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Abstract
The study was carried out to assess the qualitpebmoked tuna fish
from dry fish processing center of Tuticorin. ThehEs having less nutritive
value because of overtime salting leads to leacbfngater soluble nutrients.
Email:immaculatejayasantha@gmail.comn3ased on the quality indicators the fishes havimgh Isalt content and less
amount of volatile amine production, without anyidative changes. Apart
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1. Introduction 1994). Microbial spoilage results from the activafy

Fish provides a high source of protein requiredbacteria with spoilage potential (i.e. the ability
in the diets of man as it contains essential nutsie Produce off-odors). The microbial density is a
such as vitamins, fats and minerals which helphim t reflection of the processing methods and hygieevell
maintenance of life (Ashano and Ajayi, 2003). Apart of processors and sellers. Therefore fishes rewyiri
from its food value, fish has been reported to psss Prompt processing and preservation to avoid speilag
medicinal values, such as, in the amelioration of Fish is soft and easily damaged; therefore rough
asthma, arthritis, coronary heart diseases, gaitg handling and bruising results in contamination ieh f
cancer (Cobiaet al., 1991). In spite of these valuable flesh. Fish will become unfit for human consumption
nutrients derivable from fish, it is, however fighan ~ Within a one day of capture, unless it is subjedted
extremely perishable food commodity as it is highly Some form of processing or preservation. Even dfter
susceptible to autolysis, rancidity as a result offish has been processed, particularly if traditiona
oxidation of fat which creates unpleasant odors andnethods have been used, the fish is still subject t
flavours (FSA, 2004)]. Generally, fish have sofsties many forms of loss and spoilage (Shewan, 2000).
and high amount of water and this enhances itdiowever, there are different methods or ways of
susceptibility to microbial contamination (Olayemti ~ Prolonging the shelf-life of fish. These includlithg,
al., 2012). Recently, many researchers had evaluatefie€zing, canning, drying, salting and smoking.
the spoilage of seafood in general and fish inipaler. ~ Smoking of fish and/or meat products is one of the
The spoilage activity of food samples depend onMost ancient processing technologies. Hard curing b
several factors such intrinsic (nutrient conted, and ~ salting and smoking permits lengthy preservation by
buffering capacity, redox potential, water activitigd ~ removing  moisture, which is  essential  for
antimicrobial barriers and constituents), extrinsic bacteriological and enzymatic spoilage. Consumee's a
(relative  humidity, temperature and gaseousrediscovering the good taste of smoked seafood@nd
atmosphere), implicit and microbial factors (Adams satisfy the consumer demand, it is necessary tuse
and Moss, 2008). Chemical spoilage is the result ogood quality and safe smoked seafood products. Fish
enzyme action or non-enzymatic reactions like Smoking which involves the application of smokeniro
oxidation and the Maillard reaction. The main Smoldering wood for the preservation of fish ddtask

contributions of chemical Spo”age to food are dlav to civilization. The baCteriOStatiC, bactericidahda
and colour Changes due to Oxidation, ||p0|ys|s hedt. antioxidant function of smoke and dehydration dffec
These changes may be induced by light, metal ions o°f the process were used inadvertently by the dasity
excessive heat during processing or storage (Husgrocessors in the preservation of fish (Eyo, 200he
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smoking of fish is done for the enhancement ofdtav Smoked dried tuna fishA(xis thazaryl obtained
and texture. This form of processing sometimesfrom a local dried fish wholesaler at Tuticorin,niia
provides little protection against microbiological, Nadu. The process of smoking includes different
enzymatic and chemical deteriorative alteratioms] a preservative steps such as salting, drying and hot
in some instances, smoked foods spoil as readily asmoking with application of heat. They were selggti
non-smoked foods. Although smoking increases shelthe fish for smoking in high quality, fresh and dre
life of the fish products, hygienic standards of flsh  from diseases. The first step, preparation of raw
products before, during and after smoking are stispe material for smoking, depends on the species aral si
Fish smoking helps in slowing down fish deteriarati  of the fish and on the intended form of the produibe
thereby giving the commodity a longer shelf-life. whole fish are gutted, the gut cavity scraped alhd a
However, investigations have shown the presence oblood was removed. This fish are then usually
microbial contaminants even on smoked fish (Nyarkobeheaded and opened, although the long bones are
et al., 2011). Most of the post processing microbial often left on the fillets to give the finished prad a
contaminants such as bacteria and fungi originatem f  better appearance. Salting is almost always done by
poor handling practices while some could be from th soaking the fish in strong brine. The concentratidn
air, the source of the fish, or from other degrgdin brine and time of brining depends on the type of
substances. In humid tropical conditions, very dryproduct size and fattiness of the fish. The amafnt
smoked fish with low moisture contents are prone tosalt that is desired for the final product they use
insect infestation, while others not so dry, havingminimum of 3.5g of salt per 100 g of tissue. After
medium to high moisture contents suffer from bothsalting, a combination of drying for removing wetgae
bacterial and mould contaminations (Banwart, 2004).of about 60% and smoking with a temperature of abou
Contamination by these microorganisms can caus®0-70°C for six to eight hours was done. The smoked
human infections. Fungal contaminants found in,fish samples were then stored at ambient temperatuile unt
which are known to cause disease in humanssale. The experimental samples for this study akesrt
Prolonged intake of smoked fish with these metéemli from the processing center and transported to the
may constitute potential public health hazard. Thelaboratory in sterile polythene bags. Then the dasnp
quality of smoked products is dependent on severaWere analyzed for both microbial and chemical
factors, including, the quality of the fish at ttime of changes.
smoking, the preparation of the raw material, tature
of wood and the type of the smoking procedure2.1 Physico-Chemical Analysis
employed (Da Silva, 2002).

In tropical area of Tuticorin, apart from the 2.1.1 Moisture Content
fresh fish processing some quantity of the fishesdu Moisture content was determined by drying of 5
for salting and sun drying and used as a driedifish g of minced smoked fish in a convection oven at 105
local and export market. Tuna fish locally called °C until constant weight (AOAC, 1995).
choorai used to develop the byproducts of massi
preserved only in the form of smoke drying. Preslgu  2.1.2 Salt Content
these fishes are not processed locally that areriteqp Sodium chloride content in smoked fish samples
from Lakshadweep. But now a day fish processorwas determined by volumetric method of Volhard
processes the tuna fish in Tuticorin including o (AOAC, 1990).
sun drying, smoking and packaging. All the proaesgsi
was carried out in simple manner. In some places th2.1.3 Protein
belief most people have is that smoked fish isilster The protein content of the samples was
and can be eaten without further heat processimg. lestimated by Lowry’s method (Lowst al.,1951).
fact some people even eat the fish at the marketde
any post-smoking processing is done. The study wag.1.4 Lipid
aimed at understanding the safety of smoked fish Lipid content of the sample was estimated using
products after the smoking process. It identified gravimetric method (Folcht al.,1957).
microorganisms that contaminate smoked fish and
made appropriate recommendations for mitigatiore Th 2.1.5 Ash

present study was carried out to assess the quality The ash content was measured by the method of
characteristics of locally smoked tuna fish. Clucas and Ward (1996) using Muffle furnace.
2. Materialsand M ethods 2.1.6 Determination of pH
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pH value was estimated according to Goulas This method is based on the detection of typical
and Kontominas (2005) as follows. Ten gram of Gram positiveBacilli with subterminal oval spores
sample was homogenized in 100 ml of distilled watergrow on cooked meat medium and producing turbidity,
and the mixture was filtered. The pH of filtrate sva gas production and digestion of the meat particles
measured using a pH meter (HANNA pH213) at (FAO, 1979).
ambient temperature.
2.2.3 Detection of Vibrio
2.1.7 Determination of Total Volatile Basic Nitrogen The presence or absence dfibrio was
(TVB-N) determined according to the methods described by
Total Volatile Base Nitrogen (TVB-N) value FAO (1979) using alkaline peptone as a pre-
was estimated by the semi-micro distillation praged enrichment, while TCBS and CPC agar was used as a
(AMC, 1979; Kirk and Sawyer, 1991). The bases areselective plating media.
steam distilled into standard acid and back-tibrati

with standard alkali. 2.2.4 Detection of Staphylococcus spp
The species was determined using Mannitol Salt
2.1.8 Deter mination of Trimethylamine Nitrogen Agar (MSA) (37+fC, 48 hours), Staphylococcus

Trimethylamine  Nitrogen (TMAN) was aureuswas determined by applying coagulase test on
determined using the above mentioned TVBN methodoright yellow halo colonies on (MSA).
after appropriate modification: formaldehyde waedis
to block the primary and secondary amines (AMC, 2.2.5 Listeria monocytogenes
1979). The 1SO 11290 method was used for isolation
and identification ofL. monocytogeneslescried by
2.1.9 Determination of 2-Thiobarbituric Acid (TBA) Beckeret al. (2006). 25 g of samples were added to
2-Thiobarbituric acid (TBA) value of smoked 225 ml of half Frazer broth as the first enrichmantl
fish samples was determined colorimetrically byngsi incubated 24h. On the other hand 0.1ml of half &ras

the method published by Kirk and Sawyer (1991). broth was added to 10 ml of Frazer broth as a skcon
enrichment culture at 8¢ for 48 h. A loopful of
2.1.10 Extraction of Lipidsand Peroxide Value culture inoculated tolListeria selective agar and

Lipid was extracted from the mixed smoked fish incubated at 24-48h at %7. The colonies were
samples with a mixture of chloroform / methanol 12: confirmed using biochemical tests (Gram staining,
v/v) according to the method described by Faitlal. catalase, oxidase, urea, SIM, TSI and MR-VP).
(1957). Peroxide value (PV) was expressed in unit's
meq / kg lipid was determined by the titration neeth 3. Results and Discussion

(Kirk and Sawyer, 1991) The purpose of this study was to assess
_ _ nutritional and chemical quality of hot smoking of
2.2 Bacteriological M ethods Tuna @uxis thazaryl In this modern world, there are

Total bacterial count (TBC), Coliform bacteria several smoking methods such as the cold, hotidliqu
and yeast and mold counts of smoked fish wereand electrostatic. However, the two major methofds o
determined by using Nutrient agar, MacConkey agarfish smoking are cold and hot smoking. In cold
and Potato Dextrose agar media, respectively acmprd smoking, the proteins of raw fish turn edible agsult
to the procedures described by APHA (1976).0f their enzymatic ripening, while in hot smokirthis
Incubations were carried out at 37°C/48 h for TBA@J  is accomplished due to their thermal denaturation.
Coliform; at 25°C/5 day for yeasts and molds count.  poth methods, the operations are similar; however,

different parameters of time and temperature aegl.us

2.2.1 Detection of Salmonella The temperature in the kilns does not exceeWC30

The presence or absence of salmonella wasluring cold-smoking, while in hot-smoking; it is tno
determined according to the methods described byower than 68C. Consequently, the products of these
FAO (1979) using buffered peptone as a pre-two smoking procedures differ in their sensory
enrichment, while tetrathionate broth was used as roperties and in their shelf life. In both methods
selective enrichment broth and Xylose Lysine various techniques of dressing, salting, smoke
Desoxycholate (XLD) was used as a selective platingdevelopment and deposition, heating, cooling and

media. packaging are used (Nikitin, 1965). Unfortunately,
cold-smoked fishes may deteriorate very rapidly ttue
2.2.2 Detection of Clostridium spp oxidative reactions, bacteria or mold, inapprogriat

processing/preservation, fragmentation and insect -
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e. Smoked tuna final product
Fig 1: Smoking process carried out in the processenters
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infestation (Tobor, 1990). Cold-smoked fish retainsresults of moisture content (16.20%) were less thien
relatively high percentage of moisture, making it value. This might be due to the various treatmprits
susceptible to microbial growth or contaminatiohisT  to smoking such as salting and drying.
is largely due to the cold smoking method; whose The protein and lipid content of the smoked tuna
duration is shorter compared to hot-smoked fishfishes were 12 and 6.2% respectively. According to
products. In the present study fish samples wereSindujaet al.(2014) the protein and lipid content of the
processed by hot smoking method. Before that all th fresh Tuna fish was 24% and 11.2%. In this study th
fishes were dried under the sun for 2 to 3 houws.tBe  nutrient content was decreased after processing.
drying was not taking long time because if the atef According to Stroud (1988), smoking process has bee
is too dry the smoke is not adequately absorbedt Be found to affect the nutritional value of fish, migitby
method is hanging of the fishes done overnight lgefo reducing the biological availability of proteins.
smoking. Also during the hanging, proteins dissdlve Similarly, Emokpae (1980), observed changes in
in brine dry on the cut and produce the familiazsgly  protein and lipid content during smoking may have
skin, which is one of the commercial criteria for been due to leaching out of some extractable sslubl
quality. Meanwhile, one major way of contaminating protein fraction and hydrolysis of some of the dipi
these products is the poor handling technique ofterfractions. The protein percentage decreased duhi@g
adopted by the retailers. Apart from giving thenfs  first hours of salting, probably due to leachingaatter
desirable taste and odour, smoking provides a longesoluble proteins such as myogen (an albumin type
shelf-life through its anti-bacterial and oxidatietect, protein) and salt soluble fractions, myosin (a gloy).
imparting desirable coloration as well as accelegat Myosin constitutes about 75% to 80% of the total
the drying process and acting as antagonist tdagmoi  protein (Munasinghe, 1999). After the salting stbje
(Abolagba and Uwagbai, 2011). Smoking time was notratio of protein was high and it was not stableiryr
desired in this study area. But fish can be drieddrying and smoking. Degradation of the crude protei
sufficiently to take the smoke well in 3 to 4 houans  in the fish species gradually to more volatile protd
less and a complete smoking can be finished welsuch as Total Volatile Bases (TVB), Hydrogen
within one day. However, no investigation had beensulphide and Ammonia (Eyo, 2001). In the present
made on the microbiological and nutritional safefy  study the protein content of the smoked fish wasdgo
the widely consumed smoked Tun&uxis thazard it indicated leaching and volatile amine productaom
especially in Tuticorin and its environs. This jfies leaching of nutrients was more. However, fish @kh
the need for this investigative research work. been found to be more liable to spoilage than odiier
The smoke produce antibacterial componentsdue to their greater number of unsaturated fatiysaas
like formaldehyde and phenols. Its heat effectltesy  shown by the lower specification nhumber and higher
in reduced water activity of the fish allow better iodine value (Eyo, 2001). The greater the degree of
preservation causing microbial destruction and thusunsaturation, the greater would be the tendencyafor
minimizes spoilage, increase storage and thereforexidation (rancidity). Meanwhile, Balogun (1992)
increase fish availability to consumers (Gram, 2001 stated that there might be high risks of ranciditying
The antimicrobial effect of smoking depends on prolonged salting conditions due to fatty naturethaf
temperature, humidity and density of the smoke,fish. Also, reduction in the lipid content could be
duration of smoking and concentration of active attributed to oxidation of poly- unsaturated fagigids
components in smoke preparations (Kolodziegkal., (PUFA) contained in the fish tissue to productshsas
2002). In the present study 16.20% of moistureemint peroxides, aldehydes, ketones and free fatty acids.
was observed from the smoked tuna fish samples. ThErom this study, there was a high ash content ef th
lower moisture content values with the sample mightsmoked fish sample was observed. This agreed with
be due to the loss of water during smoking (Asietlu Daramolaet al. (2007) who reported an increase in ash
al., 1991). Jittinandana et al. (2002) reported that,content of the smoke@larias gariepinuson storage.
increasing the brine concentration decreased nreistu Salt content of the tuna smoked fish sample was
content of rainbow trout fillets. Industrial specédtions  analyzed to be 2.04g. Birkeland and Bjerkeng (2005)
for smoked finished products generally are reported that acceptable salt content of smoked fis
recommended with water content in the fish flesh ofwas 1.80g and it was increased in experimental Eamp
less than 65% (Cardinadt al., 2001). Goulas and by increasing the time of salting. Jittinandagtaal.
Kontominos (2005) reported that the moisture canten(2002) found that salt content of products soaked i
of smoked chum Mackerel samples were 58.1 andigher brine concentration was greater than of éhos
59%. Kolodziejskaet al. (2002) also reported that from the lower brine concentration for the samaibg
moisture content of smoked Mackerel was 56.7%. Herdgime. Brining and prolonged smoking has been found
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useful in increasing the storage life of cold smbkish attributed to production of volatile basic compatsen
by retarding the development of mold growth without such as ammonia, trimethylamine and total volatile
increasing the development of lipid oxidation (%aci  nitrogen by fish spoilage bacteria (Ruiz-Capillaxl a
1991). The salt content slightly higher in the prés Moral, 2005).
study concluded that prolonged salting time and TVB-N (Total volatile base nitrogen) is widely
approximate salting not at a correct proportiorthia used as an indicator of fish spoilage; its incre@ase
processing center. Erkan (2004) reported brinengalt related to the activity of spoilage bacteria and
for 24 hours with 0.134 kg pure salt and 0.066 &ly s endogenous enzymes (Ruiz-Capillas and Moral, 2005).
with nitrite sodium in 1 lit was give better salted In the present study TVB-N of smoked tuna was 17
product. Normal brining producers do not produce amgN/100g fish flesh. Changes in total volatile oden
uniform salt content even in fish of uniform siBetter  of smoked tuna fish as affected not only by time of
results are obtained if the brine is stirred dutimg dip.  salting and concentrations of brine solution. s th
A mechanical process would improve matters as welltudy, this is associated with lower moisture conte
as allowing continuous control of brine strength. and higher salt level which reducing spoilage héxte
growth and activity of endogenous enzymes. These
Table 1: Proximate composition of Smoked tuna fish  results are in agreement with that reported by Yaba
al. (2006) found that increased salt concentrationdad

Nutrient Parameter Proximate composition positive effect on reduction of TVN of hot smoked
Moisture (%) 16.20 tilapia. Upper acceptability limit set the EU (19%d
Protein (%) 12 Connell (1990) for TVN values of fish (35 mg N/180
Lipid (%) 6.2 fish flesh). An increase of TVB in both methods of
Ash (%) 6.6 salting and smoking was most likely caused by an

autolytic process which produces volatile amine
Table 2: Quality parameters for the smoke driech fiish compounds and bacterial spoilage.
Trimethylamine Nitrogen (TMA-N) is produced

Quality Parameter Quiality from Trimethylamine Oxide (TMAO) possible partly

indicators by action of intrinsic enzymes but certainly thrbug

Salt (g) 2.04 bacterial action, is the main component respongdrie

pH 6.16 a pleasant "fishy" odor (Rodriguez al.,1999; Shakila

TVB-N (mg N/100g) 17 et al., 2003). In the present study TMA-N content of

TMA-N (mg N/100g) 8.05 smoked tuna was 8.05 mg N/100 g. Hanstnal.

Peroxide value 9.04 (1995) reported that decreasing salt levels resulte

(meq peroxide/kg fish fat) higher concentration of TMA-N in cold-smoked

Thiobarbituric Acid 2.66 salmon. Leroi et al. (2000) reported TMA-N of

(mg malonaldehyde/kg) treatment prepared with 8% brine reached the vafue

14.67 mg N/100 g after 3 months of cold storage,

Table 3: Microbial quality study of smoked tunanfis ~ €xceeding the upper acceptability limit set by Bagyp
Standards (2005) for TMN-A values of smoked fish

Microbial Parameter Microbial count (10 mg N/100 g). But here it will not exceeding the
Total plate count (CFU/g) 2 1x10 acceptable limit due to higher concentration of aatl
Total fungal count (CFU/g)  1.1xi0 reduction of moisture content. N o
Escherichia coli Present To evaluate the degree of lipid oxidation, the
Staphylococci aureus 3.5x16 Thiobarbituric Acid (TBA) and Peroxide Value (PV)
Coliforms (CFU/qg) 2.0x1D were determined. The highly unsaturated fatty acids
Salmonella Present found in fish lipids are very susceptible to oxidat In
Listeria monocytogenes Absent the present study PV and TBA of smoked tuna sample
Clostridium botulinum Absent was 9.04 meq peroxide/kg fish fat and 2.66 mg
Yeast and mold count 30 no. of malonaldhyde/kg. According to Augbourg and Ugliano
colonies (2002) and Yanaet al. (2006) lipid oxidation was

enhanced by method of salting, salting time, sngkin

pH value of smoked tuna fish was 6.16 and drying method. In the present study lipid otiafa
indicating the freshness of samples. These values aV&lues were lower than the general PV and TBA limit
partially in agreement with that of Goulas and for smoke(_j fish as mentioned by Egyptian Standards
Kontominas (2005) found a pH value of 6.12 for (2005) which reported that PV values should not be

smoked chub mackerel. The increase in pH may b@Pove 10-20 meqg/kg fish fat and TBA values not
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exceed 4.5 mg malonaldhyde/kg. A low PV and TBA cfu/g (Scomber scombriys1.24x16 cfu/g (Clarias
was observed in this study indicate both an edthsp  gariepinus),1.85x16 cfu/g Ethmallosa fimbriathand

of auto oxidation and a late stage of oxidized povd  1.38x1G (Pseudolithus croakgr while the mean
where most hydroperoxides have been broken down ifungal counts is 4.98xf£0cfu/g, 3.00x10 cfu/g,
dried fish (Smithet al., 1990). TBA assay is a widely 1.72x16 cfu/g, 2.56x10 cfu/g and 2.20x10cfu/g for
used indicator for the assessment of degree od lipi T. trachurus, S. scombrus, C. gariepinus, E. fieuari
oxidation. The result of TBA assay corroboratedt tha and P. croaker respectively. The present microbial
obtained by the PV. Fatty fish are of course;population study revealed that smoked fish samplld s
particularly vulnerable to lipid oxidation which rca in Tuticorin had slightly higher microbial load dte
create severe quality problems such as unpleasamrocessing defect and also storage in ambient
(rancid) taste and smell, and also it may producgemperature in poorly ventilated cut. Abolagba and
alterations in texture, color, and nutritional v@leven lyeru (1998) who reported that lack of proper smgki

on storage at sub-zero temperatures (Olafsdetttal.,  and proper hygienic handling of smoked fish proguct
1997; Huss, 1995). The sample collection forwould resultin a varying microbial load.
processing was good it was freshly processed but Even though fish are smoked, the heat supplied

avoiding of prolonged storage reduce the lipid might not kill all the pathogens. Smoked fish cobkl
oxidation but, samples stored in the present sindy stored satisfactorily for three weeks &C5and less
ambient temperature without packing. It has beenthan one week at ¥0 (Poulteret al, 1988). But in the
proposed that the maximum level of TBA value processing center before 10 days processed samples
indicating the good quality of the fish (frozen,ilidd they stored at 3T. Apart from the microbial load the
or stored with ice) is 5 mg malonaldehyde/kg, witile  diversity of bacteria in smoked samples were also
fish may be consumed up to the level of 8 mgobserved in this study. According to Aberoumand
malonaldehyde/kg. Papadopouktsal. (2003) reported  (2010) Escherichia coliis a classic example of enteric
that TBA above 1@umol MDA-equiv per 1 kg fish will  bacteria causing gastroenteritis. coli including other
probably have rancid flavours. coliforms and bacteria aStaphylococcusspp and

In the present study microbial quality of smoked sometimesEnterococciare commonly used as indices
dried tuna fish sampleA@xis thazardl from dried fish  of hazardous conditions during processing of fish.
processing center was 2.1X1CFU/g of TPC and Scientists have shown that the contamination of fofo
1.1x10 CFU/g of TFC. The result of this study shows fish origin with pathogenicE. coli probably occur
that smoked fishes had microbial contaminationsThi during handling of fish and during the production
could be due to the unhygienic environment of theprocess (Novotnet al.,2004).E.coli was observed in
processing centers. Exposure and improper hygienghe experimental fish samples in this study indicat
handling seems to be other explainable reasonthér improper handling of fish with fecal contamination.
high bacterial contamination as the commodity wasThe Staphylococci aureusount was 3.5xFmbserved
observed to be displayed in open area, expositg it in this present study from smoked tuna sample and i
contact by insects, dust particles and even workéis  capable of producing enterotoxins that cause
were observed to be making direct contact with thegastroenteritis (Novotnyet al., 2004). Thus, food
fishes with bare hands while collection after dgyin poisoning and food borne diseases could occur as a
The TPC lower than 7.0 x 1GCFU/g in smoked result of intake of this fish commodity. The ocamce
products which is the recommended limit (ICMSF, of Staphylococcus aureuand E.coli in the smoked-
1986). Connell (1990) stated that the maximum totaldried fish samples were in accordance with Martin
plate count for the processed food to be consumedl994) when he stated that these organisms were the
safely was 10- 1. Nyarkoet al. (2011) who reported commonest micro-organisms associated with smoked
that smoked sardine from marketing centre’s hadfish. The presence obtaphylococcus aureus fish
higher microbial counts than those from smokingssit samples according to Okonlat al. (2008) might have
due to the better sanitary conditions of the laffdris been through contamination by handling. Okareh and
conforms to the findings of Adegunwet al. (2013)  Erhahon (2015) reported th&taphylococcuspp has
who reported that smoked fish collected at a petlut pathogenic strains which could cause food poisoning
site had higher microbial load than other locations due to the heat stabl&taphylococcusenterotoxin
Adegunwaeet al. (2013) studied the microbial quality of which is resistant to gastrointestinal enzymes.
smoked herring Sardinella ebf and reported total Coliforms are indicators of contamination when
plate counts (1.26x2@0 3.00x10 cfu/g), total fungi (0  they occur in small numbers. In the present study
to 3.50x18 cfu/g). Daniel et al. (2013) reported coliforms was observed (2.0X40cfu/g) indicated
aerobic bacteria from smoked fish sold in BeninyCit presence of very small number in smoked fish sample
Nigeria as 1.58x10cfu/g (T. trachurug, 2.08x16 and their occurrence in large numbers indicates
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mishandling such as temperature abuse in produgbrotein, killing most bacteria and halting spoilageit
handling Mossel, 1967). Coliforms count (1Y) is the  here the smoking process carried out in open spaice
acceptable limit in smoked fish product evenin closed area. So generation of heat and smoke are
immediately after smoking. Salmonella causes distributed heat intensity are not fully utilizeg the
gastroenteritis and typhoid fever. The bacteriananee  fishes and it may be the reason for the smokedygtod
likely to multiply in food at warm temperatures. not attaining the good quality product after alk th
Typhoid fever is caused by seroty@almonella typhi  processing. Post-processing handling of smoked fish
Lapses in sanitation can lead to outbreaks ofproducts is not properly done. The smoked fish were
salmonellosis.Salmonellaare fecal borne pathogens observed to be put on dirty mats on the floor. &ae
and they could occur as a result of contaminatiomf  stores that are poorly ventilated and are geneditity.
the handlers. Drinking fecal contaminated water canThere are no cold stores at the processing ceatets
also lead to an outbreak of the same. Fish hamestethe fish are left in the ambient temperatures dedea
from contaminated waters can car8almonella sp temperatures go up to 37°C. The fish are put in the
(Pelczaret al., 1993). In the present stu@almonella  floor of cuts where houseflies contaminate themy ver
was not detected in all the smoked samples indicatemuch with dirt from the surrounding environmenteTh
hygienic processing of the fishes. If presence ofresult suggests that one single factor may notuatco
Salmonellasp. may indicates poor food preparation andfor these microbial changes. Cross contaminatiéh, p
handling practices (Yusuf and Hamid, 2012) andsit i purity of preservatives is among other factors tat
associated with food borne diseases. Meanwhileinfluence microbial changes. The hazards related to
smoked fish products have also tested for the goofrc  contamination, recontamination or survival of
microbial hazards includind.isteria monocytogenes biological hazards during processing could be
and Clostridium botulinum Outbreaks of botulism, controlled by applying good manufacturing practice
listeriosis, and salmonellosis resulting from snibke and good hygiene practice.
fish have been reported for over 30 years (CDC9197
Heinitz and Johnson, 1998; Heindkal.,2000). Butin 4, Conclusion
the present study all the pathogens were foundeto b This study shows that tuna fish is a good raw
absent in the smoked products. material for traditional hot smoking. The nutritain
The yeast and mold count in the smoked fishquality is good but the processing should be pigper
sample was 30 numbers of colonigdolds have done by the salting method to avoid the nutrient
reported to germinate and grow particularly rapidly  |eaching. Thus, fish processors have to take exra
fish stored under damp, poorly ventilated cond&iam  in ensuring proper processing and handling of &st
climates with high ambient relative humidity and fish products by observing sanitary and hygienesul
temperature (Doe PE and Olley, 1990). Meanwhile,Appropriate authorities should enforce sanitary and
Jallow (1995) who stated that increase in moisturenygiene rules in the centers and ensure presenvafio
content could be attributed to the difference instwe  fish prior to smoking. Drying of fishes should bene
of the smoked fish relative to the surroundingso®h  in solar drier and avoid the drying in open area to
standard moisture content of 12% was reported byminimize the contamination. Workers should avoid
FAO (1989) as the level beyond which fish productsmaking direct contact with bare hands that lime t
begin to grow mold after a few days. In this studycross contamination. The processing environment is
smoked samples having moisture content 16.20%, ifmore important than the processing technology in
may be possible for growing molds in stored fish determining the microbial quality of smoked fishitl
samples. is unsatisfactory, probably due to the mode ofagjer
The level of micro-organisms in fish reduces handling, exposure and poor environmental and
with smoking but increases with storage period andsanitary  conditions.  Environmental  sanitation,
during transportation. It is therefore imperatitiattthe  education and orientation should be organized ifbr f
necessary measures to arrest this situation bénput processors and workers to improve quality of smoked
place if the smoked fish products have to remainfish for the benefit of public health and to enhafmod
wholesome and hygienic. Rogers and Mosille (1989)safety in the country.
reported smoking process in the kilns is essentiall
similar. Air temperatures of 120°C-140°C are geteera Acknowledgement

in the kiln, with the temperature of the fish rigito The authors are grateful to Dr. J.K. Edward
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