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Inhibitory Effect of Natural Materials and High
Hydrostatic Pressure Treatments on Histamine

Production in Mackerel

Dong-Hyun Kim

Department of Food Science and Technology,

Graduate School Pukyong National University

Abstract

Histamine or scombroid fish poisoning 1s a type of food
poisoning with symptoms and most common symptoms are an
allergy-like form. Scombroid.-poisoning generally 1S one of the
most frequently reported human illness associated with seafood
because that results from eating fish belonging to the families
Scomberesocidae and Scombridae, which typically include
mackerel. The mackerel contains large amounts of free

L-histidine in muscle tissue. The causative agent of scombroid
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poisoning is histamine that is produced from free histidine due
to the action of bacterial histidine decarboxylase (HDC).
Therefore, this study was performed to investigate the
inhibitory effects of natural materials and high hydrostatic
pressure treatment on histamine production in mackerel. First,
antimicrobial activity on histamine—-producing bacteria that are
mesophilic bacteria Morganella morganii and psychrotrophic
bacteria Photobacterium phosphoreum of medicinal herbs and
seaweeds were investigated by disk diffusion method and MIC
test. The results of antimicrobial test, S. chinensis hot water
and ethanol extracts and-FE. cava ethanol extract were shown
the antibacterial activity against M. morganii and S.. chinensis
hot water and ethanol extract, S. sagamianum and E. cava
ethanol extracts were shown the antibacterial activity against P.
phosphreum by disk diffusion method at a level of 5 mg/mL. As
a result of measuring the MIC in extracts of these natural
materials against M. morganii and P. phosphoreum, respectively,
S. chinensis hot water and _A. cava ethanol extracts were
exhibited the antimicrobial activity —at—2 mg/ml against M.
morganil. S. sagamianum ethanol extract was shown the most
excellent antibacterial activity at 0.015625 mg/mL followed by
E. cava ethanol and S. chinensis hot water extracts at 0.125

and 1 mg/mL against P. phosphoreum, respectively. To verify



inhibitory activity of natural materials against crude HDC from
M. morganii and P. phosphoreum L-histidine monohydrochloride
monohydrate was used as substrate. The inhibitory activity of S.
sagamianum ethanol extract among natural materials extracts
against crude HDC from M. morganii showed the most highest
inhibitory activity with 81.10% followed by E. cava and E.
bicyclis ethanol extract with 33.79 and 19.82% at 1 mg/mL,
respectively and E. cava ethanol extract was exhibited the most
highest inhibitory activity against crude HDC from P.
phosphoreum with 31.75% followed by E. bicyclis ethanol
extract with 25.08% at-1 mg/mL. To obtain phlorotannin,
dieckol, E. cava and E. bicyclis ethanol extract were isolated
using liquid-liquid extraction, Silica gel ecolumn chromatography
and HPLC. Dieckol showed higer inhibitory activity than ethanol
extract with 68.24% at 1 mg/mL and an ICsp value of 0.61
mg/mL. Another test was performed for inhibition effect on HHP
against HDC. The crude. HDC treated with HHP _ showed lower
activity than the untreated that depending on Increasing
pressure. In addition, these were-applied-to mackerel and their
inhibitory effect on histamine production was also examined.
The histamine content in mackerel muscle treated with natural
materials extracts and HHP decreased as compared to the

untreated mackerel.
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2147) A el weFe] AR 25 FEel R o

B HES WA A3 FA5] 9% oluxe] ohel, 4L Fa
B 24 5 ot FHoRd A42 FLA S 49 4Fc] 13

gAastel  AYrIsEAE H ATl FEISMA FHEHAUT
(Fenical, 1983; Valfre et al., 2003). o] FAFEd] sl A
T8It S sl wet AR Ve E A4kREe] 20019 1,546 H =9
A 20109 ¢F 1,815 # EBom Ed Frbekal - JvHMIFAFF,
2011).

=
=
2N & © = & L= = = = 7] O Z] [ o =
AEL tegoer S S8 FS5A, w2 2l Wi
o} o

EUY(NFRDI, 2011). 5ol Fguydr A3 oo 2/ oJF o
2 53], gt weo] HEESIH A Ehof T3] WS 4 dE AFoR

7HA - 5wl o] oF 2

oA Fo Hlste] Y53 =om, 53] EPA(eicosapentaenoic acid) 2
DHA(docosahexaenoic acid)¢} & n-3 A AR 72 3k 4] ¥4t
(polyenes)?] H]&o] °F 36.1%=% Z%3toJ(NFRDI, 2009) 1189}, Al
FAE ddT T AdY dian 9 HEdE 3, Av oY 59

a¥7F JtH(Wildman, 2001). T3k HEFA By, D % E7}F 55319



23lE 2 Ak 28-S XY o™, histidine, lysine,
glutamic acid &2 AW ofuji=ito] @wo] FfH-Ho] V|ZHoRE H
ol o] F o] tHNFRDI, 2009).

argofe] AakeFe 20019 2,665,124 M/TellA 10de] A 2011
dell 3,255,929 M/To.2 Z7bskgith. o= = ofFolA 34|, A
of o]o] 7} Ho] F3]E= o]F o & (Fishery Production Survey,
2011), oA e asol= A=EASHE wlg- el A A

T
Aol 02717} ofHaL, tRE £} ol o] gle] gom, 9

A7T%E 7V 2o v &S xR skal vk (Park, 2009). &5 ol &4
Sl free histidine2 T|AEo] #H|s}= a ko 93] ek #Egs o
© 7 histaminel.® A3t H(ehane and Olley, 2000). Histamine

S 914 oA mast cell, enterochromaffin-like cell % neuron®l

A gusold de \BEde glow, Aeas L AFHeRAZA

4
=2
>

A2d¥l histamine AHAZE - AAHIPES @ scombroid
poisonings o7& 7FE AAAQ AJEAZ oA QY.

Scombroid poisoning T histamine fish poisoning<-
“Scombroid"gt= GOl M EEH FHEALH, of HEY] SAHLS &

S o) histidine 3FgFo] w9 o} A As AWM HFo| o) v



A=o] FA8ke] histidineo] L ] &Ae] 7[AE A& e
Zhgol 93 histamine®] A EH(Lehane and Olley, 2000). Food
and Drug Administration(FDA)°l| A scombroid poisoning@} #d %
o]F o2 Table 13 o] A A3t JYTHFDA, 2011). oF= o1&}
S B g oe mAgEdd =FHo 4ol ¥,

ofF 3xWoll ¢ 1% wAEo] EAZA|2E histamines
A= A2 g wE S22 FA5HA ®rh Taylor 5(1978)

4CHT o w2 2meA AT AddA AW vAE 59

ullt

Morganella morganii, Klebsiell pneumoniae %, Hafnia alvei &
o] 7Md W histamines AASE ol Hasilv. g
Niven 5(1981)2 histamine A T2 & Vibrio spp.= &4t
Frank $(1985)& HEH3t=  7Eo]et  mahi—mahiol] A
histamine A #2.2 V. alginolyticuss 23]l 28] wsest
2o V. harvei, V. fisheri 2 Photobacterium leiognathi’}
histamineS AAsts do=z2  dHA  dom(Ramesh  and
Venugopalan, 1986), Y& Photobacterium spp. ¥ Vibrio spp. <
T2 A-2olA histamine Aol FoJgttial B IsIglow, I F

Photobacterium phosphoreum®]: 4294 histamine Aol s}

= Zo® BuEJtH(Kanki et al;;~2004).
e} o] histamine°] AAAEE A Fd= Aol o<l A=,
g A = otk =A%t e 9kl A=, wgalE 5o

lactic acid bacteria®} #¢] gram-positive bacteria®] 2] 3



Table 1. Market and scientific names of fish most commonly

involved in scombroid fish poisoning

Market names Scientific names

Alewife or River

. Alosa pseudobarengus
Herring p g

Amberjack or Yollowtall Seriola spp.

Ancboa spp., Ancboviella spp.,
Anchovy Cetengraulis mysticetus, Engraulis spp.,
Stolepborus spp.

Bluefish Pomatomus saltatrix

Cybiosarda elegans, Gymnosarda unicolor,

Bonito
Sarda spp.

Lepidocybium flavobrunneum, Ruvettus

Escolar or Oilfish f
pretiosus

Gemfish Lepidocybium flavobrunneum

Etrumeus teres, Harengula tbrissina, Illisha
Herring spp., Opistbopterus tardoore, Pellona
ditcbela, Alosa spp.

Horse Mackerel or
Tracburus tracburus

Scad
Caranx-spp., C. ignobilis, C. melampygus,
Jack C.-latus, C. lugubris, C. ruber, Carangides
bartbolomaei, Oligoplites: saurus, Selene
spp., Seriola rivoliana, Urapsis secunda
Jack or Blue Runner Caranx crysos
Jack or Crevalle Alectis indicus

Jack or Rainb 's bipi
ack or Rainbow Elagatis bipinnulata

Runner
Jack or Roosterfish Nematistius pectoralis
Kahawai Arripis spp.




Mackerel

Mackerel, Chub
Mackerel, Jack
Mackerel, Spanish
Mackerel,

Narrow-barred Spanish
Mackerel, Spanish or

King
Mahi—Mahi
Marun
Menhaden
Plichard or Sardine
Sailfish
Sardine
Saury
Scad
Scad or Horse
Mackerel
Shad
Shad, Gizzard
Shad, Hilsa
Spearfish
Sprat or Bristling

Trevally

Tuna

Wahoo

Yellow Tail or
Amberjack

Gasterocbisma melampus, Grammatorcynus

spp. Kastrelliger kanagurta, Scomber
scombrus
Scomber spp.
Tracburus spp.
Scomberomorus spp.

Scomberomorus commerson

Scomberomorus cavalla

Corypbaena spp.

Makaira spp., Tetrapturus spp.
Brevoortia spp., Etbmidium maculatum
Sardina pilcbardus, Sardinops spp.
Istiopborus platypterus
Harengula spp., Sardinella spp.
Cololabis saira, Scomberesox saurus
Tracburus spp:

Tracburus tracburus

Alosa spp.

Dorosoma spp., Nematalosa' viamingbi
Tenualosa ilisba
Terapturus spp.

Sprattus spp.
Caranx spp.

Allotbunnus fallai, Auxis spp., Eutbynnus
spps, Katsuwonus pelamis, Thunnus
tonggol, Tbhunnus-alalunga, Tbunnus

albacares,~Thbunnus atlanticus, Tbunnus
maccoyii, Thunnus obesus, Thunnus

tbynnus

Acantbocybium solandri

Seriola lalandi

x FDA. 2011. Fish and fishery products Hazards and controls guidance.



Ao 7 zbo]7} At} Gram-positive = gram-negative bacteriaz™

25 HDCE XA A%, gram-positive bacteria -8 HDCE H
AEAGo 2 pyruvoyl groups FQE  3}il, gram-—negative

bacteria @ HDC: cofactor®A] pyridoxal-5'-phosphateE Z Q.
2 3= Aol 7 2 Aol g o]t (Hungerford, 2010).

Pyridoxal-5'-phosphate(PLP)= Z}§¥d&4, 53] amino acid %+
amine WHS-oll cofactor®A] 2}&3}lH, pyridoxale] pyridoxal <143}
gol 93] QikstyEo] Fd ol @ AS =, pyridoxal BIEFR Bg
o &S Ztv HAEZS  pyridoxines Abstete]  dojA| =
aldehyde©]t}. ©]& cofactor® 7}A]+= HDCY ZH&7]72 712l
histidineo] &34 &< wl, PLP7} lysine #7129} e-amino group
¥} PLP9| aldehyde groupS @A3st= imine Aol 93] Schiff's
based ElZ A3 tH(nternal aldimine). Histidineo] &g 7%,
histidineo] ®A49] ZFujF-9je] A3} elH transaldiminationo] ot
Al cofactor’} 17189 a—amino group®ll 4 ¥ % o] R HExternal
aldimine). 123l WAl B]7FR A Q] decarboxylationo] oAl ¥ m
(PLP-product intermediate), t& PLP <A <& A=&
transaldimination ®Fg-o}. ojtbatiA] internal aldmineo] 874 = o]
histamine©] AA ¥ o] tH(Hayashi,— 1995;Moya-Garcia et al.,
2005). &3 HDColl 2]3t histamine?] A4 bacteria®] AFo] A
AE RS el SVt A7 437 B o] HDC7F scombroid
poisoning®] ZHZAS Q<low ZFgol =H 4 ArHKanki et al.,

2007).



StH, Aol 5 dle] WAlA<] HDC7F EAlskA gl o]o] 282
bacteria @ HDCeF 4] = W Ads] HH]ste]  scombroid
poisoningS ¥ o 7|7]d] HH=Fo|th(Lehane and Olley, 2000). %3+
T3 histamines 41F 3 S Wl XY} bacteria -2 HDColl <3|
Filg AAdolA AAE  histamineS FFH3RS Wl scombroid
poisoning®] W< Aol ZAdttn HuE o (Taylor, 1986),
o] Abgo] d o] ¥ o] histidineo] F7HA o® B = A
Bt} histamineC 2o gho] H& e dojdorRA Ao F
e Fgo] gleod®: E7-3lal, histamine F %7} #=°}4 scombroid

poisoningS WHA|ZIYE, o]F A FulE AHdAA AAHHE histamine=

K
2

AFHEH EAHow 108994 1A417F Wl scombroid poisoning©]

HEAEL Al tH(Hungerford, 2010). o]+ Bzl 24A17F ol 3] &= %
T Abgrel] met mE Sk Sl A&HE A7 ik e A
T AWS FEshs Al histamine A7F 200 _ppm B FF
T o2 B PEarig) on. FDAE o

g2oFIA7] Fd wet §sAdo] A

(e

15
=

ok,
Ol
flo

r{

500 ppm °’dd w ®
W9 histamined TX &=
2, histamine 3&F A& A 74U 50 ppmlZ 7|+
st =, A9 3 BEo| 50 ppmo] LAFETHH, trE H 9o
500 ppme] 23 7hgAde] 7] wZo]tHEDA, 2011).

Histamine Aol #d¥ o]F & AdF A], histamine S A5}

!

2
of\

o2



7] #1387tz 9|4 bacteria ¥ E4E 5243 A7 W
o] Ax¥a AN s A histamine Goll SHAslo] §loj
A 7] W&o histamine A Ao 98] scombroid poisoning
ZHA o7 dulsts 7|40l sttt webA histamine AL &
Ao g AA 7] Y3 HHOE histamineS A S bacteriadl] o
2 1 e HDCY 28-S Adlistes A+7F A4 244

o]t}, Histamine ¥ biogenic amine A S AA&E HE d42E

X

S
=

I

o
=t
2
ofo

H

histamineS &F3lst= "AES ©2(Mah and Hwang, 2009;
Leuschner et al.,, 1998; Dapkevicius et al., 2000)2} histamine *8
d ol tigh galge] 28 (Mah et al,, 2009; Wendakoon and
Sakaguchi, 1993) % HDC A& a@¥(Shakila ~et al., 1996;
Wendakoon and Sakaguchi, 1994) 59 A7 B aE oA qt o}

3t AAE 2 SFHL FAHe9 3 histamine B A A= 7

=
e ATEL vl X @8] FHEANG HHs)
e AT + A dAE AHBBAS S A9} wo

o]Fojx|a e, SHekAlE o ZRE Eo] o]&E Il of ek Aol
A=golglon 1 ZF AWH(Park et al,, 1995) % 9 n|x}H(Lee et
al., 2003)A I E24S Folsh AF7F BaF o)A Qr}, ok dx

e

e S5 P20 d ol Aaste] 53 tiAA 2 QA W
AAE 7HA7] wEoll wheFe Aggdoel e AU AyHa e
H 1 ZF, Fat(Lee et al. 2009; Yoon et al., 2010) ® & AA A
(Kim et al., 2011; Lee et al.. 2010) 59 A+7} HuE A}



AEe 2nA7E s A A A AdeAde A=, @

ole AR A% dAs] sl S ol ogsgA,

ol AE AA Y Edol A v F o], el Fdo] 4P
2 MHA gomA M, 4E D 2k Fsw uska A sl
FE oW gk A5G /&S AR Aol L akel B3y

al
b5 Z#ste] FHo] Hold AFAe] Thsatr] wimell A EAR ol
Zy& a1 Itk (Han and Jeong, 2005).
1= ©]S Ul histamine Aol TEA U
histamine—-producing bacteria® A&S AAstar, 1 38 &4
HDC9 #H&-& A&fst7] gk AAdES Pk, A% 3 o=
A 2459 Aol 9% HDCO Asjars HESIY ol& AA 4
&3t7] #lel asoldl A 2lste] histamine A4 A EIHE



1. AdA =

1-1. A&
Hoooodqte]  Algd dkekdle AWy (Morus  alba)$t M| A
(Schizandra chinensis)v= 74" FAte] o dolA AxdH =it
TR, A ARE FHT F 20T EBiste] A3
7 = FEl(Eckionia cava)®t WS Eisenia
el AFstl e, BlEd EAWHSargassum
sagamianum), Al&°|(Sargassum  thunbergii), <E7] =EA}dk
(Myagropsis myagroides) 2 Aol W 2vH(Sargassum horneri)-&
FAb QI shutvel A AFH st Fd5E Rkl FAlsta AAddx F
=7 7Axste] E7](Deasung atron, Seoul, Korea)® w8l 3
—20ColA Bastas dol AR8-s3ith

Ao AFEHE 3150l (Scomberjaponicas)= F-4tE S Al

g Ao Aol o2 Felste] Aol AR5k

1-3. WX 2 Al

A gl AF23 WAl 2 NB(Nutrient Broth)¥ Accumediarl®] AlES
AFE3F9 a1, TSB(Trypticase Soy Broth), Marine Agar(MB), MHB
(Muller Hintion Broth), PCA(Plate Count Agar)+ DifcoAld] #|&<
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ALg3EFE T Ao AFE3E AJeFo & [ -histidine monohydrochloride
monohydrate, pyridoxal-5"-phosphate, polyethylene glycol no.
300, potassium phosphate monobasici= SigmaAloll A T+ skt
18]3l potassium phosphate dibasic, Ethlenediaminetetraacetic
acid (EDTA)E Yakurirbell A -94abqlth. ®E=gk  1,4-dithiothreitol
(DTT):= Boehringer MannheimA}ol A -3} t}.

o+ 7F4 3142 histamine—-producing bacteria
= Morganella morganii IFO 3848, ATCC 258309 thx A<l #&
A1 histamine—-producing bacteria®l Photobacterium phosphoreum
IFO 13896< =& R ZAE(KCCM)SF mAEAIALH (KCTC)

oAlA Zzt £eF ol Aol ALESIAH(Hungerford, 2010).

2. N® F=

HE AN B & T 94% ethanolS 108l (w/v) 7}ste] A&

ol 24713 kel FFSRAvh 5 F AAHZ 7] (UNION 32R,

Hanil Co., Korea)® 3,000 rpmellA 10&7F QA Rg)sl 3 A=}

At o] #AAS 33 wHESte] F2 ATAES Fof oA
=

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

Az

R EY

M

rotary evaporator(RE 200, Yamato Co., Japan)® #¢ &3
o] FFAL 37TCANA AXAR F -20TA Bas Q5=

g451e] Aol Ageth £F A5 FFS Amel B 104

TR



(wiw) 7k3ke] 80TAA 8417 aukste] F&stelon], Fae sy e
919 Bt

2-1. 748 ¥ o3} 53 Phlorotannin®l Dieckol &g A A
2-1-1. AA B &3 e 2 U3} FE2E9 3
ZHe) 2 oS oete FEES SuvjEE = S

29 n-hexaneg 7}ste] 180 rpm, 1A]7F “&<F shaker
(Dongwon Science Co., Busan, Korea)ol|A n¥FHT o]E A X
AlA Asds FHeta, A9, 7S FF (RE200;-. Yamato Co.,
Tokyo, Japan)dt®] n-hexanes< <At} ASEA 22 HHo=w
%% chloroform ¥ ethyl acetate® Suj& 3 3t 03 o3}, 55

}

ol

2

H. 3 (o]
717t 282 A9

ol

2-1-2. Silica gel column chromatography°l| €3 &) 2 tj
3 ethyl acetate FEE9| 3

ol £

=

o

FE59] ethyl acetate =8 &2 chloroformo] A methanol
AS dAFdezr FAHS T, FAstE  silica

gel(230-400 mesh, Merck Co., Germany)°| chloroform< 7}3}<]

op

slurry® ®FH=31 glass column(50xX65 mm, 120 mbL)o] =73 3,
7He] ethyl acetate #& &S ethyl acetate® F%7} 400 mg/mlo]

HeE m9om 3 ethyl acetate 3 EES methanol® 400

_12_



mg/mL <1 3 3000 rpm, 4T, 1087 ¥4 g 3te] AEdaL
&  columne] loadingdtitt. 7E]  ethyl acetate ®IES
chloroform®} methanols &"jAZ 3t (10:0—9:1-8:2—7:3—6:4
—5:5—4:6—-3:7-2:8—1:9—-0:10) £AH o2 100 mLy #F 3}
2271e] EIES ddown, T3} ethyl acetate I EL  ethyl
acetate®} methanolS SwlAlZ &4 (10:0—-9:1—8:2—7:3—6:4—
5:5—4:6—3:72:8—1:9-0:10) A2 100 mLA FFsto] 22
Mol FEES 4o, g9 BEE2 74y sFst] -20TCe] B

bol Aol A8tk

e
ol

2-1-3. HPLCell 9% &2 - B A

Silica gel column chromatographys ©]-&3ste] E2|%  7Ze] EA6
2 g3 EA2 ®#EES A48, 0.45.um membrane filter
(Advantec, Yoyo Roshi Kaisha Ltd., Tokyo, Japan)® o] 3}3l 3
20 uLE F3le] Table 29 & A E HPLCE A A3

2-1-4. NMRdl| &gk 7= £4

2 2 g3 s FEES HPLCE 228k 6 2 5/
2215 =4S 98 LC/ESI-MS(Nanospace SI-2, Shiseido, Tokyo,
Japan)ollA]  C18 column(LUNA 5 micron-C18, 150x1 mm,

5] ©
g—:ll'é'

e

Phenomenex, Torrance, Canada)S ©°]&3sl¥or, A= LCQ
Deca XP mass spectrometer(Thermo finnigan San Jose, CA,

USA)ZHE Attt NMR =A< 'Hel C spectrax JNM-ECP
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400500 MHz, JEOL Co., Tokyo, Japan)¥®} Avance I 900(900

MHz, Bruker, Karlsruhe, Germany) spectrometers Z}z} o] 83}

=43kl
3. Histamine-Producing Bacteria A5 # 3 &4

3-1. Disk Diffusion Method

#=ol7F 4-5 mm¢<l MHAW| Ao +# 9] s=7} °F 10°-10° CFU 7}

FEHEE B & o Aow m=Edt). of 7)o AE°] 6 mmel

diskE LAANAA LAY sz 343 FAl H dxF FEE5
71

20 1L FFAAT o] 2 ALNA ok 1 AN S

3-2. Minimum Inhibitory Concentration(MIC)
i & g4Ad] EA e MHA#H|A]of @tekA] 9 dx2fF FEE5S
Wz HArlsla AlE #e] w7 oF 10°-10° CFU/mL 3 =2

HEe & T olE Bl EeEsto] Ad2dlA =, 37C

(e

incubator(DW-M [-250, Dongwon Co, Busan, Korea)ol 4 24A]%F
kel vl & AA Av)AE Aol Ho] o] FEEA F

Fpe] FEE H2ARFEMOR et
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4. Histidine Decarboxylase #]3]&4

4-1. Histamin-Producing Bacteria® & w|g A7+ =4

Histamin-producing bacteriadlA] Z&4AE Husl Wo] F=317)
98 #55 10°-10° CFU/mL ¥ %% 38te] M. morganii= TSB ¥l
Ao HEde] 35T wiYstH o™ (Tanase et al, 1984), P.
phosphoreum~= MB w|X]o]] *£3lod(Morii and Kasama, 2004) 2
5ColA  wigFstleh. o]&  3AkF A& UV/visible
spectrophotometer(Optizen 2120 UV, Mecasys, Daejeon, Korea)

2 600 nmolA FF=E S5k

4-2. ZEALN AZF
Histamine—-producing bacteria®%-E crude  histidine decaboxy-
lase® F%317] | 93 Tansase 5(1984)% WHS a3ty M
morganii 2 P. phosphoreum®] HZA A& Al7tS 13t A= v}
goR #FE 10°:10° CFU/mb. ®%=5 8kl 22t 1% L-histidine
monohydrochloride monohydrateE A 7}3F TSB 2 MBo| &3}
35ColA 12A12F 9 25ColA] 4242k Hlalgiet. < s gFS

sk AR 74 12,000 x g2 3087 AR s & Az

Y

2

Fstdo. 8" #A  buffer(0.1 M potassium phosphate
buffer(pH 6.5), 0.1 mM sodium EDTA, 0.01 mM pyridoxal
phosphate, 0.02 mM dithiothreitol, 1%(v/v) polyethylene glycol
no. 300)Z 23] washing 3t 3, -20Co| RH#B&w 2AFo AL&3FA

_15_



N

H

o
“

t}. Washing3dt wet cellS 1:4 H]E&9] buffer® AEAZ &

2] (VCX 130, Sonics & Materials, USA)3te] cellE H3A)7] &

—}

12,000 x goll A 204%-3F AAwEste] ASNS HSEH . dA = s
AN HES thA] 1:3 H|EE bufferE 7}sle] A7l & 3hH ¢ %=
53 Agsta JAREE e AENS oko] AFyl F3tsle] 2aghR

Mg At
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Table 2. Operating conditions of HPLC

Instrument Gilson 321 pump
Column uBondapak C18(3.9X 300 mm), 125 A, 10 um
) Gradient for 10 min
Mobile phase 36% ACN
28% — 50% ACN
Flow rate 1.3 mL/min 1.3 mL/min
Detector Gilson UV/VIS 151

Table 3. 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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4-3. Histidine Decarboxylase A& =4

4-3-1. AAE 93 Histidine Decarboxylase ANEH A

Histidine decarboxylase A&/ A& Kanki 5(2007)2 Nitta
5(2009)9] AF= sttt M. morganii 2 P. phosphoreum
4 ZaAE =457 Y& buffer(0.1 M potassium phosphate
buffer(pH 6.5), 0.1 mM sodium EDTA, 0.01 mM pyridoxal
phosphate, 0.02 mM dithiothreitol, 1%(v/v) polyethylene glycol
no. 300) 1 mL¥} oA == 343 A B dx7F FE== 0.1
mLS 7247} 37T 2 30T, 62 &t AR E ¥, £as 0.1 mL
E #H7lste] oAl 583 Z42F 37T 2 30TCAlA v el wiF &+,
200 mM L- histidine monohydrochloride monohydrateE 0.2 mL
A7bete] Z+2zF 37C. 2 30T M 151 BES- AR T W35 T A A
7171 918l 94-96Cell A 5%k BAIAIZ . o] A|S& histamine %
S 938te] Histamarine assay kit (Kikkoman Co., Tokyo, Japan)=
AFg3le] UV/visible spectrophetometer® 470 nmolA] T3 =& =

A3A tH(Sato et al.;. 2005).

A& (%) = 100 X [1-(B-C)/A]
A ANEE HUFSHA] B8 FH
B : A& #H7)s g

C: 845 H/sHA] &2 F9%=
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4-3-2. AAE 93 Histidine Decarboxylase A3 ¥4

Histidine decarboxylase®] g #3l] A& dolr 7] 3] 712
L-histidine monohydrochloride®] %% 5, 8 2 10 mM= &g 3}
dom, AfAd dieckold FEE 0, 0.1 2 0.2 mMZ 99
histidine decarboxlase A3 AgWHo= AFsqt olFEA =4

3t A3} E Lineweaver-Burk plotS ©]&3te] EA135}91 )

4-3-3. A4 <Y (High Hydrostatic Pressure, HHP) # &

M. morganii ¥ P. phosphoreumo|~ FZ=3+ =% = Us AT
F71(215L-600 ULTRA, AVURE Technologies Inc. WA, USA)Y
processing chambero] Yol <& ¢F 18-24TolA. 1,000, 2,000,
3,000 % 4000 bar®Z HAFHoz zZ1zh 3EIF ZAFY AP st

mas
A

52
F

histidine decarboxylase #&|&4 =A S &

5-1. A7



bench (DW-CB-511, Dongwon Science Co., Busan, Korea) u¢l
A st " A7 A o] &8k Sk A F sl
Histamine—producing bacteria®] t3dl qH#aHE X HAES o]
&% asols dolAe] histamine A A AFS HdAl M
morganii 23 TE= & 425 g& AFHR o™, P. phosphoreum 723
T= NaCls & o HEE%7F 2%5 A #7183l homognizer®
1,000 rpmoll A 30x3t A3t & F AAES e ATs=E 3
st H7Vslal, M. morganii 2 P. phosphoreums 10° CFU/mLE
1/10 3Aste] Z+zF 100 ul Hd7F F, oAl 1,000 rpme 2 20327t
wdsE AT At §5 ¥ petri-dishel A L
221CelA 13, 24, 722 120~ A%
A8S A3 F o, P phosphoreumZE %E3 &L 5+1TCoA 3,

120 3 2407t AFAES A

M. morganiis &3 212

Histidine decarboxylase°l; gl Aslats Xd HAEL o] &3

a'sol 52 histamine A oA S fJell & 18.84 goll 9k Z

S WHos AAE H 2FEA2 05 mLg Asio 3, 24, 72 2 120
Az AdS ettt
A Aol 9t T o] S ol A2l histamine A A A

_z

AYF=-F 166-g= AMHASeH, P
phosphoreum 23+ NaClE & o] 5571 295 A A 718}

11, homogenizer® 1,000 rpmolA 30%7F #A3}E A7 F

S 98] M. morganii

<

morganella 2 P. phosphoreum? 10° CFU/mLE 1/10 3Alslo] 2t
ZF 200 pL. #7F & tA] 1,000 rpme.= 20%7F #A3E 53] dHbE
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& 5 F 1 mLE H7bslSld ol& 40 g¥ uH x5 M
morganii 237+ FA 2], 1,000, 2,000 ¥ 3,000 bar® ZATY
8 3R o™, P phosphoreum 28+ F3 2], 1000, 2000, 3000
2 4000 bar® AT AYE v =AY A9 ¥, dad
petri—disholl %<& &7 93, M. morganis AZE3 &2 12+1TC
M3, 24, 72, 120 R 1681kt AFAYE AFsglen, P
phosphoreum? 7453 L 5+1TCoA 3, 120 ¥ 24047+ A &4

A2 19,

asel 5 44 Fade= 2 g A% F, Hy PBS(Phosphate
buffered saline, pH .7.4)& 10 wi(w/v) 7}ste] 1000 rpmel] A 1&87+
7 A 3 Ace Homogenizer, AM=7, Nihonseiki, Japan) 38F t}S 10¥4]
Ao st dukAltes AR89 S PCAY ErEste
37TCoNA 24-48A12F wjd3t 5, APE Heg= ZAlFste] ST

5-3. 1595 S Histamine AAH 53
Ul histamine A% 57L Kankil 5(2007)8} WH S st
ATt B 5ol & 1 gol 0.1 M EDTA (pH 8.0)2 24 mL H7}
o] 13#-3F wykslal 100C 9] ol 2083F AAAIZ F, A& 10
i BAAZY B4E AlEE ARAE g vE, oSS
Histamarine assay kitE A}83}o] UV/visible spectrophotometer®

470 nmol X FHEZE =438ko] histamine THS Pt

o
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6. A

A Ao sl FAA 8= SAS software (Statistical analytical
system V8.2, SAS Institute Inc., Cary, NC, USA)S o]-&3slo] 4k
TAS slen, A} 55 e F9% HABL p<0.05 Foll A

Duncan's multiple range test¥Hol wg} #4134t}
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2% 2 1z

1. Histamine—Producing Bacteria A% #3]&A

1-1. Disk Diffusion Method®l] 93t &4

5ol E H]EE histamine Aol o3 ¢ A S AFTHo] f
= thE A o]FE free histidine o] t}E ojFH T} w-$- =v}

(Park, 2009). o< W] 9+ free histidine®] A} A A3k A
2 gl o2 23 histidine decarboxylaseE A= m|AE
295 0o] histaminel® A3 E (I ehane and Olley, 2000). wzbA
histamine-producing _bacteriaql AHS AI5t= Zo] oS4
histamine= A3z 7P 2420 ot M. morganii= W
vz ol 4] 1,000 ppme]% histamine< AAS= 5252 712 714 #
ot F2A19] histamine A H#o= _d#EHA Jom(Kim et al.,
2001), P. phosphoreum< A<2A, 3949 histamine A o=
A A A histamineS AASE TEHS AEFAAAA SR

(Morii and Kasama, 2004).

o

uteb A M. morganii 2 P. phosphoreum®|” 59| tjdk <
'R E FEE HNEY 2AR A" 2 AFo] s &
o] g#ES =A% Ay (Table 4), M. morganiidl el Qm|za &
B olgte FEE0] 10%14 It &35 B

L, 5%ollA = emat I FEEo] d adE yeuld P

2



it

phosphoreum®| W&+ Qva ¢ FEE 2 & F=&, HEY
B e oge FEEC] 10% 2 5%0A i adE e
At HAB=ERYH AR BHEsr] s e AT 3 A
e AYa ded, L F F71AHE pH 99S @A st wAE
ol A& F U= A IS Fo I aHE HET 2mR
FZEo| & fumaric acid, citric acid, malic acid ¥ itaconic acid9
Hol glo} ol5o] 3w adE YEhittal H oA
v zpe] A AE O E A terpineold®}t citronellole] 3}
#8S Yeldga H3%3 QY (Chung et al, 2001; Lee et al.,

2003). T3l | xHE S5 st o2 HE AAE oAYAIEE S H

Jo
~
2
e
o
Jo

30
o
&
ke
e
to

¥ 2 phlorotannin®] 73 &4 @dE AXUAva K¢l
(Nagayama et al., 2002). e} B EW BEAHLe Zx{ 24, 53]
7+e)+= fucodiphloroethol G, dieckol, 6,6'-bieckol, 7-phloroeckol
2 phlorofucocuroeckol 59 ©%3t phlorotannin®] %o Sttt
2 BaEoAd o (Lee et al.,, 2009), FEoA £33+ eckolo]
methicillin®] A &S 7}A]+= Staphylococcus aureus®} Salmonella
spp. o WEte] THHES A= Ao BaE ATH(Choi et al.,
2010). ®=3 Horie <(2008)2 RlEo] Eapitoll o @4 a5 A4

I

+ quinone WA} EZ<Ql sargaquinoic acid FEAE Fg At}
Tt dEey Fe {FUIEUE ExFE FF A AE2F FH dAE
29l bromophenolA 3}3tE, terpened, AW3E So] ¢ 2

Z5o] i adsS U Aoz Arg9tHYoon et al., 2010).

Ay
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Table 4. Antimicrobial activity of various natural materials

extracts against Morganella morganii and

Photobacterium phosphoreum

M. mogarnii P. phosphoreum
Samples 10% 5% 10% 5%

S. chinensis HWE + + + +++ +
S. chinensis WE + 4 i +
S. sagamianum EE - - ™y +
E. cava EE 4 - 4+ "
S. thunbergii EE = = - _

* Growth inhibition size of clearzone : -, not detected : +, smaller than 1.5

mm : ++, 1.5-3 mm : +++, 3=5 mm : ++++, lager than 5 mm.

* HWE, hot water extract ; WE, water_extract ; EE, ethanol extract,
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1-2. AAE A& FE5E9 FA2ASYAMIC)
Disk diffusion method A2}, M. morganii o =& TS B
o

P A des FEE9 Qv

AANEEE =43 HTable 5). M. morganiidll Wil Zrej] ol g
= FEE 2 oA EF FEE BT 2 mg/mLe sEAA 7o A
AASHYr. P phosphoreumel| W3t AAE9] HAAN s EE

H S EAEE o ekbs FE5E0] 0.015625 mg/mLE wl$ 92 5%
oA AHS JAsIR oY, e oNEE F=& 9A M. morganiist
= 98 0.125 mg/mLe *& sEdA ASS AT 2HAt
Af FZELS 1 mg/mle vHlwd =& %2 P phosphoreum®)
)5tk Histamine=producing bacteria®] 52 < A3}

7] 1% dAF=4] Shakila 5(1996)2 cloves} cinnamon ol B2
FZ59] M morganii®l ©@F histamine AA<S 95% <Attty B
astglom, o= oes FEE 93 spice®] essential oilEol <]
5l d e} Harskdrh, Wendakoon¥ Sakaguchi (1993)2 ==
t}2 723k histamine A - Enterobacer aerogeneso| td}lo]

clove”’} histamine AL A= AS el o, o] A
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So 93t & aE AE X (Kim et al., 2008; Horie et al.,
2008; Choi et al., 2010). Z7+¢] 5ol g A5 A &a47t o

AL o At 54 9 AT AAES] Fxo] o8 &
I 712Fe] zpolo 9t Aoz Atz s oIt}

(i
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Table 5. Minimum inhibitory concentration of extracts against

Morganella morganii and Photobacterium phosphoreum

MIC (mg/mL)

M.-morganii  P. phosphoreum

S. sagamianum EE N.D 0.015625
E. cava EE 2 0.125
S. chinensis HWE 2 "

* N. D : not done.

* EE, ethanol extract ; HWE, hot water extract.
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2. Histidine Decarboxylase A 3]&A]

2-1. Histamin-producing bacteria®] & w|F A7+ 22

M. morganiiZ 10°-10° CFU/mL°¢] HE% TSB wjx]o] HES 35
35Col A 36A17F ot 3A7F 2FA o2 600 nmollA EFEE o] &35}
of A% Wes FHT ARFig. 1), 1243 ¢ 34384 #5771
S7reteE s A = Als & AT wEbA 12417k HA W)
& Ao 2 A3ISIT

P. phosphoreums 10°-10° CFU/mLo] =% MB wjx]o] HE 3
5, 25Tl 60A1ZF &t 34%F kA= 600 nmolX FHE=E ]
g3lo] A W32 A ZIK(Fig. 2), 42417 B¢k FAGA #5
b S7teiahrt gbaiA e 2s & ATk wEbA] 42410 FH A
NoF A|zbo 2 sttt

mlm

N

jus]
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Fig. 1. Effect 'of incubation time on growth of Morganella

morganii at 35C storage.
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Fig. 2. Effect of incubation time on growth of Photobacterium

phosphoreum at 25C storage.
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2-2. AAE ¢ 3 Histidine decarboxylase AHEA =A

o] Wol +£A3F+= free histidine2 ‘'histidine decarboxylase
(HDO)'gt= Aol oA Z'il 2F8-o 93] histamineo = 7 3He
th. HDCell 93 histamine®] 42 F2 mAE frafe] HDCe 9
gk oz o]F Yo EAlstE HDC =53] wmEFolofx g3fe] At}
(Lehane and Olley, 2000). @&+ histamine-producing bacteria
el HDC A3j& &2l histamine A= A7) 8] HdE F=
E25Y M morganii 2 P. phosphoreum ++#] crude HDC2] #]3
4de SAsIHHTable 6,7). six=7F¢ e, i<}, v EA

A o], FAol Eapt, oJE/) EAht odEs % & FE=o

=

M. morganii 2 P. phosphoreum 3 ©crude histidine
decarboxylase A3]|&/d& 54 A3 (Table 6), ARA R =7
Z50| M morganii ¢ HDCO B =& A3 a2 2
o, 7 F HEH EA dels 559 M. morganii @ HDC
of izl 1 mg/mlL E%=481.10% Aafiste] 7bd =2 A G3ts
el om, o olo] fHe) ® S ogks FEEo] 247 33.79 H
19.82% Asfst= Ao Adsld. [Ax=F FE=d WE P
phosphoreum ¥ HDC- A& &&= zhg 2 st ojele =
Zt7h 3175 % 25.08%%= 7HE mShh- @R FEeel did M
morganii 2 P. phosphoreum ++d HDC A3] &adE =AH3 23}
(Table 7), QWA o&2 F&E°] 1
7bg Eokom, 1o olo] emat dF FEEC] 14.71%, A9

g FEE0] 8.22%¢ Ad adE HERJAH. =3I P

—_—
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phosphoreum +r#] HDCell tigh gHefa] FEE9] Aal mades 2w
A} B 2EEo] 13.37%% 7MY =& A adsS Jepdoia,
ezt d FEEC 847%% 1 U =2 A3 a3E UEU
. Ryu (20032 HlEY ExNE deke FEEoA EI g
farnesylacetone derivative=°] cholinesterase°] W3+ A3 a3}7}
ATk Hal s¢lem, Choi 5(2007) BHlEd EXAHEA 23
plastoquinone+7} cholinesteraseS A &gttt W 1sH T}y, =3
A F712E B2 AR Aol el o] #rlAkell os) pHIF ¥
state] @avh #Agstes S4S WSPAIIAY AR el x3hE
phenolic 3}gH&Eo] <3 & Asfo] 3+ Aoz Algrolzitt
(Chung et al., 2001; Lee et al., 2003). Polyphenol 33ELS A
4 A AFS S dMA x1ggo] Hojup gagt ek &
of gAZES Attt Haya 9 oM (Ahn et al.,
2007), 918 &4 oJAet w¥d AP =LA AH FRHEH e
phlorotanninE°] a-glucosidase®} amylase(lLee et al., 2009),
tyrosinase(Kang ‘et al, 2012) 2 metalloproteinase(Kim ‘et al.,
2006) 9 AAE A= Had o ZEH JdEE FEES U
S BYst™ M morganii - HDCSl A&l &#Es SAH3 Ut
(Table 8). ool Hujsle] AL ethyl acetate oA 1 mg/mLeE
TollM 45.29%  AsEEdE yERen, ol&  silica  gel
chromatographye &3 &4 52.58% AMEFS HUuTh H
=202 HPLCE o]&35ty] el A 23 dieckole 1 mg/mLolA
60.87%% =& AMLAES BT olet & A= EFE A
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wal AAl 39S W, ethyl acetate WEoIA oy FTHF
phlorotanninE°] %o Jtl= W19} FAISE Ayto|H(Lee et
al., 2009; Barwell et al., 1989; Lee et al.,, 2010; Heo et al.,
2009), w7t QD 5 M. morganii 2§ HDCe| As| &7} <
89S A% 4 ATk Hg Shibata 5(2002)  tiFe A
phloroglucinol, eckol, phlorofucofuroeckol A, dieckol %

8,8'-bieckol®] o8] £F9] phlorotannin®] &-f-%o] Yrl= H Il

o] 3t oee FEES FF FEE e M morganii 3
HDC9l A3l &3& A3 tHTable 9). W3 ddge FEES 9
Fu3le] 92 ethyl acetate +8E 1 mg/mLs=olA 39.84% A 3|
292 yeleon, o] = silica gel chromatography=S A A3 B3 &
oA 42,4495 8|S ANAS= M morganii 53 HDCel st A

3 &7t Sk As S AT e i she] 4% HPLC
o3 ®2]9 fraction 57F 1/ mg/mLEEolA 68.24%° % HDC A 3l
o] =okom, ICs #hel 0.61 mg/mLO = el THTable 10). ©]
& A% % H C-NMR< F&l dieckoltls <latict. wepA 2t
B 2 i3 oeke FEE) e M. morganii f2 HDCS A3 &

H+= slFF 3 phloretannin®l- dieckolo] &Y 3L 3l+= hydroxyl
group®] T} Aglete] BdAE FAATeEN HDCY a4 24
2 A H9o] Addsle] FALS AT Aoz Ala¥h(Birari and

Bhutani, 2007; Lee et al., 2010).
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Table 6. Inhibition activity of various seaweeds extracts against
crude histidine decarboxylase from Morganella morganii

and Photobacterium phosphoreum

(Unit : %)
M. morganii P. phosphoreum
Ethanol Water Ethanol Water
33.79 13.93 31.75
E. cava AbD) Ba . N.D
+1.72 +0.19 +2.39
) ] 19.82 5.96 25.08
E. bicyclis Ac o b N.D
+2.567¢ +0.95b"¢ +1.79
] 81.10 7.68 491
S. sagamianum % d d N.D
LY, N +1.35 1+2.8%2
B =291 Quitit 11
S. thunbergii v N i N.D
20 /H0° +2.73 ) 2°
] 0.56 5.77
S. horneri N.D N.D
+0.7954 +2 504P¢
] 0.20 1.93
M. myagroides N.D N.D

17 e 778

* Concentration : 1 mg/mL.

* N.D : not done.
D Means in the same column(a—d)—and same row(A-B) bearing different
superscript in samples are significantly different by Duncan's multiple

range test (p<0.05).
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Table 7. Inhibition activity of various medicinal herbs extracts
against crude histidine decarboxylase from Morganella

morganii and Photobacterium phosphoreum

(Unit : %)

Samples M. morganii P. phosphoreum
M. alba EE 8.2240.68° 5.80+1.88°
S. chinensis EE 1 AO+1182 13.37+1.02¢
S. chinensis HWE 14.71+0.80? 8.4741.77%

* Concentration @ 1 mg/mL.

* N.D ! not done.

# Means in the same column bearing diffeérent superscript in samples are
significantly different by Duncan's multiple range test (p<0.05).

* EE, ethanol extract., HWE, hot water extract.
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Table 8. Inhibitory activities of Ecklonia cava extracts against

histidine decarboxylase from Morganella morganii

Sample Inhibiton activity (%)
EtOH extract 33.79%1.72¢
Ethyl acetate fraction 45.29+1.22°
EA 6 52.58+0.46"
Fraction 6 60.87+1.89°

* Concentration @ 1 mg/mL.
D Ethyl acetate 6 fraction separated from silica gel chromatography.

2 Dieckol
a-d Means in the same column bearing different superscript in samples are

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

Fr.2 148 Step 1

100 20000 — i )
Fr.4 Fr6
232 247

10000 —

Frd
110

50

% Mabile Phase
mVolts

Minutes

Fig. 3. HPLC chromatogram of EA6 isolated from ethyl acetate

fraction of Ecklonia cava ethanol extract.
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Fig. 4. Negative LC/ESI-MS for dieckol from Ecklonia cava
ethanol extract.

Fig. 5. Structure of dieckol.
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Table 9. Inhibitory activity of Eisenia bicyclis extracts against

histidine decarboxylase from Morganella morganii

Sample Inhibiton activity (%)
EtOH extract 19.82+2.56¢
Ethyl acetate fraction 39.84+1.06°
EA 2V 42.44%0.56"
Fraction 57 68.24+1.62°
Fraction 7 42.97+1.91°
Frantion 8 34.47+1.34°

* Concentration @ 1 mg/mL.
D Ethyl acetate 2 fraction separated from silica gel chromatography.

2 Dieckol
a-d Means in the same’ column bearing different superscript in samples are

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

Fr. 8
187 248 48301 552 731 853 887
100 10000 Fr.5 o Fr.7
‘,'? Fr.2 Fr.3 Fria ) o
water 1‘ |\ T
" ‘ T @ | f
B i I, AR I ‘
e S ol || [ I |
g 5000 | .l H ~~~~ [ _H’ | frs
é s 3 | || = ““Fr'\%ﬂ:tj:::::;n. ACN 50%
N o A e TR
3 R \ s it *k“ | s  w el \ i\ \ I
® T O | NCE T N S 2\ 2 I R
92%’: = --‘lk-—/r“{'[ Nl _FEAT = wlifen 0 N/ N N T X
o | |
s 10

Minutes

Fig. 6. HPLC chromatogram of EAZ isolated from ethyl acetate

fraction of Eisenia bicyclis ethanol extract.
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Table 10. Inhibitory activities of dieckol from Eiesnia bicyclis
extract against histidine decarboxylase from

Morganella morganii

Inhibiton activity (%)
Sample IC50 (mg/mL)
1 mg/mL 0.5 mg/mlL

Dieckol 68.24+1.62% 40.81%£1.51° 0.61+0.02

3 Means in the same row bearing different superscript in samples are

significantly different by Duncan's multiple range test (p<0.05).
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2-3. A AE <93 Histidine Decarboxylase A3l %2

SAlNA ol® Edo] 45 HIATIA Fal AAREER

fol
B>
rE
pol

5 #arl7ls @S Adlda 6, o] dds =

o
P‘L
rr
it
i,
o
2

2
oo 7Hel -2l phlorotannin® ¥F<l dieckolol] g M.
morganii 2 HDCOl tist A& 7]2s A4 A3 (Fig. 7), A3HA
b mhe GRS FaAoE VA HE Hudstele 487 A
£ ste Ag g @ & UfdH o= wheF FEk TjHo) &A%t
A, 3ae As WA 34 dok gEbA V]de] SIS g4 0
@ow wx] gt 714 1o sjg AUt

7¥etAl |t} Dieckol 3l polyphenol®] €59 = polyphenoll
1

) ——
rE
olo
b
ki
rlr

2
o
o
T
B
o

ost g4 A3 AFolAM catechin®] a-glucosidase 2 pancreatic
lipaseE AAFo = Attty 3 HF(You et al, 2012). 3
phenolic 3}3EE0] G %A phenol ring®l hydrexylic group¥
electron donator group®] £A|3}e] o] E9] tyrosinase? 7]1&3} A
g o=g z2gste] aapdoz Azl "vkal % th(Fenoll et al.,
2005). 18} dieckolo] W3t a-glucosidase®} amylase(Lee et al.,
2009) % tyrosinase(Kang et al., 2012)9] AaZ2= v ZA A2 A&
o P& HEho] 2 Agokes e Ads Bt w2 AT
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ol A dieckol®] hydroxylic group®] a4 ZA¥ 99} ZAdtste] 714
o AARHo 7 At Aoz AlEEHo]HtHYou et al., 2012;
Fenoll et al., 2005).
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Fig. 7. The Lineweaver—-Burk plots of dieckol for the histidine
decarboxylase inhibitory activity mode from Morganella

morganii.
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2-4. A4 Ao 93 Histidine Decarboxylase #]3]&A
BRSO Hee 2% kAT ok Aol 7 F st wehA
Bz Al FafelkA] o, A 1fo AHA

s ol aFsla Qo olo] AFEe] w3 F

[

(Park et al., 2010). &= 7 A0 WHoz 7td Ao o
3 a4 B3 2 vAEY AS A afdE Zo] o] &sA T

ole AFE wfel 4 Wek % YUY Y 5L 2YFoR olF A

v 7] A2 7ls 5 245U (High Hydrostatic Pressure) 7]&2
2Ee Bl 5° S+ chambero] ¥ol AF& AL UE &5
d5otes AowE, AFAdA 7k dFoliER X2 AZA| &R
B ko] Mariana Tench® [ A3 10,911 mellA o] ¢=Holt), =50
A Aol 10 mA zlojel] mEt 1 atm® FopAIR=E, of 11
atmol &3 E H(Han and Jeong; 2005).

AFAG A o] 8= 2AEATY TIse AAAdAM EASHA Fe

100~1000 MPaol si@ el g1 7zl el o 244590



Rogde] FPdAYeR s mie] &Ado] WHIE Yt

old] il & o EA5tE free-histidines histamineo 2 3k
A7l G249 HDCE 2859 Agdl o AaiFF o 24 histamine
AL AAE 7] 8, M. morganii 2 P. phosphoreum 3] crude
sk HDCOl tiste] 1,000, 2,000, 3,000 ¥ 4000 barg ztzt A els}
Aty 1 A3¥(Table 11), M. morganii 53 HDCZ 1,000 bar # ]
Al A A & HDCEY 0.9%= 1 A &o] v w3 =gt
2,000, 3,000 % 4000 bar A A] 27} 4.69, 19.41 % 23.24%%
o AES B o™, P phosphoreum 3 HDCE ZH7; 46.05,
57.04, 63.33 % 84.48% AWE o 2N LEo] X FolAFE A
ol AA A= A& FAL F AATE Morild (1981)+= &l
100-400 MPa /®elA  zZF9#Ql Twsks  FH g g

&
i w
conformation W3}l sub-unitd &

O

2o e &e] oAl =}
Ack.  2AF A | o8 ES  amss | zHs:

polyphenoloxidase, 1S #3lA| 7]+ peroxidase, #Ye EAS

K
ol

A 3}A) 7] = pectin methylesterase, 725 FF2olA S ELS A A
7]+ pectinesterase E-TFMA B g A2 papain@ FIAE F «a
—amylase 9 @AadAo] FAashgal HaEol % dti(Rastogi et
al., 2007). ©o]9} #o] histamines AAsti= HDC 9A] =AFY A
2o ofa T d o) 3x7-x7F Wststo] ga FAd -9l wiste 1%
o] Aasts AoR AlRH Y. 53] M. morganii 3 HDC

B}t P, phosphoreum “+3 HDC7} ZAFdo B EoA3 AL
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golgr 4= A%t} o]+ histamine—producing bacteria F-@ HDCY
amino acid®] Ago] &g 1 FF9 ol 93 HAHFY AR
s FAdES F oA wWst Jurl tE Aoz Al F ot

(Kanki et al., 2007).
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Table 11. Inhibitory activity against histidine decarboxylase from
Morganella morganii and Photobacterium phosphoreum

treated with high hydrostatic pressure

Inhibitory activity (%)
1000 bar 2000 bar 3000-bar 4000 bar

3 0.90 4.69 19.41 23.24

M. morganii 4 . ,
+0.10 +1.69° R 1952 $=0123*

46.05 57.04 63.33 84.48

P. phosphoreum 5 ,
+4.41°¢ +4.80 B 329b £2/442

- . Not done.
ad Means in the same row  bearing- different superscript in samples are

significantly different*by Dunican's multiple range test(p<0.05).
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3-1. B+ HAES 0] &3 159§ 59 Histamine B4 A

3-1-1. 7= AS 9A a7

szt o gl f& AAS AW F &HAE A weles 3
BEjE o] FoX|7] wjio] AAR o] A&sty] s 12+£1TH A
2AAE B3 AYo] o]FojHoew P phosphoreum? AT
51£1C9 W& ZAoA A3o] o|FoH). H|= M morganii= <
A Ao EA 25Tl o - ASskA R, Kim 5(2002)%
Kanki 5(2004)°] ¢]&}H 10-15TCelA A50] 7}53led histamines
Adete Zlem HaEelA 3

WA M. morganii D P. phosphoreum®l| t3dt 3+ &

H ddE FEaEs AAE Ao S Ao RN 1501E Bl A
M. morganii 2 P. phosphoreum® A%< Aty 172 A3 115
<9 histamine /3ol A=A Lobr 7] flal, A ZE o
=55 25 5% 10MIC 557 ¥ =& M- morganiis A%
Aol Foll Hrbste] 12£1CeAN Adstd-AudasE SAsAT
A3 (Fig. 8), 7] #5E 10' CFU/mLeZ Fd3stA SH=HAL
;A AAE Adel whed FA TR aFolFe g A
7hshe= WEH, AR 24X 7HFH ) dEs FEES 2.5 MIC 5%
2 OA7ME AFol%e Qg 59e] Ad Asrk 100 CFU/mLE
S7FekA &tem, 5 % 10 MIC s%2 71 a5olse A

Ay

r

o £ M
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10" CFU/mLo.2 Zkaste] AAgA|zko] Ao & stal Afo] A
e e gelstalt.

W3k P phosphoreums &% 1150 Kol e dues FEES
0.5 2 1 mg/mL, HIEW EA ogs FEES 01 2 05
mg/mL, 2| *} A FE2ES 1 mg/mL H7bste] 5£1TCAA A3}
W s 543 AdFig. 9), AgeA &S LT S A
£ 10" CFU/mLo.& HAE FEES H7He A9 A<l 10°
CFU/mLE.t} $£8kth gk A gbo] Aupzhel] uwhe} F-A 22 A
#5559 2 109 77 10° ¥ 10° CFU/mL& Ak 571kl A
g e 2 R EARE ks FEES HUEE AgTtels= 10Y
of 242+ 10° 9 10* CFU/mL= #9 8ol AAES IAT + 2
A}, Mejlholm¥ Dalgaard (2002)+= essential o0il & oregano %
cinnamon oil®] P. phosphoreum®| W3a}e] =S A MAX 3

YT L) HES A Bas g,

>,\1

Lee 5(2011)2 9 25 w9 Staphylococcus aureus®| U 3h
S

OB/ mAute] o IS olsla HAR A Eo| AL 7= A

—

o1 3Feldlr] 98l beef extract, soluble starch % soybeans g

ot A% 2d ujX o AL E) ExpEE B8 2 S S LER
= B3 Eo 8 MICE #8835l time=kill curve testE AA|sF 2y}
Alzrel Aol w2l S, aureus’t APE HEE ASo] AAE S ER1s)

Aot et HAE FEEo] 15oS FTolA M. morganii 2 P
o)

Asks Ae AT 5 ASdTh
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Fig. 8. Changes 1in viable cell

inoculated ~with  Morganella morganii

Ecklonia cava ethanol extract at 12%+17T.
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Fig. 9. Changes 1n viable cell counts of mackerel muscle

inoculated with Photobacterium phosphoreum treated
with Ecklonia cava and Sargassum sagamianum ethanol
extracts atbx1TC.
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3-3-2. 159S ¢ Histamine AAHF 54
e o ere FEE9 M morganiil Wt St & 3o)] o] 150

FuUl 9] histamine A4 A @& FAst7] LAsA 12£1TCAA A
FAdxpEE 1508 =9 histamine 3qHS =AU 1 2 H(Fig.
10), A8 25o)&e 72417 W 22.43 mg/kg S ® histamine
ofo] Tha Z7}stthrb 120417F W) 2523.08 me/kgo® HAS Z7}
= 0 F A 2HY A dEE FEES AU 1
59] 5o A histamine %°] A& 12047+ &<F 0-3.20 mg/kg® o}
2% AAEO FHH 02 histamine Aol AE S AT
e BomEd mApt ogkg FE5&2] P. phosphoreumdl| Wyt &
o @dol 93] aTolF el histamine A A &HE Tl
AsNA 5£1TAAM ALAaE R 15o5F F2| histamine §HS =
st AF}(Fig. 11), A 109 o FAF+9 histamine' 9]
72.05 mg/kg® F7FetAAIE, ZE| B B SH EARE s FEE
S H7FeE A2l histamine $F2 0-0.89 mg/kg® S 7}38}A
ATH.

o} Sl A histamine A4S oAAF7F HFoEH7] A 7] vAAE
@ HDCol 93] histidine©] histaminel.= W24 A 3LE tH(Lehane
and Olley, 2000). wetA ejadom Ha7h 7] &ghaol= &5}
3L histamineo] B AAGH o] AF5E5S FitstAl ¥k, Wendakoon

9} Sakaguchi (1993)% 793} histamine X<l Enterobacer

Q‘L
e
.

§2

ol

aerogenes’t §%7] o amine¢] AAEW, AHAX 7] o amine©]

AR AdETE Busgomn, Kanki S5(2004) <Al sardine
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homogenate®| P. phosphoreums AE3FS W, =715 A o
T2 7]l histamine©] wA3IAl S7FslH, AA17]4 histamine ¥
of A7} & AS=E YErHth & AFY A ANE M. morganii
9 P phosphoreums JZE3 150G = 717 39 9 109 7HA
10° CFU/mLe.2 #%=715 Au g F27]e Hol=i= AlAelA
histamine©] F7}sts &eldh 4= AT, Wendakoon¥t Sakaguchi
(1993)2 7= 3 histamine 8/ d3%] Enterobacer aerogenes®l| ©ls}
o clove 0.5%Z #7189 S Wl histamine A &32 HPomw, o]
i clove? A Aol A8 phenolic 3tgHEo] A& Mgt
o @3 FAGTL Bt wEb FE dERE FE

=0
mg/mL ©]’}9] sxolM M- morganii® &S A, FHH
m

5
ol gt
& F5E5 0.5 mg/mL % HEY EARE ogtg FEE 0.1 mg/mL

SXolX P. phosphoreum®| A& A8t} 350 FollA

[e)
'J:i‘
3 = A=
S FXs = AJER

e

histamine A4S <A
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Fig. 10. Changes .in histamine contents of mackerel muscle
inoculated with Moerganella  morganii treated with
Ecklonia cava ethanol extract at 12+1C. *® Means in the

same column @ bearing @ different superscript in Ssamples are

significantly different by Duncan's multiple range test (p<0.05).
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11. Changes in histamine contents of mackerel muscle

inoculated with Photobacterium phosphoreum treated
with Ecklonia cava and Sargassum sagamianum

ethanol ‘extracts at 5+1C. #® Means in the same column
bearing different =superscript In samples.~are significantly

different by Dunean's multiple range test (p<0.05)

_55_



3-2. 84 Ad HAES o]&3 1595 59 Histamine A

aa A Ad=S o83 LTS F9 histamine B4 A
3t7] 93 AdS 3 A3(Fig. 12,13), P. phosphoreum -3 HDC
E H7Vst 115939l M. morganii 3 HDCE #7138k 11505 H
U} histamine /o] AUt} Kanki 5(2007)9] M. morganii 2 P.
phosphoreum 3 A% HDCeol| thah %o s HES oIt
X M. morganii 3 AMZE HDCZF 20ColA 63% As|E=, P
phosphoreum 3 %3 HDCE 36% Ao AT, 5C9 A9
247 90 % 84% o] FAaHETA RG], ¥ AFIAE P
phosphoreum 3 HDCZF ¢ @& 2% ZZoA Aol 7435,
M. morganii 3 HDCX.E} control® histamine A &ko| e Ao
2 Alg®oh
M. morganii 2 HDCol Hia] < A3 &35 et 7He, o
%, vEd) EAgh w7 qEE 2 9 FEEs oSl Hot

3o histamine A4 oA @IS <olr7] 93

=
BHu fodoz A% Aow el 53 U3 oEs FEES
120X A 3 1150 §Fo)A 41.67 mg/kg® histamines A
sto] F-A 8] +9] histamine A= 96.67 mg/kg Rt} ¢F 56.89%

o] 7} W2 histamine A4S Ao, 7 dEE FE= F
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Al 159 &% 51.92 mg/kg? histamined AT FA 2T HU}
°F 46.29%9] histamine S At Hold adE YERYAT.
Tk HEd BEARE o ghE, vzt E4 W g Eks FEEo] 120417

) Z+zF 61.67, 62.28 2 76.79 mg/kg?] histamineS AAste] Uz
F 36.21, 35.06 % 20.55% histamine BAS oJAHS

-
%
kY

N
I
JO

7)
golgt = A, o] AF= in vitro ol M. morganii -3 HDC

Ag 9 gF 9 e dwe FEEe A 1ol

N
gL_"
fol
o

& BA g FEE Y Fd 2o AE e g
Ste, ©uld gl xdae) kel ik dadA dyelM w2 =
s

9] starch7} A& A5, =0

g

2 1% ©]7¢4] soybean oilo] EAE -, o] A4S B
g n} otk webA AAE o A BB n vitro AolA B ol
W 2HE AYANE AAR olE ABAIZIE Wl 1Fos T o
o AEEd AEske Aol Gzl SR AlsEC mdbA in
vitro ol M. morganii & HDCol| ®isle] =l AslsS H<l
dieckole] ZHej 3 th&boll th&F ehi-¥o] 1o histamine /%] <
A Aoz ALz E o ZT,

P. phosphoreum 2 HDCoOl s} =2 A8 a3= ebd 7,
sk, emx deE: 9 de FEES ATolFe HIbeY
histamine A4 A &35 ol 7] 98 oSl dAE FE5=
= 22 5 mg/mLe] HF F&7F HES A =

C
3} histamine A %S 543 A3 (Fig. 12), 12047t F<F A

_Y‘i
Ff
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Z12] 1.t} histamine YA S

4

F8S A Aot

] e de FEES WU ATelA 4410

Ay

oF HAE
o A 5} S T
mg/kg®] histamines AAdste] FAHElF9 63.85 mg/kgRUth oF

30.93% weldem 7P AA AT el 1 vEoer 3
Z

J{m
ol

g, t3} 2 onA oeS FEEo| ZHZ 48.87, 51.02 ¥ 54.36

= 1 =

mg/kg?] histamines A3t HAE F=EE°| P phosphoreum

o =
= &9l

-

2 HDCO #8& A St histamine o] FZAst= A

sholet.
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Changes in histamine contents of mackerel muscle
inoculated with crude histidine decarboxylase from
Morganella 'morganii treated with natural materials

ethanol " extracts at. 12£1TC. Concentration. @ 5

a=d

mg/mL. Means ~in the same column -bearing  different
superscript in samples..are significantly different” by Duncan's
multiple range test (p<0:05). HWE, hot water extract ; EE,

ethanol extract.

_59_



Fig. 13. Changes i1n histamine contents of mackerel muscle
inoculated with /‘crude histidine decarboxylase | from
Photobacterium  phosphoreum treated with —natural
materials ethanol extracts at 5x1C. Concentration @ 5

mg/mL. *% Means in ‘the same column bearing’ different

superscript in* samples —are significantly different .by Duncan's
multiple range test-(p<0.05)-HWE; hot ‘water extrdact ; EE, ethanol

extract.
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3-3. AT 93t 15 ¢ Histamine A4 A

=
o
Jo
Y,
%
©
E

o gx dojibe], A i
7 osol 2l o8 o 7 x7F gy H

WstE o] Aol Aaxuto]l Wist B sy Ew, AlE FE WA
3 Sow <d mAES AMEAXIY(MHan and Jeong, 2005;
Patterson, 2005).

J —|~
i

()

r o

2

=

()

2,

249 Aol e M. morganii 2 P. phosphoreum®| WX+
QEFE dotr 7] fla L5 5el 2t #58 10" CFU/mLE JFA1
rganiis /<3 1959 = 1000, 2000 2 3000 bar?]
2RSS Agst oy, P phosphoreums =3 1%
+ 1000, 2000, 3000 %4000 bar®] =A% Aelste] A

93lHF . M. morganiis FE%F 15959 TS 54
A3 (Fig. 14), FA85 2 21000 bar: A Fol A =7 AA57}
10" CFU/mLe] #AZFFew, 2000 bar A7+ 10° CFU/mL,
3000 bar A& FE 10" CFU/mLo.2 o] ¥ g7+ 2 1000 bar #
g FHY A AEHAC olE 1221TCoA 7Y FF AAshH At
TE 49 A7, FHg 9 1000 bar HyTE 5UA @ 10°
CFU/mLe] o] SAHAAR, 2000 2 3000 bar A= 77

<
S

)
[o
g

=

ST N
& 3

mlm

ot
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10° ¥ 10° CFU/mLo.2 o] ZAHRP, 793 ASod= 10° 2
10° CFU/mLo.Z o ASS A= oz yehgt. wald
goll &l M. morganii®l ‘7ol <A
arolA 10! CFU/mL2] o] 54 %

o7 Hol 3000 bar o]l =AH4UES M morgani®l 7S wle=

il
o
ot
r (e}
ol
ol
S
=
i
ot
o
o
S
s
U‘ v}
pory

P. phosphoreums &% ileoSY AATE 543 A3 (Fig.
15), 271 A57F F32], 1000 2 2000 barolld z+z+ 104, 10" &
10° CFU/mLe] 3% AJAT, 3000 2 4000 bar A ]l A<=
7V HEHA &Skl o]F 1097 5x1ToAA AZAFS A3 4
7, FA 9 1000 bar H&T7F 593k 10° CFU/mLoA 1094}
w 10° CFU/mLZ &3] F7kstqict. olel uls) 2000 barel &)
o] A% 592 wf, 10° CFU/ml; 109k ® 10° CFU/mLo|$lem,
3000 bar A #7= 59l 10 CFU/mL, 10¥3} w A+#5=7}F 10°
CFU/mLe 2 vebgth. 22iy 4000 bar # & FelAd = 109 F<t A
57 SR EAyh. $19 Ao} #o] P phosphoreums 5%
1TCo 2 AoA & 2, ol Wadie] ¥4 x4 sd3te

2 AEFHA Fas aclelet b St} ook e AIE w|Fo
2 |, P. phosphoreum=s 1000 barol] & 7AALS HolA] A0t
2000 bare]/del Ziske]l oA E 79 S AAst=E As &
A 4= glqem, 4000 barol: ol FiHHE adE FAT = 9l
Ao A 2A4SY Age AHe=2 HEH M morganii 2 P.

phosphoreum®] XSS A &|3to] histamine AA¥RE o}, 2]3E 9]
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Fig. 14. Changes in viable counts of mackerel muscle inoculated
with Morganella morganii treated with high hydrostatic
pressure.at 12+17T.
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Fig. 15. Changes in viable counts of mackerel muscle inoculated

with Photobacterium phosphoreum treated with high
hydrostatic pressure at 5x1TC.
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3-3-2. 2559 Histamine F3%F 574

249 Al &g 5ol F 2 histamine 44 oAl avE <&
ol 7] 98l M. morganiis &3 s°S 9 histamine TS
Ao =AM FH4 AF(Fig. 16), A F 1¢x FA-e+ 2 A
g7 1259 &olA E5F histamine $%°] 5 mg/kgl ® A HE
HAA G 3 Foll= FA2 E 1000 bar Aol Z+7t 24.36 ¥
17.95 mg/kgo 2 Ta F7lete AFS & F AT =y 2000
2 3000 bar Aol histamine o] & W3S YehA] &
*rt. 5YxE A A FAE H 1000 bar Aol Az
3072.82 ¥ 2635.90 mg/kg®] histamine®] A E o] F-A ]Gt H]
& 1000 bar A&7} A HL  histamineg A3A3}IFA T 2
histamine A4 A &35 YR # Xk ey 2000 bar A €
T9 A 1-59 F<t A A01.02-2.05 mg/kg®] histamine©] A
A, 74+ 10.19 mglkgl 2 histamine ko] <kt Z7}E
flom, 3000 bar AE] 7o AF- 79 AF Ehell 0.26-1.79 mg/ke
9] histamine®] AAE o 1Fo]S T histamines =ZHFo=E o
At .

2R A 9& 155 F4 histamine A A BIE &
ol® 7] 98 P. phosphoreumZ= “3%&3%t il5°15 9] histamine $
FS Ao 2494 F4¢ A3(Fig. 17), FAHE T A7+ EF 5
714 histamine A %] 1.15 mg/kgolstz A9 AAHA] ZAA|
o Ao A9 1090] A3 3 56.28 mg/kg?] histamineS A
dskaith. el Hls 1000 bar H# -+ 2.69 mg/kg, 2000-4000
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M. morganii & P. phosphoreums 7353t 1159199 histamine
A Ats oA AF3 Aot 2o Ao R M morganiis A
T usoHE FAY 2 1000 bar ATl AdrE 3U3k o
10" CFU/mLellA 54+ w 10° CFU/mLE #57F IA S7tgo=
A 31508 F9 histamine 9A] 27 3072.82 ¥ 2635.90 mg/kg

o Wol AYHE A% % & gom, 7del AFE 47 10

©

=N

2 10%° CFU/mLZ A=A 7]e] Ho]Eo] histamine &&Fo] zt
5698.46 % 5173.33 mg/kgl 2 7} wo ¢k AT, kP
phosphoreums 353 15918 9A] 547b% 10°CFU/mLolA 10

Azt 10° CFU/mLE A& Z7}slAA] histaminee] A= AL &

2

o1 & 4= dtl. P. phophoreunts AE¥ars5o1 52 1000, bar =
7= 10974 2.69 mg/kgoZ A% histamine©] A% A9k,
Ava Aol Huwgds o, FAgs e BFs dF SFHOR
% A7 Al histamineo] % A= 7heAo] & AOE ARH
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16. Changes in histamine contents of mackerel muscle

inoculated with Morganella morganii treated with high

hydrostatic pressure at 12£1TC. *° Means in the same

column bearing different superscript in samples are significantly
different by Duncan's multiple range test (p<0.05).
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17. Changes 1in histamine contents of mackerel muscle

inoculated with | Photobacterium phosphoreum treated

with high hydrostatic pressure at 5x17C. 2° Means in
the same column bearing different superscript.'in samples are

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