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Abstract 
 
Histamine is a toxic compound produced by bacteria at higher temperature in seafoods. It not only causes 
heath risk to the consumer, but also causes economic loss to the seafood exporters if it exceeds the maximum 
permissible limit. In this study, effect of storage temperature (-20oC, 0oC, 10oC and 30oC) on histamine 
formation in eviscerated and uneviscerated Indian mackerel (Rastrelliger kanagurta) were tested with 
different time intervals (1-10 days) using enzymatic methods. Maximum level of histamine formed in 
eviscerated fishes was 2.0 mg/100g at – 20oC for 10 days, 3.56 mg/100g at 0oC for 4 days, 7.6 mg/100g at 
10oC for 2 days, 10.75 mg/100g at 20oC for 2 days and 19.3mg/100g at 30oC for 1day of storage. Whereas, in 
uneviscerated fish the histamine level was 3.4 mg/100g at – 20oC for 10 days, 6.73mg/100g at 0oC for 4 days, 
10.1mg/100g at 10oC for 2 days, 16.56mg/100g at 20oC for 2 days and 22.33 mg/100g at 30oC for 1 days of 
storage. Bacterial growth at – 20oC and after 7 days of storage exceeded the maximum acceptable level of 7 
CFU/g set by the International Commission on Microbiological Specification for Foods.  Klebsiella sp and 
Erwinia sp were identified as strong histamine producer from R. kanagurta fish muscle. This study revealed 
that the freshly caught fish had shown negligible level of histamine in its muscle. After the fish stored at 
different temperatures for l day it has reached a deplorable level. The present findings would be very helpful 
to control the histamine formation in R. kanagurta and other pelagic fish species during ice storage and in fish 
processing industry.  

 
Keywords: Histamine; Indian mackerel; TVB-N; Enzymatic assay 

1. Introduction 

Indian mackerel (Rastrelliger kanagurta) is an important fishery resource in India, especially along 
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the southwest coast of India as well as an important feed item for seer fishes and tuna varieties 
Vivekanandan et al. (2009). R. kanagurta contains the free amino acid histidine in its muscle and 
that may be liberated through proteolysis. The presence of microorganisms with amino acid 
decarboxylase which induces decarboxylase activity facilitates the accumulation of histamine (Zarei 
et al. 2011; Bjornsdottir et al. 2011; EFSA, 2011).  

Histamine poisoning is a chemical intoxication caused by consumption of food containing toxic 
levels of histamine (Ababouch et al. 1991: An et al. 1998). Fresh fish meat contains negligible 
histamine. But improper handling and storage of fish products could increase histamine formation 
by the bacteria that possess the enzyme histidine decarboxylase Rawles et al. (1996). The 
Enterobacteriaceae are mainly involved in histidine decarboxylase activity (Kim et al. 2003 & Tsai 
et al. 2005). Other bacterial species including Clostridium spp., Vibrio spp, Acinetobacter sp, 
Pseudomonas spp, and Photobacterium spp have been reported as histamine producers Chen et al. 
(2010).  Histamine formation in fish meat during storage is mainly affected by fish species, pre 
processing and storage condition. Since, histamine producing bacteria such as Morganella morganii, 
Citrobacter braakii, Hafnia alvei and Raoultella planticola are mesophiles, storage time and 
temperature had influence on histamine production by these bacteria Jaing et al. (2013). Storage at 
a temperature lower than 4o C and avoidance of prolonged handling at ambient temperature could 
minimize histamine formation in fishery products Economou et al. (2007). In general, freshness of 
fishes is highly affected by the length of storage conditions Park et al. (2010). 

R. kanagurta is generally marketed in fresh form and stored in ice. Bacteria that enter into fish body 
through gill and presence of food particles in intestine can favour to spoil the fish and produce 
histamine after death. Information pertaining to the formation of histamine in eviscerated and 
uneviscerated R. kanagurta fish muscles during different time of storage is meagre. Therefore, the 
present study has been made to test the histamine production in an eviscerated and uneviscerated 
R. kanagurta under different storage conditions along with a change of the pH and TVB-N to 
evaluate their potential relationship.   

2. Materials and Methods 
 
2.1. Chemicals and reagents 
 
Histamine dihydrochloride, Leucocrystal violet, Diamine oxidase (DAO), Horse radish peroxidise 
(HRP) and o-phthaldialdehyde with high purity (98%) was obtained from Sigma Aldrich (USA). 
Other higher grade chemicals and reagents were purchased from Merck (Germany) and Hi Media 
(India). Triple deionised water was used for all reagents, media throughout the study chemical 
preparation. All glasswares and plasticwares were given triple wash with deionised water. 

2.2. Collection of fish samples 

R. kanagurta fish samples were collected from Thondi coast, (Latitude: 9o 44’ N and Longitude: 79o 
00E), Palk Bay, Southeast India and brought to the laboratory under controlled temperature (0oC) 
in sterile polythene bags. The fishes were cleaned with sterile seawater to remove extraneous dirt 
and immediately transferred to laboratory. Some of the fishes were eviscerated and other fishes 
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were left uneviscerated.  These fishes were kept in separate polythene covers, sealed and stored at -
20oC (10 days), 0oC (4 days), 10oC (2 day), 20oC (2 days) and 30oC (1 day) in aseptic condition.  
 
2.3. Histamine analysis 

Histamine content from R. kanagurta muscle samples were estimated by the enzymatic assay 
method as described by Lerke et al. (1983) and Lopez-Sabater et al. (1994). Fish muscle 5 gram 
each were homogenized twice with 50 ml of 0.4N perchloric acid followed by centrifugation (REMI, 
CPR 30 PLUS, India) at 3000 rpm for 10 min. The volume of the supernatant was made up 20 ml 
with 100 ml of 0.4N perchloric acid. From the supernatant, 5 ml was transferred into the filtration 
unit and the filtrate was taken into a separating funnel 5 ml of 1N NaOH, 10 ml of deionised water 
and 2.0g of NaCl were added. The supernatant was then extracted 4 times consecutively with 25 ml 
of n-butanol. The butonolic phases were again washed with 10 ml of 1N NaOH saturated with NaCl. 
The histamine was then extracted 5 times with 10 ml of 0.1N HCl and the volume was adjusted to 
50 ml. The histamine was finally derivatized with o-opthaldehyde to minimize the interference of 
other components already present in fish muscle samples Vidal-Carou et al. (1990).  

Sample extract and standard histamine dihydrochloride 0.5 ml was transferred into a test tube.  
One ml of phosphate buffer (0.0075 M KH2 PO4 and 0.075 M Na2 HPO4, pH 6.8), 0.5 ml of diamine 
oxidase (0.35 U I /ml) and 0.1 ml of leucocrystal violet (0.5mg/ml in 0.5% HCL) were added. The 
mixture was incubated in a thermostatic water bath at 37o C for 30 min. Finally, the coloured test 
solutions were measured at 596 nm using a UV-VIS, PC Scanning spectrophotometer UVD-2960 
(Labomed, Inc., USA). The histamine concentration in fish muscle samples were calculated using the 
following formula. 

           Histamine (mg/100g) = OD of sample x concentration of standard 
     OD of standard 

 
                                             = histamine mg/100g of fish muscle 

2.4. pH measurement 

For the measurement of pH, 10g of eviscerated and uneviscerated R. kanagurta muscle samples 
were homogenized in sterile blender with 10 ml of triple deionized water to make thick paste like 
slurry. The pH of this slurry was measured using a pH meter (Eutech Instruments, Malaysia).  

2.5. Determination of total volatile base-nitrogen (TVB-N) 

The TVB-N content of R. kanagurta muscle was measured by the Conway’s dish diffusion method 
Cobb et al. (1973). The TVB-N extract of fish muscle in 6% trichloroacetic acid (TCA) (Merck, 
Germany) was absorbed by boric acid and then titrated with 0.02N Hydrochloric acid. The content 
of TVB-N was calculated and expressed as mg/100g of muscle sample. 

2.6. Enumeration of total heterotrophic bacteria (THB) and histamine producing bacteria 
 
Samples were taken from the anterior dorsal portion of R. kanagurta. Ten gram of each fillets were 
individually transferred aseptically into the stomacher bag and 90 ml physiological saline (0.85% 
Nacl, W/V) with 0.1% peptone (W/V) was added. The mixture was homogenized for 50 to 60 
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seconds with stomacher. The supernatant was decimally diluted and 100µl was spread onto 
Tryptone Glucose Agar (TGA) (Hi-media Mumbai, India) plates for enumeration of THB. From the 
fish sample stored at different temperatures viz., -20, o, 10, 20, and 30oC, 100 µl was spread on to 
the TGA agar plates and incubated for 24hrs at 30oC for 2 days Radtong et al. (2005). Enumeration 
of histamine producing microorganisms was done in triplicate and the population density was 
expressed in CFU. g-1.  

2.7. Isolation of histidine decarboxylating bacteria (HDB) 

One ml of serially diluted homogenate (fish muscle), was individually poured onto the petriplates 
containing Nivens medium Niven et al. (1981) and modified Nivens medium Yoshinaga and Frank, 
(1982). These plates were incubated at 28±2oC for 2 days. Colonies that exhibited purple halo 
around in Nivens medium and pink halo in modified Nivens medium were considered as positive. 
Based on the results, positive colonies were randomly picked and inoculated onto trypticase soya 
agar (TSA) plate for purification and phenotypic identification Papadopoulos et al. (2003). The 
histamine producing ability of the positive colonies were further confirmed by thin layer 
chromatography (TLC) as described by Garcia-Moruno et al. (2005). 

2.8. Statistical analysis 

The effects of storage time and temperature on formation of histamine and TVB-N content were 
analyzed using the Pearson correlation test and significance (P<0.01 and P<0.05) was assessed by 
using SPSS version 16.0 (SPSS inc., Chicago, IL., USA). 

3. Results and Discussion 

The change in histamine content in muscle of R. kanagurta fish stored at -20, 0, 10, 20, and 30oC are 
presented in Table 1. In the present study, low at level of histamine (2 mg/100g) was found in 
eviscerated Indian mackerel fish stored at -20oC for 10 days (Table 1). Similar to our findings, 
Chytiri et al. (2004) reported low level of histamine (0.16 mg/100g) in Rainbow trout during 18 
days of storage at 0oC. In contrast, histamine was not detected in fresh Rainbow trout, Herring, Sea 
bass and Sardine at 0oC during 0 days of storage (Chytiri et al. 2004; Ozogul et al. 2002; Paleologos 
et al. 2004 and Ozogul and Ozogul, 2006). In this study higher level of histamine was found in 
eviscerated fish (19.33 mg/100g) and uneviscerated fish (22.33 mg/100g) at 30oC. The higher level 
of histamine formation could be due to the presence of precursor amino acid histidine, histamine 
producing bacteria and favourable temperature in the eviscerated and uneviscerated fish muscle of 
R. kanagurta. In contrast to the present study, Jiang et al. (2013) have reported highest level (2080 
mg/kg) of histamine in eviscerated mackerel (Pneumatophorus japonicus) after 48h storage at 25oC. 
Whereas, higher level of histamine of 2.50mg/100g during 0oC storage, 14.50 mg/100g during 6 h 
storage, 19.50 mg/100g during 12hr storage and 75.00mg/100g during 24hr storage was reported 
from uneviscerated mackerel Patange et al. (2005).  

In the present study, maximum histamine content of 22.33±1.44 mg/100g was found in 
uneviscreated fish muscle and this value has exceeded the maximum permissible limit of 5 
mg/100g set by FDA, (2011). The histamine levels well correlated with storage time and 
temperature (r =0.9802, P<0.01) (Table 5). In contrast, Bita et al. (2013) reported that the level of 
histamine increased to 70.37µg/g in fresh uneviscerated orange-spotted grouper (Epinephelus 
coioides) muscle during the 12th day of storage at 0oC. In this study, the histamine level increased to 
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22.33±1.44 mg/100g after 1 day of storage at 30oC.  Similarly, Joshi et al. (2011) documented 
histamine level in uneviscerated mackerel fish muscle between 20-30 mg/100g. This level was 
much higher than the guidelines (5 mg/100g) set by USFDA, (1998). But, Afilal et al. (2006) 
reported high histamine content of 77.7 mg/100g in eviscerated Sardine (Sardina pilchardus) 
during 24hr of storage at 30oC. The present study revealed that histamine content was maximum in 
uneviscerated R. kanagurta muscle at different storage temperatures than the eviscerated samples 
(Table 1).   

Table 1 Histamine content and pH at different storage temperatures in R. kanagurta.  

Storage 
temperature 

Storage 
time (days) 

Histamine content mg/100g pH 

Eviscerated fish Uneviscerated 
fish  

Eviscerat
ed fish 

Uneviscerate
d fish  

-20 oC 10 days 2.0±0.08 3.4±0.16 6.45±0.18 6.72±0.05 

0oC 4 days 3.56±0.28 6.73±0.24 5.20±0.02 5.48±0.13 

10 oC 2 days 7.6±0.37 10.1±0.37 6.57±0.04 6.72±0.08 

20 oC 2 days 10.75±0.49 16.56±0.57 6.82±0.05 6.87±0.06 

30 oC 1 day 19.3±0.86 22.33±1.44 7.01±0.08 7.18±0.04 
 

pH in the eviscerated fish was minimum of 5.20 at 0oC and maximum of 7.01 at 30oC.  The minimum 
pH was found to be 5.48 at 0oC and maximum was 7.18 at 30oC in the uneviscerated R. kanagurta 
muscle (Table 1). pH well correlated with storage temperature (r =0.99419, P<0.01) in both 
eviscerated and unevicerated fish muscles. Similarly, pH and histamine significantly correlated (r 
=0.66408, P<0.05) (Table 5). Increase in pH during storage is mainly due to the increase in total 
volatile base nitrogen, ammonia, primary and secondary amine formation of fish muscle of R. 
kanagurta. Li et al. (2013) reported that increase in pH during storage also increases TVBN, 
ammonia and trimethylamine produced by either microbial and/or endogenous enzymes.  
Similarly, Chen et al. (2010) reported low level of pH 6.57 to 6.60 in uneviscerated Marlin fillet 
(Makaira nigricans) stored at 4oC. Afilal et al. (2006) reported pH 6.0 to 6.3 from sardine and this 
pH favoured the formation of histamine by metabolic pathway of free amino acid decarboxylase. pH 
of uneviscerated orange spotted grouper (Ephinepelus coioides) reported by Bita et al. (2013) was 
lower value than our present finding. Similarly, Widiastuti et al. (2013) have reported low level of 
pH ranging from 5.91 to 6.01 from uneviscerated Loin tuna (Thunnus albacores) during 15 days of 
chilled storage. Yongjin et al. (2007) have documented that low level of pH could accelerate the 
accumulation of amino acids and it could prompt biogenic amine formation. Ozyurt et al. (2009) 
have suggested that the level of pH associated with the content of ammonia derived compounds and 
furthermore increase in the microbial activity during the storage results in food spoilage. Benjakul 
et al. (2003) highlighted that post-mortem change in fish muscle occurs owing to both endogenous 
and exogenous enzymatic activity and bacterial spoilage.  
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The highest TVB-N content 60.46 mg/100 was recorded in R. kanagurta muscle at 20oC during 2 
days of storage (Table 2). In the present study, TVB-N was statistically significant with histamine 
r=0.94497, P<0.01. TVB-N level also correlated well with bacterial load (CFU/g) r =0.98598, P<0.01 
(Table 4). The TVB-N is generally associated with the growth of bacteria and can be used as 
indicators of fish spoilage. Rodriguez et al. (2005) reported that high level of TVB-N content of 84 
mg/100g after 8 days of flake ice storage from the horse mackerel muscle. This is higher than the 
maximum acceptable level of 35mg/100g of TVB-N in fish muscle Ruiz-Capillas and Moral, (2001). 
Afilal et al. (2006) have reported high level of TVB-N content of 161.28 mg/100g in eviscerated sea 
bass after 24hr of storage at 30oC. But, lower TVB-N content of 31mg/100g was recorded in horse 
mackerel after 22 days of storage in slurry ice Rodriguez et al. (2005). 

Table 2 Total Volatile Base –Nitrogen (TVB-N) content in Indian mackerel fish (R. kanagurta). 

Storage 
temperature 

Storage time (days) TVB-N content mg/100g 

Eviscerated  Uneviscerated  

-20oC 10 days ND 

16.8±0.91 

19.69±0.80 

22.12±1.95 

25.94±0.69 

26.13±0.92 

30.89±2.40 

38.26±1.31 

46.86±1.97 

47.3±0.92 

ND 

ND 

ND 

14.56±0.45 

17.0±0.50 

18.85±0.69 

21.61±0.95 

23.61±0.86 

25.29±0.80 

30.8±2.28 

0oC 4 days 14.96±0.75 

16.3±0.77 

21.30±1.69 

23.24±1.39 

19.26±1.39 

22.63±1.73 

23.24±1.39 

28±0.26 

10oC 2 days 32.4±1.72 

37.33±1.31 

41.5±1.23 

42±2.28 

20oC 2 days 46.73±1.83 

51.26±1.31 

50.4±2.28 

60.46±23.9 

30 oC 1 day 27.06±3.49 32.29±3.11 

Data are expressed Mean±S.D for all triplicate determinations. 
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Changes in THB count in R. kanagurta stored at different temperatures are given in Table 3. The 
present study showed that the initial THB of eviscerated R. kanagurta  ranged from 1.54 log CFU g-1  
to 9.2 log CFU g-1 and uneviscerated fish  was 2.33 log CFU g-1  to 11.03 log CFU g-1 during storage at 
-20oC. This value has reached 7 log CFU/g-1, the upper limit set by the International Commission on 
Microbiological Specification for Foods (ICMSF, 1986) for raw seafoods. Storage at – 20oC, the THB 
count increased after 7 days of storage and reached above 10.9 log CFU/g after 10d ays of storage in 
eviscerated fish and 11.03 log CFU/g during 10 days of storage in uneviscerated fishes of R. 
kanagurta. Whereas, the eviscerated and uneviscerated fish muscle samples stored at 0oC, 10oC, 
20oC and 30oC showed rapid increase in THB count (Table 3). Similarly Jiang et al. (2013) 
documented that the higher bacterial count rapidly increased to 8.0 log CFU/g-1 on 48 hr storage in 
mackerel P. japonicus. 

Table 3 (a) Changes in microbial load in Indian mackerel (R. kanagurta) during different storage 
conditions (log CFU/g)  

 R.kanagurta stored at -20oC for 10 days 

Days of storage/temperature-20oC Eviscerated (log CFU/g) Uneviscerated (log CFU/g) 

1 1.54±0.17 2.33±0.21 

2 2.24±0.07 2.79±0.25 

3 2.72±0.07 3.49±0.22 

4 3.92±0.11 4.78±0.14 

5 4.49±0.28 5.24±0.21 

6 5.35±0.19 6.35±0.38 

7 6.63±0.20 7.02±0.10 

8 7.7±0.23 8.6±0.76 

9 8.23±0.38 9.73±0.79 

10 9.2±0.40 
 

11.03±0.52 

 

The THB counts was 6.62 log CFU g-1 in eviscerated fish muscle and 7.34 log CFU g-1 in 
uneviscerated fish muscle after 1 day of storage at 30oC. If the bacterial population reach this level 
(i.e. 6-7 log CFU. g-1) it could possibly produce 50 µg of histamine (USFDA, 2001; Al Bulushi et al. 
2009). Widiastuti et al. (2013) reported that, the level of TPC varied from 2.0 to 3.5 log CFU/g-1 
during 15 days of storage of Thunnus albacores fish muscle. Likewise, Bita et al. (2013) reported 
that mesophilic bacteria ranged from 2.0 to 4.61 log CFU/g-1 during the ice storage of Epinephelus 
coioides and remained low.  
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Table 3(b) Total heterotrophic bacteria (THB) count of R. kanagurta stored at different storage 
temperature (-20, 0, 10, 20 and 30oC) 

Days of 
storage 

Storage time (Days) 

Temperature Eviscerated Uneviscerated 
1                                  2                      3                   4                    1                           2                      3                4               

10 oC (2days) 3.6±0.08 4.24±0.24 
 

5.6±0.2
1 

6.8±0.0
8 

4.03±0.12 5.10±0.1
6 

7.6±0.1
6 

8.13±0.16 

20oC (2days) 4.03±0.26 5.23±0.15   5.56±0.37 6.43±0.3
2 

  

30oC  (1 day) 
 

6.62±0.28      7. 34±0.16    

Mean±S.D for all triplicate determinations. 

Table 4 Correlation coefficients among TVB-N level in evicrerated and uneviscerated R. kanagurta 
during -20oC storage condition. 

 Evicrerated TVB-N Uneviscerated TVB-N Eviscerated 
CFU 

Uneviscerated 
CFU 

Evicrerated  
TVB-N 

1    

Uneviscerated 
TVB-N 

0.94497a 1   

Eviscerated  
CFU 

0.96142 a 0.9569 a 1  

Uneviscerated 
CFU 

0.97266 a 0.98598 a 0.97959 a 1 

a Significant correlation (P<0.01) 
Ev-Eviscerated; Unev: Uneviscerated 
 
Table 5 Correlation coefficients among histaminine level and pH of evicrerated and uneviscerated 
R. kanagurta during different storage tempereture. 

 Evicrerated  
histamine 

Uneviscerated 
histamine 

Eviscerated pH Uneviscerated pH 

Evicrerated  
histamine 

1    

Uneviscerated 
histamine 

0.9802a 1   

Eviscerated pH 0.66408b 0.63645 b 1  

Uneviscerated pH 0.64406 b 0.59765 b 0.99419 a 1 

a Significant correlation (P<0.01) b Significant correlation (P<0.05) 
 
It has been suggested by Kim et al. (2009) that biogenic amine forming bacteria mostly belong to 
psychrophilic and mesophilic bacterial groups. The growth of mesophilic bacteria accelerate in 
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moderate temperature (20-40oC) and produce high histamine and other biogenic amines. The 
present study agree with the previous findings of Bita et al. (2013), Jiang et al. (2013) and Kim et al. 
(2009) that the growth of psychrophilic bacteria accelerated faster than mesophilic bacteria and 
they play a considerable role in fish spoilage.  

Table 6 Histamine forming bacterial strains isolated by Nivens Medium and Modified Nivens 
medium from R. kanagurta. 

S.no 
Name of the bacterial      

strains 
Nivens 

Medium 
Modified Nivens medium TLC method 

1 Morganella sp + + + 

2 Proteus sp + + + 

3 Vibrio sp + + - 

4 Shegella sp + + - 

5 Photobacterium sp + + + 

6 Salmonella sp + + - 

7 Entrobacter sp + + + 

8 Citrobacter sp + + + 

9 Klebsiella sp + + + 

10 Bacillus sp + + + 

11 Erwinia sp + + + 

+ Positive; -Negative  

In the present study, mesophilic and other enteric bacteria such as Morganella sp, Proteus sp, Vibrio 
sp, Shigella sp, Photobacterium sp, Salmonella sp, Entrobacter sp, Citrobacter sp, Klebsiella sp, 
Erwinia sp, Enterococcus sp, and Staphylococcus sp were isolated from both eviscerated and 
uneviscerated Indian mackerel fish samples (Table 4). Similarly, Jiang et al. (2013) have isolated 
histamine forming bacteria such as Morganella morganii and Raoutella planticola using Modified 
Nivens medium in P. japonicus. Joshi and Bhoir (2011) reported that Bacillus sp, Pseudomonas sp, 
Vibrio sp, Staphylococcus sp, Morganella sp, Enterobacter sp and Klebsiella sp were isolated and 
confirmed by Nivens medium in uneviscerated Indian mackerel (R. kanagurta). Bjornsdottir-Bulter 
et al. (2011) have identified histamine producing bacteria such as Photobacterium damselae, 
Plesiomonas shigellloides, Shewanella sp and Morganella morganii from tuna and blue fish. 

4. Conclusion 

 Histamine formation in fish muscles during storage and at different temperature is mainly affected 
by the fish species, storage condition and processing.  In this study, varying pH affect the water 
holding capacity that leads to fish spoilage. The level of TVB-N content increased due to autolysis 
and enzymatic change in fish muscle during storage conditions. Histamine content in both 
eviscerated and uneviscerated fish muscles have reached beyond the level for human consumption 
i.e. 5 mg/100g USFDA, (2001) after storage at 20oC and 30oC for considerable durations. Therefore, 
this study brings to light that adequate storage facility with rapid cooling system is necessary after 
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catch, during processing, till it reaches the consumer to avoid fish spoilage, histamine accumulation 
in fishes and subsequently the ill effects to humans.   

Acknowledgements 

The authors are grateful to the authorities of Alagappa University for providing necessary facilities, 
the University Grants Commission (UGC), New Delhi for financial support through the grant No. F. 
39-595/2010; dt. 10.02.2011 and thank Dr Vinoth S. Ravindran, Director, Centre for Coastal and 
Marine Research, Tuticorin, India for critical evaluation of the manuscript.  
 

Conflict of interest 

 

All the authors declare that they have no conflict of interest. 

 

References 

Ababouch, L., Atilal, M., & Benabdelieli, I.H. (1991). Quantitative changes in bacteria, amino acid and biogenic 
amines in Sardine (Sardina pilchardus) stored at ambient temperature (25-28°C) and in ice. 
International Journal of Food Science and Technology, 26, 297-306. 
http://dx.doi.org/10.1111/j.1365-2621.1991.tb01166.x 

Afilal, M.A., Daoudi, H., Jdaini, S., Asehraou, A., & Bouali, A. (2006). Study of histamine production in a red 
flesh fish (Sardina pilchardus) and a white flesh fish (Dicentrarchus punctatus). Turkic Journal of 
Fishery and Aquatic Science, 6 43-48. 

 

Al Bulushi, I., Poole, S., Deeth, H., & Dykes, G.A. (2009). Biogenic amine in fish: roles in intoxication, spoilage, 
and nitrogen amine formation. A review. Critical Reviews in Food Science and Nutrition, 49, 369-377. 
http://dx.doi.org/10.1080/10408390802067514 

 

An, H., & Ben-Gigirey, B. (1998). Scombrotoxin poisoning. In I. Millar, D. Gray, & N. Strachan (Eds.), 
Microbiology of sea food (pp.68-69). London: Chapman & Hall Ltd.  

Benjakul, S., Visessanguan, W., & Tueksuban, H. (2003). Changes in physical-chemical properties and gel-
forming ability of lizardfish (Saurida tumbil) during the post-mortem storage in ice. Food Chemistry, 80, 
535-544. 
http://dx.doi.org/10.1016/S0308-8146(02)00339-4 

 

Bita, S., Melekpouri, P., Mohammadian, T., Varzi, HN., & Kochanian, P. (2013). Changes in biogenic amines 
and microbial loads in the muscle of orange spotted grouper, Epinephelus coioides (Hamilton, 1822) 
during ice storage. Journal of Food Science and Technology, 13, 197- 013. 

 

Bjornadottir-Butler, K., Jones, JL., Benner, R., & burkhardt, W. (2011). Development of a real time PCR assay 
with an internal amplification control for development of gram negative histamine producing bacteria in 
fish. Food Microbiology, 28, 356-363. 
http://dx.doi.org/10.1016/j.fm.2010.06.013 

 

Chen, H.C., Lee, Y.C., Lin, C.M., Hwang, D.F., & Tsai, Y.H. (2010). Determination of histamine and bacterial 
isolation in marlin fillets (Makaira nigricans) implicated in a food borne poisoning. Journal of Food 
Safety, 1-12. 

 

Chen, HC., Hwang, YR., Hsu, HH., Lin, CS., Chen, WC., Lin, CM., & Tsai, YH. (2010). Determination of histamine 
and biogenic amines in fish cubes (Tetraptures angustirostris) implicated in a food borne poisoning.  

http://dx.doi.org/10.1111/j.1365-2621.1991.tb01166.x
http://dx.doi.org/10.1080/10408390802067514
http://dx.doi.org/10.1016/S0308-8146%2802%2900339-4
http://dx.doi.org/10.1016/j.fm.2010.06.013


Sadayan Paramasivam, Balakrishnan Balachandar, and Abimannan Arulkumar / American Journal of Advanced 
Food Science and Technology (2015) Vol. 3 No. 2 pp. 94-106 

 

104 

 

Food Control, 21, 13-18. 
http://dx.doi.org/10.1016/j.foodcont.2009.03.014 

Chytiri, S., Paleologos, E., Savvaidis, I., & Kontominas, M.G., (2004). Relation of biogenic amines with 
microbial and sensory changes of whole and filleted freshwater rainbow trout (Onchorynchus mykiss) 
stored in ice. Journal of Food Protection, 67, 960-965. 

 

Cobb, BF., Aonaiz, I., & Thompson, CA. (1973). Biochemical and microbiology studies on shrimp: volatile 
nitrogen and amino nitrogen analysis. Journal of Food Science, 38, 431-438. 
http://dx.doi.org/10.1111/j.1365-2621.1973.tb01447.x 

 

Economou, V., Brett, M., Papadopoulou, C., Frillingos, S., & Nichols, T. (2007). Changes in histamine and 
microbiological analysis in fresh and frozen tuna muscle during temperature abuse. Food Additives and 
Contaminants, 24, 820-832. 
http://dx.doi.org/10.1080/02652030701278321 

 

EFSA, (2011). Scientific opinion on risk based control of biogenic amine formation in fermented foods. EFSA 
J, 9(10): 2393.  

Food and Drug Administration [FDA], (1998). Decomposition and histamine in raw, frozen tuna and mahi-
mahi, canned tuna and related species. Compliance Policy Guides 7108 240, sec.540, 525.  

Food and Drug Administration [FDA], (2011). Fish and Fishery Products Hazards and Controls Guidance, 4th 
Edn. Washington, DC: Department of Health and Human Services, Food and Drug Administration, Centre 
for Food Safety and Applied Nutrition 

 

Jiang, QQ., Dai, ZY., Zhou, T., Wu, JJ., Bu, JZ., & Zheng, TL. (2013). Histamine production and bacterial growth 
in mackerel (Pneumatophorus japonicas). Journal of Food Biochemistry, 37, 246-253. 
http://dx.doi.org/10.1111/jfbc.12021 

 

Joshi, PA., & Bhoir, S. (2011). Study of histamine forming bacteria in commercial fish sample of Kalyan City. 
International Journal of Current Scientific Research, 1, 39-42.  

Kim, JM., Xu, Y., & Xia, W. (2009). Biogenic and volatile amines in Chinese mitten crab (Eriocheir sinensis) 
storied at different temperatures. International Journal of Food Science and Technology, 44, 1547-1552. 
http://dx.doi.org/10.1111/j.1365-2621.2008.01788.x 

 

Kim, S.H., Price, RJ., Morrissey, M.T., Field, C.I., Wei, C.I., & An, H. (2003). Occurrence of histamine forming 
bacteria in albacore and histamine accumulation in muscle at ambient temperature. Journal of Food 
Science, 65, 1515-1521. 

 

Lerke, P.A., Porcuna, M.N., & Chin, H.B. (1983). Screening test for histamine in fish. Journal of Food Science, 
48 ,155-157. 
http://dx.doi.org/10.1111/j.1365-2621.1983.tb14812.x 

 

Li, T.T., Li, J.R., Hu, W.Z.,&Li, X.P. (2013). Quality enhancement in refrigerated red drum (Sciaenops ocellatus) 
fillets using chitosan coating containing natural preservatives. Food Chemistry, 138, 821-826. 
http://dx.doi.org/10.1016/j.foodchem.2012.11.092 

 

Lopez- Sabater, E.I., Rodriguez- Jerez, J.J., Roig- Sagues, D.X., & Mora- Ventura, M.T. (1994). Bacteriological 
quality of tuna fish (Thunnus thynnus) destined for canning effect of tuna handling of presence of 
histamine decorboxylase bactreria and histamine level. Journal of Food Protections, 57, 318- 323. 

 

Niven, J.C.F., Jeffrey, M.B., & Corlett, J.D.A. (1981). Differential plating medium for quantitative detection of 
histamine-producing bacteria. Applied Environmental Microbiology, 41, 321-322.  

Ozogul, F., & Ozogul, Y. (2006). Biogenic amines content and biogenic amines quality indices of sardines 
(Sardine pilchardus) stored in modified atmosphere packaging. Food Chem. 99, 574-578. 
http://dx.doi.org/10.1016/j.foodchem.2005.08.029 

 

Ozogul, F., Taylor, K.D.A., Quantick, P., & Ozogul, Y. (2002). Changes in biogenic amines in herring stored 
under modified atmosphere and vacuum pack. Journal of Food Science 67, 2497-2501.  

http://dx.doi.org/10.1016/j.foodcont.2009.03.014
http://dx.doi.org/10.1111/j.1365-2621.1973.tb01447.x
http://dx.doi.org/10.1080/02652030701278321
http://dx.doi.org/10.1111/jfbc.12021
http://dx.doi.org/10.1111/j.1365-2621.2008.01788.x
http://dx.doi.org/10.1111/j.1365-2621.1983.tb14812.x
http://dx.doi.org/10.1016/j.foodchem.2012.11.092
http://dx.doi.org/10.1016/j.foodchem.2005.08.029


Sadayan Paramasivam, Balakrishnan Balachandar, and Abimannan Arulkumar / American Journal of Advanced 
Food Science and Technology (2015) Vol. 3 No. 2 pp. 94-106 

 

105 

 

http://dx.doi.org/10.1111/j.1365-2621.2002.tb08765.x 

Ozyurt, G., Kuley, E., Ozkutuk, S., & Ozogul, F. (2009). Sensory, microbiological and chemical assessment of 
the freshness of red mullet (Mullus barbatus) and goldband goatfish (Upeneus moluccensis) during the 
storage in ice. Food Chemistry, 114, 505-510. 
http://dx.doi.org/10.1016/j.foodchem.2008.09.078 

 

Paleologos, E.K., Savvaidis, I.N., & Kontominas, M.G., (2004). Biogenic amines formation and its relation to 
microbiological and sensory attributes in ice stored whole, gutted and filleted Mediterranean Sea bass 
(Dicentrarchus labrax). Food microbiology. 21, 549-557. 
http://dx.doi.org/10.1016/j.fm.2003.11.009 

 

Papadopoulos, V., Chouliara, I., Badeka, A., Savvaids, I.N., & Kontominas, (2003). Effect of gutting on 
microbiological and sensory properties of aquacultured sea bass (Dicentrarchus labrax) stored in ice. 
Food Microbiology, 20, 411-420. 
http://dx.doi.org/10.1016/S0740-0020(02)00148-X 

 

Park, JS., Lee, CH., Kwon, EU., Lee, HJ., Kim, JY., & Kim, SH. (2010). Monitoring the contents of biogenic amines 
in fish and fishery products consumed in Korea. Food Control, 21, 1219-1226. 
http://dx.doi.org/10.1016/j.foodcont.2010.02.001 

 

Patange, S.B., Mukundan, K., & Ashok kumar. (2005). A simple and rapid methods for colorimetric 
determination of histamine in fish flesh. Food Control, 16, 465-472. 
http://dx.doi.org/10.1016/j.foodcont.2004.05.008 

 

Rawles, DD., Flick, G.T., & Martin, R.E. 1996. Biogenic amines in fish and shellfish, Advance Food Nutrition 
Research, 39, 329-364. 
http://dx.doi.org/10.1016/S1043-4526(08)60076-5 

 

Rodriguez, O., Losada, V., Aubourg, SP., & Barros-Velazque, J. (2005). Sensory, microbial and chemical effects 
of a slurry ice system on horse mackerel (Trachurus trachurus). Journal Science and Food Agriculture, 
85, 235-242. 
http://dx.doi.org/10.1002/jsfa.1960 

 

Rodtang, G., Nawong, S., & Yongsawatdigul, J. (2005). Histamine accumulation and histamine forming 
bacteria in Indian anchovy (Stolephorus indicus). Food Microbiology, 22, 475-482. 
http://dx.doi.org/10.1016/j.fm.2004.08.009 

 

Tsai, YH., Lin, CY., Chang, LT., Chen, HC., Kung, HF., Wei, CI., & Hwang, DF. (2005). Occurrence of histamine 
and histamine-forming bacteria in salted mackerel in Taiwan. Food Microbiology, 22, 461-467. 
http://dx.doi.org/10.1016/j.fm.2004.11.003 

 

USFDA, (2001). Scombrotoxin (histamine) formation. In: fish and fishery products hazards and control 
guide, 3 rd ed. Washington, DC: Department of Health and Human Services, public health service, Food 
Drug Administration, Centre for Food Safety and Applied Nutrition Offices of Seafood. 

 

Vidal-Corou, M.C., Veciana, M.T., & Marine- Font, A. (1990). Spectrofluorometric determination histamine in 
fish and meat products. Journal of Association Official Analysis Chemistry, 73, 565 – 567.  

Vivekanandan, E., Gomathy, S., Thirumilu, P., Meiyappan, M.M., & Balakumar, K. (2009). Trophic level of 
fishes occurring along the Indian coast. Journal of Marine Biological Association of India, 51, 44-51.  

Widiastuti, I., Putro, S., Fardiaz, D., Trilaksani, W., & Inaoka, T. (2013). Changes in freshness of steak and loin 
tuna (Thunnus albacores) during 15 day chilled storage. Journal of Fisheries and Aquatic Science, 8, 367- 
377. 
http://dx.doi.org/10.3923/jfas.2013.367.377 

 

Yongjin, H., Wenshui, X., Xiaoyong, L. 2007. Changes in biogenic amines in fermented silver carp sausages 
inoculated with mixed started cultures. Food Chemistry, 104, 188-195. 
http://dx.doi.org/10.1016/j.foodchem.2006.11.023 

 

Yoshinaga, D.H., & Frank, H.A. (1982). Histamine producing bacteria in decomposing skipjack tuna 
 

http://dx.doi.org/10.1111/j.1365-2621.2002.tb08765.x
http://dx.doi.org/10.1016/j.foodchem.2008.09.078
http://dx.doi.org/10.1016/j.fm.2003.11.009
http://dx.doi.org/10.1016/S0740-0020%2802%2900148-X
http://dx.doi.org/10.1016/j.foodcont.2010.02.001
http://dx.doi.org/10.1016/j.foodcont.2004.05.008
http://dx.doi.org/10.1016/S1043-4526%2808%2960076-5
http://dx.doi.org/10.1002/jsfa.1960
http://dx.doi.org/10.1016/j.fm.2004.08.009
http://dx.doi.org/10.1016/j.fm.2004.11.003
http://dx.doi.org/10.3923/jfas.2013.367.377
http://dx.doi.org/10.1016/j.foodchem.2006.11.023


Sadayan Paramasivam, Balakrishnan Balachandar, and Abimannan Arulkumar / American Journal of Advanced 
Food Science and Technology (2015) Vol. 3 No. 2 pp. 94-106 

 

106 

 

(katsuwonus pelamis). Journal of Applied and Environmental Microbiology, 44(2), 447-452. 

Zarei, M., Najafzadeh, H., Enayati, A., & Pashmforoush, M. (2011). Biogenic amines content of canned tuna 
fish marketed in Iran. American-Eurasian Journal of Toxicology Science, 3, 190-193.  

 


