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ARTICLE INFO ABSTRACT

Article History: Production of histamine as one of the biogenic amines (BA) in fish and fish
Received: Aug. 29, 2020  products represents a health risk to human food intoxication. The current survey
Accepted: Oct. 5, 2020 was conducted to identify the most predominant histamine-producing bacteria
Online: Oct. 7, 2020 and estimation of histamine levels in fish and fish products in Egypt. One
hundred and fifty samples (Tilapia, Sardines, Smoked herring, Mackerel, Filet

of Carp, Morgan, and Pilchards) were collected from Giza retail shops and
investigated bacteriologically by conventional identification methods. Fish
specimens were collected for estimation of histamine levels using ELISA. The
results indicated that Enterobacteriaceae was the predominant histamine
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Elfsrt]z,amine intoxication producing isolates. The bacterial isolates among the 15 histamines positive fish
Staphvlococci ' were cultivated on Niven’s agar to detect the histamine producing bacteria. The
Vib?i g ‘ most frequently isolated species were Klebsiella (33.3%), staphylococci

(24.7%), Salmonella (22.7%), E.coli (18.7%), Pseudomonas (18%), Proteus (16
.7%) and Vibrio (6.7%) species. Using ELISA test, 15 out of 150 examined fish
and fish product samples (10%) had histamine in their tissues. Fesikh had the
highest histamine level. Conclusively, the application of early detection of
biogenic amines mainly histamine producing bacteria could reduce the health
risk of histamine intoxication associated fish and fish product microbial
deterioration. Improvement of a selective medium to detect decarboxylating
bacteria may be a valuable tool.

INTRODUCTION

Several non scombroid fish such as sardine, anchovy, herring, marlin, western Australian
salmon, sockeye salmon, amberjack, and cape yellow tail and sword fish have been often
implicated in incidence of scombroid poisoning (Price and Melvin, 1994). The histamine
intoxication is called scombroid poisoning since the syndrome occurs as a result of
ingesting spoiled fish of Scombridae and Scombresocidae and the fishes include tuna,
mahi mahi, blue fish, bonito, skip jack, saury, mackerel and others (FDA, 2001). The
biogenic amines (BA) are produced during the end of shelf life and hence their levels can
be considered as a spoilage index rather than a quality index (Ozogul and Ozogul, 2006).
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Although many have been found in fish, only.The most common BA found in foods and
causing histamine poisoning and tyramine toxicity are histamine, cadaverine, tyramine,
agmatine, spermine, tryptamine, 2-phenylethylamine, spermidine and putrescine (Ladero
et al., 2010; Naila et al., 2010; Chong et al., 2011; Naila, et al., 2012). Various species
of Enterobacteriaceae contain histidine decarboxylase and have the ability to produce
histamine Huang et al. (2010). Biogenic amines like cadaverine, putrescine, spermidine
and spermine do not have any adverse health effect, but sometimes they react with nitrite
to form carcinogenic nitrosoamines Onal et al. (2013). Fresh fish do not contain free
histamine but contain amino acid L-histidine. Histamine is formed in fish by certain
bacteria capable of producing histidine decarboxylase enzyme which can converse the
free histidine, naturally present in the muscle of some fish, to histamine (FAO/WHO,
2013). High amounts of BA are produced significantly during processing and storage of
seafood as a result of microbial contamination and inadequate storage conditions through
decarboxylation of specific free amino acids by exogenous decarboxylase enzymes
released by microorganisms associated with seafood. Biogenic amines like histamine,
putrescine and cadaverine are considered as indicators of fish spoilage (Lee et al., 2015;
Biji et al., 2016). Histamine levels were detected in 352 (7.6%) samples, with a
maximum of 4,110 mg kg’ and mean values of 908.9 + 1,226.79 and 344.01 + 451.18
mg kg ' for fresh and processed fish samples, respectively. No histamine levels were
found in canned tuna and smoked fish samples in contrast to most of the data reported in
the literature Cicero et al. (2020). The current survey was established to isolate histamine
producing bacteria and determine histamine level using ELISA in fish and fish products

in Egypt.
MATERIALS AND METHODS

Samples

A total of 150 random samples of fish and fish products Table 1, were obtained from
retail shops in Giza Governorates. Twenty fish samples were collected from each of the
following: Nile tilapia (O. niloticus) , Ringa smoked herring (Clupea harengus), fesekh
salted (Mugil cephalus), fresh Mackerel fish (Scomberomorus brasiliensis), and Morgan
Red porgy (Pagrus pagrus), but 10 samples of fillet carp (Cyprinus carpio), and 40
samples of fresh sardine (Sardina pilchardus). Samples were transferred to the laboratory
in ice box under complete aseptic conditions. The specimens were taken from muscle and
internal organs from each fish homogenized by blender and immediately subjected to
bacteriological examination for histamine producing bacteria and estimation of histamine
levels.
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Table 1. Number and types of the examined fish samples.

Non Scombroid fish Scombroid fish

Types No. Types NO.
Nile tilapia 20 Ringa (Smoked herring) 20
Fillet carp 10 Fresh sardine 40
Morgan (Red porgy) 20 Fresh Mackerel 20
Fesikh (salted mullet) 20

Total 70 80

Microbiological Isolation and Identification

Tissue aliquots of 10 g from each fish sample were aseptically homogenized in a sterile
homogenizer flask with 90 ml of sterile 0.1% peptone for 2 min. The specific media
used were TCBS (Oxoid) for isolation of Vibrio species, Salmonella Shigella agar (Hi
media) and MacConkey agar (Hi media) for Enterobacteriaceae, cetrimide agar (Hi
media) for Pseudomonas species and mannitol salt agar medium (Oxoid) for
Staphylococcus species. Identification of bacterial isolates was carried out according to
Quinn et al. (2002).

Detection of histamine in fish tissue:

Determination of histamine in the fish samples was performed using ELISA method
(Rahimi et al., 2012) and specified histamine test kit obtained from R-Biophram AG,
German.

Histidine decarboxylase activity of the bacteria:

Screening of bacteria producing histamine was applied by using Niven agar (Niven et al.,
1981) for detection of purple halo around colonies as an indicator of histamine producing
bacteria among 15 fish positive for histamine production. Production of histamine by the
isolates was established by observing their ability to grow in Niven’s medium and
Niven’s modified medium as recorded by Niven et al. (1981); Joosten and Northolt
(1989) and Mavromatis and Quantick (2002). The plates were incubated at 37°C for
48-72 h and examined daily for detection of purple colony, surrounded by a purple halo
on a yellowish background.

RESULTS

Occurrence of bacteria among the examined samples:

The bacteriological examination of tested fish and fish product samples was illustrated in
Table (2) Data revealed that the most frequently isolated species were Klebsiella (33.3%)
followed by staphylococci (24.7%), Salmonella (22.7%), E. coli (18.7%), Pseudomonas
(18%), Proteus (16.7%) and Vibrio (6.7%) species.
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Table 2. Bacteria isolated from the examined fish and fish products.

Source No. of  Staphylococci Gram negative species
of exam.
isolates  Sample Pseudomon Vibrio Klebsiella E. coli Salmonella Proteus
S as
No. % No. % No. % No. % No. % No. % No. %
Tilapia 20 4 20 4 20 5 25 2 10 3 15 2 10
Morgan 20 2 10 1 5 1 3 15 3 15 3 15 1 5
Fillet 10 1 10 2 20 1 10 7 70 2 20 6 60 6 60
Mackerel 20 8 40 2 10 2 10 6 30 4 20 4 20 4 20
Sardines 40 11 27.5 5 125 2 5 12 30 4 10 8 20 7 175
Smoked 20 6 30 7 35 2 10 11 55 8 40 7 35 3 15
Herring
Fesikh 20 5 25 6 30 2 10 6 30 5 25 3 15 2 10
Total 150 37 24.7 27 18 10 6.7 50 333 28 18.7 34 227 25 167

Histamine Levels among the examined samples using ELISA:

Using Elisa test, 15 out of 150 examined fish and fish product (10%) had histamine in
their tissues. As shown in Table (3) the level of histamine found in Fesekh is 50 - 50.8
mg/100mg, Carp Fillet 22.5, Ringa 8 — 10, and Mackerel 20.6 — 23, Sardine 17.55- 23,
Morgan 12.59 and Tilapia 8.97-9.76 mg/100mg. Histidine content was 2.1-2.2 % of total

amino acid content in natural and acid assistant fermented fish product.

Table 3. Detection of histamine (mg/100mg) in tissues of fish and fish products.

Name Quantity (mg/100mg) Type
1. (Ringa) 10 Scombroid
2. (Ringa) 8 Scombroid
3.Mackerel 20.6 Scombroid
4.Mackerel 23 Scombroid
5.Sardine 19.62 Scombroid
6.Sardine 22 Scombroid
7.Fesikh 50 Non scombroid
8.Fesikh 50.8 Non scombroid
9. Tilapia 8.97 Non scombroid
10.Tilapia 9.76 Non scombroid
11. Fillet 22.5 Non scombroid
12.Sardine 17.55 Scombroid
13.Sardine 23 Scombroid
14. Morgan 12.59 Non scombroid
15. Morgan 12.59 Non scombroid




5 Histamine Producing Bacteria in Fish

Histamine level among the examined isolates using modified Niven’s method:
The bacterial isolates among 6 histamine positive fish were investigated. The isolates
were Klebsiella, Salmonella, E. coli, Proteus, staphylococci and Vibrio (Table 4).

Table 4. Histamine producing isolates among histamine positive fish.

Fish type Histamine amount Histamine producing bacteria
(mg/100mg)

Ringa 10 Salmonella, E. coli, Klebsiella and Proteus
Ringa 8 Staphylococci

Fesikh 50.8 Salmonella, Klebsiella and Proteus
Fesikh 50 Vibrio

Mackerel 20.6 E. coli

Sardine 22 Staphylococci and Klebsiella
DISCUSSION

In the present investigation 150 fish and fish products samples (Tilapia, sardines,
herring, mackerel, carp filet, Morgan, and pilchards) collected from Giza retail shops
were investigated bacteriologically by conventional identification methods.

The results in Table (2) revealed that the most frequently isolated species were
Klebsiella (33.3%) followed by staphylococci (24.7%), Salmonella (22.7%), E. coli
(18.7%), Pseudomonas (18%), Proteus (16.7%) and Vibrio (6.7%) species.
Piamsomboon et al. (2020) reported that Aeromonas and Edwardsiella species and
streptococci are commonly found in several important aquaculture species. Although fish
were apparently healthy, Photobacterium, Vibrio and Streptococcus species were
detected (Meron et al., 2020). The presence of bacteria in fish tissues is an indicative of
poor standards of process hygiene and mishandling during storage (Simora and Peralta,
2018).

Using ELISA test, 15 out of 150 examined fish and fish product (10%) had histamine
in their tissues. The level of histamine found in Fesekh was 50 - 50.8 mg/100mg, Carp
fillet 22.5, Ringa 8 — 10, and Mackerel 20.6 — 23, Sardine 17.55- 23, Morgan 12.59 and
Tilapia 8.97-9.76 mg/100mg. ELISA limit for quantification of histamine levels is 2-5
mg/kg, ranging from 0-500 mg/kg, and its general advantages are easy (Kkit), fast, low
equipment costs and possibility of multiple tests simultaneously (FAO/WHO, 2013).
However, in Canada, Switzerland, and Brazil the maximum permissible limit of
histamine in fish and fishery products is 100 mg/kg. The Australian and New Zealand
Food Standards Code states that the level of histamine in fish or fish products must not
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exceed 200 mg/kg. As well, the histidine content was 2.1-2.2 % of total amino acid
content in natural and acid assistant fermented fish product (Ezzat et al., 2015).

Data in Table (3), showed that the concentrations of histamine in the examined samples
of Mackerel ranged (20.6-23 mg/100mg). These results are higher than that reported by
Joshi and Bhoir (2011) , in addition the concentration of histamine in the examined
samples recorded in fresh mackerel 20 mg per 100 g, while the level of histamine in
examined Fesekh ranged 50- 50.8 mg/100mg, Sardine 17.55-23mg/100mg, Ringa 8-
10mg/100mg, Tilapia 8.97-9.76mg/100mg, Carp Fillet 22.5 mg/100mg, and in Morgan
12.59mg /100mg which were higher than the defect action level 5 mg/100 g given by
FDA (2011) .The obtained high histamine levels indicating potential risk for histamine
poisoning. However, scombroid fish poisoning will occur in a healthy individual only
when a dose of at least 50 mg histamine is consumed. This generally occurs when the fish
IS having a histamine level of more than 200 mg/kg. Freshly caught scombrotoxin
forming fish typically contain histamine level less than 2 mg/kg (FAO/WHO, 2013).

The concentrations of histamine in the examined samples of Fesekh ranged from
50-50.8 mg/ 100gm while Sardine ranged from 17.55-23 mg/ 100gm and smoked herring
ranged from 8-10 mg/ 100gm these results are lower than that reported by Nader et al.
(2016) which showed that the concentrations of histamine in the examined samples of
Fesekh ranged from 6.2 to 82.7 while salted sardine ranged from 4.6 to 37.2 and smoked
herring ranged from 4.1 to 58.7. The consumption of histamine in the range of 8-40 mg,
40— 100 mg or more in one meal may cause slight, intermediate and severe poisoning
respectively (Parente et al., 2001). In addition, the maximum acceptable limit for
histamine in seafood as per FDA regulation is 100 mg/Kg or 100 ppm. Low level of
biogenic amines does not cause a serious risk to human health, since the amine oxidase
(mono amine oxidase and diamine oxidase) in human intestine can detoxify these amines
(Biji et al., 2016).

The higher prevalence of Histamine Producing Bacteria (HPB) and levels of
histamine among sardine as compared with mackerel is in agreement with current results
that the sardine was caught locally in Egypt and sold in chilled as a sign of being fresh,
whereas mackerel was imported frozen and sold chilled in the markets and because BA
formation by bacteria is influenced by temperature between 20 and 37°C is optimum for
the growth of microorganisms containing decarboxylase as recorded by Maijala et al.
(1993). As well, once bacterial multiplication occurred the histidine decarboxylases
enzyme activity can continue slowly even after bacterial growth has ceased at
refrigeration temperatures (Lehane and Olley, 2000). The similar effect was recorded
when fish exposed to warm waters or air as for tunas which generate heat in their tissues
that enhance continuous formation of histamine (FDA, 2011). In this aspect, Biogenic
amine formation by bacteria is influenced by temperature. Temperature between 20 and
37 °C is optimum for the growth of microorganisms containing decarboxylase (Maijala
et al.,, 1993). In addition, if temperature conditions are suitable the histidine
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decarboxylating bacteria naturally present in the skin, gills and gut of a freshly caught
fish can multiply rapidly and form histamine. Once bacterial multiplication has occurred
the histidine decarboxylases enzyme activity can continue slowly even after bacterial
growth has ceased at refrigeration temperatures (Lehane and Olley, 2000). As well,
storage temperature is an important factor contributing to the biogenic amine formation
especially for fish that is exposed to warm waters or air and for tunas which generate heat
in their tissues (FDA, 2011). In this aspect, it is alleged that the HPB is portion of the fish
gut and gill microbiome; once the fish dies, the histamine producing bacteria HPB invade
the muscles and begin transformation of histidine to histamine where the dead fish
exposure to a temperature >4 for an extended period of time increases the activity of the
HPB and fastens histamine accumulation, while keeping the fish chilled immediately
after catching prevents this process (Sabry et al., 2019).

Screening of bacterial producing histamine was applied by using Niven agar for
detection of purple halo around colonies as an indicator of histamine producing bacteria
among 15 fish positive for histamine production. All spoilage microorganisms do not
decarboxylate free amino acids and even within the same species, not all strains develop
the same decarboxylating capacity. Hence a low BA concentration may not represent a
product with good microbial quality (Stadnik and Dolatowski, 2010). Meanwhile, Joshi
and Bhoir (2011) detected decarboxylating bacteria in fresh fish viz. Indian mackerel
and sardines as well as salted mackerel and sardines, Ibrahim et al. (2017) in carp fish
samples and Trevisani et al. (2017) in fish of the species Mugil cephalus, Liza aurata, L.
ramada, and L. saliens in Italia. The Niven’s method is considered as a suitable and
presumptive method in detection of biogenic amines in environmental samples (Soliman
etal., 2017).

In the present investigation Enterobacteriaceae was predominant histamine
producing bacteria among the examined fish and products. Ekici and Alisarli (2008)
recorded that during handling or processing of fresh Chalcalburnus tarichi
Enterobacteriaceae and Pseudomonas species can proliferate and have considerable
capacity for histamine formation. Enterococcus, Enterobacteriaceae, Lactobacillus,
Morganella, Photobacterium, Pseudomonas, Raoultella, Staphylococcus and
Tetragenococcus species were reported to be the most common bacteria to produce
biogenic amine compounds (Dalgaard et al., 2008; Satomi et al., 2011). Histamine
producing bacteria are recorded in Bacillus, Clostridium, Enterobacteriaceae, Hafnia,
Klebsiella, Lactobacillus, Morganella, Proteus, Pseudomonas, Staphylococcus and
Vibrio species (Joshi and Bhoir, 2011).

CONCLUSION

The application of early detection of biogenic amines mainly histamine producing
bacteria could reduce the health risk of histamine intoxication associated fish and fish
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product microbial deterioration. Improvement of a selective medium to detect
decarboxylating bacteria may be a valuable tool. Improvement of hygienic practices in
stores, retails, and markets, and emerging control measures for delaying formation of
biogenic amines may reduce the health risk of food poisoning.
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