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Abstract

The occurrence of biogenic amine forming bacteria in cured fishery products produced
and marketed in Thoothukkudi region of Tamil Nadu, India was investigated. Twelve varieties
of commercially important salted, dried and smoked fishery products were examined. The total
bacterial load in the samples of cured fishery products ranged from 102 to 10° cfu/g. The oc-
currence of histamine formers ranged from 0 to 75%, while the cadaverine formers varied from
1 to 66% and putrescine formers from 1 to 51%. Histamine formers were found to be very
high in salted Indian ilisha. Salted seer fish recorded a high content of cadaverine formers,
whereas dried anchovies (spratts) had highest putrescine formers. The moisture content and
water activity (a,) of the cured fishery products analyzed ranged from 2.35% to 47.91% and
0.41 to 0.98, respectively. The salt content varied from 2.22% to 20.26% in the cured samples
examined. Histamine formers and putrescine formers were found to be predominant in most of
the cured fishery products. Cured fishery products may pose a health hazard, if not prepared
hygienically.

Introduction

In India, about 17% of fish catch is utilized for curing and in Tamil
Nadu, it is still higher, with about 25% of fish catch being utilized for curing
(Lakshmanan et al. 2002). Significant quantity of fish is subjected to curing
in the Thoothukkudi region. Cured fish like dried anchovies are also ex-
ported from India, which brings in foreign exchange to a tune of 70 million
USD. The cured fish export from Tamil Nadu was about 32% of the total In-
dian cured fish exports and the contribution from the Thoothukkudi region
to Tamil Nadu was about 20% (Anon 2002).
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Food poisoning due to high histamine in cured fish was not considered
until 1982 when Murray et al. (1982) described a case caused by consump-
tion of Spanish semi-preserved anchovies. Even though histamine is the
most important compound in scomberotoxism, histamine toxicity is increased
by other amines such as cadaverine and putrescine (Taylor and Sumner
1986). Histamine is responsible for the toxic processes of food poisoning due
to consumption of fish species of the Scomberesocidae and Scombridae fami-
lies (Frank et al. 1981) and fishes of the Clupeidae and Engraulidae families
(Veciana-Nogues et al. 1990), which have naturally high quantities of free
histidine in their muscular tissue.

The formation of high levels of histamine in fish products was directly
correlated with the level of microorganisms present in the product, due to
bacterial histidine decarboxylase action on histidine (Ababouch et al. 1991).
The formation of histamine depends on the number of microorganisms
rather than on the environment in which they grow (Yoshinaga and Frank
1982). Cured fishery products, which are not subjected to thermal treatment,
could be the cause of some histamine outbreaks (Veciana-Nogues et al.
1990). High histamine concentrations in cured fish like salted fish could be
due to poor quality of raw material, improper handling or other changes
during storage (Rodrigues-Jerez et al. 1994). Histamine poisoning occurs
worldwide with Japan, the US and UK reporting most incidents, whereas in
other countries such as Canada, New Zealand, France, Germany, Norway,
Sweden, The Netherlands, Australia, Sri Lanka, India, Indonesia and Egypt,
the disease frequency is much less, which may be due to under-reporting by
these countries (Ababouch 1991). Other amines produced during fish spoilage
are believed to potentiate the effects of histamine and give rise to symptoms
of scombroid poisoning (Liston 1990). Large amounts of histamine have often
been detected in commercial fishery products of India, including salt-dried
products (Nagendra et al. 1988; Chakrabarti 1991, 1993; Shakila et al. 2002).
The presence of other amines, viz. cadaverine and putrescine, in commercial
salted and dried fishery products was also reported and their concentrations
were found to be higher than histamine (Wood and Bostoc 1988; Wootton et
al. 1989). Against this background, the present work is aimed at finding out
the occurrence of biogenic amine forming bacteria in cured fishery products,
which will indicate the incidence of histamine poisoning, if any, in cured
fishes.

Materials and Methods

Twelve varieties of cured fishery products such as salted fish, dried fish
and smoked fish were obtained from the dry fish market, fish curing yards
and dry fish godowns of Thoothukkudi region of Tamil Nadu, India. The
cured fish samples of each species from three different batches were tested
for the occurrence of biogenic amine forming bacteria such as histamine
formers, cadaverine formers and putrescine formers using Moeller’'s decar-
boxylase medium supplemented with the amino acids, histidine, lysine and
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ornithine. They were also examined for the general bacteriological quality by
analyzing total bacterial load. About 25g of cured fish samples was homog-
enized in 225 ml of sterile 0.85% physiological saline and decimal serial di-
lutions were made in the same diluent and finally they were pour plated on
Trypticase soy agar (TSA) (Hi-Media, Mumbai, India). The plates were then
incubated at 37°C for 24 — 48 h. After incubation, the number of colonies
developed on the plates were counted for the total bacterial load and ex-
pressed as cfu/g (APHA 1976). For the enumeration of total bacterial load
from the salted fishery products, 7.5% sodium chloride was added with the
plating medium.

Representative colonies were picked up from the TSA plates, purified
and checked for the decarboxylase activity using Moeller’'s decarboxylase
broth base (Hi-Media, Mumbai, India) supplemented with the amino acids
viz., L-histidine hydrochloride, L-lysine hydrochloride and L-ornithine hydro-
chloride at 0.5% level (w/v). Medium without the added amino acid served as
control. Purified bacterial isolates were inoculated into the three media and
incubated at 37°C for 72 — 96 h. The isolates, which showed positive reaction
for decarboxylase test, were considered as amine forming bacteria. Besides
examination for bacteriological quality, the samples were tested for the mois-
ture and salt contents by following the standard techniques prescribed in
AOAC (1990). Moisture was determined by drying the fish samples at 100°C
for 6-8 h in hot air oven. Salt was estimated by titrating the fish sample
extract against standard silver nitrate solution. Water activity (a,) of the
samples was determined by the calculation method involving the values of
moisture, salt and fat contents of fish sample, as described by Doe et al.
(1982).

Results

The general bacterial quality of commercially important cured fishery
products examined in this study is shown in Fig.1. The total bacterial load
ranged from 102 to 10° cfu/g. Smoked tuna (masmin) recorded the lowest
bacterial count of 1.20 x 102 cfu/g, whereas salted sciaenids had a highest
bacterial load (9.40 x 10° cfu/g). About 33% of the cured fishery products had
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a bacterial load of 10* cfu/g. Only 25% of the cured fishery products carried
a higher load of 10% cfu/g. Remaining cured fishery products (42%) were
found to contain lower bacterial counts of 10° and 10° cfu/g. The incidence of
biogenic amine forming bacteria in the commercially important cured fishery
products is given in Table 1. Among the cured fishery products tested, hista-
mine forming bacteria was found to be high in salted Indian ilisha (75%),
salted Tiger perch (70%), salted lethrinids (33%), and salted seer fish (24%).
Cadaverine formers were high in salted seer fish (66%), dried anchovies
(48%), salted Indian ilisha (42%), salted Tiger perch (40%) and salted
lethrinids (29%). Dried anchovies (spratts), salted Tiger perch, salted seer
fish, salted Indian ilisha and salted lethrinids were found to contain high
putrescine forming bacteria at the levels of 51%, 50%, 44%, 33% and 30%,
respectively. Among the cured fishery products examined, histamine formers
were not detected in smoked shrimps and salted goat fish.

The moisture and salt contents and water activity (a,) of the cured fish-
ery products investigated in this study is given in the Table 2. Among the
salted fishery products tested, salted sardines recorded very low moisture
content of 11.78%, while salted carangids had a highest moisture level of
47.91%. Smoked tuna (masmin) were to found to contain the lowest mois-
ture content of 2.35%. Dried anchovies (spratts) had a slightly higher mois-
ture level of 9.69%. Among the salted fishery products examined, salted Ti-
ger perch recorded very low salt content of 7.28%, while salted Indian ilisha
had a highest salt level of 20.26%. Dried anchovies were to found to contain
the lowest salt content of 2.22%. Dried shrimps had a slightly higher salt
level of 2.63%. The salt content in smoked tuna was 5.85%. Among the
cured fishery products examined, dried anchovies recorded a lowest a, of
0.41, while salted seer fish had a highest a, of 0.98. Salted lethrinids had a
slightly lower a, of 0.88. Salted sardines were to found to contain the a, of
0.56. Both the smoked tuna and smoked shrimps contained the same levels
of a, (0.44).

Discussion

The total bacterial load in the commercially important cured fishery
products examined in this study ranged from 102 to 10° cfu/g (Fig.1). About
42% of the products were found to contain lower bacterial counts of 102 to
10® cfu/g. Only 25% of the cured fishery products carried a higher load of
10° cfu/g. According to Kalaimani et al. (1988), the total bacterial load of 103
cfu/g is normal in salted and dried fishery products. However, Shakila et al.
(2002) have reported that the total bacterial load in the salted fish ranged
from 10* to 10° cfu/g, while dried fish contained about 10* cfu/g. The inci-
dence of biogenic amine forming bacteria in cured fishery products is given
in Table 1. The occurrence of biogenic amine forming bacteria in cured fish-
ery products varied with the species of fish. The occurrence of histamine
formers ranged from 0 to 75%, while the cadaverine formers varied from 1
to 66% and putrescine formers from 1 to 51%. No significant correlation was
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observed between the total bacterial load and biogenic amine forming bacte-
ria in cured fishery products. Amine forming bacteria was high in salted
Tiger perch, salted Indian ilisha, salted seer fish, dried anchovies and salted
lethrinids. But, Shakila et al. (2002) have reported that the amine forming
bacteria was high in salted sardines followed by salted lethrinids, whereas in
dried products, the amine formers were high in dried anchovies than in
dried shrimps. Among the smoked products tested in this study, smoked
tuna carried a high level of histamine formers. Histamine forming bacteria
was also found to be high in salted sardines, salted lethrinids, salted Indian
ilisha and salted Tiger perch, besides smoked tuna, as Taylor (1986) has
reported that sardines, anchovies and tuna were more frequently associated
with the histamine poisoning outbreaks. Histamine formers were not de-
tected in smoked shrimps and salted goat fish, which indicated that the his-
tidine decarboxylating bacteria may be absent in those products or such
products may not contain high levels of histidine.

Table 1. Incidence of biogenic amine forming bacteria in commercially important cured fishery
products.

Name of the cured fishery product Incidence of biogenic amine forming bacteria
Histamine Cadaverine Putrescine
formers (%) formers (%) formers (%)
Salted Sardines 11 1 1
Salted Sciaenids 4 3 7
Salted Seerfish 24 66 44
Salted Lethrinids 33 29 30
Salted Goat fish 0 16 5
Salted Carangids 13 14 22
Salted Indian ilisha 75 42 33
Salted Tiger perch 70 40 50
Dried Anchovies 10 48 51
Dried Shrimps 14 5 20
Smoked Tuna 14 8 4
Smoked Shrimps 0 4 12

Table 2. Moisture and salt contents and water activity (a,,) of commercially important cured
fishery products.

Name of the Moisture content Salt Water activity
cured fishery product (%) (%) (ay)
Salted Sardines 11.78 10.78 0.56
Salted Sciaenids 38.25 15.43 0.75
Salted Seerfish 45.14 17.73 0.98
Salted Lethrinids 45.80 12.62 0.88
Salted Goat fish 24.16 11.52 0.73
Salted Carangids 47.91 14.21 0.83
Salted Indian ilisha 16.43 20.26 0.69
Salted Tiger perch 23.68 7.28 0.78
Dried Anchovies 9.68 2.22 0.41
Dried Shrimps 16.53 2.63 0.79
Smoked Tuna 2.35 5.85 0.44

Smoked Shrimps 8.32 6.08 0.44
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Cadaverine formers were high in salted seer fish and salted goat fish
and they were very low in salted sardines and dried shrimps (Table 1). All
the cured fishery products tested in this study were found to contain cadav-
erine forming bacteria, though at low proportions. Salted sciaenids, salted
carangids, dried anchovies (spratts), dried shrimps and smoked shrimps were
found to contain high putrescine forming bacteria (Table 1). The incidence of
putrescine formers was high in the cured fishery products examined in this
study, except in salted sardines. It is quite interesting to note that pu-
trescine formers were recorded in highest numbers in both the shrimp prod-
ucts tested. This is due to the fact that the shrimp muscle contains high
levels of ornithine and arginine, which on bacterial decarboxylation yield
putrescine. Further, putrescine has also been identified as a chemical index
of decomposition for the shrimps and lobsters (Meitz and Karmas 1977,
Shakila et al. 1995). Shakila et al. (2002) have also reported that the pu-
trescine forming bacteria were isolated in high numbers in salted fish than
the other amine forming bacteria. The proportion of cadaverine and pu-
trescine forming bacteria was quite high and histamine-forming bacteria was
recorded in low numbers in dried anchovies (Table 1). Anchovies, particularly
semi-preserved product, have earlier been reported to be involved in the
outbreaks of histamine poisoning (Veciana-Nogues et al., 1990; Rodriguez-
Jerez et al., 1994). The higher incidence of histamine formers and putrescine
formers in such cured fishery products may lead to histamine toxicity (Huss
1995).

The moisture content of the cured fishery products analyzed ranged
from 2.35% to 47.91% (Table 2). Gopakumar (1997) has reported that the
moisture content of most of the cured fish products varies from 25 to 40%
depending upon the type of products and species of fish used. Kalaimani et
al. (1988) supported the present findings of very low moisture content in the
smoked tuna. The salt content varied from 2.22% to 20.26% in the cured
fishery products examined (Table 2). However, Kalaimani et al. (1988) have
reported that the salt content in most of the cured fish products ranged
from 5 to 30%. The pH of the product, temperature of storage, microbial
load, salt content and a,, are factors generally considered to influence stor-
age life of cured fish products (Gopakumar 1997). For traditionally dried or
cured products stored under normal conditions in a tropical climate, a, can
be considered the best index to determine how quickly microorganisms will
grow in them. The water activity (a,) of the cured fishery products analyzed
ranged from 0.41 to 0.98 (Table 2). Of the four cured fish products tested for
water activity, Kalaimani et al. (1988) found that white baits (dried ancho-
vies) had a very low a, of 0.14. According to Poulter et al. (1982), salted
sun dried fish having a, of 0.65 above could have a predicted mould-free
shelf life between 100 and 450 days. For brined fish with moisture content
of 25% or salted dried fish having the moisture content of 25 to 45% (a, =
0.70), a shelf life of 100 days is expected. A quality dried fish product with
an expected shelf life of around 9 — 10 months should have moisture content
of below 20%. The higher a, levels observed in the cured fishery products
examined indicated that they were more prone for the growth of bacteria
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including the amine formers. Wide variation in the moisture and salt con-
tents and water activity levels observed in this study could be attributed to
the differences in the species, size, method of salting and drying processes
and storage conditions such as temperature and relative humidity. Salted
fishery products tested consisted of both the eviscerated and uneviscerated.
Similar variations in moisture and salt contents in cured fish were also re-
ported by Chakrabarti (1991).

Conclusion

It can be concluded that histamine formers and putrescine formers were
found to be predominant in most of the cured fishery products examined.
Their presence in these products was mainly because there exists a group of
bacteria, which can survive at low moisture content, high salt contents, low
a,, levels and ability to decarboxylase amino acids. The commercially impor-
tant cured fishery products of Thoothukkudi region of Tamil Nadu, India
contained considerable numbers of biogenic amine forming bacteria, which
on proliferation under suitable conditions may contribute to the accumula-
tion of toxic amines and lead to public health hazard. Hence, proper sanitary
and hygienic practices should be followed along with the use of quality fish
raw material to produce the safe and quality cured fishery products.

Acknowledgement

The authors wish to thank the Dean, Fisheries College & Research
Institute, Tamil Nadu Veterinary and Animal Sciences University,
Thoothukkudi, Tamil Nadu, India for having provided the necessary fa-
cilities and support for carrying out this study, as one of the research
projects of the University.

References

Ababouch, L. 1991. Histamine food poisoning: an update. Fisheries Technology News 11: 3-5,
9.

Ababouch, L., M.E. Afilal, S. Rhafiri, and F.F. Busta. 1991. Identification of histamine produc-
ing bacteria isolated from sardine (Sardina pilcharus) stored in ice and at ambient tem-
perature. Food Microbiology 8: 127-136.

Anon, 2002. Tamil Nadu Fisheries Statistics 2000 — 2001. Department of Fisheries, Govern-
ment of Tamil Nadu, Chennai, India. p. 56.

AOAC, 1990. Methods of Analysis (15" Edition). Association of Official Analytical Chemists,
Washington DC.

APHA, 1976. Compendium of methods for the microbiological examination of foods. Speck, M.L.
(Ed.), American Public Health Association, New York.

Chakrabarti, R. 1991. Histamine content in dried fish products from Kakinada coast. Fishery
Technology 28: 59-62.

Chakrabarti, R. 1993. Processing of Psenes indicus, Decapterus sp. and Stolephorus sp. to dried
product with low histamine and their storage characteristics. Fishery Technology 30: 130-
133.


http://www.pdffactory.com

202

Doe, P.E., C.A. Curran and R.G. Poulter. 1982. Determination of the water activity and shelf
life of dried fish products. FAO Fisheries Report No. 279: 202-208.

Frank, H.A., D.H. Yoshinaga and W.K. Nip. 1981. Histamine formation and honeycombing
during decomposition of skipjack tuna, Katsuwonus pelamis at elevated temperatures.
Marine Fisheries Review 43: 9-14.

Gopakumar, K. 1997. Tropical fishery products. Oxford & IBH Publishing Co. Pvt. Ltd., New
Delhi. pp. 1-44.

Huss, H.H. 1995. Quality and quality changes in fresh fish. FAO Fisheries Series No. 348.
Food and Agriculture Organization, Rome. p. 195.

Kalaimani, N., K. Gopakumar, and T.S.U. Nair. 1988. Quality characteristics of cured fish of
commerce. Fishery Technology 25: 54-56.

Lakshmanan, R., R.J. Shakila and G. Jeyasekaran. 2002. Changes in the halophilic amine
forming bacterial flora during salt-drying of sardines (Sardinella gibbosa). Food Research
International 35: 541-546.

Liston, J. 1990. Microbial hazards of food consumption. Food Technology 44: 56-62.

Meitz, J.L. and E. Karmas. 1977. Chemical quality index of canned tuna as determined by
High Pressure Liquid Chromatography. Journal of Food Science 2: 155-158.

Murray, C.K., G. Hobbs and R. Gilbert. 1982. Scomberotoxin and scomberotoxin-like poisoning
from canned fish. Journal of Hygiene 88: 215-220.

Nagendra, T.A,, |. Karunasagar and |. Karunasagar. 1988. Levels of histamine in some of the
commercially important fish and fishery products in India. FAO Fisheries Technical Re-
port No. 401 (Suppl): 112-115.

Poulter, R.G., P.E. Doe and J. Olley. 1982. Isothalic sorption isotherms: use in prediction of
storage life of dried salted fish. Food Technology 17: 201-210.

Rodriguez-Jerez, J.J., E.l. Lopez-Sabater, M.M. Hernandez-Herrero and M.T. Mora-Ventura.
1994. Histamine, putrescine and cadaverine formation in Spanish semi-preserved ancho-
vies as affected by time/temperature. Journal of Food Science 59: 1993-1997.

Shakila, R.J., T.S. Vasundhara and D.V. Rao. 1995. Rapid quality assessment of shrimps dur-
ing storage by monitoring amines. Journal of Food Science and Technology 32: 310-314.

Shakila, R.J., R. Lakshmanan and G. Jeyasekaran. 2002. Incidence of amine forming bacteria
in the commercial fish samples of Tuticorin region. Indian Journal of Microbiology 42:
147-150.

Taylor, S.L. 1986. Histamine food poisoning: Toxicology and clinical aspects. Critical Review in
Toxicology 17: 91-128.

Taylor, S.L. and S.S. Sumner. 1986. Determination of histamine, cadaverine and putrescine.
Kramer, D.E. and J. Liston (Eds.). Seafood Quality Determination, Elsevier Science,
Amsterdam. pp. 245-253.

Veciana-Nogues, M.T., M.C. Vidal-Carou and A. Marine-Font. 1990. Histamine and tyramine
formation during storage and spoilage of anchovies, Engraulis encrasicholus: Relationship
with other fish spoilage indicators. Journal of Food Science 55: 1192-1193,1195.

Wood, C.D. and T. Bostock. 1988. Toxic amines in fish. FAO Fisheries Technical Report No.
401 (Suppl.): 355-358.

Wootton, M., J. Silalahi and R.B.H. Wills. 1989. Amine levels in some Asian seafood products.
Journal of Science of Food and Agriculture 49: 503-506.

Yoshinaga, D.H. and H.A. Frank. 1982. Histamine producing bacteria in decomposing skipjack
tuna (Katsuwonus pelamis). Applied and Environmental Microbiology 44: 447-452.

Manuscript received 21 January 2003 ; Accepted 22 April 2003


http://www.pdffactory.com



