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ABSTRACT 
 

Histamine in marine fish is distributed at higher level in muscle close to gill and gut. In this study 
common bacteria flora, histamine forming bacteria and histamine content from three commercially 
important fishes, Chirocentrus dorab, Gerres filamentosus, and Siganus oramin were evaluated.  A total 
of 9 genera such as Serratia sp, Klebsiella sp,  Enterobacter sp, Citrobacter sp, Escherichia sp, Erwinia 
sp, Staphylococcus hominis, Entrococcus faecium and Vibrio sp. were isolated from the gill, gut and 
muscle of fishes, except  E. coli, Enterococcus faecium and Erwinia sp. all other six strains were 
histamine producers. Bacterial population was high (15.5x10

5
 cfu/g) in C. dorab and low G. filamentosus 

(8.0x10
5
 cfu/g). The pH of the ground fish muscles varied from 6.51±0.06 (Siganus oramin muscles) to 

6.63±0.08 (Gerres filamentosus muscle).  Histamine content of the fishes ranged from G. filamentosus 
(13.4±0.95 mg/100 g) followed by S. oramin (10.1±1.17 mg/100g) and C. dorab (7.6±0.35 mg/100g). Based 
on our investigation we conclude that the histamine concentration in the retail fish market of Thondi 
was above the safe level (>5mg/100g) for consumption in that particular fish samples. Therefore it is 
necessary to take appropriate measures to store the fishes in low temperatures with proper handling 
practices to avoid outbreak of histamine fish poisoning.  
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INTRODUCTION 
 
Histamine and other decomposition products are 
generated in time temperature abused raw fish by 
bacterial enzymatic conversion of free histidine (Rawls et 
al., 1996). Histamine is produced by scombroid fishes 
such as Skipjack tuna Katsuwonus pelamis (Koohdar et 
al., 2011), Long tail tuna Thunnus tonggoh (Khooder et 
al., 2012),  Thunnus alulunga (Kim et al., 2000), Thunnus 
thynnus (Mercogliano et al., 2008) and  Indian mackerel 
Rastrlliger kanagurta (Ananathalakshmi, et al., 1987) and 
by some non scombroid fishes such as Milk fish Chanos 
chanos (Hsieu et al., 2009); Mahi-mahi Croyphaena spp., 

Sardines Sardinella spp., Pilchards  Sardina pilchardus, 
Anchovis  Engraulis spp., Herring Clupea spp., Marlin 
Makaira spp., Blue fish Pomatomus spp. (Taylor, 1986; 
Hwang et al., 1997) and Western Australian salmon  
Arripis truttaceus, Sockeye salmon Onchorhynchus 
nerka, Amberjack Seriola spp., Cape yellow tail Seriola 
lalandii (Lange. 1988; Muller et al., 1992; Smart, 1992; 
Gessner, et al., 1996); Sword fish Xiphias gladius (Chang 
et al., 2008). Scombroid fishes and some non-scombroid 
fishes are able to produce histamine due to improper 
preservation and handling.  These fishes have substantial  
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amount of free L-histidine in their body tissues, which is 
the precursor amino acid for histamine formation. L- 
histidine which imparts buffering capacity to the fish 
muscle is present in the white muscle in the range of 
15.8- 92.8 µ mol/g in dark fleshed fishes, 0.0734-0.931 µ 
mol/g in white fleshed fishes and 4.06-20.3µ mol/g in the 
intermediate ones (Abe, 1983).  

Symptoms of histamine fish poisoning is 10 min to 1 hr 
following consumption of poisonous fish (Andsdell. 2008).  
The main symptoms are variable and include peppery or 
metallic taste, oral numbness, headache, dizziness, 
palpitation, rapid and weak pulse hives rash, flushing and 
facial swelling, difficulty in swallowing and thirst (Kim. 
1979; Taylor et al., 1989).  Rarely serious cardiac and 
respiratory complications were also observed (Russel 
and Mareti. 1986; Taylor et al., 1989; Ascione et al., 
1997).  In few unusual cases hospitalization, including 
treatment for anaphylactic shock has been required 
(Sanchez-Guerrero et al., 1997; Otani et al., 2004). 

There are two different type of Histidine decarboxylase 
exists that involved, the gram-positive bacteria produce 
heterometric histidine decarboxylase that contains an 
activity-critical pyruvoyl group (Van Poelje and Snell, 
1990; Konagaya et al., 2002) while the histidine 
decarboxylase of animals and gram negative bacteria are 
dependent on pyridoxal 5-phosphate (Kamath et al., 
1991).   

Mesophilic bacteria such as Clostridium perfringens, 
Morgonella morganii, Hafnia alvi and Raoultella planticola 
were considered as major histamine producers. Emborg 
et al. (2006) identified Morgonella psychrotolerans a 
strong histamine former and Photobacterium 
phosphoreum a novel psychrotolerant bacterium were 
identified by (Kanki et al., 2004). Many bacterial species 
are known to possess histidine decarboxylase enzyme 
and hence they have the ability to produce histamine.  
However, only bacteria such as Morgonella morganii, 
Klebsiella pneumoniae and Hafnia alvei have been 
isolated from spoiled scombroid fishes which are 
responsible for histamine fish poisoning (Stratton and 
Taylor. 1991). Several others Enterobacteria and species 
of Clostridium, Bacillus, Staphylococcus sp and 
Lactobacillus are capable of decarboxylating histidine. 
Enterobacter arogenes, K. pneumoniae, K. planticola and 
P. histaminum have also been shown to possess strong 
histidine decarboxylase activity (EFSA. 2011). In India an 
average temperature ranges from 25 to 40

o
C which is 

suitable for proliferation of bacterial growth and histamine 
forming bacteria in fish and fishery products. Fish 
handling and processing have profound effect on 
histamine formation (Jayashakila et al., 2003).  Hence the 
attempt investigation was carried out to isolate and 
identify the histamine producing bacteria from three 
commercially important fishes and assess to determine 
the histamine level in fishes. 
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MATERIALS AND METHODS 
 
Fish samples 
 
For the occurrence of histamine producing bacteria, three 
commercially important fishes Chirocentrus dorab, 
Gerres filamentosus, and Signaus oramin were tested. 
These fishes were collected from the Thondi fish market.  
All the collected samples were wrapped in sterile 
polythene bags (Hi media, Mumbai India) and place in 
ice, immediately transported to laboratory. The gill, gut 
and skin with muscle from the central portion of fish was 
aseptically dissected out and weighed. The fish samples 
(gill, gut and skin with muscle) were homogenized in a 
sterile mortar using a pestle with 100 ml of 50 % 
seawater, and diluted serially in 50% seawater.      
 
 
Enumeration of total heterotrophic bacteria  
 
To enumerate the Total heterotrophic Bacteria (THB), 
one ml of serially diluted homogenates (gills gut and skin 
with muscle) were poured in to Zobell Marine Agar 2216 
e (Hi media, Mumbai) medium containing Petri plates. 
The colonies developed on the Petri plates after 24 hrs of 

incubation at 28 ± 2
o
C were enumerated. Duplicate plates 

were maintained.   
 
 
Enumeration of histamine-producing bacteria  
 
Histamine producing bacteria were isolated using the 
histidine decarboxylase medium developed by Nivens et 
al. (1981). 0.1 ml aliquots were inoculated in  duplicate 
plates of Nivens medium and incubated under aerobic 

conditions for 48-72 h at 25 ± 2 
0
C (Simth et al., 

1982).Then examined for purple or blue colonies with 
purple halo on the green  back ground plate.  
 
 
 Isolation and pure culture  
 
The positive colonies in Niven’s and modified Niven’s 
medium were picked up and streaked on Trypticase soy 
agar plates supplemented with 0.1% histidine Hcl.  The 
isolated colonies were maintained as pure cultures in 
duplicate slants of the same composition for further 
confirmation of their histidine decarboxylase activity.  
 
 
Identification of histamine forming isolates 
 
The presumptive histamine forming isolates were 
identified on the basic of morphology, gram stain, 
endospore stain, catalase and oxidase reaction. The  
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identities of histamine forming isolates were further 
conformed by amplifying and sequencing approximately 
1400bp of the 16S ribosomal DNA (rDNA) for bacteria 
(Kuhnert et al., 2000). Amplification of histamine forming 
bacteria was performed using the universal primer UNI-L 
(5’-AGAGTTTGATCATGGCTCAG-3’) and UNI-R (5’- 
GTGTGACGGGCGGTGTGTAC-3’) (Kuhnert et al.1996, 
2000). Bacterial culture were grown overnight in 2ml of 
Trypticase Soy Agar broth (TSB) at 35

o
 C and centrifuged 

at 5000g for 10 min. The cell pellet was washed and 
resuspended  in 0.5ml of TE buffer (10mM tris Hcl, 1mM 
EDTA; P

H
 8.0), and lysed by 20% SDS. After the solution 

was boiled for 20 min and the cellular debris was 
discarded following centrifugation at 13,000g for 3 min, 
the total DNA in the supernatant was precipitated with 
70% ethanol and was used as template DNA for PCR. 

PCR amplification was performed in 20 µl reaction 
mixture containing 10mM MgCl2, 20 pmol of each a 
primer, a 0.2mM concentration of each of the four dTP, 
0.5 U of Taq DNA polymerase (Applied BioSystems) and 
template DNA 10 ng.  Amplification were carried out for 
35 cycle (94

o
 C for 30 S, 55

o
 C for 30 S and 72 

o
 C for 60 

S) in a gene Amp PCR thermal cycler (Applied 
Biosystems) with an initial denaturation at 94

o
C  for 4 min 

and a final extension 72
o
 C for 7 min (Kuhnert et al., 

1996/2000). Amplicons were detected by electrophoresis 
on 1.5% agarose gel staining with ethidium bromide. 
Amplicons were purified using a QIA quick PCR 
purification kit (Applied BioSystems) eluted in Tris–HCL 
(10mM, pH 8.5) prior to sequencing. The amplified DNA 
was directly sequence with the Applied BioSystems Taq 
Dye Deoxy terminator sequencing kit and Bio Systems 
model 377 automated DNA sequence (Applied 
BioSystems).The sequence was analyzed with the 
BLAST (NCBI) for identification of histamine forming 
bacteria.  
 
 
Biogenic amines analysis from bacterial culture by 
TLC 
 
Purple halo or slightly purple colonies from the Modified 
Nivens medium and Nivens plates were selected from an 
appropriated dilution plate. Amount of biogenic amines 
production was confirmed by inoculating these individual 
colonies from Modified Naviens medium plates directly 
into tubes containing 5 ml of LB medium containing the 
0.25% histidine, 0.25% ornithine and 0.25% lysine amino 
acids respectively. After incubation, the broth media was 
centrifuged 3000 rpm for 10 mines and the supernatant 
was analyzed by Thin Layer Chromatography (TLC) for 
biogenic amines content as described previously (Garcia-
Moruno, carrascosa, and Munoz. 2005). Briefly, amines 
were converted to their fluorescent dansyl derivatives by  
 
 
 

 
 
 
 
adding to one volume of the supernatant, one volume of 
250 mM disodium phosphate (pH 9.0), dansyl chloride 
solution (5mg/ml of dansyl chloride were dissolved in 
acetone). The reaction mixture was thoroughly mixed and 
incubated in the dark at 55

0
C for 1 h. Then the sample 

were cooled and stored at 40 C until use. The amine 
fractionated on precoated silica gel 60 F254 TLC plates. 
The dansylated compounds were separated in analytic 
solved chloroform:triethylamine (4:1), and sprayed with 
isopropanol:triethanolamine (4:1). The result of 
fluorescent dansyl derivative spots were visualized with 
the aid of UV transilluminator with a suitable UV light 
sources (312nm). A standard solution of amines (5g/l of 
histamine) was prepared similarly and used as control. 
 
 
Total Volatile Base-Nitrogen (TVB-N)  
 
The TVB-N content of fish sample was measured by the 
method of Conway‘s dish (Cobb, Aoaniz and Thompsan. 
1973). The TVB-N extract of the fish sample in 6% 
Trichloro Acetic acid (TCA) was absorbed by boric acid 
and then titrated with 0.02N Hcl. The TVB-N content was 
expressed in mg N/100g.   
 
 
Histamine analysis  
 
Histamine content of Chirocentrus dorap, Gerres 
filamentosus, and Signaus oramin was determine by 
enzymatic assay method of (Lerke et al., 1983) as 
modified by Lopez-Sabater et al. (1993).  Histamine 
standard were prepared in 25, 50, 75, 100µg/ml in 0.1N 
Hydrochloric acid. The skin with flesh from the central 
portion of fish 5 g was aseptically dissected out and 
weighed.  The fish muscle samples were homogenized 
separately in a sterile mortar using a pestle with 5 ml of 
0.4 N Perchloric acid. The pH was adjusted to 6.8 with 
Potassium hydroxide. Fish extract which is free from 
histamine (each 3 ml) was prepared and each 2 ml was 
added with standards to minimize the interference by 
other compounds present in fish extract (Vidal-Carou et 
al., 1990).  

A 500 µl of extracted sample was transferred into a 
fresh test tube. Then one ml of phosphate buffer (0.075M 
KH2PO4 and 0.075M Na2HPO4, pH 6.8), 500µl of Di-
Amine Oxidase (DAO) (all the chemicals were purchased 
from Sigma chemical co .U.S.A), (DAO, 0.35U.I./ml 
distilled water) 500µl of Horse Radish Peroxidase (HRP) 
(17.24 U.I/ml) and 100 µl of leucocrystal violet (0.5mg/ml 
in 0.5% HCl) were added. The mixture was incubated in 
water bath at 37°C. After 5 minutes sample was 
measured at 596 nm using UV-VIS spectrophotometer 
(Mecasys Company Ltd., Korea). 
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Table 1. Histamine producing bacteria isolated from different parts of Chirocentrotus dorab, Gerres filamentosus, and 
Signaus oramin 
  

Sl. No. Bacterial isolate Chirocentrus dorab Gerres filamentosus Siganus oramin 

gill gut muscle Gill gut muscle gill gut muscle 

1 Serratia spp. +
 

+ + -
 

- + + + + 
2 Klebsiella spp. + + + + + + - + + 
3 Entrobacter  spp. +  + + + + - + + 
4 Citrobacter sp - - + + + + - - + 
5 Escherichia  coli - - + - - - - - - 
6 Erwinia sp. +  - - + + + - + 
7 Vibrio spp. - + + - + - + - + 
8 Staphylococcus 

hominis  
+ + - - + - + - - 

9 Entrococcus faecium    + + - - + - + - + 
 

+: Present; -: Absent 

 
 

Table 2. Histamine producing bacteria tested in Niven’s Medium, Modified Niven’s Medium and TLC 
method.  
 

Sl. no  Bacterial isolate 
Niven’s medium Modified Niven’s 

medium 
TLC  Confirmed 

HPB 

1 Serratia spp + + +
 

+ 
2 Klebsiella spp + + + + 
3 Entrobacter  spp + + + + 
4 Citrobacter sp + + + + 
5 Escherichia  coli - - _ - 
6 Erwinia sp - - _ - 
7 Vibrio spp + + + + 
8 Staphylococcus hominis  + + + + 
9 Entrococcus faecium - - - - 

 

+: Present: -- Absent 

 
 
RESULTS AND DISCUSSION 
 
Total Plate Count (TPC)  
 
Different fish species showed varying populations of Total 
Plate Count (TPC) in different parts of their body.  The C. 
dorab gut harbored higher (15.5×10

-5
 CFU/g) bacterial 

population followed by gill and muscle.  S. oramin gill 
recorded maximum (10.7×10

-5
 CFU/g) bacterial load than 

gut and muscle. G. filamentosus fish gut recorded higher 
(8.0×10

-5
 CFU/g) bacterial population density than other 

organs. (Table 1, 2 and 3). Organ specific distribution of 
histamine formers has been given by Ababouch et al. 
(1991) in fresh Sardine fish where the density of 
histamine formers in the skin, gills, viscera and muscle 
was respectively 5.0 x 10

5
 CFU/cm

2
, 3.3 x 10

3
 CFU g

-1
, 

1.1 x 10
4
 CFUg

-1
 and 6 x 10

2
 CFU g

-1
.  

(Ananthalakshmi.1987) have observed a density of 35.7 x 
10

2
 to 13.6 x 10

3
 CFU g

-1
 in R. kanagurta, 73.4 x 10

3
 to 

10.8 x 10
7
 CFU g

-1
 in Sardinella longiceps, 43.2 x 

10
4
CFU g

-1
 to 16.7 x 10

6
 CFU g

-1
 in Sillago sihama and 

10.7 x 10
3
 to 65.6 x 10

5
 CFU g

-1
 in Liza subviridis muscle 

tissue. (Joshi and Bhoir. 2011) reported higher density of 
the total average bacterial load of fresh fish was 105 x10

5
 

cfu/g from Kalyan city of Mumbai, India. The apparent 
residence of maximum histamine-producers in the fish 
intestine has also been reported by Lerke et al. (1978); 
Frank et al. (1981).  The reason for this could be that the 
gill and intestine are exposed to the entry of a variety of 
bacteria along with diverse food particles and more 
number of bacteria are retained in the gut than the  gills 
as the latter are continuously washed off with large 
volume of water. (Manuela et al., 1999) have suggested 
that the histamine-forming bacteria isolated from fish 
samples do not appear as part of the natural microflora of 
newly caught fish but result as contamination of fish 
during capture and handling. 

Most of the histamine-producing bacteria isolated so far 
have been identified as the members of the family 
Enterobacteriaceae (Stratton and Taylor, 1991).  Among 
the enteric bacteria, Lactobacillus sp. Morgonella 
morganii, Klebsiella pneumonia and Hafnia alvei are the 
potent histamine producers (Havelka, 1967; Taylor et al., 
1978). In the present investigation Citrobacter sp was 
isolated from the gill and gut of G. filamentosus.  Arnold 
et al. (1980); Ababouch et al. (1991) were reported the 
Enterobacter aerogenes, Citrobacter freundii and 
Escheria coli are histamine producers. Similar  
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Table 3. Total Plate Count (TPC), pH, Total Volatile Base Nitrogen (TVB-N) And Histamine Content of The Fresh Fishes. 
 
Sl. No. Fish name TPC (CFU/g) pH

 
TVB-N  (mg/100g) Histamine levels (mg/100g) 

1 C. dorab 15.5x10
5
  6.52±0.08

a
 17.86±1.52

a 
7.6±0.35

a 

2 G. filamentosus 8.0x10
5
  6.63±0.08 16.83±1.03 13.4±0.95 

3 S. oramin 10.75x10
5
 6.51±0.06 24.8±2.97 10.1±1.17  

 
a
 Mean± S.D. for all triplicate determinations. 

 
Table 4. Identification of histamine forming bacteria isolated from fish samples by 16 s r DNA, based on the 
out put results from ncbi database analysis. 
  
Name of 
strain 

Strain source Organism 
conformation 

Percentage 
identity % 

Gene bank  
submission number 

AA1 Chirocentrus dorab, Staphylococcus hominis 99% KF747351.1 

AA2 Gerres filamentosus,  Entrococcus faecium 99% KF747350.1 

 
 
observations were also made by Koohdar et al. (2011) in 
frozen skipjack tuna, Katsuwons pelamis. (Lee et al., 
2012) also reported Enterobacter aerogenes as a 
histamine producing bacterium in tuna dumpling.  
 
 
Histamines production by bacterial cultures  
 
In the present investigation nine bacterial strains 
analyzed for histamine production, of these only six 
bacterial strains including Serratia sp, Klebsiella sp, 
Enterobacter sp, Citrobacter sp, Staphylococcus hominis, 
and Vibrio sp. were histamine producer. E.coli, 
Entrococcus faecium and Erwinia sp were not produced 
histamine (Table 2 and 4). Similarly, Koohdar et al. 
(2011) reported the histamine production by the bacterial 
isolates Serratia marcescens, C.freundi, and Klebsiella. 
sp from the skipjack tuna (Katswonus pelamis). (Huang 
et al., 2010). Isolated the histamine producing isolates 
Citrobacter freundii and Staphylococcus saprophyticus 
from Signanus fuscescens. Bjornsdottir et al. (2009) 
Found that Entrobacter aerogenes and Klebsiella oxitoca 
produced histamine in broth culture. In our investigation 
E.coli did not produced histamine. Similar type of result 
was also obtained by Bjprnsdottir et al. (2009). From 
E.coli. Jiang et al. (2013) have reported that Citrobacter 
braakii isolated from mackerel Pneumatophorus 
japanicus produced high histamine (2,498 mg/kg). 
(Houicher et al, .2013) also isolate the histamine 
producing bacteria Vibrio vulnificus from spoiled sardine 
(Sardine plichardus) that produced low histamine (18,76 
mg/L) compare to the previous report of Jiang et al. 
(2013). 
 
 
 Hydrogen ion concentration (pH)  
 
G. filamentosus muscle contains the highest pH 
6.63±0.08 followed by C. dorab muscle 6.52±0.08 and 
the S. oramin muscle 6.51±0.06 (Table 3). The pH level 
is important factor influencing amino acid transamination 
activity. (Huang et al. 2010) reported the level of p

H
 was 

6.49±0.38 in Siganus fuscescens muscle.  Similar result 
(6.51±0.06) was observed from S. oramin muscle from 
the present investigation (Table 3). 
 
 
Total Volatile Base-Nitrogen (TVB-N)   
 
S. oramin muscle has the highest TVB-N 24.8±2.98N 
mg/100g followed by C. dorab muscle TVB-N 
17.86±1.52N mg/100g and the G.filamentosus muscle 
TVB-N 16.83±1.03N mg/100g (Table 3). In contrast 
Huang et al. (2010) reported the level of TVB-N from S. 
fuscescens 100mg/100g. Similarly Chen et al. (2010) 
documented the content of TVB-N in fish sample were 
below the Taiwanese regulatory levels of 25mg/100g. 
The increase in TVB-N was caused by combination of 
microbial and autolytic deamination of free amino acid 
and the complete microbial reduction of TMAO and TMA 
(Truelstrup et al., 1996). 
 
 
Histamine level  
 
In the present investigation histamine content was 
estimated in the muscle samples of three fishes. Among 
the samples tested G. filamentosus contains more 
histamine (13.4±0.95 mg/100 g) followed by S. oramin 
(10.1±1.17 mg/100g) C. dorab (7.6±0.35 mg/100g) (Table 
3). Halim and Karim, (2012) have reported less histamine 
level 7.50 mg/100 g in the wolf herring C. dorab from the 
untreated fresh fishes of Malaysia. But Khoodar et al. 
(2011/2012) have reported the higher histamine level 
ranging from 20 ppm to 50 ppm in frozen skipjack tuna 
and 22.0 to 153 ppm from frozen longtail tuna, Thunnus 
tonggoh.  Likewise the similar observation was also made 
by Visciano et al. (2007) the histamine levels ranged from 
34.3 to 110.6 mg/100 g of Sardina pilichardus and 52.3 to 
146 mg/100 g in Engraulis encrasicolus at 25

o
C storage 

for 24 hrs. In contrast kim et al. (2002) reported the level 
of histamine in accumulation in muscle 67.1mg/100g for 6 
day storage of Albacore (Thunnus alalunga). Mahi mahi 
(Coryphaena hippurus) showed the content of histamine  
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at 32

o
 C, where reaching 250 mg/100g of the fish in 24h 

and incubated at 0-32
o
 C (Baranowski et al. (1990); Kim 

et al. (1999) found albacore tuna (T. alalunga) stored at 
25

0
 C produced the high levels of histamine 60.4mg/100g 

in 7 days of storage. 
 
 
CONCLUSIONS 
 
In the present study we investigated that the maximum 
TVB-N level as 24.8±2.98 mg/100g. It is just below the 
decomposition limited level of 30mg/100g. Among the 
nine bacterial strains isolated only six strains produced 
histamine in broth culture. All the three tested fishes had 
the histamine levels above >7.6±0.36mg/100g. Based on 
the present investigation consumption of fish sold at 
Thondi fish market exceeds the safe level (> 5 mg/100 g) 
for human consumption (USFDA, 2001). More attention 
should be paid to reduced the temperature and ensure 
good handing practice to control the bacterial growth 
depending on the fish species and size. 
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