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ABSTRACT

Aim: To examine the organoleptic and microbial quality of three fish species namely
smoke-dried

using rubber wood (Hevea brassillensis) .

Study Design:

Place and Duration: Fisheries Department University of Benin between August and September

2011.

Methodology: Fish samples were bought from Ogbe-ljoh market in Warri Delta State. Smoking was

carried out using rubber wood (Hevea brassillensis) in a traditional rectangular mud kiln (Chorkor) and

stored on open benches in the laboratory at room temperature Fish samples were then

assessed tri-weekly for moisture content and various_sensory attributes. Three anatomical parts of

fish samples were also analyzed for bacteria load efthe-smeke-dried-fish during the six weeks period

of storage

mean bacterial 0f 3.9 x 10°,1.4 x 10° and 2.4 x 10°fu/g was recorded in the glIIs muscle and
skin of Chrysichthys walkeri after six weeks of storage respectively. There wereas significant (P=<.05)
differences in the mean bacterial counts in the three anatomical parts among the fish samples during
storage. The predominant bacterial species isolated from the three different anatomical parts of the
three fish samples during the six (6) weeks storage period were made up of seven (7) genera of
bacteria:

Conclusion: The study revealed that fish samples were unacceptable by sensory evaluation metheds
and microbiological methods. This is an implication which that could pose a serious health concern for
consumers and Public health workers.

Keywords: Bacterial load, African red snapper, Mullet and Catfish, smoke-dried, Hevea brassillensis

1. INTRODUCTION

Fish is one of the most important animal proteins available in the tropics, and it represents about 14%
of all animal proteins on a global basis [4,19]. In Nigeria, the demand for fish consumption is on the
increase due primarily to health benefits of eating fish and secondarily to increase in human
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population and the rinderpest disaster and drought bane which reduced the availability and
affordability of red meat (cattle, sheep and goat) [10].

However, fish is an extremely perishable food after catch and therefore requires immediate and
proper handling and good preservation to retain its quality [31]. Some preservation methods used in
the tropics include chilling, freezing, drying, salting and smoking. In preserving fish by smoking water
activity in the fish is lowered to the point where the activity of spoilage micro organisms is inhibited
[31]. Fuel wood is the main source of energy for fish smoking. Although many wood types may be
used as fuel, the particular species of wood used depends on local availability. The fuel wood
preferences of most fish smokers are also related to the physical characteristics of the wood and how
they affect the smoked product [27,18,24].

Smoked fish and shellfish products can be a source of microbial hazards including Listeria
monocytogenes, Salmonella spp., and Clostridium botulinum [21]. [32] also reported that smoked fish
samples from 4 local Markets in Kainji Lake area of Nigeria were dominated by gram-positive
bacteria, potential pathogens, coagulase-positive Staphylococcus, and Escherichia coli. [26,3,5]
stated that, bacteria such as Staphylococcus aureus, Proteus, Bacillus, Micrococcus were the most
common micro-organisms associated with smoked fish.

2. MATERIAL AND METHODS

21 Sample collection

2.3 Smoking process

Fresh fish purchased were not gutted, but were thoroughly washed with clean water and placed in a
sieve to drain, without salting before smoking using a traditional rectangular mud kiln (Chorkor) in the
Fisheries Department, University of Benin. Smoking of the fishes was carried out for two (2) days. On
the first day smoking lasted for 3 hrs at a maximum temperature of 100°C, while on the second day
smoking lasted for 1hr with a maximum temperature of 45°C to avoid charring. The smoke was
produced by burning rubber wood (Hevea brassillensis) to simulate what is practiced by local fish
mongers [6]. After smoking, the products were placed in a monolayer in open trays to cool and later
transferred to plastic baskets for storage and to prevent rodent and insect infestation. They were then
kept on laboratory benches in the open at room temperature (28 + 2°C) for an hour and analyzed for
sensory and microbiological changes tri-weekly for a period of six (6) weeks.

2.4 Sensory Analysis
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2.5 Moisture content

The moisture content of smoke-dried fish samples was determined tri-weekly for six (6) weeks using
[1] methods.

2.6 Microbiological Analysis

2.7 Statistical Analysis

arrangement experiment-with-2-(replications)

3. RESULTS AND DISCUSSION

3.1

The results of organoleptic assessment for colour, fragmentation, odour, texture and taste of fish
samples -examined on a tri-weekly basis are presented in (Table 1). There was a general decline in
the organoleptic parameters such as colour, fragmentation, odour, texture and taste of fish during
storage. This agrees with the results of research into storage of smoke-dried fish [16] and
crustaceans (Oyster and shrimps) [25,35] which revealed quality loss during storage both at ambient
temperature and chilling.

Statistical-analysisrevealed_There were =<

ity
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Table 1: Organoleptic characteristics of three fish samples smoke-dried during storage.

|

A

*Mean of duplicates values
* Different letters in the same column for each fish species indicate significant difference (P=.05).

3.2 Moisture content

| In-this study, The

. However, no
| significant (P=>.05) difference was observed in moisture content -with storage time in all fish species.

* Mean of duplicates values
| *Different letters in the row indicate significant difference (P=<.05)

The bacterial counts for gill, muscle and skin of fish species during storage, are presented in (Table
3). There was variation in the bacteria count among the anatomical parts. Bacterial counts for gills,
muscle and skin of fish species ranged from (8.0 x 10° to 3.9 x 10°) cfu/g, (3.8 x 10° to 1.4 x 10°) cfu/g
and (2.6 x 10° to 2.4 x 10°% cfu/g respectively. The high bacteria counts recorded in the gills of fish

t
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sensory traits.




199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

samples after smoking is an indication that the fish may have recently been feeding and hence the
multiplication of the living microorganisms even after death of the fish

Bacterial counts of all fish samples increased immediately after smoking up to the third week. From
the third week to the sixth week there was a decrease in the bacterial count of fish samples of
Lutjanus agennes and Mugil cephalus, whereas bacterial count in Chrysichthys walkeri was on the
increase up to the sixth week. The fluctuations in ef bacterial counts -in Lutjanus agennes and Mugil
cephalus, suggests that intrinsic factors which include physical, chemical, and structural properties of
the fish such as water activity, pH, redox potential (Eh), available nutrients and natural antimicrobial
substances and extrinsic factors such as storage time, temperature, humidity, and the composition of
storage atmosphere may have played a role [7]. It is generally accepted that fish with microbial load
>10° cfu/g is likely to be at the stage of being unacceptable from the microbiological point of view and
unfit for consumption [14]. There were significant differences (P<=.05) in the three anatomical parts
among the fish species during storage. The highest mean bacterial count of 3.9 x 10° ,1.4 x 10° and
2.4 x 10°cfu/lg recorded in the gills, muscle and skin of Chrysichthys walkeri after six weeks of
storage respectively, suggest that bacterial fish spoilage may have commenced at the point of higher
bacterial counts.

Table 3: Bacteria count in cfu/g x 10*for gills, muscle and skin of three fish species
during storage.

*Mean of duplicates values
*Different letters in the row indicate significant difference (P<=.05).

3.4 Bacterial flora of fish samples

All the fish samples examined in this study contained bacterial isolates of diverse spp. Fig 1 shows
the comparative frequency of occurrence of bacteria isolates from smoke-dried fish samples during
storage.

. In smoke-dried Mugil cephalus, the most frequently
isolated bacteria was Proteus sp. 9(34.6%) followed by Pseudomonas sp 8(30.8%), Micrococcus sp.
4(15.4%), Bacillus sp 3 (11.5%) and Staphylococcus aureus 2(7.7%) respectively. Whereas in smoke-
dried Chrysichthys walkeri, the most frequently isolated bacteria was Proteus sp. 9(32.1%), followed
by Micrococcus sp. and Pseudomonas sp with 6(21.4%), Staphylococcus aureus 3(10.7%), Bacillus
sp and Escherichia coli with 2(7.1%) respectively.

The predominant bacterial isolates from the three different anatomical parts of the three fish samples
during the period of storage was made up of seven (7) genera of bacteria Proteus (30.1%),
Pseudomonas (26.5%), Micrococcus sp (18.1%) Bacillus (9.6%), Staphylococcus (9.6%), Escherichia
coli (4.8%) and Streptococcus sp (1.2%).

The highest frequency of occurrence of isolates from the fish samples was obtained from Lutjanus
agennes which constituted 34.9% while Chrysichthys walkeri and Mugil cephalus had 33.7% and
31.3% respectively. The pathogens isolated in this present study are similar to the microorganisms
reported by [5] who reported the presence of Proteus, Micrococcus, Staphylococcus aureus, Bacillus,
among other organisms.
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The occurrence of Proteus sp may also be due to contamination of soil and water [33]. Proteus sp. is
an opportunistic human pathogen and has simple nutritional requirements. They are known for their
propensity to swarm over the plating media, making the isolation of other organisms in mixed cultures
difficult. They are important causative agents in community-acquired and nosocomial urinary tract
infections [2]. The occurrences of Bacillus sp. can be said to be as a result of prevalence of their
spores in the environment most especially in the soil [23,8]. Bacillus species are spore formers whose
spores could survive high temperatures of fish processing. Bacillus sp causes a toxin-medicated
disease rather than infection such as diarrhea and emetic illness characterized by nausea and
vomiting [13,9,8]. The infectious dose has been estimated to be 10%g [11,8]. Pseudomonas sp on the
other hand is prevalent among patients with wounds, burns, cystic fibrosis hence are likely to have
been introduced into the aquatic environment by swimmers and infected individuals who use these
waters for recreational purposes [9].

An organism like Escherichia coli in L. agennes and C. walkeri is an indication of faecal
contamination of fish samples which is of great health significance. Staphylococcus aureus have been
found to be relatively resistant to drying which is a property that favours their transmission from one
host to another. [28,34] stated that they are able to grow in concentrations of sodium chloride up to
15%. The presence of Staphylococcus aureus in the three fish samples according to [30] might have
been through handling as it is a normal flora of the skin. The disappearance and appearance of some
microbial species in fish samples during the period of storage may have been as a result of
succession which can be related to the fluctuating nutritional values of the samples as a result of
spoilage setting in.
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Fig 1: Comparative frequency of occurrence of bacterial isolates from three smoke-dried fish
samples during storage.

4. CONCLUSION

methods_ evaluation
_which that

COMPETING INTEREST

The authors have declared that no competing interests exist.



280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

313
314
315
316
317
318

320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

10.

11.
12.
13.
. Cheesbrough M. District Laboratory Practical in Tropical Countries. Part 2. Cambridge
15.

16.

17.

18.
19.

20.

21.

22.

REFERENCES

A.O.A.C. Official Methods of Analysis of the Assaociation of Official Analytical Chemists, 15th
Edition, Virginia; 1990.

Abbott SL. Klebsiella, Enterobacter, Citrobacter, Serratia, Plesiomonas and other
Enterobacteriaceae. In: Murray,P.R., B,E.J, Jorgensen, J.H.Landry M.L. and Pfaller,
MA.(Eds).Manual of clinical microbiology, 9" edition. Washington, USA.asm Press. 2007;698-
711.

Abolagba OJ, Adekunle AT, Dede APO, Omoigui GO. Microbial Assessment of Smoked Fish
(clarias sp) in Benin Metropolis, Edo State, Nigeria. Nigerian Journal of Agriculture, Food and
Environment. 2011a;7(3):55-58.

Abolagba OJ, Melle OO. Chemical Composition and keeping Qualities of a scaly fish tilapia
(Oreochromis niloticus) Smoked with Two Energy Sources. African J. Gen Agric.
2008;4(2):113-117.

Abolagba 0J, Uwagbai, EC. A comparative Analysis of the microbial load of smoke-dried
fishes (Ethmalosa fimbriata and Pseudolithus Elongatus) sold in Oba and Koko Markets in
Edo and Delta States, Nigeria at Different seasons. Australian Journal of Basic and Applied
Sciences. 2011b ;5(5):544-550.

Abolagba OJ, Uwakina S, Odiko AE. Utilization of Rubber wood (Hevea brasillensis) and
Sawdust as Energy Sources on the Characteristics of Smoked Fatty Fish. The Journal of
Applied fisheries and Aquaculture. 2002;11(1):17-20.

Adams MR, Moss MO. Food Microbiology. Third Edition. The Royal Society of Chemistry,
Thomas Graham House, Science Park, Milton Road, Cambridge, UK. 2008;398.
Adebayo-Tayo BC, Adegoke AA, Akinjogunla OJ. Microbial and physio- chemical quality of
powdered soyamilk sample in Akwa-lbom, South-southern, Nigeria. African Journal of
Biotechnology. 2009;8(13):3066-3071.

Adebayo-Tayo BC, Onilude AA, Ogunjobi AA. Bacteriological and proximate analysis of
periwinkle from two different creeks in Nigeria. World Applied Science Journal. 2006;1(2):87-
91.

Adebowale BA, Dongo LN, Jayeola CO. Orisajo SB. Comparative quality assessment of fish
(Clarias gariepinus) smoked with cocoa pod husk and three other different smoking materials.
J. Food Technol. 2008;6(1):5-8.

Adeleke EO, Odelola HA. Plasmid profile of multiple drug resistant strains of Staphylococcus
aureus. Afr. J. Med. Sci. 1997;26:191-121.

Aseidu MS, Julsham K, Lie O. Effect of local processing methods on three fish species from
Ghana: Part 1, Proximate composition, fatty acids, minerals, trace elements and vitamins. Food
chem. 1991; 40:309-321.

Bergdoll MS. Baccillus cereus. Food borne diseases. Clin. Microbiol. Newsl. 1981;3:85-87.

University Press, United Kingdom. 2000;33-45,63-70.

Cowan ST, Steel KJ. Manual for identification of medical bacteria. Cambridge University Press
(London). 1970;61-82.

Daramola JA, Fasakin EO, Adeparusi EO. Changes in physicochemical and sensory
characteristics of smoke-dried fish species stored at ambient temperature. African Journal of
Food and Agriculture, Nutrition and Development. 2007;7(6):169-183.

Emoghene AO. Strains of Mycosphaerella fijiensis Morelet associated with black leaf streak
disease of plantain and banana (Musa sp) in Southern Nigeria and studies on biological control
of the disease. Ph.D Thesis, University of Benin, Benin City, Nigeria; 1996.

Eyo AA. Evaluation of the colour and flavor of tilapia smoked with different wood types.
Trop.Sci.25. 1985;265-270.

Eyo AA. Fish processing Technology in the tropics. Published by University of lllorin Press
Nigeria. 2001;402.

Eyo AA. The significance of fish handling and processing in the development of Nigerian inland
fishery with special reference to Kainji Lake. Proc. Conf. Fish. Soc. Nig. New Bussa. 1983;115-
122.

Heintz ML, Johnson JM. The incidence of Listeria spp., Samonella spp., and Clostridium
botulium in smoked fish and shellfish. Journal Food Protection. 1998;61(1):318-323.

Ikeme Al. Characterization of traditional smoke-dried fish in Nigeria. Cooperative Research
programme on fish technology in Africa. In: Proceedings of the symposium on post-harvest fish
technology. Rome, Italy, Teutscher.F.(ed). 1992;103-112.



339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jay JM. Modern Food Microbiology. Second Edition. D. Van Nostrand, Company, New York.
1978; 479.

Lartey A, Aseidu M, Okeke EC. Assessing the effects of different smoking ovens and fuel wood
types on fish nutritional quality. Progress report submitted to: Ghana/Netherlands artisanal fish
processing and applied research project in Africa. University of Ghana, Legon; 1994.

Llobreda AT, Bukalacao ML, Sunaz N. Effects of Storage on the Microbial Quality of Slipper
Oyster. Cassostera iredalei. In: Maclean, J. L., I1zon, L. B. D. and Hosilus, L.V. (Eds). The First
Asian Fisheries Forum, Manilla, Philippines.1986;437-442.

Martin AM. Fisheries Processing: Biochemical Applications. Published by Chapman and Hall,
London. 1994;1-88.

Nerquaye-Tetteh G. A case study on utilization of wood fuels in fish smoking/drying industry.
F.A.O. Resource paper. Food and agriculture Organization. Fisheries Division, Rome, ltaly;
1978

Nester EW, Anderson DG, Roberts CE, Pearsall NN, Nester MT. Microbiology. A human
Perspective. Mc Graw-Hill. 2003; 928 .

Oduor-Odote PM, Obiero M. Lipid and organoleptic response during shelf storage of
some smoked marine fish in kenya. African Journal of Food Agriculture Nutrition and
Development. 2009;9(3):885-900.

Okonko TA, Ogunnusi AA, Ogunjobi AO, Adedeji OD, Adejoye ET, Babalola, Ogun AA.
Microbial Studies on Frozen Shrimps Processed in Ibadan and Lagos, Nigeria. Scientific
Research. 2008; 3: 543-545.

Okonta AA, Ekelemu JK. A preliminary study of micro-organisms associated with fish spoilage
in Asaba, Nigeria. Proceedings of the 20" annual Conference of the Fisheries Society of Nigeria
(FISON), Port Harcourt. 2005; 557-560.

Omojowo FS, Ihuahi JA. Microbiological and safety of smoked fish from Kainji Lake area. In
African scientists. 2006;7(4):177-181.

Pelczar MJ, Chan ECS, Krieg NR. Microbiology. 5th ed. New Delhi: Tata McGraw-Hill
Publishing Company Limited; 1993.

Prescot LM, Harley JP, Klein DA. Microbiology, Seventh edition. The McGraw-Hill companies
Inc. 2008; 269-985.

Reilly AE, Dela-cruz D. Post- harvest spoilage of shrimp (Penaeus monodon). In: Maclean, J.L.,
Dixon, L.B. and Hossillus, L.V. (Eds). The first Asian Fish Forum. Manilla, Phillipines. 1986;
455-458.

Taylor DJ, Green NPO, Stout GW. Biological Sciences; 3" ed. Edition: R. Soper, Cambridge
University Press; 1998.



