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Abstract
The aim of the present study was to assess the evolution of psychrophilic, mesophilic and hista-

mine forming bacteria along with the accumulation of cadaverine, histamine, putrescine, spermi-

dine, spermine, tryptamine and tyramine during ice storage of mud spiny lobster (Panulirus

polyphagus). Total mesophilic, psychrophilic and amine forming bacteria were initially enumer-

ated at 2.62, 2.14 and 2.10 log cfu/g muscle, respectively and reached 7.07, 7.11, and 6.80 log

cfu/g muscle, respectively, after 15 days of ice storage. Tryptamine, putrescine and histamine

were detected from the 5th day, tyramine, spermidine, and spermine from the 10th day and

cadaverine only at the 15th day of storage. Positive correlation of mesophilic and psychrophilic

bacteria with tryptamine, putrescine and tyramine was detected. Species belonging to Entero-

bacter spp., Proteus spp., Klebsiella spp., Citrobacter spp., Photobacterium spp., Serratia spp., and

Morganella morganii able to produce histamine, putrescine, cadaverine and tyramine were iso-

lated during storage. The results obtained suggest that P. polyphagus muscle can be stored in ice

for short period of time, which may reach 10 days. After the 10th day of ice storage, accumula-

tion of biogenic amines may constitute a potential health hazard.

Practical applications
To improve our understanding of freshness and bacterial species contribution to biogenic

amines production in lobster during ice storage, knowledge of the microecosystem dynamics is

necessary. Therefore, we investigated the dynamics of mesophilic, psychrophilic and histamine

forming bacteria as well as the evolution of cadaverine, histamine, putrescine, spermidine, sper-

mine, tryptamine and tyramine during ice storage of mud spiny lobster (Panulirus polyphagus).

The results of the present study could be useful to assure the safety of lobster by controlling

the biogenic amines content.

1 | INTRODUCTION

Crustaceans, such as shrimps and lobsters, are among the most deli-

cious and important seafoods worldwide. Although their consumption

increases steadily over the last years, their spoilage has not been ade-

quately assessed. India is the second largest seafood exporter in the

world next to China with the export performance of 1,051,243.00

metric tons (MT) valued at Indian Rupees 33,441.61 crores and US

$5,511.12 million during the year 2014–2015. Frozen items such as

shrimp with 357,505.00 MT (₹22,468.12), fin fishes and squid with

309,434.00 MT (₹3,778.50) and 69,569.00 MT (₹1,275.25), respec-

tively, are exported worldwide (MPEDA, 2016). These products may

be rejected if elevated levels of biogenic amines are detected. Bio-

genic amines are a group of compounds formed by decarboxylation of

low molecular weight amino acids and may be naturally present in ani-

mal tissues or formed following postmortem changes through the

decarboxylation of free amino acids. Although many biogenic amines

have been found in fish, only histamine, cadaverine, and putrescine

are considered to be significant in terms of safety and quality determi-

nation (Albulushi, Poole, Deeth, & Dykes, 2009). Histamine is
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produced in fish by certain microorganisms that are capable of pro-

ducing the enzyme histidine decarboxylase (HDC) that catalyzes the

reaction of free histidine, which is naturally present at high levels in

the tissue of the fish, to histamine (EFSA, 2011). Morganella psychroto-

lerans, Morganella morganii, Photobacterium damselae, P. phosphoreum,

Raoultella planticola, and Hafnia alvei have the capability to produce

toxic concentrations of histamine at 0–5 �C (Emborg & Dalgaard,

2006). Moreover, it has been suggested that the enzymatic activity of

HDC may continue even after the bacterial autolysis (Kanki, Yoda,

Tsukamoto, & Baba, 2007).

The biogenic amine content in fish and fishery products depend

upon the fish type, muscle type, handling, and storage conditions.

Therefore, their accumulation in a variety of products such as Indian

mackerel (Rastrelliger kanagurta), barramundi (Lates calcarifer), mack-

erel (Pneumatophorus japonicus), carp (Cyprinus carpio), orange-spotted

grouper (Epinephelus coioides), hake (Merluccius merluccius), tiger-

toothed croaker (Otalithes ruber), milk Fish (Chanos chanos), and Indian

whiting (Sillago indica) has been studied (Arulkumar, Karthik, Paramasi-

vam, & Rabie, 2017; Bakar, Yassoralipour, Abubakar, & Rahman, 2010;

Bita, Malekpouri, Mohammadian, Varzi, & Kochaian, 2015; Jiang et al.,

2013; Chong, Abubakar, Rahman, Bakar, & Zaman, 2014; Krizek,

Vacha, Vorlova, Lukasova, & Cupakova, 2004; Moini et al., 2012;

Ruiz-Capillas & Moral, 2001). Regarding crustaceans, the biogenic

amine content of humpback shrimp (Pandalus hypsinotus) and swim-

ming crab (Portunus trituberculatus) available in retail markets of Korea

(Kim, Mah, & Hwang, 2009) as well as their accumulation during stor-

age of shrimp species (Litopenaeus setiferus, L. brasiliensis, and

L. vannamei) and Norway lobster (Nephrops norvegicus) have been

reported (Benner, Staruszkiewicz, Rogers, & Otwell, 2003; Prester,

Orct, Macan, Vukusic, & Kipcic, 2010). In addition, the composition of

the microecosystem that develops during storage of Norway lobster

tail meat has been assessed (Bekaert, Devriese, Maes, & Robbens,

2015; Gornik, Albalat, Macpherson, Birkbeck, & Neil, 2011). On the

contrary, no such data are currently available for mud spiny lobster

(Panulirus polyphagus). The aim of the present study was to evaluate

the psychrophilic, mesophilic, and histamine forming bacteria along

with the accumulation of cadaverine, histamine, putrescine, spermi-

dine, spermine, tryptamine and tyramine during ice storage of

P. polyphagus.

2 | MATERIALS AND METHODS

2.1 | Samples collection

Ten samples of P. polyphagus were collected from Thondi coast,

(Latitude: 9� 440 N and Longitude: 79� 00E), Palk Bay, India, placed in

sterile polyethylene bags and transported to the laboratory in ice in an

insulated box. The samples were cleaned with sterile seawater to

remove extraneous dirt, the lobster shell was removed using sterile

utensils and the muscle was immediately stored in ice boxes under ice

coverage with a 3:1 ratio of ice (wt/wt, ice to the lobster). Panulirus

polyphagus samples were stored at 0 �C for 15 days using crushed ice

in Milton ice box and temperature was continuously monitored. The

melted ice water was removed by drainage opening of the ice box and

replaced by fresh ice to maintain the required temperature. Sampling

was performed at days 0, 5, 10 and 15. Each day two lobsters were

used for analysis.

2.2 | Microbiological analyses

Lobster meat samples (10 g) were aseptically homogenized with 90 ml

of sterile saline. Serial dilutions were performed in the same diluent;

aliquots (0.1 ml) were spread on the surface of Trypticase Soya Agar

(Himedia, Mumbai, India) and incubated at 20 �C for psychrophilic

bacteria and 35 �C for mesophilic bacteria. Enumeration took place

after 96 and 48 hr for psychrophilic and mesophilic bacteria, respec-

tively and the microbial population was expressed as log10 cfu per

muscle weight (g).

Histamine producing bacteria were detected according to Niven,

Jeffrey, and Corlett (1981). More accurately, aliquots (0.1 ml) of the

serial dilutions described above were spread on the surface of the

proposed differential medium (in g/L: tryptone, 5; yeast extract, 5; L-

histidine hydrochloride, 27; NaCl, 5; CaCO3, 1; bromocresol purple,

0.06; agar, 20; pH 5.3) and incubated at 30 �C for 48–72 hr. Positive

colonies along with representative ones of psychrophilic and mesophi-

lic bacteria obtained according to Harrigan and McCance (1976) were

purified by successive subculturing on TSA and phenotypically identi-

fied according to the Bergey's manual of systematic bacteriology.

2.3 | Biogenic amine analyses

The potential of the bacterial isolates to produce biogenic amines was

assessed by thin layer chromatography (TLC). More accurately, over-

night cultures of the bacterial isolates were inoculated into Luria Ber-

tani broth (Himedia) supplemented with 0.25% L-histidine

monochlorohydrate, L-ornithine, L-lysine monochlorohydrate, and

L-tyrosine. Incubation time and temperature was according to the psy-

chrophilic or mesophilic nature of the isolates. Then, sample prepara-

tion and TLC took place according to Garcia-Moruno, Carrascosa, and

Munoz (2005). In brief, biomass was separated from the supernatant

with centrifuge (10,000 x g; 10 min; 4 �C) and the amines present in

the supernatant were converted to their fluorescent dansyl deriva-

tives with the addition of one volume of 250 mM disodium phosphate

(pH 9.0) and two volumes of dansyl chloride (0.5 mg/ml dansyl chlo-

ride in acetone) to one volume of the supernatant. The mixture was

incubated at 55 �C for 1 hr in the dark. The samples were then stored

at 4 �C until further use. Standard amine solutions (5 g/L histamine

dihydrochloride and 250 mg/L putrescine dihydrochloride, cadaverine

dihydrochloride, and tyramine hydrochloride) were similarly prepared

and served as control. Fractionation of the amines took place on pre-

coated silica gel 60 F254 TLC plates (Merck, Darmstadt, Germany).

Separation was performed in chloroform : triethylamine (4:1). Visuali-

zation was performed with a UV transiluminator (312 nm) after spray-

ing with isopropanol-triethanolamine (4:1).

Detection of biogenic amines was also performed in P. polyphagus

samples throughout storage by high performance liquid chromatogra-

phy (HPLC). Panulirus polyphagus muscle samples were homogenized

in a warring blender for 3 min. Then 5 g were transferred to 50 ml

centrifuge tube and homogenized with 20 ml of 6% trichloroacetic
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acid (TCA) for 3 min. The homogenates were centrifuged (10,000 x g;

10 min; 4 �C) and the supernatant was filtered through Whatman

No. 2 filter paper (Whatman, Maidstone, England). The filtrates were

then placed on volumetric flasks, and TCA was added to bring to a

final volume of 50 ml. One milliliter aliquot of the lobster extract was

derivatized with dansyl chloride using the same procedure as for the

dansylation of standard amine solution.

The HPLC system (Hitachi, Tokyo, Japan) consisted of a model

L-7100 pump, a Rheodyne model 7125 syringe loading sample injec-

tor, a model L-4000 UV-vis detector (set at 254 nm), and a model

D-2500 Chromato-integrator. Lichrospher 100 RP-18 reversed phase

column (5 μm, 125 × 4.6 mm, Merk, Damstadt, Germany) was used

for chromatographic separation. The gradient elution program began

with 50:50 (vol/vol) acetonitrile : water at a flow rate of 1.0 ml/min

for 19 min followed by a linear increase to 90:10 acetonitrile : water

(1.0 ml/min). During the next 1.0 min, the acetonitrile : water

decreased to 50:50 (1.0 ml/min) for 10 min. The temperature is set at

22.5 �C. All analyses were performed in triplicate.

2.4 | Statistical analysis

One way analysis of variance (ANOVA) was used to compare the values

obtained from each days (p < .05). The Pearson correlation was car-

ried out to determine the fitted relationships between psychrophilic,

mesophilic, histamine forming bacteria loads, and biogenic amines

content in all the tested samples. Data are expressed as mean � stan-

dard deviation. All analyses were performed in SPSS 14 for Windows.

3 | RESULTS AND DISCUSSION

3.1 | Microbiological analyses

The initial (day 0) mesophilic, psychrophilic, and histamine forming

bacterial counts in P. polyphagus meat were 2.62, 2.14, and 2.10 log

cfu/g muscle, respectively, demonstrating its good quality. Indeed, the

initial psychrophilic bacteria counts of Norway lobster were higher

than 3 log cfu/g (Bekaert et al., 2015; Gornik et al., 2011). During stor-

age at 0 �C, all counts increased reaching at the end of the experiment

7.07, 7.11, and 6.80 log cfu/g muscle, respectively (Figure 1). Similar

results were also reported by Bekaert et al. (2015), in the study of

which the psychrophilic bacteria counts of Norway lobster increased

to 8 log cfu/g after 13 days storage at 2 �C. On the contrary, the psy-

chrophilic bacteria counts decreased to 1.86 cfu/g after 7 days stor-

age at 0 �C. Bita et al. (2015) reported that the mesophilic bacteria

exhibited faster development than the psychrophilic ones, which

strongly suggested a considerable role in the spoilage of orange-

spotted grouper (E. coioides) at the end of the 15 day storage at 0 �C.

Moini et al. (2012) observed that psychrophilic bacteria were domi-

nant during ice storage of O. ruber. Moreover, total psychrotrophic

and mesophilic bacteria were initially enumerated at 2.63 and 3.60 log

cfu/g muscle, respectively, and increased to 7.63 and 8 log cfu/g mus-

cle, respectively, after 18 days of storage. Kim et al. (2009) reported

that the majority of the biogenic amine forming bacteria was psychro-

philic rather than mesophilic. The increased bacterial load of 6–7 log

cfu/g has been held responsible for the formation of 50 μg/g of hista-

mine, that is, the maximum acceptable level of histamine for human

consumption (Albulushi et al., 2009; USFDA, 2001). Likewise, Kim

et al. (2009) pointed out the contribution of psychrophilic bacteria to

histamine as well as putrescine and cadaverine formation in different

fish and shellfish.

3.2 | Identification and biogenic amine production
by mesophilic, psychrophilic, and histamine forming
bacteria

A total of 38 isolates were obtained throughout storage of the lobster

samples. In Table 1, the phenotypic strains along with the taxonomic

affiliation of the isolates are exhibited. Enterobacter spp., Proteus spp.,

Klebsiella spp., Citrobacter spp., M. morganii, Serratia spp., and Photo-

bacterium spp. were isolated during the experiment. Proteus sp. and

M. morganii formed the microecosystem in the beginning of the exper-

iment (Figure 2). The microecosystem was enriched with the remain-

ing genera from the 5th day of storage. The composition of the

microecosystem developed during storage of Norway lobster at 0 and

2 �C was also reported by Gornik et al. (2011) and Bekaert et al. (2015),

respectively. In the first study, the initial microecosystem consisted of

P. phosphoreum-like, P. profundum-like, Pseudoalteromonas haloplankto-

nis-like, Shewanella putrefaciens-like, Vibrio lentus-like, V. logei-like,

V. splendidus-like, and Psychrobacter nivimaris-like, while after 7 days

storage at 0�C it consisted of P. phosphoreum-like, P. profundum-like

V. logei-like and V. splendidus-like. A rather different initial microeco-

system composition was reported by Bekaert et al. (2015); Pseudoal-

teromonas spp., Pseudomonas spp., and Shewanella spp. formed the

initial microecosystem while Psychrobacter spp., Pseudomonas spp.,

and Luteimonas spp. formed the microecosystem at the end of the

storage period.

In addition to histamine forming bacteria, both psychrophilic and

mesophilic ones exhibited the ability to decarboxylate free amino

acids in broth culture. In the present study, all isolates were able to

produce histamine, putrescine, cadaverine, and tyramine. The produc-

tion of biogenic amines by strains belonging to the aforementioned

FIGURE 1 Evaluation of mesophilic (□), psychrophilic (○), and amine

forming (Δ) bacterial load during ice storage of P. polyphagus
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genera has been adequately highlighted in the literature. Moreover,

the in situ biogenic amine production by species belonging to these

genera, such as Citrobacter braakii, Klebsiella oxytoca, P. phosphoreum,

Proteus vulgaris, and M. morganii has been exhibited (Emborg, Laursen,

Rathjen, & Dalgaard, 2002; Fernandez-No, Bohme, Calo-Mata, &

Barros-Velazquez, 2011; Jiang et al., 2013; Jorgensen, Huss, & Dal-

gaard, 2000; Veciana-Nogues, Bover-Cid, Marine-Font, & Vidal-Carou,

2004). These species, along with C. freundii, Enterobacter aerogenes,

E. cloacae, K. pneumoniae, Photobacterium histaminum, and Proteus mir-

abilis have been characterized as major histamine producers

(Middlebrooks, Toom, Douglas, Harrison, & McDowell, 1988; Oku-

zumi, Hiraishi, Kobayashi, & Fujii, 1994; Taylor, 1986; Taylor & Speck-

hard, 1983).

3.3 | Biogenic amine levels in P. polyphagus during
ice storage

The biogenic amine content of P. polyphagus during ice storage is pre-

sented in Table 2. No biogenic amines were initially detected (day 0).

From the fifth day of storage, tryptamine, putrescine, and histamine

were detected but not cadaverine, tyramine, spermidine, and sper-

mine. All biogenic amines were detected from the 10th day of storage

but cadaverine that was detected only on the 15th day. The amount

of biogenic amines increased during storage, with putrescine being

the most abundant.

The correlation between biogenic amine content of lobster meat

and the psychrophilic, mesophilic, and histamine forming bacteria

dynamics during storage at 0 �C was assessed with the Pearson coef-

ficient. Among the biogenic amines, tryptamine exhibited positive cor-

relation with tyramine (r2 = .986, p < .01), putrescine (r2 = .918,

p < .05), and spermidine r2 = .978, p < .05); histamine with putrescine

(r2 = .925, p < .05), cadaverine (r2 = .925, p < .05), and spermine

(r2 = .940, p < .05). In addition, positive correlation was also detected

between tryptamine, putrescine and tyramine with mesophilic bacte-

ria (r2 = .961, .970, and .902, respectively, p < .05). Moreover, positive

correlation was also identified among tryptamine, putrescine, tyra-

mine, and spermidine with psychrophilic bacteria (r2 = .997, .911,

.976, and .960, respectively, p < .05). Finally, putrescine, tyramine andT
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FIGURE 2 Microecosystem composition (%) during ice storage of

P. polyphagus (Enterobacter spp. [white], Proteus spp. [light gray],
Klebsiella spp. [dark gray], Citrobacter spp. [black],Morganella morganii
[horizontal lines], Serratia spp. [vertical lines], Photobacterium
spp. [dots])
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spermidine exhibited positive correlation relationship with histamine

forming bacteria (r2 = .938, .965, .952, respectively, p < .05). In agree-

ment to the results obtained in this study, Zhao et al. (2007) reported

the accumulation of tyramine, putrescine, cadaverine, histamine, and

agmatine during storage of L. vannamei at 0 and 4 �C for 8 days. Ben-

ner et al. (2003) reported the accumulation of putrescine and cadaver-

ine during storage of L. setiferus at 0 and 12 �C for 16 and 4 days,

respectively, as well as L. brasiliensis at 24 and 36 �C for 48 and 24 hr,

respectively. Finally, Prester et al. (2010) reported the increase of

putrescine content during storage of Norway lobster at 22 �C for

24 hr. Interestingly, in the latter study, histamine, tyramine, and

cadaverine were not detected during storage. Bita et al. (2015) did not

detect initially any biogenic amines in orange spotted grouper; more-

over, cadaverine concentration did not change significantly during

storage at 0 �C for 18 days. Similarly, Ozogul, Ozogul, and Kuley

(2008) reported that there was initially no detectable cadaverine in

white grouper muscle but 8.5 mg/100 g have been accumulated after

22 days of ice storage.

The concentration of putrescine during the fifth day of

P. polyphagus storage was 5.58 mg/100 g muscle and reached

11.06 mg/100 g muscle when the total viable psychrophilic count

(TVPC) was 7.11 log cfu/g muscle. This correlation with TVPC

(r2 = .911) suggested that putrescine may be an appropriate freshness

indicator for P. polyphagus. These results are in agreement with Ben-

ner et al. (2003) in the study of which putrescine was suggested as

the most appropriate indicator for the assessment of Penaeid shrimp

decomposition. In addition, Bita et al. (2015) reported a gradual

increase of the putrescine content in orange spotted grouper over a

storage period of 18 days, during which the psychrophilic bacteria

reached 7.72 log cfu/g muscle. Moreover, putrescine showed positive

correlation with psychrophilic bacteria (r = .911, p < .05). Okuzumi,

Fukumoto, and Fujii (1990) documented that in situ decarboxylation

of ornithine to putrescine was carried out mainly by psychrophilic bac-

teria. Bakar et al. (2010) reported a significant accumulation of putres-

cine during ice storage at 0 �C of barramundi; an amount of

362 mg/100 g on the 15th day of storage was measured, which was

much higher than the one observed in the present study. Krizek

et al. (2004) reported that putrescine values between 10 and

20 mg/100 g had no effect on the sensorial acceptability of carp fish.

On that basis, the putrescine content at the end of P. polyphagus mus-

cle ice storage may have no effect on the sensorial quality.

Histamine is a toxic biogenic amine and the causative agent of

Scombroid (histamine) fish poisoning (Lehane & Olley, 2000). Ander-

son (2008) pointed out that histamine producing bacteria were unde-

tectable in fish muscle upon their catch. This is in agreement with the

present study, in which histamine was not detected on the initial day

of storage (day 0) in P. polyphagus muscle. Then, an increase was

observed until the 15th day of storage that reached 5.6 mg/100 g

muscle. Similarly, Zhao et al. (2007) reported that histamine was not

detected in L. vannamei during the first 2 days of storage at 0 and

4 �C but reached 0.48 and 0.68 mg/Kg, respectively after 8 days of

storage. However, this amount is much less than he change to the

respective reported for several fish species. Indeed, Chong

et al. (2014) and Economou, Brett, Papadopoulou, Frillingos, and

Nichols (2007) reported the accumulation of 8.31 mg/100 g in Indian

mackerel fish during 16 days of ice storage and 5 mg/100 g in tuna

loin after 12 days of ice storage. It has been suggested that histamine

formation during storage is associated with the development of the

mesophilic microbiota rather than the psychrophilic one (Frank, Bara-

nowski, Chongsiriwatana, Brust, & Premaratne, 1985; Ozogulet al.,

2008). Indeed, the findings of Moini et al. (2012), Bita et al. (2015),

and Chong et al. (2014) suggested that the small quantity of histidine

present in the fresh fish was decarboxylated during ice storage

through the action of mesophilic bacteria. The regulatory limit for his-

tamine in aquatic foods is set at 5 mg/100 g (USFDA, 2001). In the

current study, this limit was reached only after 15 days. Thus,

P. polyphagus may not be considered a potential histamine health haz-

ard, at least during the first 10 days of ice storage. However, upon

prolongation of storage time, histamine food poisoning may occur

(Kim et al., 2009).

In the present study, tyramine was only detected from the 10th

day of storage, it reached 7.5 mg/100 g at the end of the storage and

showed a good correlation with mesophilic (r2 = .902, p < .05) and

psychrophilic bacteria (r2 = .976, p < .05). On the contrary, tyramine

was detected from the first day of L. vannamei storage and reached

2.03 and 12.2 mg/kg after 8 days at 0 and 4 �C, respectively (Zhao

et al., 2007). Bita et al. (2015) stated that the most fitted correlation

was observed between tyramine and mesophilic bacteria (r2 = .977,

p < .001). From a public health perspective, ingestion of

10–80 mg/100 g has been suggested as acceptable and more than

108 mg/100 g as toxic (Ten-Brink, Damirik, Joosten, & In'tVeld,

1990). Significant changes in the tyramine content were also noted by

Bita et al. (2015) during storage of orange-spotted grouper; the amine

reached 14.37 mg/100 g during 18 days of ice storage. On the con-

trary, Ozyurt, Kuley, Ozkutuk, and Ozogul (2009) reported the accu-

mulation of just 0.65 and 0.47 mg/100 g during ice storage of red

mullet and goat fish, respectively. However, in all cases, tyramine

levels were within the acceptable limits. Lack, deficiency or inhibition

of tyrosine decarboxylase activity due to the chilled storage may

explain the low levels of tyramine accumulation (Chong et al., 2014).

TABLE 2 Changes in biogenic amine levels during ice storage of P. polyphagus

Storage (days)

Biogenic amines (mg/100 g)

Tryptamine Putrescine Cadaverine Histamine Tyramine Spermidine Spermine

0 ND ND ND ND ND ND ND

5 1.54 � 0.73a 5.58 � 0.67a ND 1.87 � 0.81a ND ND ND

10 6.58 � 1.0b 7.53 � 0.72b ND 1.92 � 0.85a 5.81 � 0.80a 4.51 � 0.96a 1.52 � 0.8a

15 7.93 � 0.24b 11.06 � 0.82c 5.46 � 0.73a 5.6 � 0.08b 7.5 � 0.45b 6.8 � 0.57b 4.86 � 0.61b

Data are expressed as mean � SD; ND = not detected. Different letters for mean values within a column represent significant difference (p < .05).
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Spermidine and spermine were only detected from the 10th day

of storage and reached 6.8 and 4.86 mg/100 g muscle, respectively.

Opposing our data, Zhao et al. (2007) reported that both biogenic

amines were initially detected in L. vannamei at 3.17 and 1.09 mg/Kg,

respectively, but remained without statistically significant change

throughout storage at 0 and 4 �C. Similarly, Ozyurt et al. (2009)

reported lower spermidine and spermine accumulation levels during

storage of red mullet and goldband goat fish, that is, 0.87 and

0.57 mg/100 g regarding the former case and 0.30 and 1.31 mg/100

g regarding the latter, respectively. On the contrary, spermidine and

spermine levels were stable throughout ice storage of Indian mackerel

(Chong et al., 2014). More accurately, spermine levels ranged from

10.70 to 11.27 ppm whereas spermidine levels ranged from 5.29 to

6.62 ppm.

4 | CONCLUSION

The present study revealed that P. polyphagus muscle can be stored in

ice for short period of time, which may reach 10 days. After the 10th

day of ice storage, accumulation of biogenic amines may constitute a

potential health hazard. Species belonging to Enterobacter spp., Pro-

teus spp., Klebsiella spp., Citrobacter spp., Photobacterium spp., Serratia

spp., and M. morganii able to produce histamine, putrescine, cadaver-

ine, and tyramine have been isolated during storage; however, more

research is needed to elucidate their role in the in situ formation of

biogenic amines in P. polyphagus meat.
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