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Characteristics of Histamine Formm§ Bacteria from Tuna Fish Waste in Korea. Min-Woo Bang,
Chang-Dae Chung, Moon—Baek Chang', Sung-Sil Lee” and Sang-Suk Lee*. Department of Animal Science,
Sunchon National University, 'Department of Animal Science & Technology, Chung-Ang University, *Division
of Applied Life Science, Gyengsang National University, 540-742, Suncheon, Korea - Biogenic amines are
generally formed through the decarboxylation of specific free amino acids by exogenous de-
carboxylases released by microbial species associated with the fish products and fermented feeds. This
study was conducted to investigate the properties of e tuna waste regarding the control of degrada-
tion of biogenic amines (histamine, tyramine, tryptamine, putrescine, and cadaverine) that might be
related with the anti-nutritional factor of the tuna waste that is used for manufacturing domestic fish
meal. The values of pH and the salt content were 6.51, 3.35% in tuna waste and 5.58 and 5.83% in
tuna fish meal, respectively. The strains and dominant bacteria tested in the tuna waste sample were
9.20, 9.29, 5.67, 7.82 and 7.58 log CFU/g of total bacteria, aerobic plate count (APC), total coliform
(TC), Lactobacillus spp. and Bacillus spp., respectively. The main histamine forming-bacteria (HFB) in tu-
na waste were detected by silica gel thin-layer chromatography (TLC) and 7 histamine-forming bacte-
rial species were isolated among microbes grown in selective medium. The histamine concentration
was determined by detection of fluorescence of o-phthaldialdehyde (OPA) derivatives using HPLC
and the date were used to reconfirm the identities of the amine-producing bacteria. The 15 hista-
mine-forming bacteria strains grown in trypicase soy broth (TSB) supplemented with 1% L-histidine
(TSBH) were identified as Lactococcus(L.) lactis subsp. lactis, Klebsiella pneummonlae, L. garvieae 36, Vibrio
olivaceus, Hafnia alvei and L. garviese which were main dominant amine - producing strains, and
Morganella morganii identified by 16S ribosomal RNA (rRNA) sequencing with PCR amplification. A
Phylogenetic tree generated from the 165 rRNA sequencing data showed different phyletic lines that
could be readily classified as biogenic amine forming gram-positive and negative bacteria.
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Table 1. Values of pH and salt content in tuna fish waste and
tuna fish meal

Tuna fish meal

5.58+0.13
5.83+0.05

Tuna fish waste

pH 6.51+0.10°
Salt content (%) 3.35£0.24

*MeantStand Deviation values
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Zyzte} e Aol A v ek FA] FAkE Wf FAI, APC,
Escherichia coli, Lactobacillus spp. 2 Bacilllus spp.< Zt7}+ 9.20,
9.29, 5.67, 7.82 & 758 log CFU/gZ =74 = Sl th(Table 2). &
& A AR R wheolRl X o Wl F Al 2 Bacilllus
spp.© 2129} 2.01 log CFU/g2 #X| FAtEol vlaste] &
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ol aiMe WA AgS T dA ok 28Y £
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Table 2. Total bacteria, aerobic plate count (APC), total coliform
(TC), Lactobacillus spp. and Bacilllus spp. in tuna fish-
meal and fish wastes (log CFU/g)

Total. APC TC Lactobacillus  Bacillus

bacteria spp. spp.
Fish 904016 929:012° 567:021 782:045 758086
wastes
Fish

2.12+0.31 nd nd nd 2.01£0.32
meal

*MeanSD values, nd: not detected
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Fig. 1. Histamine identification using TLC plate method. No.
1, 2, 3: histamine dihydro - choloride standard solution
10, 30, 50 mg; No. 4: negative control; No. 5~10: Isolated
colony; No. 5~13: Isolated colony

16S rRNA ¥7|M H|uof| 2JFt histamine 44 O|MZ
55

TLC &4l ofs] dAoe= geld 1559 dF< 165
IRNA 971 E& 243 F AFTEFH o2 ofd divi-
sion®l &3F=2] &213t7] Y8l NCBIo| A A3 35+ BLAST
S ol &3to Hlwsdtt. ¥ #4747 Lactococcus sp. 3%,
Klebsiella sp.1%€, Morganella sp. 15, Vibrio sp. 1%, Hafnia
sp. 135S X8 F 759 A O o571 FAH AT ©]
E TF = L. garvieae 36 (AY946285)9} 98%, L. lactis subsp.
lactis L1403 (AE006456)$} 99%, Klebsiella pneummoniae
(EF197996) %k 99%, Morganella morganii CPD30 (AY464464)
9} 98%, Vibrio olivaceus HC010916A-1 (AY827492)94- 99%,
Hafnia alvei 718 (AY572428)¢} 99%, L. garvieae NRIC 0612
(AB267905)9F 99% 9] &3S HEHTHTable 3).

A H. alvei, M. morganii®} K. pneummoniae™ scombroid
5 T 3lof S| nERle] FHQlo] B wFE dA
Ao.H, Kiebsiella spp.= Th2] histamines A4Hg T8 o]
Je TF2 HiHUTH6,21,32]. |5 ofYe} thE oY
ofF WANE T welgol Fo] s|AERlS AN &
AT Ao FAHATH10,30]. o157 Fl s|2epdl A4
w2 E Proteus vulgaris, Proteus mirabilis, Enterobacter aero-
genes, Enterobacter cloacae, Serratia fonticola, Serratia liquefa-
ciens, Raoultella (formerly Klebsiella) planticola, Raoultella or-
nithinolytica, Citrobacter freundii, Clostridium spp., Vibrio algi-
nolyticus,  Acinetobacter  lowffi, ~ Plesiomonas  shigelloides,
Pseudomonas putida, Pseudomonas fluorescens, Aeromonas spp.,
9 Photobacterium spp. 5°] BRI §ITH1,18,20,27,34,36].
T Fig. 21 A Uebd vhel 2o] 16s rtDNA @714 Fol <
FATE B4E% 47 AESol dE ATYE BT
™ biogenic aminesg At 17 T SH4To=E

% gtk

Table 3. Identification of histamine forming bacteria isolated
from tuna fish waste that contains 1% histamine by
16S rRNA, basing on the output results from NCBI

Gene bank Percentage
accession  identity
number (%)

1 L. garvieae 36 AY946285 98
2 L. lactis subsp. lactis 1L1403  AE006456 9
3 K pneummoniae EF19799 9
4 M. morganii CPD30 AY464464 98
5
9

Organism identified

V. olivaceus HC010916A-1 AY827492 9
H. alvei 718 AY572428 9
11 L. garvieae NRIC 0612 AB267905 9

C

Chiarkibm perfingen: ATOC 13

Lactococaas parviead VT-3
= Lacmcocoss garviess ATCC 45156
. HFB1
— GPRFR
" 1 HFB 2

an0oor 4 o
Prowss valgr s AUM
J : . L guamlis morganil JCM 16727 (ABOSI2E3)
200
5 MBH

GNHFB

Enserobacwr aeropenes ATCC 43175
HFB}

Phsscbacierom phoiphoram FO 13696
m|
mrn.vmarmq:anm‘c £ 9607 (ABOI20L4)

HFES

Fig. 2. Phylogenetic tree of 165 rRNA HFB. Only bootstrap
values greater than 50% are shown on the internal
nodes. GPHFB: Gram positive histamine-forming bac-
teria; GNHFB: Gram negative histamine-forming bac-
teria

Zled AL BAAR ] o E B8k, high-per-
formance liquid chromatography (HPLC)$} liquid chroma-
tography S ©]-&3t= Aol 714 AHd AR A= 3
t}H3,14,23,25,28]. HPLC= biogenic amines 2 biogenic in-
dexZ AM8-5 3L 91& histamine, putrescine, cadaverines &
Al A - A7 £40] 7Fs s3], 16s IRNA H7IM <
53l #4375 histamine A3 2] biogenic amines ¥
2SS OPA FEAE o] &3l 43519t} Histamine, meth-
ylamine, ethylamine, tyramine, phenylethyamine, pu-
trescine @ cadaverine®] retention time< Zt7] 23.9, 30.4,
36.6, 39.9, 52.6, 56.6 2 64.3 min©. & UE}KT(Fig. 3, Table
4). o] ¥F FAE g o 2 729 histamine FE S =43
A3} K. pneumonlae?} 403.01 ppmoZ 71 & FEE
EFA R M. morganii= 48.5 ppm©] 1 t}. Histamines
Eils methylamme, ethylamine, tyramine, phenylethyamme,
5 biogenic amines®] &

putrescine & 5 K. pneumonlae?} 7}
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Fig. 3. HPLC profiles of the OPA-derivatives of a biogenic amines standard solution and peak idenities: histamine, methylamine,
ethylamine, tyramine, phenylethylamine, putrescine, cadaverine.

Table 4. Histamine and biogenic amines (ppm) produced in supernatant of culture borth by histmine forming bacteria

Isola‘ted Organism identified His Met Eth Tyr Phe Put Cad Total k?logemc
strains amines

1 L. garvieae 36 7.86 0.12 ND 2.60 ND 0.41 0.08 11.07

2 L. lactis subsp. lactis 10.92 0.22 0.05 0.03 ND 0.41 0.08 11.71

3 K. pneumonlae 403.01 1.99 15.58 ND ND 3.55 0.53 424.66

4 M. morganii CPD30 48.55 ND ND ND 2.06 23.45 0.52 74.58

5 V. olivaceus HC010916A-1 3.73 111 ND ND ND 122 0.29 6.35

6 L. garvieae NRIC 0612 4.35 0.03 ND ND ND 4.76 13.85 22.99

7 H. alvei 718 3.75 0.02 ND ND ND 0.88 0.12 477

His: histamine; Met: methylamine; Eth: ethylamine; Tyr: tryamine; Phe: 2-phenylethyamine; Put: putrescine; Cad: cadaverine; ND:

Not detected.

§ =2 F5E Bk Lopez-Sabater 5[21]-& Klebsiella spp.
1,000 ppm ©]/49] S| 2EPNS ATt B st o, o

Aol X =3 Klebsiella. oxytoca 3 Klebsiella. pneumo-
nige= 1% histidine®] 37} TSB #} A o 4] 1,000 ppm ©]/¢

o s|2ERl S Aty Husih a2y A9 A
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