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Seafood toxins resulted from a wide variety of naturally occurring or man-made toxic compound may 
cause a serious hazard to consumers. Biogenic amines that cause histamine poisoning and (STX) that 
cause paralytic shellfish poisoning (PSP) are among these seafood toxins that may occur in mackerel 
fish and their presence may be affected by seasonal and locality variation. The presence of STX and 
biogenic amines together will increase the hazard to consumers. That is why the present study was 
conducted to explore the simultaneous occurrence of these toxins in mackerel fish in Egyptian markets. 
Also, to study the effect of catching areas and seasonal variation on the level of these toxins. Mouse 
bioassay method was used for STX determination, where the toxicity detected in mackerel fish in this 
study ranged from 21.4 to 45 µg STX/100 g. The quantitative Thin-layer chromatography (TLC) technique 
was applied for biogenic amines determination indicating that catching source had the main significant 
impact on the level of biogenic amines in mackerel fish samples under study. However, catching areas 
combined with seasonal variation affect the incidence level of STX in mackerel fish. Significant increase 
in the level of histamine (71), putrescine (64), cadaverine (42%), spermidine (65%), spermine (88%) and 
tyramine (48) was detected in the samples due to the thawing process. 
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poisoning (PSP). 

 
INTRODUCTION 

 
Marine food products are generally wholesome, 
nutritious, healthful and desirable. However, they may on 
occasion contain potent toxins of natural origin that could 
pose a significant threat to the health of consumers 
(Sindermann, 1996). Toxins formed by microorganisms 
may accumulate within certain tissues of predacious sea 
animals, which may serve as a source of seafood 
poisoning for the higher food chain. Such toxins are 
distinct from inorganic chemicals or infectious agents  
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which may have contaminated the seafood (Watters, 
1995; Van Egmond, 2004). Different chemical 
compounds resulted from different microorganisms are 
composing the array of the seafood toxins. Among these 
compounds are the saxitoxins (STX).  

STX is a group of 16 compounds that produced mainly 
by species of Gonyaulax sp., Alexandrium sp. and other 
species of microorganisms (Kao, 1993; Van Egmond, 
2004). Saxitoxins are selective sodium channel blocker in 
the nervous system resulting in rapid, paralysis and 
death. A dose of 0.2 mg is fatal to an average-weight 
human being (Shimizu et al., 1989; Hall et al., 1990). 
STX causes paralytic shellfish poisoning (PSP), a 
potentially fatal malady associated with the consumption 
of shellfish contained STX (Sephton et al., 2007). PSP is 
caused by the consumption of toxic shellfish (Shumway, 
1990) and rarely by fin fish that have become toxic after 
feeding on STX-producing microalgae (Maclean, 1979). 



 
 
 

 

Although, finfish unlike shellfish, die before the toxins 
reach dangerous levels in their flesh, however, some 
toxins (for example, STX), accumulate in the liver and 
other organs of some fish species. Mackerel is one of this 
species that can accumulate toxins and cause the death 
of other marine animal like what happen in 1987 where 
14 humpback whales died suddenly in Cape Cod Bay 
(Massachusetts) after eating mackerel whose organs 
contained high concentrations of STX (Mons et al., 1998).  

Biogenic amines can be formed in a wide variety of 
foods as results of amino acid decarboxylation. Histamine 
represents the major and the main cause of scombroid 
(histamine) poisoning, and other biogenic amine, such as 
tyramine, cadaverine, putrescine, tryptamine, and 
phenylethylamine acts as potentiates of histamine toxicity 
(Taylor, 1988; Al Bulushi et al., 2009; Joshi and Bhoir, 
2011). Histamine, cadaverine, and putrescine have been 
found to be significant in fish safety and quality deter-
mination (Sultan, 2004; Al Bulushi et al., 2009). Quality 
loss and histamine accumulation often occur after frozen 
fish of the mahi-mahi, bluefish, herring, and sardine are 
thawed and kept for long periods of time at room 
temperature before further processing. Since histamine is 
heat resistant, it can remain intact in canned or other 
processed fish products (Lopez-Sabater et al., 1994; 
Hungerford, 2010). An incident of food borne poisoning 
causing illness in three victims due to ingestion of canned 
mackerel that contained histamine greater than the 
USFDA allowable limit of 5 mg/100 g occurred in 
December 2001, in Taipei Prefecture, northern Taiwan 
(Tsai et al., 2005; Lokuruka, 2009).  

Toxicity associated with the consumption of the 
scombroid fish is called scombrotoxicosis which include 
different toxic compounds. Synergistic effect of these 
compounds has been reported by Clifford et al. (1993) 
who found that the toxicity in mackerel of the involved 
toxic compounds is higher than the reported toxicity of 
each compound separately.  

Although, the presence of STX and biogenic amines in 
mackerel fish has been recorded in several reports, and 
although, in the Egyptian market where mackerel fish 
considered being one of the most popular fish and where 
this type of fish is mainly imported from different catching 
areas in Europe and Asia along with smaller amount 
brought locally from the Egyptian Mediterranean costal 
area, however, no work has been done before to explore 
the safety of this fish in the Egyptian market. Therefore, 
the main objective of the present study was to explore the 
simultaneous occurrence of these toxins in mackerel fish 
in Egyptian markets. Also to study the effect of catching 
areas and seasonal variation on the level of these toxins. 
 

 
MATERIALS AND METHODS 
 
Sampling 
 
A total of 60 mackerel fish samples each sample consists of 3 

  
  

 
 

 
fishes (a total of 180 fish) were collected from the Egyptian market 
to represent 5 catching areas (Holland, Japan, China, Korea and 
Egypt) during winter, spring, summer and autumn. All the informa-
tion reported in this study about the catching source and time was 
retained from the package label. However, the word season 
reported in this study is referred to the collection time rather the 
catching time reported in the package label. Although in case of 
STX the catching time is more important than the marketing time as 
this toxin is more related with the algal bloom in the catching area 
and has nothing to do with the handling process after catching, 
however, the level of biogenic amines is more related with all the 
process after catching. This is why in this study the collection time 
is used rather than the catching time and the information about the 
catching time was used in the discussion of the results.  

The flesh of each sample was divided into 3 portions the first to 
determine the biogenic amines content in fish samples and the 
second to study the effect of thawing process on the level of 
biogenic amines. The third flesh portion along with the liver of the 
mackerel samples was used to determine STX. 

 

Saxitoxin determination 
 
Mackerel's liver and flesh of collected samples were weighed and 
100 g of each were extracted by 0.1 N HCl and blended for 2 min. 
The mixture was boiled for 5 min, kept at room temperature to cool 
down and pH was adjusted to 3.0 using 5 N HCl. The mixture was 
then centrifuged at 4500 g for 10 min and the supernatant was 
retained for mouse assay toxicity test (AOAC, 2007). Albino Swiss 
male mice with average weight 18 to 22 g were used for toxicity 
assessment. Mice were obtained from Animal Housing Division in 
the National Research Center, Cairo, Egypt. Potency was 
expressed as Mouse units (MU). The survival time was measured 
from the completion of the intraperitoneally (i.p.) injection till the last 
breath of the mice (AOAC, 2007). 

 

Determination of biogenic amines level 
 
Histamine, putrescine, cadaverine, spermidine, spermine and 
tyramine, were extracted and determined in all tested samples 
according to Maijala and Eerola (1993). The dansylated derivatives 
of the amines were formed by dissolving the residue with 0.5 ml of 
saturated NaHCO3 solution, then adding 1 ml dansyl chloride 
solution (500 mg/100 ml acetone).  

TLC technique was used to separate the six dansylamines under 
investigation (Figure 1). The marked dansylamines areas were 
determined using SHIMADZU CS-9000 Dual wavelength flying spot 
scanning densitometer at 254 nm wavelength. Standard curve of 
each dansylamine was used to calculate the concentrations of 
biogenic amines in the tested samples. 

 

Statistical analysis 

 
The data were subjected to the proper statistical analysis using 
Mstat-C program (Mstat, 1988). For means comparison Duncan's 
multiple range test was applied at 5% level. 
 

 

RESULTS AND DISCUSSIONS 

 

Toxicity determination of saxitoxins 

 

Mouse bioassay is used in this study to determine STX 
and STX-like compounds because it is an official method 



 
 
 

 
Table 1. Mouse unites and saxitoxin equivalent after i.p. injection by extraction of mackerel liver samples collected from different  
sources in different seasons.  

 
Catching source Toxin concentration Winter Spring Summer Autumn  

 
Japan 

 

 

China 
 

 

Korea 
 

 
Holland 

 

 

Egypt 

  
 

MU/100 g Mean ± SE --- --- 112 ± 2.3 --- 

µg STX /100 g --- --- 22.4 --- 

MU/100 g Mean ± SE --- 207 ± 3.8 136 ± 3.7 --- 

µg STX /100 g --- 41.4 27.2 --- 

MU/100 g Mean ± SE --- 107 ± 1.8 124 ± 3.4 --- 

µg STX /100 g --- 21.4 24.8 --- 

MU/100 g Mean ± SE 225 ± 15 --- --- --- 

µg STX /100 g 45 --- --- --- 

MU/100 g Mean ± SE --- 144 ± 2.9 --- --- 

µg STX /100 g --- 28.8 --- ---  
 

 

and is capable to detect a wide variety of seafood toxins 
regardless its chemical structure. However, this method 
cannot detect biogenic amines.  

Although not all samples cause death to mice, 
however, all flesh and liver samples in all seasons and 
from all localities showed neurosigns after i.p. injection in 
mice which means that all samples contain concentration 
of STX and STX-like compounds but in flesh samples and 
some of the liver samples this concentration was not high 
enough to cause death to mice.  

Only 35% of the liver samples showed detectable 
amount of STX (Table 1). Samples imported from Holland 
in winter season were the only samples that cause death 
to mice in a mean death time of 4:15 min which 
equivalent to 225 MU/100 g wet weight and which is 
equivalent to 45 µg STX eq. /100g wet weight (Table 1). 
Local samples from Egypt showed detectable amount of 
STX (mean death time of 6:27 min which is equivalent to 
144 MU /100g or 28.8 µg STX) only in spring season. 
Whereas, samples imported from Asia showed detectable 
toxicity in spring (China 41.4 µg STX and Korea 21.4 µg 
STX) and summer (Japan 22.4 µg STX, China 27.2 µg 
STX, and Korea 24.8 µg STX). All samples showed non-
detectable amount of STX in autumn.  

The toxicity detected in mackerel fish in this study with 
a concentration ranged from 21.4 to 45 µg STX confirmed 
several reports of the accumulation of STX in mackerel 
fish where STX concentration ranged from 40 to 209 µg 
STX were found in Atlantic mackerel (Scomber 
scombrus) of the Bay of Fundy, New Brunswick, Canada 
in summer of 1988 (Haya et al., 1990) and in the Gulf of 
St. Lawrence (Castonguay et al., 1997). Also STX of an 
unknown origin was reported by Shimizu et al. (1989) in 
the common mackerels, S. scombrus Linn.  

This results that showed neurosigns in mice of all flesh 
and liver samples confirmed the fact that mackerel fish 

 

 

accumulates STX mainly in the liver and in non-
detectable amount in flesh all year round was also 
reported by Castonguay et al. (1997) who stated that 
mackerel appears to retain toxins (saxitoxins, 
gonyautoxins) year-round. However, we could not con-
firm their finding that the toxin content of liver increased 
significantly with fish age and length suggesting that 
mackerel progressively accumulate PSP toxins 
throughout their life. Also their finding that the toxin 
content of the liver also increased significantly during the 
summer feeding was disagreed with our finding that 
different localities showed different pattern of toxin accu-
mulation of STX in mackerel which reflect the pattern of 
the toxic algal bloom in these localities. The toxic winter 
samples from Holland may suggest the occurrence of 
late fall toxic bloom in the fishing area where these 
samples were caught. Also the spring and summer toxin 
accumu-lated in mackerel samples from Asia and the 
spring toxin accumulation in local samples from the 
Mediterranean showed different pattern of toxic bloom in 
different geographical areas. This information may be 
useful to those who monitor the safety of imported food to 
thoroughly monitored mackerel fish from certain localities 
in certain time.  

Although all positive samples showed toxin concen-
trations ranged from 21.4 to 45 µg STX eq. /100g wet 
weight which is below the safe limit of 80 µg STX eq. 
/100 g wet weight set by the USFDA and the EU 
Directive action 91/492/EEC, however, this may not be 
always the case and the possibility of getting higher toxic 
bloom and consequently higher toxin accumulation in 
mackerel is always there. Also the fact that accumulation 
of toxin is mainly in liver and rarely in flesh is not safe 
enough for consumption with the possible contamination 
with the toxin in liver during certain preparation and 
cooking procedures. 
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Figure 1. TLC separation of the tested biogenic amines (putrescine, cadaverine, 
spermidine, histamine, spermine and tyramine) from mackerel fish samples 
separated spots were visualized using long wave UV (365 nm).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Effect of catching source on the content of putrescine in mackerel fish samples 
collected from the Egyptian markets during different seasons. 

 
 

 

Biogenic amines determination 

 
Effect of seasons 

 

Statistical analysis of the data in this study showed that 
there are significant differences between seasons 
concerning the level of biogenic amines in mackerel fish 

 
 
 

 

samples. Winter season showed the significant highest 
mean level of histamine (7.198), spermidine (5.18) and 
cadaverine (3.035) mg/100g. In spring season, spermine 
(3.718) and tyramine (2.219) mg/100 g were at their 
highest level whereas putrescine (2.189 mg /100 g were 
at its highest level in autumn (Figures 2, 3, 4, 5, 6 and 7). 
Unexpectedly the lowest level of biogenic amines under 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Effect of catching source on the content of cadaverine in mackerel fish samples collected 
from the Egyptian markets during different seasons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Effect of catching source on the content of spermidine in mackerel fish samples 
collected from the Egyptian markets during different seasons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Effect of catching source on the content of spermine in mackerel fish samples collected from 
the Egyptian markets during different seasons. 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Effect of catching source on the content of histamine in mackerel fish samples collected 
from the Egyptian markets during different seasons.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Effect of catching source on the content of tyramine in mackerel fish samples 
collected from the Egyptian markets during different seasons. 

 

 

study was detected in summer samples. This finding is in 
contrast with several reports showing that biogenic amine 
levels in summer were greater than those in winter and 
that increasing holding temperature during handling will 
increase the biogenic amines content (Klausen and Huss, 
1987; Ben-Gigirey, 1998; Yiyeh et al., 2004; Park et al., 
2010). This disagreement may due to the common 
practice in the local market where frozen fish are handled 
with high care during summer time, whereas lower 
temperature around 20°C during winter time makes the 
market deal with frozen fishes with less fear of getting 
their merchandise to be spoiled. 
 

 

Effect of catching source 

 

With regard to the effect of catching source on the level of 
biogenic amines, the present data showed that mackerel 
fish were significantly differ in their biogenic amines level 
due to their catching source. The obtained 

 
 

 

results indicated that mackerel fish from Asia catching 
areas contained significant higher level than other 
catching areas. The highest mean level of histamine and 
spermidine (4.747) mg/100g were detected in samples 
imported from Japan, while cadaverine (2.972) mg% and 
tyramine (1.544) mg% were recorded in China samples, 
whereas, samples from Korea showed the highest level 
of putrescine (2.22) and spermine (2.825) mg% (Figures 
2, 3, 4, 5, 6 and 7). The effect of catching source is 
mainly due to the type and level of microorganisms which 
affect histamine level (Rawles et al., 1996) and is also 
due to harvesting season and feeding activity prior to 
capture as they affect the biogenic amines precursor 
(Aksnes and Brekken, 1988). 
 

 

The effect of thawing process 

 

Biogenic amines are normally increased rapidly during 
uncontrolled thawing process of frozen mackerel. The 



 
 
 

 
Table 2. Effect of thawing process on the level of biogenic amines (mg/100 g) in mackerel fish samples.  

 
  Effect Putrescine Cadaverine Spermidine Spermine Histamine Tyramine 

  Frozen 201.1 ±.15
b
 20.13±0.22

b
 106.2±0.41

b
 1.255±0.18

b
 3.302±0.41

b
 1.003±0.13

b
 

  Thawing 20216±0.22
a
 20211±0.29

a
 4.311±0.56

ab
 2.357±0.39

a
 5.632±0.65

a
 1.482±0.16

a
 

  % Increase 64 42 65 88 71 48 

Means in the same column bearing different letters differ significantly at p>0.05 otherwise they differ non significantly from each 
other.       

 
 

 
Table 3. Effect of interaction of thawing process and season on the level of biogenic amines content (mg/100 g) in mackerel fish 
samples.  

 
Interaction Putrescine Cadaverine Spermidine Spermine Histamine Tyramine  

Winter*F 1.481±0.42
c
 2.711±0.65

ab
 4.144±0.88

b
 0.473±0.07

d
 5.765±0.95

b
 0.605±0.11

de
 

Winter*T 1.655±0.33
bc

 3.359±0.85
a
 6.215±1.28

a
 1.066±0.10

d
 8.632±1.25

a
 0.945±0.12

cd
 

Spring*F 1.370±0.18
c
 1.037±0.27

cd
 2.115±0.53

cd
 2.345±0.47

b
 3.573±0.74

c
 1.914±0.25

b
 

Spring*T 2.316±0.26
ab

 1.448 ±0.27
c
 5.101±1.14

ab
 5.090±1.21

a
 7.937±1.47

a
 2.524±0.24

a
 

Summer*F 0.477±0.11
d
 0.326±0.07

d
 0.395±0.09

d
 0.970±0.24

d
 0.669±0.17

d
 0.255±0.08

e
 

Summer*T 1.029±0.26
cd

 0.533 ±0.12
d
 0.866±0.17

d
 1.149±0.27

d
 0.880±0.18

d
 0.553±0.14

de
 

Autumn*F 1.474±0.35
c
 1.416±0.33

c
 3.783±1.05

bc
 1.235±0.34

cd
 3.203±0.67

c
 1.239±0.26

c
 

Autumn*T 2.903±0.66
a
 2.477± 0.52

b
 5.062±1.06

ab
 2.122±0.51

bc
 5.077±0.84

bc
 1.905±0.39

b
  

Means in the same column bearing different letters differ significantly at p>0.05 otherwise they differ   non significantly from each other. 
F=Frozen T=Thawed.        

 

 

result in this study confirmed this fact where the thawing 
process causes the significant increase in the level of the 
biogenic amines under study (Table 2). Although this 
increase in the level of biogenic amines was found to be 
significant in all tested amines, however, the percent 
increase was differed according to the type of biogenic 
amine (Table 2). The highest percent increase was found 
in spermine (88%); followed by histamine (71%) where 
the lowest percent increase was observed in cadaverine 
(42%). Variation in the formation of different amines at 
different temperatures was probably due to the effect of 
temperature on the growth and activity of the amine 
forming bacteria as well as the availability of the amino 
acid substrates (Yamanaka et al., 1986; Okuzumi et al., 
1990; Chong et al., 2011).  

Statistical analysis showed significant interactions 
between thawing process and both catching seasons and 
sources. Both interactions confirmed that the higher the 
initial contamination the higher the percent increase due 
to the thawing process. This finding was illustrated in 
Table 3, where the highest initial histamine found in 
winter season cause the highest significant percent 
increase (50%) due to the thawing process while the 
lowest initial histamine found in summer season was not 
enough to cause a significant percent increase (31%). 
The same trend was observed in the effect of the thawing 
process on the level of spermidine and cadaverine. Also, 
this was true in case of spermine and tyramine when 
comparing their levels in the spring and summer season 
and for putrescine in autumn compared to summer 

 
 

(Table 3).  
The effect of high initial concentration on the percent 

increase during thawing process was not observed in the 
case of the interaction of the thawing process and 
catching source (Figures 8, 9, 10, 11, 12 and 13). The 
samples imported from Asia which showed the significant 
higher initial levels did not showed the higher percent 
increase (for example, Japan samples showed 73% 
increase in histamine and 66% in cadaverine), however 
the higher percent increase was observed in samples 
from Holland as indicated for histamine (145%) and 
cadaverine (157%) . This may due to other factors 
related to the catching source (for example, differences 
due to microflora species and/or the substrate type) as 
was discussed in previous reports where several studies 
showed that amino acid formation that depends on the 
feeding activity prior to capture and the high content of 
proteolytic enzymes in the intestinal tract are responsible 
for the rapid autolysis process (Gildberg, 1978; Aksnes, 
and Brekken, 1988). 
 

 

Conclusions 

 

Accordingly, in this study we were able to detect both 
STX and biogenic amines in the same samples of 
mackerel fish which increase the hazard of these toxic 
compounds if they occur separately as reported by 
Clifford et al. (1993) where they found that, commercial 
mackerel fillets which have been associated with 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 8. Effect of thawing process on the content of putrescine in mackerel fish samples 
collected from the Egyptian markets.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9. Effect of thawing process on the content of cadaverine in mackerel fish samples 
collected from the Egyptian markets.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Effect of thawing process on the content of spermidine in mackerel fish samples 
collected from the Egyptian markets. 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11. Effect of thawing process on the content of spermine in mackerel fish samples 
collected from the Egyptian markets.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Effect of thawing process on the content of histamine in mackerel fish samples 
collected from the Egyptian markets.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Effect of thawing process on the content of tyramine in mackerel fish samples collected from 
the Egyptian markets. 



 
 
 

 

incidents of scombrotoxicosis contained 0.2 to 13 µg 
STX/ 100g, concentrations some two to four orders of 
magnitude below that normally detectable by the mouse 
bioassay, concluding that the synergistic action of 
different toxic compound may be responsible for this 
incidents of scombrotoxicosis.  

In general mackerel fish in this study collected in 
autumn season contained low level of biogenic amines 
and non detectable level of STX while in summer STX 
was at its higher level in the samples from Asia but the 
biogenic amines was at its lowest level. In spring and 
winter time the hazard of the presence of these toxins 
simultaneously is more likely to occur as for the samples 
from Asia that contained high level of STX and high level 
of spermine and Tyramine (Table 1 and 3). Also the 
samples from Holland in winter time showed high level in 
STX and all the tested biogenic amines.  

The objective of this study was mainly to detect the 
increasing hazard due to the presence of more than one 
toxic compound at the same time in mackerel fish with 
relation to the catching source and season. This objective 
was supported by the result obtained in this study where 
both STX and biogenic amines under study were 
detected in the same samples of mackerel fish. Therefore 
this data should set the alarm of reviewing the safe limit 
of different toxic compound that may occur 
simultaneously in a specific product. 
 

 
REFERENCES 
 
Aksnes A, Brekken B (1988). Tissue degradation, amino acid liberation 

and bacterial decomposition of bulk stored capelin. J. Sci. Food 
Agric., 45: 53-60.  

Al Bulushi I, Susan P, Hilton CD, Gary AD (2009). Biogenic Amines in 
Fish: Roles in Intoxication, Spoilage, and Nitrosamine Formation—A 
Review. Crit. Rev. Food Sci. Nutr., 49(4): 369 – 377  

AOAC (2007). Association of Official Analytical Chemist, Official 

methods of analysis. Natural toxins, 17
th

 edn., chapter 49, 

Washington, D.C. 
 
Ben-Gigirey B (1998) Changes in biogenic amines and 

microbiological analysis in albacore (Thunnus alalunga ) muscle 
during frozen storage. J. Food Protect. 61(5):608-15.  

Castonguay M, Evasseur ML, Beaulieu J, Grégoire L, Michaud FS, 
Bonneau E, Bates SS (1997). Accumulation of PSP toxins in Atlantic 
mackerel: seasonal and ontogenetic variations. J. Fish Biol., 50(6): 
1203–1213.  

Chong CY, Abu Bakar F, Russly AR, Jamilah B, Mahyudin NA (2011). 
Mini Review: The effects of food processing on biogenic amines 
formation. Int. Food Res. J., 18(3): 837-846.  

Clifford MN, Walker R, Ijomah P, Wright J, Murray CK, Hardy R, 
Labauers EP, Usleber E, Terplan G (1993). Do saxitoxin-like 
substances have a role in scombrotoicosis?. Food Addit. Contam., 
9(6): 657-667.  

Gildberg A (1978). Proteolytic activity and the frequency of burst bellies 
in capelin. J. Food Technol., 13:409-416. 

Hall  S,  Strichartz  G, Moczydlowski E,  Ravindran  A,  Reichardt PB  
(1990). The Saxitoxins: Sources, Chemistry, and Pharmacology. In: 
Marine Toxins, Chapter 3, pp 29–65, (Hall, S. and Strichartz, G., eds) 
(Publisher: ACS Symposium Series), 418, 365.  

Haya K, Martin JL, Waiwood BA, Burridge LE, Hungerford JM, Zitko V 
(1990). Identification of paralytic shellfish toxins in mackerel from 
southwest Bay of Fundy, Canada. In: Granéli E, Sundström B, Edler  

L, Anderson DM (eds) Toxic marine phytoplankton. Elsevier, New York, 
p. 350–355. 

  
  

 
 

 
Hungerford JM (2010). Scombroid poisoning: a review. Toxicon., 2010 

Aug 15; 56(2):231-43  
Joshi PA, Bhoir VS (2011). Study of Histamine Forming Bacteria in 

Commercial fish samples of Kalyan city. Int. J. Cur. Sci. Res., 1(2): 
39 – 42.  

Kao CY (1993). Paralytic shellfish poisoning. In: Algal Toxins in 
Seafood and Drinking Water (Falconer IR, ed). London: Academic 
Press, 75– 86.  

Klausen NK, Huss HH (1987). Growth and histamine production by 
Morganella morganii under various temperature conditions. Inte. J. 
Food Microbiol., 5, 147–156.  

Lokuruka NI (2009). Scombrotoxicosis In African Fisheries-Its 
Implications For International. Afr. J. Food Agricu. Nutr. Dev., Vol. 9, 
No. 7, Oct, 2009, pp. 1617-1634  

Lopez-Sabater EI, Rodriguez-Jerez JJ, Roig-Sagues AX, Mora-Ventura 
MAT (1994). Bacteriological quality of tuna fish (Thunnus thynnus) 
destined for canning: Effect of tuna handling on presence of histidine 
decarboxylase bacteria and histamine level. J. Food Protection, 
57:318–323. 

Maclean JL (1979). Indo-Pacific red  tides. In:  Toxic Dinoflagellate 
Blooms (Taylor DL, Seliger HH, eds). New York: Elsevier,  

Maijala RL, Eerola SH (1993). Contaminant lactic acid bacteria of dry 
sausages produce histamine and tyramine. Meat Sci., 35: 387-395.  

Mons MN, Van Egmond HP, Speijers GJA (1998). Paralytic shellfish 
poisoning: A review. RIVM Report 388802-005. June 1998.  

Mstat (1988). Mstat-C, a microcomputer program for the design, 
arrangement and analysis of agronomic research. Michigan State 
University, East Lansing.  

Okuzumi M, Fukumoto L, Fuji T (1990).Changes in bacterial flora and 
polyamine contents during storage of horse mackerel meat. Nippon 
Suizan Gakkaishi, 56(8): 1307-1312.  

Park JS, Lee CH, Kwon EY, Lee HJ, Kim JY, Kim SH (2010). 
Monitoring the contents of biogenic amines in fish and fish products 
consumed in Korea. Food Control, 21:1219–1226.  

Rawles DD, Flick GJ, Martin RY (1996). Biogenic amines in fish and 
shellfish. Adv. Food Nutr. Res., 39: 329-365.  

Sephton DHK, Haya JL, Martin MM, Gresley L, Page FH (2007). 
Paralytic shellfish toxins in zooplankton, mussels, lobsters and caged 
Atlantic salmon, Salmo salar, during a bloom of Alexandrium 
fundyense off Grand Manan Island, in the Bay of Fundy. J. Harmful 
Algae, 6:745–758.  

Shimizu Y, Gupta S, Masuda K, Maranda L, Walker CK, Wang R 
(1989). Dinoflagellate and other microalgal toxins:chemistry and 
biochemistry. Pure&App/. Chern., 61(3): 513-516.  

Shumway SE (1990). A review of the effects of algal blooms on shellfish 
and aquaculture. J. World Aquacult. Soc., 21:65–104.  

Sindermann CJ (1996). Ocean Pollution: Effects on Living Resources 
and Humans, Marine Science Series, CRC Press, Boca Raton, New 
York and London.  

Sultan YY (2004). Evaluation and application of modern methods for 
detection of aflatoxins and histamine in some food in conjunction with 
HACCP concept. M.Sc. Thesis, food science department, faculty of 
Agriculture, Cairo University Egypt.  

Taylor SL (1988). Marine toxins of microbial origin. Food Technology, 
March, 94-98.  

Tsai YH, Kung HF, Lee TM, Chen HC, Chou SS, Wei CI (2005). 
Determination of histamine in canned mackerel implicated in a food 
borne poisoning. Food Control, 16: 579–585.  

Van Egmond HP (2004). Marine Biotoxins FAO Food And Agriculture 
Organization Of The United Nations Rome, Food And Nutrition Paper 
80. 294 pages.  

Watters  MR  (1995).  Organic  neurotoxins  in  seafoods.  Clin.  Neurol. 
Neurosurg., 97:119–124.  

Yamanaka H, Shimakura K, Shiomi K, Kikuchi T (1986). Changes in 
non-volatile amines cintents of the meats of sardine and saury pike 
during storage. Nippon Suisan Gakkaishi, 52(1):127–130.  

Yiyeh C, Junc SL, Fwu D (2004). Biogenic amines and histamine of 
marlin fillet and spotted mackerel fillet sampled from cafeteria and 
anchovy from fish market in keelung. J. Food Drug Anal., 12(2):128-
132. 

http://www.informaworld.com/smpp/title~content=g908872166~db=all
http://onlinelibrary.wiley.com/doi/10.1111/jfb.1997.50.issue-6/issuetoc
http://pubs.acs.org/isbn/9780841217331
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hungerford%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20152850

