amplitude 55%
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43 % u3

1. 22%o] U histamine A A
o

EL o]&3 1Z5olS U9 Histamine A A

1-1-1 M ABE AS A4 a3

agole] theF FFEolgle histidined AEAT e FAHG A
g B o R Qlaf B9 wA=o] ASshA Hd gk A8 ow
histamines AAStA ©thlehane and Olley, 2000). walA 150]
W histamine®] AL H oA #o] A S+ histidine decarboxylase
gt gad g AolBE HAES S A st= 3ol M
sttt weta]l HAAdE AR E S AL
Agds dolr gttt e 2 sk
A 5 HA ST 2593 AAtAA dnt AT E SASHAT
HH(Fig. 2), 04 Atz F-A gt e 2ke AolUt gle] 10° CFU/g
o] w55 Yoy, Algke] Agol-wd} it B A FE=
A A7k FA et vlwA] Aot gagh A3E Uil
ok A 109 abel], FA48= 10° CFU/gS B oy o o

2 At 42 100 9 10° CFU/ge 1ol 9] A%o] JAE At
A e At B, Agbo] Al wEt e A ESHow ST
st ot 26k 74A sk B el A AT FA R oF 2

log cycle A% 718 o] JdAH= AL eldd = A diguct



e JAA AT £ o 52 o84S BT Lee(2010) %
B oere FE=Eo| B. subtilis, S. aureus, L. innocua, C.
perfringens, L. monocytogens, S. typhimurium, C. tropicalis ‘&l
el e Feads Bdva dlem disk A epiphytic
bacteria(Sakami, 1995), S. aureus (Eom et al.,, 2011)%°l &+ &
s YERY 81 ojg tE F79 dx{Fe EANHKIm et
al., 2011), ¥]Ed 2AY FZE([Kim et al, 2011)& FH7tste] A=
g o]l A&7IRbell whel F-A e mluwAl ATt Facks AR
Ayig Bt A sixF{ FE=0] oo Fajd Host= T

g AL oA AL AT F AT
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10

—a&— Untreated
<y Eclonia cava
—w— Eisenia bicydlis

Log Mo. CFU/g

2 . " : )
10 15 20 25

Times (days)

Fig. 2. Changes in‘wiable cell counts of mackerel fillet treated

with ethanol extracts of Ecklonia cava and Eisenia bicyclis at

4°C.
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1-1-2 1259 W Histamine A4 9A &3

5o Y9 histamine A4 AT vAES AAAY vAAE
ofs AAPE BEAE Aofst= WHol Ak HAE A 93 1T
o] 9] histamine A4 A &IAE FA37] Aste] FH H oS
AAd=S HAAT LFoE 4ToA 5 HAHo R 257 A4shd
histamine®] %S AUt 1 A3 (Fig. 3), FHZ A
histamine?] g&o] 0¥ =}t 70.12 ppmeo] AR 7+ ZHe) 2 ojst A
Ael = 242 51.67 2 51.28 ppmS YERAATH 5o FA =
384.62 ppm, e 2 g A AT+ 11583 H 96.41 ppme
UEl o] histamine® Ao FayHe AS &gy, ¥yt oy}
AFdx7y F7kstel wel 1092k A5, FAe= 1452.31 ppm,
e 2 o3 "A) AEFE 47 904.64 ¥ 570.28 ppms YERA
o 159xtelle A8, #HE R S JA AHF7F 3052.31,
2654.36, 820.51 ppmS & histamine®] A@3| AAHJY, 1 & F
A e AFHCR 2 FHS Ho A 2084 FAEE
3509.74 ppm, Frel-F ®Isk HAAHEF = 251077 2 2385.64

=
ppm®] histamine A S HATH ol AYE T3 HAE A

Z
A7 el FAYERT W histamine ¥FFS WER ST
Scombroid poisoningS ¥ o 7]+ AAWY histamine FX+= 200
ppm °o]dd W EHsl= Aom Husa l=H|(FAD, 2011), 919
749~ histamine®] &o| 200 ppm

5 e
= 2 de FAE Boy HAE A= 200 ppm ©letE A



ofl

sk oA a¥E By, ol#sk ZA¥+= clove, cinnamon,

cardamom, turmeric % pepper®} &2 IATE ATl AT s

30CoA 24A1%F 52t A3HA] biogenic amined A4 HAEE =

gk A3, histamineo] FAadhE Hol 2 A9 FAgE A3E HS

ok ol &z &AL 9+ phenolic 3tdEE°] 1 a3&5 U

% © ™ (Shakila, 1996), s3slx/F 9A], &
]

phenolic &3&E& TFHatal A AS=Z dHA gom o]z

u)
£
N
°
ko
2
k]
Ol (
%1,

phenolic 31 EEL duldy) IES o]F= H3}Ho] Holud Hoz
9lo] o

A AwreS Foke] @A S A Aoz AlmREIH

(Lee et al., 2009b; Deavile et al., 2007).
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Fig. 3. Changes in histamine contents of mackerel fillet treated
with ethanol extracts of FEcklonia cava and FEisenia bicyclis at

4°C.
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=
oltt(Jin et al., 2006). Aol o 59| U¥HA <l pHE K 7.2-7.4
AEol} AL FjgHA o] Mg wel Aol Aoz s pHYF
AstElo] AL pHE 5.5-6.5 Lo ok S vebdith ey
MAE7E Astalr] AlAbstd 714 Ede] H40® 359 pHYF A
FestnE ol pHe WMIkE Fd HN=E #AAT F glon
(Amold et al., 1978) pH 6.5 o]
APy Aoz Fedth(Park YH et al., 1997). o]l ¥ Ao =
e 2 A3 HAES JF S 5S4 TCHAA LY hHFew 259
T AEEA pHE SASIT o A3(Fig. 3), A% =7 FA
HAE A A9 pHE 6.01-6.1082 A&7k Fo4<1 =
o] Ho|A| &l AFUOLAAAE S Wb AU 2 o] T,
A7F713ke]l SRS pHY F7kellom Ak 15Uk FA =
pH 6.66, 7l B thst AL A et &2 pH 6.57, 6.2122 4
o] pH7F 7H =A vEhd FEvr xlad Zeg ddElon 1t
B A A A FAEG ot wr]E ARt 2 pHE ES
ok 2y g3 JA At A 9 pH FAE B FA
HlE] M= Asb =g A HalE oz AbmEnh. A% 25Uk
A= pH 71102 wf$ %2 FAE Yehdilon e 2 o
AR A2t 27 pH 6.44, 6.20S YERNSILE o & T pHE A}
o S Earge] el wet APEE A GdaArE w2d A

O>"
rlo
i
1
¥
e
r 1
ol
oy
fru
-z
B
L
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=7F AstEE gxyol, TMA, DMA, 718t f719719F e 97|14

2 59 pH7F dsshAl =™ olefg pH o] Wt
Ae2 B34 4 JNam et al., 2011). wabA, AAE HA g
Z7kskel wel A el ®ls pH7E AAl F7heHA
ok ol HAE AR d aFole Fujrt M HaH o

5
B oddEn, vk oyt A 09t FA ek HAdE A A
‘?

rl

-
N
)
2
ol
N
Y
o
4
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Fig. 4. Changes in pH of mackerel fillet .treated with ethanol

extracts of Ecklonia.cava and Eisénia bicyclis at 4C.
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1-1-4 VBN &3 #3}
AulFE= o8 & AE7} AstEHWE ofF W ARA T XA Aks)
] Al

AL FI EAs = A ahs T= 5o <] 5]
TMAO(trimethylamineoxide) 7} 319 ¥ o A= =
TMA(trimethylamine) 59 A3 97|14 Edo] AMAF L AHY =

2ol olgl] whulgo] WA AAE= Yol Ai Foll o
g A71"AA(VBN)O gHEFe]  F7FskAl ®tH(Song HN et al,
2005). AWt o R AAg o Fo S+ VBNe| mzo g IhiH
o] Qo Azte] Aaste] AE7} Astgel wek Frlete AR W
1ol VBN F42 ofufFe Axmstygyoz de o]&xi gt
(Song HN et al., 2005); weka] 2 A X =, VBN 545 &3
AAES A 1507t AE WA= J3F] dis|A | Lolr gkt
T AA(Fig. 4), A &7 FAETFeE ddE A AT BT
18 mg/100 go.& & xfoj7} fIlem A4 s5dxfe] FA = 28
mg/100 go VBNI=ES et e Zedish 3= Aegae
21-22 mg/100 g Ebdie] T el Bl frol A o= FhAstgith
A 10L 3o, 2E Ag ol VBN g&go] A4 F7lstda £3
A7 50 mg/100 g= 7H¢ AA Frreda el 2 g A
A= ZH7F 42, 41 mg/100 g9 FdFE vehdo] FA el vlE
FHow ZAastTh dubzow VBN ko] 5-10 mg/100 g
2 T3] AlAEE o] & 15-25 mg/100 g& HE AEe] oS, 30-40
mg/10 O0g& F3 %719 o], 50 mg/100 g o] A$ F3 A=

7} Ak oS0z FA3HSong HN et al., 2005). wela] F-A g

ol

38

o

rip P

-
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A7k AaAE Aow ARH. e, 3
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—_—

iy

;ﬁ

wh

o
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blo
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=

LIRS R R I R R

[

=(Shin SR., 2006)3}
L5
e I ER IR R !

Astsh fA1elT. Budo] ¥

[e)

=

E(Nam et al., 2011)
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X —
oL S

i

ak

9]

—

A

R =
A AEES ©

s =5<] 7]

Qgonz

_26_



120

—— Untreated
—— Eckonia cava
100 - —w— Eisenia bicyclis

VBN (mg/100 g)

0 5 10 15 20 25

Times (days)

Fig. 5. Changes in VBN of mackerel fillet treated’ with ethanol

extracts of Ecklonia cava.and Eisenia bicyclis at 4TC.
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1-2. 23 Aol A% 155 W4 Histamine B4 A

S 98 & = A7Eo]tH(Paak et al., 2010). &
FE A F MEEE nAE ARA o] fle AF A V=
24 olu] A E AL (Codex Alimentarius, 2007)eF v = 2]
9]¢k (US'FDA, 2008)°] <1< REQket(Bover-Cid et al., 2011).
ol i1Go] WAL AF3e FFEAE $, 2000, 3000 E 4000
barZ ZATY Hlste] dwtA 7] ®slo} oA axe ) A
wokth, o ZA3(Fig. 4), .0¥9xko] FA e 2000 bardlAdE 10°
CFU/ge #55 Bgort 3000 barelAE 10" CFU/g, 4000 barel
A o] UERA erel fhEe] smoldE= o] Asste adE W
Attt AFAdxrE ZrbsbdA EXE 9 2000 bars 2 zbo] glo] A
xR0 g o] Frhaklal, A% 592kl 3000 bare 10 CFU/g<]
#4E Kol T2 9 2000 bar®] 10° CFU/gRth A7ge] oA=L
©m 4000 bar®] ¢ ol BAHA ol AbEe a3E B 10
Az} o] Fof= FA 2, 2000 bar Z 3000 bar”} 10° CFU/g °]4te.
2 F Aol Flol At TR oy 4000 barel - 1093t
10° CFU/g, 159%}te] 10° CFU/go.2 Yehg AR77tol e 244

O

mlo

g
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Aol ostel FAe Huk 2-3 log cycle A% o] Fa

stinh. ol dab= 1| 24 ofoll 400 MPaolAd A4 bAe] +
A% 713Hs e g $7F diFETtel Hlwste] A% 27] 2.77 log
of #xE HA At FAFsH(Gou et al, 2011) Park(2006)%
Aol 350 MPa =4S A § A7 <t #7¢ S77F 2

e =
S gl

2] ol AF 7Ax7A] oF 10° CFU/mL °|3te A3ttt B

$t A= A AYR Qe AlxEw
A A oA sto] mAEY & FAAR Ao Asdd

(Bull et al., 2005; Stephens, 2005).
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Fig. 6. Changes in'wiable cell counts of mackerel fillet treated

with high hydrostatie pressure at 4 C.
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d oA adeE ¢
olr 7] fl5te] To] HEUS Axste FEAS =, 2000, 3000
2 4000 bar® 45 A2ste] histamine A4 A @I}l 3
Ao Rtk 1 A¥(Fig. 5), A S5dxbel FAHF e A5 175.64
ppm< YERSI oY =4 A2 F-E histsmine©] 4 ppm©|dt=
Aol BAAEA Fdth FAE A% 10¥#kel histamine®] 3ol
wAeHA S7kste] 3013.33 ppme) S B o A9 2000
bar AT+ 73.21 ppm, 3000 2 4000 bar A2+ 2+7+ 6.15
2 2.18 ppm&E Ae] | xEvlo] AGH A ket 159Ate] B¢
T el 2814.36 ppm & | AER @h&Fo]l rEs] A A H AL
2000 bare 1592.82 ppml =2 Z7}ski AWk, 3000 % 4000 bars=
A7 2092k 744 histamine®] 7<) BAEA] exokvh 1 -, A% 25
Azt 3000 bare 750, ppme  HEFHAARE 4000 barel A=
histamine©] 44 ¥ AL ektt. olef3t A3E Bygrel Aot wust
H, 3000 2 4000 bar o735 Witr= A 473kl X wet &
7Vete A4S B3O histamine A E A ghol n| A Zo] ALikst
histidine decarboxylase &7} 2459 Ao s wao] =%
7F WetaA mae] &4 F-9l7F G3E ol 71d I Aol EUbs
HAM mhe FAHL AL Aow AsHWTHSan Martin MF,
o 4

2002). @A FLx= 7194 = H7}f

o|

o dex gloey dwbHgow 300 Mpa o 7FHA mAo 24
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Z12] 7} histidine decarboxylase® A& A3

5ol el histamine® AAS AAZ Aow AlRHTL
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Fig. 7. Changes in histamine contents of mackerel fillet treated

with high hydrostatic pressure at 4C.
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2AFE Aol o uFelH Fo] pH MBS Fotrr] 9ol
2000, 3000 2 4000 bar®] 2Ao2 2AF AL 1505 4T
AX 5 tAom 2503t ARsHAM pHE FASAt 1 A
(Fig. 7), A% %71 ¥A<e 29 pH 5.98& e A5
A== pH 6.03-6.199) & ®e 21 M= dste] pH7E <
S AEE BYTh A 1594 A A eE A B
2 WstE Welx Aotk A% 204k FA 9] B¢ pHF 6.43
oz FA3A Fsstglow 2859 AT pH 6.08-6.172 pH
7h FAEAG AR 2593 FA T = pHIF 6,627 wobl et

%7449t 2000, 3000 bar AT pH. 6.27-6.28% 7 Z7}51%
I 4000 bar= pH 6.04= pH7} A=At 2y oz Fxz -2
749~ Alzko] Aol ukgl pH7F S7Fssieon) =44 A8+ pH

72 ws Rol AATR GG, oew Ane e x2ng

7} A58 A HE=dNam et al., 2011) A =3¢ 2o 93k A
¢ histamine Al A3E v FHE o] 239 A 93] nAE
A

27 gAagte] wel 9714 EZo FHo] vlad Ho] pHIF FX
5
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Fig. 8. Changes in-pH of mackerel fillet treated with high

hydrostatic pressure-at 4 C.
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1-2-4 VBN &% W3}
245% A o3 150l F VBN % WstE dolny] 9
3o 2000, 3000 2 4000 bar®] ZHo 8 ZAFLE A3 nFE
4CoA 5 FASR 25U AAsdA VBN s S48k
a2 A3Fig. 7), A 271 FA2 T+ 21 mg/100 g9 TS B
S 2000 , 3000 % 4000 bar A& 2z 19. 18 & 17
mg/100 g VBN &S yehdlo] AHesteg o] ol wep 1§
ol Aagk e gl FAE e A5, A% 543t VBN $
ZFol 40 mg/100 go & FAIM TR o245 A g oA
= 20-23 mg/100 go& 2% VBN %S Btk #A47|7te] 7}
gl et FAEFE AEHOE VBN &Fo] F7hste]\ A7 2093+
o 60 mg/l00 g9 FFS HJoY ZASY A= 31-38
mg/100 g2 FA e HlAA] He ShFES Hglt durHo=R
VBN staFol 5-10 & 53] A48k o5, 15-25 mg/100 g2 H&
w9 o], 30-40/mg/100 g2 F3 %7]¢wol, 50 mg/100 g
o]/l A Fu Frrt Ak ofFe = 3t r =2 (Song HN et al.,
2005), FAge A5 A% 2092k Azhe Fov zlae] Hlou
245 AgFE 29 27] @A Aoz Algoizi) oleg A
Y= aFFEle] 28 Ags = A 71kt VBN e W
35 A% Ay, gzl vlE] W& VBN
dlth(Kang et al., 2011). VBN 3% Algte] S2jo] o3 whuldo]
BaEHA =714 H+=d(Song HN et al., 2005), Kruk 5(2011)

o Bk B 2aehe AT F 4T AU F5E

ol
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Fig. 9. Changes in VBN “of mackerel fillet treated with high

hydrostatic pressure at 4C.
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2. Histidine Decarboxylase Z Al

Morganella morganiiZf-8 €& A& 223 AHIste] 2a4AE
@2 ¥ polyethylenimines HEF&EX=7F 0.002%7F HE% FH7leto]
30% -7 ke o AAR-2](23,500Xg, 90 min, 4TC)sl] HAES
AASAT. BTN 35 2 70% 3} ammonium sulfate &=
A S AAEAT WA, 35% X3 ammonium sulfate RO = <
Mg g & 94#8(12,000Xg, 30 min, 4C)3eH FF A
70% X3} ammonium sulfate &dorg A3 3 JAEZ] (12,000
Xg, 30 min, 4TC)ste] FH=S LA ol& 4ToA 40133t
buffer C(0.05 mM potassium phosphate, 0.05 mM " succinate, 0.1
mM EDTA, 0.01 mM pyridoxal. phosphate, @ 0.02 mM
dithiothreitol, 0.5%(v/v) polyethylene glycol no. 300)% FA
(M.W.12,000-14,000)& A&tk FA48 &9 histamine &3
S =A% A3 (Fig. 10), 70% X3} ammonium sulfate 94 A E
©] histamine ¥ZFol =4 SHES s FAEL &AE
buffer AZ H3d3}AZ] DEAE-sephadex chromatography(@1.7 x
20.0 cm& &% # E8s3 e NaCl =5 0-0.4 M2 9AHS
= 298t 2 A3Fig. 11, F 165709 fractions FAoH
0.1 M NaCl &% A fraction 52, 53¥H0o] & HDC 84AFXHS H
At} DEAE-sephadexolA €& A F S ultrafiltration cellS
o] g3te] FF3% F, buffer B2 #H3I3}A7] aminohexyl-sepharose
chromatography(@1.7 x 20.0 cmZ £=399°1 0-0.5 M NaCl=
sETHE dAder EEegiv. 1 A3(Fig. 12), & 160719
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fractiong dAom 0.15 M NaCl FEolA] fraction 61, 62¥Ho] =
S HDC 84FAES H¥Y. Aminohexyl-sepharose #E8oA] A&
d ®-& S ultrafiltration cellS ©o]&3slo] 553t & buffer B2 ¥
g3} A1 71 sephacryl S-300 HR chromatography(@ 1.7 x 20.0 c¢cm)<-
o] &3te] &= W EBIYTHFig. 13). Sephacryl S-300 HR 7}A

HDC &4+ specific activity”7} 250.81 U/mg, =&°] 0.98%
d& FAsAHTable 2).
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Fig. 11. DEAE & sephadex chromatography of the saturated

ammonium sulfate solution in the range of 70%. The enzyme was

eluted with gradient of 0-0.4° M NaCl in reaction buffer(100 mM potassium phosphate,
0.1 mM EDTA, 0.01 mM PLP, 0.02 mM DTT, 5% polyethylenglykol, pH 6.5). The flow

rate and fraction velumn was- 1.25 mL/min and 1.2 mL, respectively.
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Fig. 12. Amino-hexyl: sepharose chromatography ' of purified

fractions by DEAE sephadex active fractions. The enzyme was eluted

with gradient of 0-0.5 M NaCl in reaction buffer(20 mM potassium phosphate, 20 mM
succinate, 0.1 mM EDTA, 0.005 mM PLP, 0.02 mM DTT, 1% polyethylenglykol, pH

5.8). The flow rate and fraction volumn was 0.64 mL/min and 0.63 mL, respectively.
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Fig. 13. Sephacryl S-300 HR ' chromatography of purified

fractions by amino-hexyl sepharose active fractions. The enzyme

was eluted with reaction buffer(20 mM potassium phosphate, 20 mM succinate, 0.1
mM EDTA, 0.005"mM PLP; 0.02 mM DTT, 1% polyethylenglykol, pH 5.8). The flow

rate and fraction volumn was 0.56-mL/min and 0.63 mL, respectively.
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Table 2. Purification of histidine decarboxylase from Morganella

morganii
Total Total Specific
Yield Purifica-
Purification step protein activity activity
(%) tion (fold)
(mg) (U) (U/mg)
Crude enzyme 12799.03 40495.68 3.16 100.00 1.00
Polyethylenimine
2780.40 40225.52 14.47 99.33 4.57
treatment
Ammonium
Sulfate 1583.99 28140.95 17.77 69:49 5.62
Fractionation
DEAE sephadex 797.70 14673.56 18.39 36.23 5.81
Amino-hexyl
10.26 681.44 66.42 1.68 20.99
sepharose
Sephacryl S-300 1.59 398.85 250.81 0.98 79.27
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3. Histidine Decarboxylase A &4
AAE 2L 2AFG APl 93 a3Es 49

histidine decarboxylase®l] 3l #s]ZA] S

{0

17 Slskel AW
bt

O

|\
ol
ol

3-1. AHE9] 93 Histidine Decarboxylase A3 &A

5ol e histidine® 29" PAEC] AASE  histidine
decarboxylase®] 23} 2ebabzk8-S- A histamineS AASHA &
T},  HistamineS - AA s HAEZE A tel  Morganella
morganii’t 7} Al Ao w e dut. wEbA, Morganelia
morganii 2 AE histidine decarboxylaseol ®s HAE2] A
A S =A%A Y. Kim(2012)S Morganella morganiiv-@] crude
histidine decarboxylase®| ©al FEl(Ecklonia cava) 2 W3+
(Eisenia bicyclis)o] = A4S HAtta dle o]& 183}
H 2 o3t F=E9) )3t histidine decarboxylase? #s]&A<
Sttt T olgks FE=o tigk HDbC As&4dEs 5
(Table 3), 1 mg/mLolA 44.02%2 =& AH&H&S HFY o]E A/

p)

o
ok
iy
o

MR ufsle] A& ethyl acetate fraction®}t silica—gel column
chromatographyS A A|3te] A& ethyl acetate 6 fractiono] A= Zt
7k 49.12% 2 53.02%° AfLAHs el ErF AHFS
HDC Asiax7t 3188 st =3k gt dets FE= o
sk HDC AsidAd S 543 A3 (Table 4), 1 mg/mLolA 26.55%2]

=
AgES YeER o o]E /AR ujsle] AL ethyl acetate
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rlo

fraction®} silica—gel column chromatographyS AA|sle]
ethyl acetate 2 fractiono| A= 242t 47.54% 2 50.97%2] A&
< YEdo] =& HDC AMEAdS HEFAT. Kim 5(2012)2> 7HE)

et FZERZHE EE 3t ethyl acetate 8o e HT} =&

O.u

1_4

lipase A S-S UER AL SIE=; silica—-gel column
chromatographyS 2 A%+ A3} crude ethyl acetate #3% HT} %
< 4SS Yol & Aot fARE Z3E dEe =3 Moon
(2011)% W3 ethyl acetate #3o] &2 HT}F #2 protein
tyrosine phosphatase 1B} a—glucosidase Als]l&AS 7Fxtta &t
g om o= tslo] 7}A+= phlorotannin 8 =2l Ao = &%
o}, dZ7F9 ‘ethyl acetate 22 tannin¥ -2 polyphenol®] &H&F
o] =t sloH ol sATMAN FelA At mAo &4
S Addgar B usdchBitou et al, 1999). ool W& ethyl
acetate 2 fractionS FH<=# o= HPLC(high performance liquid
chromatography)ol Al 2] 3+ dieckol, pyridol3,4-d]pyrimidine 7i
9 fucofuroeckol®] 1 mg/mbel Al 22k 72.47%, 47.29% 2 40.91%
of AL vl en I Tl = dieckolo] ICs #te] 0.51
mg/mLe=z 7HF £ AsEAdS YelhlitHTable 5). Dieckol

#% 42l phlorotannin 3}¢E 2 A phloroglucinolS 7| EFA TG =2
st Zds shgt=oln Atsk(Nakamura et al., 1996), @ufo]e]
2~(Ahn et al.,, 2004) % tyrosinase A31&FA(Kim et al.,, 2004) %

g3k 7sAdS el E Ao ® 49t} Polyphenol 33H&E-2
Gl Ayl ZES o] F= o] Hojdk Ao g LA Qo] o] EA
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9] hydroxyl group¥ HDC& A9 AFH-H7F 4 ¥ o|24TS &
3 et B3AE JAFoEN a5 vduy HAANE
axo S Al Aor AtgHoH(Deavile et al., 2007,

Lee et al., 2009).
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Table 3. Inhibitory activity of Ecklonia cava extracts against

histidine decarboxylase from Morganella morganii

Sample Inhibitory activity (%)
EtOH extract 44.02£0.89°
Ethyl acetate fraction 49.12+0.18°
EA 6 53.02+0.80*

* Concentration : 1 mg/mL
Y Ethyl acetate 6 fraction-separated from silica gel chromategraphy.
Y Means in the same row(a=d) bearing different superscript in samples are

significantly different by Duncan's multiple range test (p<0.05).
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Table 4. Inhibitory activity of Eisenia bicyclis extracts against

histidine decarboxylase from Morganella morganii

Sample Inhibitory activity (%)
EtOH extract 26.55+0.73%
Ethyl acetate fraction 47.54+1.01°
EA 2V 50.97+1.01°
EA 2 - 5 fraction? 72.47+1.96°
EA 2 - 7 fraction® 47.29+0.98"
EA 2 - 8 fraction” 45.33+0.54°

* Concentration 1 mg/mL

D Ethyl acetate 2 fraction separated from silica gel chromatography.

2 Dieckol
¥ Pyrido[3,4-d]pyrimidine 7i

Y Fucofuroeckol

5)

Means in the same- row(a—d) bearing different superscript /in samples are

significantly different by Duncan's multiple range test (p<0:05).
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Table 5. Inhibitory activity of dieckol separated from FEisenia

bicyclis extracts against histidine decarboxylase from Morganella

morganii
Inhibitory activity (%)
IC50 (mg/mL)
1 mg/mL 0.5 mg/mL
Dieckol 72.47+1.96°Y  48.55+0.75" 0.51£0.01

D Means in the same row(a—d) bearing different superscript in samples are

significantly different by Duncan's multiple range test (p<0.05).
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Table 6. Inhibitory activity against histidine decarboxylase from

Morganella morganii treated with high hydrostatic pressure

Inhibitory activity (%)

1000 bar 2000 bar 3000 bar 4000 bar

12.7940.94"  22.66£0.62° 34.34+0.71° 52.8240.42°

morganii

1) Means in the same row(a-d) bearing different superscript in samples are

significantly different by Duncan's multiple range test (p<0.05).
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ot

2. Morganella morganii=5-¥ Histidine Decarboxylase A

Morganella morganii=5-¥] histidine decarboxylaseZS 7 #|3}7]
et #AE ¥S F, 259 APste xaAds AU olE
35-70%=% 33} ammonium sulfate= @GAS HAAIS I
(M.W.10,000-12,000)= °]-&3sted FA4& sl T4
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ol
oo i

J

N

H
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