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Abstract: This study aimed to identify histamine-forming bacteria (HFB) and the sources of introduction of such
bacteria to recommend control measures to mitigate histamine formation in yellowfin tuna (YFT). Field samples
were collected from multi-day boats that landed at Dikkowita, Negombo, Trincomalee and Dondra fishery harbours.
Ice from the fish holds (n=63) and chill transport vehicles (n=63), and swabs from the fish holds (n=63), the boat
decks (n=63) and the skin of YFT (n=63) were collected. Fish loin samples (n=15), ice samples (n=36) and swabs
from the skin of YFT (n=18), floor (n=18) and chill transport vehicles (n=18) were collected from fish processing
plants. Presumptive HFB isolated from Nivens medium and Violet Red Bile Glucose (VRBG) agar were screened
for histamine forming ability in Tripticase soy broth (TSB) supplemented with 1.0% L-histidine. HFB isolates were
characterized by sequencing approximately 1400 bp of the 16S rDNA. Seven isolates that produced histamine in the
range of 3000—4000 ppm in TSB isolated from ice samples, and a swab sample collected from the boat deck, were
confirmed as Klebsiella aerogens (n=6) and Morganella morganii (n=1) respectively. Hafnia alvei (n=1), Serratia
sp. (n=2), Citrobacter freundii (n=1), Rahnella sp. (n=1) and Aeromonas salmonicida (n=8) were also among the
isolated histamine forming bacteria. Pseudomonas sp. (n=24) and Shewanella baltica (n=7), which are known as
spoilage bacteria were also isolated and showed weak histamine formation. Hence, it is evident that histamine-
forming bacteria could be introduced into the fish from ice and contacting surfaces. This necessitates the practice of
rigorous cleaning procedures and adaptation of proper postharvest handling procedures to minimize contamination
of the fish.
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INTRODUCTION

Histamine is formed by the bacterial decarboxylation of free histidine in fish muscle when the fish are subjected
to temperature abuse during or after harvest. Histamine toxicity or scombroid poisoning is generally a mild
illness with a range of symptoms, including rash, nausea, vomiting, diarrhea, flushing and tingling, and itching
of the skin (Taylor & Sumner, 1987). Scombroid fish (e.g. tuna, mackerel, bonito) contain high levels of free
histidine in their muscles and are related to scombroid poisoning (Taylor et al., 1989). Several fish species,
which are not categorized as scombroid fish, such as mahi-mahi, bluefish, herring, and sardine are also found to
be associated with incidents of scombroid poisoning (Price & Melvin, 1994). In most cases, the histamine levels
in illness-causing fish have been above 200 ppm, often above 500 ppm (USFDA, 2021). Scombrotoxin food
poisoning will only occur in healthy individuals when a dose of at least 50 mg histamine is consumed, and this
generally implies that the fish would have histamine levels exceeding 200 mg/kg (FAO, 2013).

Once the fish is killed, its immune system is inactivated enabling the gill and gut colonizing bacteria to
invade the internal tissues. The growth of histamine forming bacteria is more rapid at high-abuse temperatures
(e.g. 21.1 °C or higher) than at moderate-abuse temperatures (e.g. 7.2 °C). Most of the histamine forming
bacterial growth is particularly rapid at temperatures near 32.2 °C (USFDA, 2021). Despite maintaining the
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recommended chilling conditions, the production of toxic concentrations of histamine by psychrotolerant
bacteria is the main reason for fish spoilage and poisoning at 0—5 °C (Dalgaard & Emborg, 2008). The enzyme
histidine decarboxylase can remain stable in frozen fish and can be reactivated after thawing. Once it is formed,
the production of histamine can continue at or near refrigeration temperatures (Visciano et al., 2014).

A variety of histamine forming bacteria have been isolated and identified in different studies carried out
around the world. Gram-negative enteric and marine bacteria are mainly associated with histamine formation in
fish (Kim et al., 2003). Taylor and Speckard (1983) have reported that Morganella morganii, Klebsiella
pneumonia and Hafnia alvei were isolated from fish, which caused scromboid poisoning. Several studies have
reported that some enteric bacteria, including Proteus vulgaris, Proteus mirabilis, Enterobacter aerogenes,
Enterobacter cloacae, Serratia fonticola, Serratia liquefaciens and Citrobacter freundii were able to produce
histamine (Yoshinaga & Frank 1982; Taylor & Speckard 1983; Middlebrooks et al., 1988; Kim et al., 2003;
Tsai et al., 2004). Clostridium sp., Vibrio alginolyticus, Acinetobacter lowffi, Plesiomonas, shigelloides,
Pseudomonas putida, Pseudomonas fluorescens, Aeromonas sp. and Photobacterium sp. have also been reported
as histamine producers (Middlebrooks et al., 1988; Yatsunami & Echigo 1991; Okuzumi et al., 1994). Tsai et
al., in 2004 reported that Proteus, Enterobacter, Klebsiella, Rahnella and Acinetobacter isolated from sailfish
fillets are histamine producers.

Sri Lanka is a small tropical island in the Indian Ocean claiming an Exclusive Economic Zone (EEZ) area
of 517,000 km?. According to the Ministry of Fisheries and Aquatic Resources of Sri Lanka (MFAR, 2021), the
total fisheries production of the marine sector in 2019 was 415,490 Mt. with tuna exports amounting to 14,252
Mt. Approximately 40% of the Yellowfin tuna (YFT) has been rejected when selecting for exports because of
their poor quality (NARA, 2017, Unpublished data). Elevated histamine content and improper handling practices
are some of the reasons for tuna fish rejections. Since histamine is formed due to the presence of contaminant
bacteria, identification of histamine producers and investigation of their sources would help to control histamine
formation in fish to a certain extent. Large size YFT (>30 kg) have a high demand in export markets including
the European countries, USA, and Japan. Hence controlling the growth of histamine forming bacteria in fish can
increase the fish quality resulting in an expansion of the export market for fish. However, detailed information
is scarce on large size YFT (>30 kg) contamination by histamine forming bacteria in the supply chain. Thus, the
aim of this study was to investigate histamine forming bacteria in export size YFT in selected nodes of the supply
chain to isolate, characterize, and identify the sources of contamination.

MATERIALS AND METHODS
Field sampling

Fish, ice and swab samples were collected from multi-day boats and chill transport vehicles during unloading of
fish at Dikkowita (DK) (7.0049°N, 79.8664°E), Negombo (NE) (7.2040°N,79.8277°E), Trincomalee (TM)
(8.5693°N,81.1958°E), and Dondra (DO) (5.921°N,80.5837°E) fishery harbours, and from selected fish
processing plants located in the Western Province of Sri Lanka. The number of samples and sampling locations
are given in Table 1.

Table 1: Sampling points and number of samples collected from different locations

Number of samples
Sample description

Fishery harbours Processing plants

Dikkowita ~ Negombo  Trincomalee Dondra Pl P2 P3
Ice from fish holds of multiday boats 24 15 15 09 - - -
Swabs from fish holds 24 15 15 09 - - -
Swabs from boat decks 24 15 15 09 - - -
Swabs from skin of YFT 24 15 15 09 06 06 06
Ice from chill transport vehicles 24 15 15 09 06 06 06
Fish loin samples - - - - 06 03 06
Swabs of floor of processing plant - - - - 06 06 06
Ice from processing plant - - - - 06 06 06
Swabs from chill trucks - - - - 06 06 6
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Surface sampling using swabs

Surface sampling was done as per ISO 18593 (2018). A stick swab was removed from its sterile wrapping and
dipped in a tube containing the neutralizer (Dey-Engley neutralizing broth, Himedia M1062) to moisten the tip
of the swab. The tip of the swab was pressed against the wall of the tube to remove any excess neutralizer. The
moistened tip of the swab was placed on the sampling surface to be examined and an area of 100 cm? was
streaked using a sterile template. The stick swab was returned to the tube containing sterile phosphate buffer as
the diluent and the tube was closed properly to ensure that the swab was moist until analysis. Samples were
brought to the Quality Control Laboratory (Microbiology Unit) of the National Aquatic Resources Research and
Development Agency (NARA) under chilled conditions for analysis.

Collection of ice and fish samples

About 500 g of ice samples and 500 g of fish loin samples of YFT with a weight in the range of 30—-64 kg were
collected aseptically in sterile polythene bags and brought to the laboratory under chilled conditions for analysis.

Isolation and identification of histamine forming bacteria

Isolation of histamine-forming bacteria was done using two selective media: Nivens medium fortified with L-
histidine (Niven et al., 1981) and Violet Red Bile Glucose (VRBG) agar (OXOID CM0485). Sample dilutions
(10 -, 102 and 10-) were carried out, and 1 mL of the diluted solution was spread on the respective medium.
The Nivens medium plates were incubated at 35 °C and 25 °C for 4 days, and the VRBG agar plates were
incubated at 25 °C for 48 h. Colonies that were blue or purple color on the Niven’s plates and purple/pink on the
VRBG agar plates were picked and streaked on Trypticase Soy Agar (TSA). Purple/pink colonies on the VRBG
agar plates at 25 °C were considered as Enterobacteriaceae and counted using a colony counter. Repeated
streaking was performed to isolate bacteria into pure cultures for further analysis.

Histamine content in fish samples
The histamine content of the fish samples was analysed according to the AOAC 977.13 method (AOAC, 2012).
Histamine formation by bacterial isolates

Histamine production by the bacterial isolates was determined in duplicate by the modified AOAC 977.13
method (Kim et al., 2004). One loopful of bacterial culture from a TSA slant was inoculated into 10 mL of
Tryptone Soy Broth (TSB), supplemented with 1% L-histidine and 3% NaCl, and incubated at 35 °C for 24 h.
After incubation, 1 mL of the bacterial culture broth was added to 9 mL of 75% methanol and heated at 60 °C
for 15 minutes in a water bath to extract histamine. The concentration of histamine in the extract was determined
by column elution, and o-phthalaldehyde (OPT) derivatization followed by measuring the fluorescence intensity
using a spectrofluorometer (RF 1501 - Shimadzu).

Characterization of histamine forming bacterial isolates

Cultures that were positive for histamine formation were biochemically tested using API 20E. These cultures
were further confirmed by amplifying and sequencing approximately 1400 bp of the 16S ribosomal DNA
(rDNA) for bacteria. Primers used for the amplification were UNI-L-5-AGAGTTTGATCATGGCTCAG-3'
and UNI-R-5'- GTGTGACGGGCGGTGTGTAC-3’ (Huang et al., 2010). PCR amplification was performed in
a 50 pL reaction mixture containing 1X buffer, 1.5 mM MgCl,, 0.3 uM of each primer, 200 uM deoxynucleotide
triphosphates, 1.25 U of Taq DNA polymerase (Promega), and template DNA (10 ng). Amplifications were
conducted for 35 cycles at 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 60 s with an initial denaturation at 94 °C
for 4 min and a final extension at 72 °C for 7 min (Huang et al., 2010). Amplicons were detected by
electrophoresis on a 2.0% agarose gel using Diamond Nucleic acid dye (Promega). PCR products were sent to
Macrogen Inc., South Korea for purification and sequencing. Extraction of bacterial DNA was done by using
HiPurA bacterial genomic DNA extraction and purification kit (Himedia MB505) according to their instructions.
M. morganii (ATCC25830) and Klebsiella aerogens (ATCC13048) were used as positive controls.
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Sequences obtained for each isolate were compared with sequences of other reference strains from the US
National Center for Biotechnology Information (NCBI) data base using the BLAST tool. MEGA X software
with the maximum likelihood method taking Acidicapsa borealis as the out group and bootstrap value of 1000
replicates was used to construct the phylogenetic tree of 16S rDNA sequences of major histamine producing
bacterial species.

RESULTS AND DISCUSSION
Detection of HFB in fish processing plants

Samples collected from fish processing plants contained Aeromonas salmonicida, Aeromonas sp., Pseudomonas
sp., C. freundii, Shwenella baltica and Rahnella sp. (Table 2). These bacteria were isolated from swabs taken
from the surface of fish skin and chill trucks, ice samples, and fish loin samples. The isolated bacteria formed
histamine in 1% histidine broth in the range of 4-200 ppm. The weight of fish from which loin samples were
obtained was in the range of 30—-64 kg and histamine content ranged from 4-49 ppm. Ice samples produced by
the fish processing factories and the swabs collected from the floor of the fish processing plants did not give
histamine positive isolates.

Table 2: Isolated bacterial species from the fish processing plants and the number of isolates, the place from which
the samples were obtained and the amount of histamine formed by each species

No. Isolated bacterial No of Places from which the samples were Amount of histamine
species isolates  obtained formed (ppm)

1 C. freundii 01 Fish loin 180

2 A. salmonicida 07 Surface of fish skin, Ice from chill 04-50

truck, truck inner surface

3 S. baltica 02 Truck inner surface 08-15

4 Rahnella sp. 01 Surface of fish skin 08

5 Pseudomonas sp. 01 Surface of fish skin 07

6 Aeromonas sp. 01 Surface of fish skin 05

Ice samples collected from the fish processing plants contained <1 CFU/mL of Enterobacteriaceae indicating
that the ice produced by the factories was of good quality. Enterobacteriaceae counts of fish loin samples were
less than 1.0x10? CFU/g.

Table 3: Average Enterobacteriaceae counts in the samples obtained from fish processing plants

Sample location/type Average Enterobacteriaceae count
Swabs from fish skin 2.0x105 CFU/cm?

Swabs from inner surface of chill transport vehicles 6.8x103 CFU/cm?

Swabs from the floor of processing plant 7.0x103 CFU/cm?

Ice samples from chill transport vehicles 1.8x104 CFU/mL

Ice from processing plant <1 CFU/mL

Fish loin samples <1.0x102 CFU/g

Klebsiella ozaenae, Vibrio alginolyticus and Aeromonas sp. have been reported as contaminants in fish
processing facilities (Gingerich et al., 2001). Hu et al., (2015) have reported C. freundii as a histamine forming
species in Blue Scad (Decapterus maruadsi) and Chub Mackerel (Scomber japonicas), which corroborates the
findings of the present study.
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Detection of HFB in fishery harbours

Histamine forming bacteria isolated from samples collected from multiday boats (MDB) landed at the fishery
harbours are given in Table 4. Histamine forming K. aerogens, Pseudomonas sp., and Serratia sp. were detected
from the ice samples collected from chill transport vehicles at the Dikkowita fishery harbour. Swab samples
collected from boat decks contained Pseudomonas sp. and M. morganii. Two swab samples taken from fish
surface were positive for Pseudomonas sp. and A. salmonicida. Samples collected from the Negombo fishery
harbour contained mostly Pseudomonas sp. and formed less than 30 ppm of histamine in the trypticase soy broth
supplemented with 1% L-histidine.

H. alvei and Pseudomonas sp. were isolated from ice samples collected from the chilled transport
vehicles at the Trincomalee fishery harbour. In addition, Pseudomonas sp. were also isolated from swab samples
collected from fish holds, fish skin and boat decks.

A Serratia sp. isolated from an ice sample, was capable of producing histamine at a concentration above
1000 ppm under laboratory conditions; this sample was collected from a multiday boat landed at the Dondra
fishery harbour. Further, from the same location, isolates of S. baltica were identified in a swab sample collected
from the fish hold of a multiday boat, ice samples collected from fish holds, and swab sample collected from
fish skin. Pure cultures of K. aerogenes (ATCC 13048) and M. morganii (ATCC 25830) produced 3300 ppm
and 3400 ppm of histamine, respectively, in tryptic soy broth supplemented with 1% L-histidine.

Table 4: Isolated bacterial species from the fishery harbours and the number of isolates, the place from which the samples were obtained
and the amount of histamine formed by each species

Isolated bacterial No. of  Places from which the samples were obtained Amount of histamine

species isolates formed (ppm)

K. aerogenes 06 Ice collected from chill transport vehicles 3000—4000

Pseudomonas sp. - Ice collected from chill transport vehicles, swabs from boat decks, swabs 0535
from fish skin, ice collected from fish holds, swabs from fish holds

Serratia sp. 02 Ice collected from chill transport vehicles; ice collected from fish holds 100-1600

M. morganii 01 Swab from boat deck 3500

A. salmonicida 01 Swabs from fish skin 30

H. alvei 01 Ice collected from chill transport vehicles 75

Shewanella sp. 01 Swabs from fish skin 26

S baltica 05 Swabs from fish holds, ice collected from fish holds, Ice collected from chill 0517

transport vehicles

Hu et al., (2014) reported several histamine forming bacterial species such as Arthrobacter bergeri,
Pseudomonas sp., Psychrobacter, S. baltica and A. salmonicida in Blue scad where A. salmonicida produced
the highest amount, i.e., 115 ppm. In the present study, eight isolates of 4. salmonicida produced histamine at
<50 ppm and S. baltica (07 isolates) and Pseudomonas sp. (24 isolates) showed weak histamine formation under
laboratory conditions. Lou et al. (2021) have reported that S. baltica has a high potential to decompose nutrients
in fish. Even though S. baltica does not produce high amounts of histamine, because of its spoilage capacity,
these bacteria should be controlled to prevent contamination of fish to reduce spoilage potential. Pseudomonas
sp. isolated in the present study indicated weak ability to form histamine as the amount of histamine formed was
in the range of 5-35 ppm. This is in agreement with the studies of Nor-khaizura et al. (2009), Koohdar et al.
(2011), Soliman et al. (2017), and Simora and Peralta (2018). However, Fernandez-No et al., (2011) reported
that a Pseudomonas firagi strain isolated from turbot was a stronger histamine producer than the known histamine
producing strain Enterobacter aerogenes ATCC 13048. In addition, Pseudomonas sp. is also known as an
indicator of food quality as it is a spoilage organism (Koutsoumanis & Nychas, 2000; Jeyasekaran et al., 2006;
Yagoub, 2009). Therefore, growth of such spoilage bacteria on direct fish contacting surfaces should be
controlled to minimize contamination. M. morganii isolated from a swab collected from a boat deck formed
3500 ppm of histamine under laboratory conditions. Six isolates of K. aerogens found in ice samples collected
from chill transport vehicles produced histamine in the range of 3000-4000 ppm. These findings on M. morganii
and K. aerogens are supported by the studies of Kim et al. (2001), Koohdar ez al. (2011) and Butler et al. (2015).
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Kim et al., (2001) and Tsai et al., (2004) also reported Serratia sp., Rahnella sp., and H. alvei as histamine
forming bacteria.

It was noted that the swab samples drawn from the skin of fish had an Enterobacteriaceae count ranging
from 2.0x10° to 8.0x10° CFU/cm? (Table 5). Swabs from boat decks and fish holds varied from 1.8x10° to
9.6x10° and 1.8x10° to 7.6x10° CFU/cm?, respectively. Ice samples collected from chill transport vehicles
contained an Enterobacteriaceae count ranging from 6.6x10% to 1.2x10° CFU/mL while ice samples collected
from fish holds of multiday boats had counts in the range of 3.0x10° to 8.6x107 CFU/mL. These results indicate
that there is a considerable amount of Enterobacteriaceae present in all the samples analysed.

Table 5: Average Enterobacteriaceae counts (at 25 °C) of samples collected from the fishery harbours

. . Fishery harbour

Sampling location/type . . .

Dikkowita Negombo  Trincomalee Dondra
Swabs from fish skin (CFU/cm?) 5.3x10° 2.6x10° 8.0x10° 2.0x10°
Swabs from boat decks (CFU/cm?) 2.1x10° 9.6x10° 1.8x10° 4.7x10°
Swabs from fish holds (CFU/cm?) 1.9x10° 7.6x10° 4.7x10° 1.8x10°
Ice samples from chill transport vehicles (CFU/mL) 3.0x10* 6.6x10? 4.8x10° 1.2x10°
Ice from fish holds (CFU/mL) 3.0x10° 8.6x107 4.6x107 4.2x10°

Normally, the total number of microorganisms on the skin surface of fish varies in the range of 10>-10” CFU
/cm?, while both the gills and the intestines contain 10°~10” CFU/g (Huss, 1995). The Enterobacteriaceae count
is considered as an index of fish quality and can be used for routine monitoring. The presence of
Enterobacteriaceae warrants further testing for specific pathogens. The main sources of contaminants are
apparently the fish contact surfaces, which suggests the necessity of a good cleaning procedure for the contact
surfaces.

2 DK1
4“|£ MF462979.1:149-1188 Klebsiella aerogenes
15 DK4
I: MF185383.1:221-1164Klebsiella aerogenes
=3 10 LR134475.1:1196193-1197136 Klebsiella aerogenes

AB244468_1:246-1139 Klebsiella aerogenes
29
3 DK2
&3 DK5

75
MF462936.1:243-1136Klebsiella aerogenes
’7 MT271951.1:175-1119 Klebsiella aerogenes
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Morganella morganiATCC25830
- MK388386.1:126-1143Morganella morganii
= KU942503.1:131-1148Morganella morganii
e FJ380985.1:137-1154Morganella morganii
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ﬁE e
57 KJ458009.1:200-1218Morganella morganii
MZ026892.1:1-1411 Acidicapsa borealis
Figure 1: ~ Phylogenetic analysis of the 16S tDNA sequences of major histamine-forming

bacteria. Numbers above and below branches indicate bootstrap values from the
maximum likelihood method.

In the present study, K. aerogens, known as a prolific histamine producer, was isolated on several occasions
from ice samples collected from chill transport vehicles. Besides K. aerogens, other strong and weak histamine
producers were also isolated from ice samples collected from chill transport vehicles and ice from fish holds of
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multiday boats. Boat decks and the surface of fish holds were also found to contain histamine forming bacteria.
Pseudomonas sp. and S. baltica, which are weak histamine producers and known to be spoilage bacteria, were
also isolated from fish contact surfaces and ice samples. Subburaj et al., (1984) have isolated histamine forming
bacteria in fish market environments and from ice, water, and baskets used when handling fish in India. In a
study conducted in Greece, Economou et al., (2016) have also reported that considerable amounts of histamine
producing bacteria were present in ice used to preserve fish.

Identification of isolated bacteria by sequencing of 16S rDNA

The phylogenetic tree constructed using the 16S rDNA sequences of isolated major histamine forming bacterial
species is given in Figure 1. The six isolates, DK1, DK2, DK4, DKS5, DK6 and DK7, were clustered together
with K. aerogens MF185383.1:221-1164, LR134475.1:1196193-1197136, MF462936.1:243-1136,
AB244468.1:246-1139, MF462979.1:149-1188 and MT271951.1:175-1119 strains.

Sequences of the isolated organisms had more than 99% similarity values when compared with the NCBI
database (Table 6). The isolate DK12 clustered with KJ459009.1:200-1218 M. morganii strain and had more
than 98% similarity with the NCBI database.

Table 6: Identification of isolated major histamine producers by using 16s
rDNA based on the NCBI database with the % similarity and E

value
Isolate Organism % Similarity  E value Accession
number
DK1 K. aerogens 99.33 0.0 OL468744
DK2 K. aerogens 99.79 0.0 OL468745
DK4 K. aerogens 99.57 0.0 OL468746
DK5 K. aerogens 100.00 0.0 OL468747
DK6 K. aerogens 99.59 0.0 OL468748
DK7 K. aerogens 99.89 0.0 OL468749
DK12 M. morganii 98.92 0.0 OL468707

Out of the six K. aerogenes isolates, DK1, DK4 clustered closely with MF462979, while DK 2 and DK 5
clustered separately showing some clear genetic differences. In addition, DK 6 and DK 7 formed a distinctly
separate cluster indicating further drifting from the earlier four isolates. The bootstrap percentages for the
clustering of DK1 was 29% and DK4 was 11% while for DK6 and DK7 it was 67%. Divergence of DK 6 and 7
from the main cluster has a bootstrap percentage of 66. Hence, although different clustering patterns were
observed, it can be concluded that all the isolates are K. aerogenes. Interestingly, although clustering with M.
morganii, the current isolate of DK 12 showed a distinct genetic diversity from the recorded isolates as evident
by a bootstrap percentage of 97.

CONCLUSION

It can be concluded that histamine forming bacteria were present on direct fish contacting surfaces such as ice,
boat deck, etc. Similarly, the direct fish contacting surfaces were the sources of Pseudomonas sp. and S. baltica,
which are known as weak histamine producers (<35 ppm of histamine was produced in this study) and spoilage
bacteria. Hence a risk of cross-contamination of fish is evident. It is necessary to control the occurrence and
growth of these bacteria by adopting proper handling and cleaning practices. The quality of ice used in the fishery
industry should be improved using good quality water for manufacturing ice and providing clean and hygienic
storage facilities. Crushing and transportation of ice should also be done in a hygienic manner to reduce bacterial
contaminations.
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