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INTRODUCTION  

 

Fish is a significant part of the human diet, and there has been a rise in fish 

intake globally  (Jong, 2016; Arulkumar et al., 2021). It is widely known that 

fish and fish products are frequently linked to human illnesses. Thus, it is 

necessary to study the prevalence of pathogens in fish to ensure their safety  

(Arvanitoyannis and Tserkezou, 2014). Decarboxylation of amino acids by 

bacteria results in the production of biogenic amines in various foods 

(Hungerford, 2021). Foodborne illnesses caused by eating foods high in 
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Scombroid food poisoning is caused by the consumption of histamine-

containing foods. Since histamine is thermally stable, controlling histamine-

forming bacteria in seafood is an effective technique for limiting histamine 

generation. The aim of this study was to investigate the induced effects of 

gamma radiation on the development of histamine-forming bacteria, specifically 

Pantoea agglumerance, in both mackerel flesh and tryptone soya broth. 

Klebsiella pneumoniae, Pseudomonas fluoresense, Pantoea agglumerance, and 

Bacillus sp. are histamine-forming bacteria were cultured in tryptone soy broth 

and exposed to gamma irradiation at doses of 0.25–5 kGy. In the meantime, 

mackerel meat was injected with the histamine-forming bacteria and then 

gamma-irradiated at 0.25-5.0 kGy. K. pneumonia and Pseudomonas fluoresense  

were particularly susceptible to gamma irradiation, and at 1.5 kGy, they were 

completely destroyed. Pantoea agglumerance and Bacillus sp. were found to be 

more resistant, with total inactivation at 3.0 and 5.0 kGy, respectively. The D10-

values to inactivate 90% of the bacterial populations in tryptone soya broth and 

inoculated mackerel ranged from 0.13 to 1.03 kGy and 0.14 to 1.12 kGy, 

respectively, depending on the kind of bacteria. These findings imply that 

gamma irradiation can efficiently eradicate histamine-forming bacteria, 

lowering the risk of histamine poisoning from seafood. However, because 

modest doses of irradiation are ineffective in decreasing Bacillus sp, the early 

counts of Bacillus sp in fish samples should be closely monitored. 
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biogenic amines especially histamine, has gained a lot of attention in recent 

years because of the illnesses, health issues, and economic concerns that it 

creates. Histamine, a chemical concern and the primary cause of scombroid 

poisoning (FDA, 2020). 

Histamine is a post-mortem product found in fish muscle, but only in very 

small amounts in fresh fish. However, heat or bacterial enzymatic 

decarboxylation of free histidine in muscle might cause it to accumulate in fish 

during storage (Hungerford, 2021). Scombroid fish such as tuna and mackerel, 

which have a lot of free histidine in their muscles, are frequently linked to 

histamine poisoning (Mercogliano and Santonicola, 2019). Fresh fish 

comprises low quantities of histamine; however, inappropriate handling and 

storage of fish can enhance histamine formation through the development of 

histidine decarboxylating bacteria (Özogul and Özogul, 2020). 

The majority of bacteria involved in histamine production belong to the 

Enterobacteriaceae family. The most well-known members of this family 

include Morganella morganii, Klebsiella pneumoniae, Hafnia alvei, 

Enterobacter erogenes, and Pantoea agglumerance (Kim et al., 2000; Tsai et 

al., 2005; Russo et al., 2020). Clostridium sp., Vibrio alginolyticus, Bacillus 

thuringiensis, Acinetobacter lowffi, Pseudomonas putida, Pseudomonas 

fluorescens, Aeromonas sp., and Photobacterium have all been implicated with 

histamine poisoning (Russo et al., 2020). As a result, decreasing the incidence 

of histamine poisoning requires measures that regulate the production and 

accumulation of histamine in fish and fish products. Histamine, are formed when 

bacteria decarboxylate amino acids (Hungerford, 2021), and suppressing 

bacterial development is a successful strategy to lower the risk of histamine 

illness. Since histamine formation is temperature dependent, storing fish at low 

temperatures is a frequent approach of reducing histamine formation. 

(Mercogliano and Santonicola, 2019). Nevertheless, certain bacteria, like 

Photobacterium sp., may survive and produce histidine decarboxylase at cold 

temperatures (Emborg and Dalgaard, 2006). Consequently, preventing the 

production of histamine is not always possible with temperature management 

alone. Additionally, keeping low temperatures throughout the food chain is 

challenging, because temperature abuse is common across distribution (Nei et 

al., 2005). 

 Food irradiation is an appealing approach for lowering the incidence of 

biogenic amine poisoning (Arvanitoyannis and Tserkezou, 2014). Food 

irradiation is the process of subjecting foods to ionising radiation in order to 

destroy microorganisms and improve shelf life while lowering health risks. 

Irradiation of various foods, including meat products, fish and shellfish, and 

fresh vegetables, is generally accepted and permitted in more than 50 countries 
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(Nishihira, 2020).  Irradiation lowers the incidence of histamine poisoning, 

making it an appealing approach for enhancing food quality (Arvanitoyannis 

and Tserkezou, 2014). Damage to nucleic acids is the primary mechanism of 

ionizing radiation-induced microbial inactivation, through water radiolysis-

derived oxidative radicals either directly or indirectly damaging the body. 

Gamma irradiation is a clean, effective, ecofriendly, and energy-efficient 

decontamination method (Nishihira, 2020). Gamma radiation treatment of fish 

may diminish or eradicate prolific histamine producers and natural spoilage 

microbes, reducing microbiological spoiling during storage (Arvanitoyannis 

and Tserkezou, 2014). As a result, studies on the effectiveness of irradiation in 

regulating biogenic amines and biogenic amine-producing have been published 

(Nei et al., 2012). However, there is little information on the resistance of other 

histamine-producing bacteria, such as Pantoea agglumerance to gamma ray. 

The primary goals of this work were to assess the survival and resistance of 

histamine-forming bacteria to gamma irradiation in pure cultures and mackerel 

fish. 

MATERIALS AND METHODS  

 

Bacterial isolates 

Histamine-forming bacterial isolates (Klebsiella pneumoniae, 

Pseudomonas fluoresense, Pantoea agglumerance, and Bacillus sp) were kindly 

supplied by the food microbiology laboratory at the National Center for 

Radiation Research and Technology (NCRRT). The tested bacterial isolates 

were confirmed for histamine-producing ability on Niven’s medium (Niven et 

al., 1981).  

Preparation of bacterial-cell suspension 

The stock cultures of each bacterium was separately cultured in 100 mL 

tryptone soy broth (TSB; Oxoid Ltd., Basingstoke, Hampshire, England) at 37C 

for 24 h. The initial bacterial counts were determined as total plate counts on 

tryptic soy agar (TSA; Oxoid Ltd., Basingstoke, Hampshire, England). The 

culture broths were 10-fold serially diluted in physiological saline (0.85% NaCl, 

w/v), and a 0.1-mL aliquot from each dilution was spread plated on tryptic soy 

agar in duplicate and incubated at 37C for 24 h to obtain cell suspension of 

approximately 10
7
–10

8
 CFU/mL. 

Bacterial inoculation in pure culture and on mackerel meat 

Mackerel fish samples were obtained from an Egyptian fish market and 

chopped into “1.3 cm × 1.3 cm × 1.3” cm pieces. To eliminate background 
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microflora, 10 g of each sample was put in sealed polyethylene bags and treated 

to 20 kGy of gamma radiation under refrigerated conditions (Ramakrishna 

Reddy et al., 2020). Then 0.5 mL of the culture suspension was aseptically 

inoculated onto sterilized mackerel muscle, and then incubated for 1.0 h at room 

temperature to allow surface attachment of the inoculated bacteria.  The 

inoculated mackerel samples were immediately treated with irradiation after 

drying. Three tubes (each containing 9 mL of the work culture suspension of 

each bacteria) were used. For each irradiation dose, three tubes from each 

bacterial isolate were used (Ramakrishna Reddy et al., 2020).  

Gamma irradiation  

Survivability studies of selected histamine formers both in broth and on 

surface-inoculated mackerel muscle were performed according to Gautam et al. 

(2015). Briefly 3 test tubes from each bacterial strain containing 9 mL of 

tryptone soy broth suspensions were made as previously mentioned, then 

irradiated at ambient temperature. Irradiation dosages of 0.25, 0.5, 0.75, 1.0, 

1.25, 1.5, 1.75, 2.0, or 2.5 kGy were applied to broth suspension and mackerel 

meat spiked with Klebsiella pneumoniae and Pseudomonas fluoresense bacteria. 

While broth suspensions and mackerel meat inoculated with Pantoea 

agglumerance and Bacillus sp. were subjected to irradiation dosages of 0.5, 1.0, 

1.5, 2.0, 2.5, 3.0, 3.5, 4.0, or 4.5 kGy. Control samples (0.0 kGy) evaluated for 

all cultures were not exposed to irradiation. Each histamine-producing bacterial 

strain was tested in three replicates at each dose. Irradiation was carried out 

using a cobalt-60 gamma source (Gamma Chamber 4000, India), at National 

Center for Radiation Research and Technology (NCRRT), Nasr City, Cairo, 

Egypt. The dose rate of this source during the time of irradiation was 0.950 

kGy/h. The dose rate was established using alanine transfer dosimeter (Bruker 

Instruments, Rheinstetten, Germany). Radiation dose variations in test samples 

were reduced by placing them in a uniform area of the radiation field.  

Microbial analysis 

Following irradiation, the samples were tested for surviving bacteria 

using standard microbiological techniques. Serial dilutions were prepared for 

each tube to count the surviving colonies for each histamine-forming bacteria in 

the tryptone soya broth. For detection of the surviving bacteria in the mackerel 

meat, 90 mL of sterile physiological saline (0.85% NaCl, w/v) was added to 

sample bags that contained 10 g of inoculated sample, and the sample was 

mixed by stomaching for 90 s. Decimal dilutions were done (10-fold dilutions). 

Diluted samples (1.0 mL) were plated onto Petri dishes and poured by tryptone 

soya agar (TSA; Oxoid Ltd., Basingstoke, Hampshire, England) medium and 

incubated at 37C for 24 h and then counted (Sommers and Rajkowski, 2011). 
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Decimal reduction dose (D10-value)  

When the bacterial counts dropped to the detection thresholds (1.0 log 

CFU/g for mackerel meats and 1.0 log CFU/mL for tryptone soya broth), the 

survival of histamine-producing bacteria was confirmed. The radiation-decimal 

reduction curves were constructed by plotting the average number of surviving 

viable cells against the radiation doses. Linear regression was used to determine 

the slope of each survival curve using Origin 2018 (OriginLab Corporation). By 

using the negative reciprocal of the survival curve slope, the D10-value was 

computed (Sommers and Rajkowski, 2011). 

Statistical analysis 

Using Origin 2018 (OriginLab Corporation), the experimental findings 

and the slope of the various survival curves were examined and determined. The 

experiments were carried out three times, and the D10-values are presented as 

means and standard deviations.  

  

RESULTS  
 

Radiation sensitivity of K. pneumoniae 

K. pneumoniae are the most important members of the 

Enterobacteriaceae family that are predominantly implicated in histamine 

poisoning. A known count of bacteria, ranging from 8.48 log CFU/mL in TSB to 

8.70 log CFU/g in mackerel meat, was recovered prior to the irradiation 

procedure. Gamma irradiation reduced the count of K. pneumoniae, and the 

reduction was increased by higher doses of irradiation. At 1.0 and 1.25 kGy, 

respectively, the bacterial count in tryptone soya broth was reduced by 7.30 and 

6.05 log CFU/mL. However, K. pneumoniae was entirely destroyed at 1.5 kGy. 

While in mackerel meat, K. pneumoniae displayed radiation resistance compared 

to the tryptone soya broth, as the bacterial count was fewer than the detection 

limits (1.0 log CFU/g) when spiked mackerel was irradiated at 1.75 kGy. K. 

pneumoniae was susceptible to gamma radiation, with mean D10-values in 

tryptone soya broth and mackerel flesh, respectively, ranging from 0.17 to 0.27 

kGy as shown in Table 1 and Fig. 1. The D10-values for K. pneumoniae in 

mackerel fish was higher than tryptone soya broth. 
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Fig. (1): Radiation-dose response curves of K. pneumoniae suspended in tryptone soya 

broth and in mackerel fish 

 Radiation sensitivity of P. fluoresense 

The impact of gamma irradiation on P. fluoresense bacterial counts in 

tryptone soya broth and mackerel meat was studied. The non-inoculated 

mackerel samples were examined for bacterial count on the tryptone soya agar 

before the irradiation treatment, and no bacterium count was detected. The initial 

counts of bacteria were ranged from 8.60 to 8.69 log CFU in both tryptone soya 

broth and mackerel muscles, respectively. After 1.0 kGy, the bacterial counts of 

P. fluoresense in tryptone soya broth and mackerel fish were reduced by 7.4 log 

CFU/mL and 7.2 CFU/g, respectively. This indicates the sensitivity of P. 

fluoresense to gamma irradiation. Additionally, the dosage-related log decreases 

in bacterial counts were linear, and P. fluoresense was completely eradicated at 

doses lower than 1.5 kGy. The bacterial cells were enriched in tryptone soya 

broth before counting after 1.5 kGy to ensure the resuscitation of those that had 

been damaged during the irradiation procedure. After enrichment, no P. 

fluoresense recovery was detected in 1.5 kGy or 2.0 kGy treated samples. Table 

1 and Fig 2 illustrate the radiation sensitivity of P. fluoresense calculated from 

the survival curves. The D10-values were ranged from 0.13 to 0.14 kGy 

indicating a variation depending on the type of substrate. The survival curves 

obtained were linear in their nature (R= 0.9973 and 0.9995 for tryptone soya 

broth and mackerel fish meat, respectively) as shown in Fig. 2. 
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Fig. (2): Radiation-dose response curves of P. fluorescens suspended in tryptone 

soya broth and in mackerel fish 

Radiation sensitivity of P. agglumerance 

The initial count of P. agglumerance decreased from 8.60 to 1.34 log 

CFU/mL and 2.3 log CFU/g in both tryptone soya broth and mackerel muscle, 

respectively. 2.0 kGy was sufficient to reduce the population of this organism by 

6.2 log CFU/mL in tryptone soya broth, and 5.15 log CFU/g in mackerel meat. 

However, 3.0 kGy completely eliminated this species. After enrichment, 

mackerel samples inoculated with P. agglumerance showed 100% elimination at 

a dosage of 3.0 kGy. The dose necessary to decrease 1 bacterial log was about 

0.34 and 0.39 kGy in tryptone soya broth and mackerel meat, respectively as 

shown in Table 1 and Fig. 3. 

 
Fig. (3): Radiation-dose response curves of P. agglumerance suspended in 

tryptone soya broth and in mackerel fish 
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Radiation sensitivity of Bacillus sp. 

Nearly 5.04-5.0 log CFU of Bacillus sp was recovered before irradiation. 

Bacillus sp. displayed resistance to gamma rays, with reductions of 3.34 and 

3.26 log CFU at a 3.5 kGy irradiation dosage in both tryptone soya broth and 

mackerel flesh. Therefore, even after irradiation at 4.0 kGy, it was difficult to 

eliminate Bacillus sp, and greater doses would be necessary to ensure total 

eradication. Until 4.0 kGy, there was a definite inverse connection between the 

dosage and the level of surviving bacteria.  At 4.5 kGy, the growth of the 

bacteria in tryptone soya broth and mackerel flesh was totally suppressed. 

However, after enrichment at 4.5 kGy, bacteria were recovered from treated 

mackerel samples, but recovery was not detected at 5.0 kGy. The D10-values for 

Bacillus sp. in tryptone soya broth (1.03 kGy) and mackerel muscle (1.12 kGy) 

were nearly identical as illustrated in Table 1 and Fig. 3. The histamine-

producing bacteria on mackerel meats were less sensitive to radiation than those 

in tryptone soya broth. Although variations in water and oxygen conditions were 

given as possible reasons since these factors have a significant influence on 

bacteria radiation sensitivities, the difference in radiation sensitivities between 

tryptone soya broth and mackerel meats could not be explained. 

 

 
 

Fig. (4): Radiation-dose response curves of Bacillus sp. suspended in tryptone soya 

broth and in mackerel fish 

Table 1: The radiation D10-values of histamine-producing bacteria 

  
D10-value* 

K. pneumoniae P. fluoresense P. agglumerance Bacillus sp. 

Tryptone 

soya broth 
0.17 ± 0.04 0.13 ± 0.02 0.34 ± 0.01 1.03 ± 0.02 

Mackerel 

meat 
0.27 ± 0.01 0.14 ± 0.02 0.39 ± 0.02 1.12 ± 0.04 

* The radiation D10-values are shown by the average of three separate trials and their 

standard deviations (n = 3). 
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  DISCUSSION 
 

Histamine poisoning is most commonly connected with scombroid fish 

such as mackerel, which has high quantities of free histidine and is most likely 

the optimal species for histamine formation (Özogul and Özogul, 2020; 

Hungerford, 2021). As a result, approaches for limiting histamine development 

as well as histamine-forming bacteria in fish play an essential role in lowering 

the incidence of illness and scombroid poisoning. Since histamine are formed as 

a result of decarboxylation of histidine by decarboxylating bacteria, inhibiting 

the growth of these bacteria is an efficient strategy to lower the risk of getting 

sick (Křížek et al., 2012; Russo et al., 2020; Houicher et al., 2021). 

K. pneumoniae, Morganella morganii and Raoultella planticola are well-

known bacterial strains that have been linked to histamine formation (Russo et 

al., 2020). For controlling the production of histamine, it is crucial to determine 

these species' radiation sensitivity or resistance. Most early investigations 

focused on the radiosensitivity of histamine producers that produce large 

amounts of histamine, as Morganella morganii, Klebsiella variicola, and 

Raoultella planticola (Nei et al., 2012; Ramakrishna Reddy et al., 2020). For 

inistance, Nei et al. (2012) reported the D10-value of Morganella morganii, 

Enterobacter aerogenes, and Raoultella planticola bacteria within range of 0.32 

to 0.42 kGy. Human health may be jeopardized by other species, even if they 

only generate trace levels of histamine. Along with Gram-positive bacteria like 

Bacillus sp., which has a well-established history of producing histamine. For 

example, Bacillus coagulans and Bacillus megaterium were identified as the 

main histamine-producing bacteria (Tsai et al., 2006). The radiation sensitivity 

of other histamine-forming bacteria, such as Pantoea agglomerans has not been 

described. Thus, the survivability of four HIS-forming bacteria exposed to the 

radiation were studied in both tryptone soya broth and artificially inoculated 

mackerel meat.  

The initial counts of K. pneumoniae, P. fluorescens, P. agglumerance, 

and Bacillus sp., were ranged from 8.48 to 8.70, 8.60 to 8.69, 8.60 to 8.61, and 

5.04 to 4.97 log CFU, respectively. The bacterial count of K. pneumoniae was 

significantly decreased after gamma irradiation. K. pneumoniae was extremely 

susceptible to gamma radiation, with a mean D10-value of 0.17 kGy in tryptone 

soya broth and 0.27 kGy in mackerel flesh. At 1.5 kGy, complete reduction was 

accomplished. Its growth was fully halted with a radiation dose of 1.5 kGy. 

Gautam et al. (2015) reported the D10-value of K. pneumoniae in mixed sprouts, 

poultry and fish samples within 0.142, 0.125 and 0.277 kGy, respectively. In 

both nutrient broth and tuna flesh, K. variicola was suppressed at a dose of 1.5 

kGy (Ramakrishna Reddy et al., 2020). 
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The growth of P. fluoresense, on the other hand, were reduced by 7.4 log 

CFU/mL and 7.2 log CFU/g after 1.0 kGy in tryptone soya broth and mackerel 

fish, respectively. In tryptone soya broth and mackerel flesh, the mean D10-

values of P. fluoresense were 0.13 and 0.14 kGy, respectively. The D10-value of 

P. fluoresense in buffered peptone water was 0.12 kGy (Olanya et al., 2015).  

Significant reduction also have been noted in case of P. agglumerance; 6.20 log 

CFU/mL and 5.15 log CFU/g reduction was obtained at 2.0 kGy. However, 3.0 

kGy completely eliminated this species. The D10-values for P. agglumerance in 

tryptone soya broth (0.34 kGy) and mackerel muscle (0.39 kGy) were 

significantly different. To the best of our knowledge, there are no reports 

available for the radiation sensitivity of P. agglumerance. Despite the fact that 

ground beef included Escherichia coli and Salmonella enterica, two closely 

related genera of Enterobacteriaceae, their individual D10-values ranged from 

0.24 to 0.31 kGy and 0.62 to 0.80 kGy (Begum et al., 2020). 

In the current study, Bacillus sp. exhibited greater gamma radiation 

resistance, with a mean D10-value ranging from 1.03 to 1.12 kGy in tryptone 

soya broth and mackerel flesh, respectively. In a previous study, Bacillus sp. 

T61 was shown to be extremely resistant to gamma radiation, with a D10-value 

of 10%, significantly greater than that of radiation-sensitive E. coli K12 

(Huijuan et al., 2014). However, it was difficult to eliminate Bacillus sp. even 

after irradiation at 4.0 kGy, and higher doses (5.0 kGy) would be required to 

achieve complete elimination. Fish irradiation has been offered as an attractive 

method of preservation for prolonging the shelf life of refrigerated and stored 

fish as well as qualitatively and quantitatively lowering the microbial counts in 

fish and fish products. The shelf-life of fish was prolonged by irradiating it at 

doses of 3.0-4.0 kGy without any discernible temperature increase and without 

changing the fish's organoleptic properties (Arvanitoyannis and Tserkezou, 

2014; Nishihira, 2020). S. aureus, E. coli, and Listeria monocytogenes may all 

be eradicated with radiation doses of 3.0 kGy and 4.0 kGy, respectively, without 

affecting the physicochemical properties of the fish (Mohamed et al., 2009). 

However, high doses of radiation (above 4.5 kGy) can cause oxidative 

damage in fish, a decrease in fatty acid content, and an increase in 

thiobarbituricacid production, which can result in the generation of radiolysis 

products and the destruction of thiamine (B1) while retaining riboflavin (B2) 

(Erkan, 2014). A maximum dose of absorbed radiation of up to 10 kGy has 

been set by Codex Alimentarius. While the highest allowable dose for 

processing fish products USA, Canada, and Brazil is 2.2 kGy, it is 3.0 kGy in 

England, France, and the Netherlands (Chauhan et al., 2009). 

 Histamine-producing bacteria on mackerel meats were less sensitive to 

radiation than those in tryptone soya broth. This could be attributed to the 
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variation in intrinsic and extrinsic parameters, such as pH, oxygen tension, 

protein composition, and bacterial rate of growth, which might influence the 

sensitivity of various bacteria in a specific medium (Thayer et al., 1995; 

Sommers and Boyd, 2006; Gomes et al., 2011). it has been reported that the  

radiation sensitivity of K. pneumoniae MTCC 109 was significantly greater (P < 

0.05) in aqueous media than on sprout homogenate, poultry homogenate, and 

fish homogenate (Gautam et al., 2015). In that study, the radiation sensitivity of 

K. pneumoniae MTCC 109 was 0.116 kGy in saline, 0.136 kGy in nutrient 

broth, 0.142 kGy in sprout homogenate, 0.125 kGy in poultry homogenate, and 

0.277 kGy in fish homogenate. The strain, temperature, pH, and water content of 

foods were also shown to have a significant impact on radiation sensitivity 

(Buchanan et al., 1999; Gautam et al., 2015; Olanya et al., 2015; Osaili et al., 

2018). 

Novoslavskij et al. (2016) have reported differences in D10-values of 

pathogens like S. aureus, Vibrio sp., A. hydrophila, S. typhimurium, S. typhi, S. 

fecalis, B. cereus, L. monocytogenes, and Y. enterocolitica in different 

fish/shellfish media (surface of prawns, shrimp and fish paste, shrimp, fish, and 

oyster homogenate) at varied temperatures (ambient temperature to ‒20ºC) and 

atmosphere (air/vacuum). High quantities of histamine have been detected in 

fish as well as liquid food items like milk and fish sauce, thus techniques of 

regulating these bacteria must be developed in order to keep perishable food 

products safe (Magwamba et al., 2010; Ma et al., 2022). This study's findings 

show that irradiation is a successful strategy for lowering the histamine-forming 

bacteria. Since early microbial population has a substantial influence on the 

accumulation of biogenic amines, gamma irradiation should be considered as an 

intervention approach to reduce the danger of histamine poisoning in fish and 

fish products (Křížek et al., 2012). The radiation dose required to limit the 

development of histamine-forming bacteria is determined by the bacterial 

resistance, which may necessitate combined treatment. 

 

CONCLUSION 

 

The impacts of gamma rays on histamine-forming bacteria were 

investigated in this study. The findings of this investigation demonstrated that 

gamma irradiation significantly decreased histamine-producing bacteria that 

were artificially inoculated in mackerel meat. In both K. pneumoniae and P. 

fluorescens, the lower dosage (1.5 kGy) significantly decreased the microbial 

load in mackerel muscle by 4 to 5 log CFU/g, which would be adequate to 

eradicate naturally occurring histamine formers in fish muscles. To the best of 

our knowledge, the radiation sensitivity of P. agglumerance in tryptone soya 
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broth and mackerel meat injected with bacterial cells is reported for the first 

time, with D10-values of 0.34 and 0.39 kGy, respectively. However, because 

low-dose irradiation is inefficient in reducing Bacillus sp, early counts of this 

bacteria in fish samples should be regularly monitored. Given that, with the 

exception of Bacillus sp., histamine-forming bacteria in fish muscle are typically 

radiation sensitive, gamma irradiation may successfully inhibit histamine 

formation in mackerel, ensuring its safety for human intake. 
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