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ABSTRACT
Histamine fish poisoning (HFP) is a major illness occurring throughout the world due to the consumption of quality of
deteriorated fish containing pre-formed histamine from bacterial activities. In the study reported here, the histamine-producing bacteria were isolated from the muscle, gills and the gut of 19 samples of Indian mackerel (Rastrelliger
kanagurta) from Mumbai, India. The isolates from modified Niven’s medium (MNM) were confirmed for their ability
to produce histamine by using 4 different pH-indicator media, followed by HPLC analyses. Out of 202 isolates, 63 isolates produced considerable amounts of histamine on at least 3 out of 4 media used in this study. The histamine formers
were identified by biochemical tests followed by sequencing of their 16SrDNA gene, which showed that 89% of the
isolates belonged to 13 different genera of the family Enterobacteriaceae. The non-enterobacterial histamine-producing
bacteria belonged to the genera Staphylococcus, Alkaligenes, Shewanella and Psychrobacter.
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1. Introduction
Histamine fish poisoning (HFP) occurs throughout the
world due to the consumption of spoiled fish containing
histamine [1,2]. Several species of bacteria are known to
produce histamine via decarboxylation of the amino acid
histidine by their enzyme histidine decarboxylase [3].
Histamine-producing bacteria may be introduced by contamination before, during or after processing of fish. HFP
is more frequently associated with scombroid fish such
as mackerel, tuna, bonito, seer fish etc., but of late, many
non-scombroid fish such as sardines, pilchards, anchovies, herring and marline are known to contain high
amounts of histamine in their muscle and are being reported as agents of HFP [3,4]. The family Enterobacteriaceae is primarily responsible for the decomposition of
the scombroid fish. Among the enteric bacteria reported,
Morganella morganii have been identified as prolific
histamine producer [5]. Although only Morganella morganii, Klebsiella pneumoniae and Hafnia alvei have been
isolated from fish incriminated in scombroid poisoning
[6], a variety of other bacterial species including Proteus
vulgaris, Proteus mirabilis, Enterobacter aerogenes, E.
cloacae, Serratia planticola, S. liquefaciens and Citro*
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bacter freundii have been identified as histamine formers
in fish [7-10]. From salted sardine and fermented fish
products, histamine-producing Staphylococcus spp., Vibrio spp., and Pseudomonas have been reported [11,12].
Several Vibrio spp. such as V. alginolyticus, V. harveyi,
V. fischeri and Photobacteriaum leognathi have been reported to be histamine formers [13,14].
The source of the histamine formers in fresh fish could
be the aquatic environment itself or they may be introduced during various stages of post-harvest handling.
With the availability of more sensitive histamine detection methods, many new histamine-producing bacteria
are being reported from fish. In the study discussed here,
the diversity of histamine-producing bacteria was studied in Indian mackerel (Rastrelliger kanagurta), which is
a popular staple fish in India and a common agent of histamine fish poisoning.

2. Materials and Methods
2.1. Fish Sample Collection and Preparation
During 2011-12, samples of fresh Indian Mackerel (Rastrelliger kanagurta Cuvier, 1817) were collected from
the fish landing centers and the local retail markets of
Mumbai, India, chilled immediately in ice and transporAiM
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ted to the laboratory for analysis within two hours of collection. Ten-grams each of muscle with skin, gill and intestine were taken and homogenized with 90 ml of sterile
physiological saline for 2 minutes using a stomacher (Seward Inc., UK). The homogenates were used as initial
samples for bacteriological analysis.

2.2. Isolation of Histamine-Producing Bacteria
Homogenates of muscle with skin, gill and intestine were
serially diluted and plated on modified Niven’s medium
(MNM) by spread plate technique. The plates were incubated at 30˚C for 18 - 24 hours. The colonies with a
pink halo around on modified Niven’s medium were selected as presumptive histamine-forming isolates and
streaked on trypticase soy agar (TSA) plates containing
0.1% L-histidine. The isolates were maintained in glycerol broth at −80˚C. The confirmations of histidine decarboxylase activity of the purified bacterial groups were
done by using four different media- 1) histidine decarboxylase broth (medium-I) according to the method of Falkow [15]. A control tube with only basal medium, i.e. without histidine, was inoculated with each isolate to rule out
false positive results. The tubes were overlaid with sterile
liquid paraffin and incubated at 30˚C and were observed
after 48 h. Change of colour from purple to yellow and
back to purple due to changes in pH was taken as positive result; 2) histidine decarboxylase broth containing
inverted Durham’s tube (medium-II) as previously described [9]. A control tube with only basal medium, i.e.
without histidine, was also simultaneously inoculated
with the respective culture. The tubes were incubated at
30˚C for 24 - 48 hours. A tube with air bubble trapped
inside the Durham’s tubes was considered as the positive
result; 3) the isolates were stab-inoculated into histidine
decarboxylase agar medium (medium III). The medium
was prepared as per the composition of modified Niven’s
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medium (MNM) [9]. The medium was boiled and dispensed in 5 ml volumes in test tubes before sterilization.
The purified cultures were stab inoculated into the sterile
medium and incubated for 18 - 24 h at 30˚C. One control
tube without histidine was also inoculated for each culture for better comparison. The change of color to deep
red was taken as positive result; 3) streaking on Modified
Niven’s Medium (MNM) (medium IV) followed by incubation at 30˚C for 24 hrs. Change of colour of the medium to deep red was taken as the positive reaction.

2.3. Confirmation of Histamine Production by
HPLC
After growing the isolates in histidine broth, 1 ml of the
culture was used for extraction in 10 ml of 10% trichloroacetic acid (TCA). The mixture was homogenized
well and centrifuged at 3000 rpm at 4˚C for 10 minutes.
The supernatant was collected and filtered through Whatman #1 filter paper and then through 0.22 µ membrane
filter. The extracts were kept at −20˚C until assayed by
HPLC for confirmation.

2.4. 16SrDNA Sequencing of Histamine-Forming
Bacteria
The partial sequence of 16SrDNA gene of the histamineforming bacteria was derived by PCR amplification using
previously described primers (10), followed by sequencing at Bioserve Biotechnologies, Secundeabad, India.

3. Results
3.1. Contribution of Histamine Formers to Total
Bacterial Flora
The total bacterial count (TPC) and the histamine-forming bacterial counts (HFC) in different parts of fish are
shown in Figure 1. The total viable count in gill, muscle
TPC-Muscle + Skin
HFC-Muscle + Skin
TPC-Gill
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(CFU/g)
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Figure 1. Distribution of histamine formers in different organs of the fish in relation to the total plate count. TPC = total plate
count, HFC = Histamine former count.
Open Access

AiM

M. TEMBHURNE

with skin and intestine varied from 103 to 106 cfu/g. The
total bacterial load was highest in the intestine (104 to 106
cfu/g), followed by gill (103 to 105) and muscle with skin
(103 to 105 cfu/g). The histamine-forming bacteria count
(HFC) varied from 102 to 104/g. The highest HFC was
found in gills and intestine. HFC was as high as 20% of
the total bacterial count (TPC) in muscle and gills compared to < 5% in the intestine (Figure 1).

3.2. Confirmation of Histamine Production on
Multiple Media
A total of 202 presumptive histamine-forming isolates
from the Modified Niven’s Medium agar (Table 1) were
further subjected to confirmatory tests for histidine decarboxylation using four different confirmatory media and
also by HPLC. Sixty-three isolates were confirmed to be
the histamine-forming bacteria, majority of which belonged to the family Enterobacteriaceae (Table 2). The results
Table 1. Distribution of confirmed histamine formers in different organs of fish.
Date of
No. of
No. of
Sample No
collection representatives taken confirmed isolates
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of confirmatory tests are shown in Table 2. All confirmed histamine-forming bacteria were further identified by
sequencing of partial 16SrDNA (Table 3). Of these, 35
were from muscle, 21 from gill and 7 were from intestine.
Majority of the isolates such as K. variicola, K. pneumoniae, M. morganii, E. aerogenes, P. vulgaris, S. capitis and
P. rustigianii produced histamine on all the four confirmatory media. While A. faecalis produced histamine on
medium-II only, P. pulmonis produced histamine in all media except in medium-II.
Among different histamine-producing bacteria, M.
morganii, P. vulgaris, P. rustigianii and all Klebsiella
spp. showed rapid histidine decarboxylation on M-1. Decarboxylation by these bacteria was observed within 7 h
as compared to 18 h by other bacteria. Others such as A.
faecalis. P. pulmonis showed negative results on M-I. S.
haliotis and S. capitis showed delayed decarboxylaion
activity on M-I. P. mirabilis and P. penneri showed maximum variability in accumulation of gas inside Durham’s tube.

4. Discussion
Isolation and identification of histamine formers has always been a challenge due to diverse species of bacteria
responsible for histamine formation in fish. Many media
have been devised, which exploit the change of pH due
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The letters and figures in the parentheses represent the sources and numbers
of histamine formers. M = muscle + skin, G = gill, I = intestine.
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Table 2. Responses of histamine formers on different histidine decarboxylase media used in this study.
No. of isolates M-I M-II M-III M-IV

63
V = Variable, M-I; p = Histidine decarboxylase broth, M-II = Histidine decarboxylase broth containing inverted Durham’s tube, M-III = Stab culture
in modified Niven’s agar medium, M-IV = streaked on modified Niven’s
agar medium.
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to histamine formation and consequently the change in
the color of the medium. Glucose used in such media
helps in lowering of pH to such a level that is conducive
for histidine decarboxylase activity. An optimum pH of
5.0 - 5.5 for the activity is achieved due to the acid production from glucose and under such conditions, bromocresol purple seems to be the best pH indicator that
gives lower false positive results. The presence of pyridoxal-5-phosphate, a cofactor, has a strong effect on the
decarboxylase activity expression and is made an important ingredient of the medium for detecting amine formation [16]. Many differential media including Niven’s medium and modified Niven’s medium can give false-positive reaction due to production of other alkaline compounds which change the pH of the medium [17-20].
Nevertheless, they can be used for preliminary selection
of strains possessing amino acid decarboxylase activity.
Accordingly in the present work, the modified Niven’s
medium (MNM) was used for initial selection of histamine formers. The presumptive positive colonies were
selected from this medium and were further characterized
using 4 different media as described in material methods.
The methods followed in this study were found to be
adequate to establish the histamine-forming ability of the
bacteria. As observed in our study, the use of more than
one medium increased the rate of isolation of histamine
producers (Table 2).
In our study, a total of 202 isolates were screened and
63 were found to be confirmed histamine producers (Table 1). Most of them, apart from being histamine formers,
also decarboxylated ornithine or lysine (data not shown),
suggesting that they form at least one polyamine along
with histamine. The roles of polyamines as potentiators
of histamine poisoning are well documented [21].
The 16SrDNA gene based identification has become a
convenient tool to precisely identify the bacteria [10,22].
Table 3 shows the BLAST identity of selected, representative isolates of histamine-forming bacteria isolated
from mackerel. The majority of the confirmed histamineforming isolates belonged to the family Enterobacteriaceae. Enterobacteriaceae family members are often implicated in histamine poisoning and are also frequently
isolated histamine-forming bacteria from fish. Some of
the commonly isolated enterobacteria from scombroid
fish implicated in histamine poisoning include M. morganii, K. pneumoniae, H. alvei P. vulgaris, E. aerogenes,
P. mirabilis, C. freudii, E. coli, P. stuartii, K. oxytoca, E.
agglomerans, E. cloacae, S. liquefaciens, S. marcescens,
Edwardsiella spp. [6,13,19,23,24]. Several studies on
Indian mackerel have isolated enterobacteria as major
components of the histamine-forming bacterial population. A study by Ananthalakshmy et al. [25] reported
Bacillus spp. as the major producer of histamine in Mackerel. In our study, a high prevalence of histamineOpen Access
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Table 3. Species-wise distribution of histamine-formers based on partial sequencing of 16SrDNA gene.
Isolate

Species

Isolate

Species

M1

Alcaligenes faecalis

M26

Proteus vulgaris

M2

Klebsiella pneumoniae

M27

Proteus mirabilis

M3

Klebsiella pneumoniae

M28

Proteus mirabilis

M4

Klebsiella variicola

M29

Proteus mirabilis

M5

Klebsiella variicola

M30

Proteus mirabilis

M6

Morganella morganii

M31

Proteus mirabilis

M7

Morganella morganii

M32

Proteus mirabilis

M8

Proteus penneri

M33

Proteus mirabilis

M9

Providencia rustigianii

M34

Staphylococcus capitis

M10

Providencia rustigianii

M35

Klebsiella variicola

M11

Proteus penneri

G1

Klebsiella variicola

M12

Klebsiella variicola

G2

Klebsiella oxytoca

M13

Proteus penneri

G3

Psychrobacter pulmonis

M14

Proteus mirabilis

G4

Klebsiella variicola

M15

Proteus mirabilis

G5

Proteus mirabilis

M16

Klebsiella variicola

G6

Proteus mirabilis

M17

Proteus mirabilis

G7

Alcaligenes faecalis

M18

Klebsiella variicola

G8

Proteus mirabilis

M19

Providencia rustigianii

G9

Proteus mirabilis

M20

Proteus mirabilis

G10

Proteus mirabilis

M21

Proteus mirabilis

G11

Proteus mirabilis

M22

Proteus penneri

G12

Alcaligenes faecalis

M23

Proteus penneri

G13

Proteus penneri

M24

Proteus penneri

G14

Proteus penneri

M25

Proteus mirabilis

M = Muscle + Skin; G = Gills; I = Intestine.

forming bacteria was observed in the gills and intestine
of fish (Figure 1). In general, histamine-forming bacteria
constitute normal skin, gill and intestinal microflora [26],
but their numbers depend on the level of contamination
and the temperature abuse of fish. Intestine of fish has
been reported to be a major source of histamine-forming
bacteria in many fish [9]. The histamine fish poisoning
occurs when fish are subjected to temperature abuse
leading to the proliferation of histamine-producing bacteria which produce and accumulate toxic levels of histamine in fish. Low levels of histamine may be produced
by some bacteria at low temperatures [27]. It is possible
that the isolation of histamine-forming bacteria in large
AiM

M. TEMBHURNE

numbers could also be due to the use of better and multiple isolation media.

http://dx.doi.org/10.1111/j.1365-2621.1982.tb07675.x
[8]

E. I. López-Sabater, J. J. Rodríguez-Jerez, A. X. Roig-Sagues and M. T. Mora-Ventura, “Determination of Histamine in Fish Using an Enzymic Method,” Food Additives
and Contaminants, Vol. 10, No. 5, 1993, pp. 593-602.
http://dx.doi.org/10.1080/02652039309374183

[9]

D. H. Yoshinaga and H. A. Frank, “Histamine Producing
Bacteria in Decomposing Skipjack Tuna Katsuwonuspelamis),” Applied and Environmental Microbiology, Vol.
44, No. 2, 1982, pp. 447-452.

5. Conclusion
Further study is required to determine the levels of histamine production. Further study is required to determine
the levels of histamine production by the isolates obtained in the study to understand the relative contribution
of individual species to the level of histamine in fish. Dominance of Enterobacteriaceae members among histamine forming isolates from all the organs sampled by us
indicates that they may either be normal intestinal flora
of mackerel or have come from post-harvest contamination in the markets and landing centres. Additionally, fish
harvested from fecal contaminated water may also carry
Enterobacteriaceae members as dominant flora. However,
we assume post-harvest contamination as a stronger possibility. Further studies are required to establish the sources of the histamine formers in Indian mackerel.
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