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Abstract

Five commercially available common fish species: catfish (Chsysichthyes nigrodigitatus), tilapia (Oreochromis nilotichus), ilisha
(Ilisha africana), bonga (Ethmalosa fimbriata) and mudskipper (Periophthalmus koelreuteri) in Oron Local Government Area were
evaluated for their content of heavy metals and the effects of salting on nutrient contents, oxidative stability and fatty acid profiles of
smoke-dried fish cakes. Concentrations of heavy metals in edible muscle, liver and gill tissues were determined while the oxidative
rancidities in unsalted and salted smoke-dried fish cakes, packed in low-density polyethylene (LDPE) bags and stored at 30 ± 1 �C
were assessed using peroxide value (POV), thiobarbituric acid (TBA) value, free fatty acid (FFA) contents and sensory evaluation
techniques. Generally the analytical data for Cu, Zn and Pb in the muscle, gills and liver of test samples were significantly low. Sim-
ilarly, insignificant concentrations (<0.001 mg/100 g) of Hg, As, Cr and Cd were obtained in the fish tissues. The protein and lipid
contents of the fish cakes ranged from 60.8–63.9% to 7.3–9.1%, respectively. Salting caused minimal reductions in the nutrient con-
tents of the dried fish cakes. The POV, TBA, FFA and taste panel scores were highest during the first week of storage and declined
thereafter. Salted smoke-dried samples had higher POV, TBA and FFA values than unsalted samples. Panel preference ratings for
flavour/aroma and desirability characteristics of the fish cakes were in the order: C. nigrodigitatus > O. nilotichus > E. fimbriata > I.

africana > P. keolreuteri. Palmitic acid (C16:0) was the predominant saturated fatty acid in the test samples. The eicosapentaenoic

acid (EPA) contents of unsalted smoke-dried C. nigrodigitatus was 4.9%, Oreochromis niloticus 6.5%, Ilisha africana 2.6%, E. fim-

briata 5.6% and P. koelreuteri 7.64%. The docosahexaenoic acid (DHA) contents of salted smoked dried fish were 1.8% (C. nigro-
digitatus), 4.8% (O. niloticus), 9.5% (I. africana), 5.5% (E. fimbriata) and 12.3% (P. koelreuteri).
� 2005 Published by Elsevier Ltd.
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1. Introduction

Marine pollution in the Niger delta region of Nigeria,
particularly Oron, has increased due to the indiscrimi-
nate discharge of untreated municipal and industrial
wastes. Besides, the Niger delta seas serve as a water-
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way, for transportation, for a vast number of companies
and industries sited in the region. Principal among these
are the oil prospecting companies with their attendant
problems of oil spillages and petroleum hydrocarbons
discharged from gas flaring. These precipitate with rain
and contaminate the environment and eventually enter
the food chain. Heavy metals, such as Cu, Zn, Pb, Hg,
As, Cr and Cd, are normal constituents of the marine
environment and traces are always found in marine
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organisms (Johnston, 1976). Thus, people who eat large
amounts of fish or shellfish from estuarine or coastal
areas that are associated with the chemical industry
are at risk of heavy metal poisoning (Mahmood,
Naeem, Khan, & Qadri, 1995).

Over 90% of the fish produced in Nigeria comes from
the artisanal sector with no access to ice or refrigerated
storage. Traditional curing methods, such as sun-drying,
salting, and smoking, are used in preserving fish that
cannot be sold (Eyabi & Ningo, 1998). Some workers
have reported the benefits of salting and smoking of fish
(Eyabi & Ningo, 1998; FAO, 1991). In salted-dried and
salted-smoked fish, susceptibility to autoxidation is
dependent on moisture content, and porosity of packag-
ing materials to oxygen and water vapour (Akande,
Knowles, & Taylor, 1991). Besides, the presence of inor-
ganic materials, such as NaCl, has been implicated in
accelerating lipid autoxidation (Castell, Maclean, &
Moor, 1965). It is well-recognized that oxidation of
the lipid fraction of fish muscle tissue is a major cause
of deterioration in fatty fish (Hultin, McDonald, &
Kelleher, 1982; Nawar et al., 1990; Pryor, Prier, Ling-
htesey, & Church, 1980; Standsby, 1990). Undesirable
changes in colour, flavour and even nutritive value, oc-
cur as muscle foods become oxidized (Golkap, Ocker-
man, Plimpton, & Harper, 1983; Melton, 1983).
Decomposition products of lipid hydroperoxides are
distributed among the aqueous and vapour phases in
accordance with their chemical characteristics. Malonal-
delyde (MAL), a water-soluble lipid decomposition
product, has been used widely as an indicator of the ex-
tent of oxidative deterioration of lipids in muscle foods.

The relative abundance and low-cost of fish, in-
creased awareness, advertising and studies demonstrat-
ing the beneficial effects of omega-3 fatty acid in
preventing certain diseases, especially cardiovascular
disease (Balasubramaniam, Simons, Chang, & Hickie,
1985; Herold & Kinsella, 1986) has increased the con-
sumption of foods rich in these fatty acids. However,
not all fish products contain appreciable quantities of
n � 3-fatty acids (Lovell, 1988). Extraction and charac-
terization of fish lipids would provide information on
the lipid profile of commercially available fish species.

Studies have demonstrated that diets in which unsat-
urated fats replace the saturated ones are associated
with a low incidence of coronary disease (Fuentes,
1988; Mensink & Katan, 1990). This stems from the fact
that polyunsaturated fatty acids of the n � 3 family,
especially eicosapentaenoic acid, influence the produc-
tion of prothrombotic prostanglandin and thromboxane
or are converted into anti-thrombotic prostanglandins
(Goodnight, Harris, Connor, & Allingtworth, 1982).
Thus, all attempts to reduce the risk of cardiovascular
disease emphasize the importance of an increased con-
sumption of fish or fish products, which are rich in poly-
unsaturated fatty acids of the n � 3 family and poor in
polyunsaturated acids of the n � 6 family (Blurr, 1989;
Sergeant, 1997). The present study evaluates the con-
tents of heavy metals and processing effects on the com-
position, storage stability and fatty acid profiles of
selected important fish species in the Oron Local Gov-
ernment Area of the Niger Delta.
2. Materials and Methods

2.1. Collection of Samples

Five fish species were analysed: catfish (Chsysichthyes
nigrodigitatus), tilapia (Oreochromis niloticus), ilisha
(Ilisha africana), bonga (Ethmalosa fimbriata) and mud-
skipper (Periophthalamus koelreuteri). Twenty to twenty
five individuals of each of the species, representing the
size range commercially available to customers were col-
lected randomly from local fishermen. Immediately after
collection, the different species of fish were separated,
washed with distilled water and taken to the laboratory.

2.2. Sample preparation

For heavy metal analyses, each fish specimen was be-
headed, eviscerated and filleted, all manually.

Similarly, the liver and gills were severed and sepa-
rately packed, alongside the muscle which was severed
under the dorsal fin. All samples were stored at
�20 �C until required.

In a second experiment, the beheaded and eviscerated
fish were immediately washed, and divided into two lots
with ten samples of each fish species per lot. The first lot
was immersed in 40 �C brine solution for 15 min (Eyabi
& Ningo, 1998) with slight agitation. After brining, the
fish samples were drained for 2–3 min and loaded on a
traditional oven and fired by hardwood for 12 h. The
second lot was similarly smoke-dried but without
brining.

2.3. Chemical analyses

Proximate compositions of salted and unsalted
smoked-dried samples were done in triplicate for mois-
ture, protein, lipid, carbohydrate, crude fibre and ash
contents, following AOAC (1990) methods. Fifty
grammes of each sample were ground in a Kenwood
Food processor, Model 917A, England, and sieved to
60 lm size and packed in a low-density polythene bag
and sealed. Frozen samples of the liver, gills and muscle,
dissected from the dorsal fin, were thawed under run-
ning tap water and homogenized in a Moulinex Food
processor at high speed. Ten grammes of each hot tissue
homogenate (liver, gill and muscle) were weighed into a
150 ml air-tight quick flask with glass stopper. Five (5)
ml of conc. HNO3 and 3 ml of 60% perchloric acid were
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added to each sample and digested in a temperature-
controlled waterbath at 85 �C. After digestion, the sam-
ples were separately filtered using an ashless filter paper
and the volumes made up to 100 ml with 0.5% HNO3,
then used for the determination of heavy metals. Heavy
metal (Cu, Zn, Hg, As, Cr and Cd) contents of the fish
tissues were determined using an atomic absorption
spectrophotometer, Unicam Analytical system, Model
919, Cambridge, UK.

2.4. Storage studies

Salted and unsalted smoke-dried fish cakes were di-
vided into two lots of 150 g each and packed in low-den-
sity polyethylene bags, and sealed, then stored at
ambient temperature (30 + 1 �C) for 12 weeks. Samples
were withdrawn initially at 4 week intervals and subse-
quently at intervals of 2 weeks and evaluated for their
oxidative stability. The fish samples were chemically
analysed for peroxide value (POV), thiobarbituric acid
(TBA) value at 532 nm (Fioriti, Kanuk, & Sims, 1974)
as modified by Erdelyl (1983). Free fatty acid contents
were determined by a titrimetric method as described
by Pearson (1976).

2.5. Fatty acid analysis

Lipid contents of ground smoke-dried salted or un-
salted fish samples were extracted by the Soxhlet method
using n-hexane. Extracted lipid samples were methylated
using the modified method of IUPAC (1979) for gas
chromatographic analysis. Separations of methylated li-
pid samples were carried out on a Shimadzu PONA GC
chromatograph and a Shimadzu RPR-UI chromato-
graph processor (Shimadzu Corporation, Kyoto 604,
Japan). The operating conditions were as follows:

(a) Column type: capillary column (fused silica gel).
(b) Column temperature. 35 �C/min up to 320 �C.
(c) Injection temperature: 200 �C.
(d) Detector temperature: 250 �C.
(e) Sample size: 2 ll (Shimadzu GC 17 A (PPNA)).
(f) Analysis method: splits injection method.
(g) Split ratio: 1:300.
(h) Carrier gas: helium.
(i) Flow rate: 20 cm3/min.
(j) Speed: 10 mm/min.
(k) Flame ionization.
(l) Detector (F.ID) H2 + air.

(m) Initial time 3 min.
(n) Final time 20 min.
(o) Stop time 30 min.

Standard fatty acid methylesters were run under the
same conditions and the subsequent retention times used
to identify fatty acids in the fish lipid samples.
2.6. Sensory evaluation

Twenty member panels of both students and staff of
the Department of Food Science, Unitech, Port Har-
court, who were familiar with sensory attributes of
smoke-dried fish, evaluated the stored fish cakes for
their taste (flavour/aroma) and desirability characteris-
tics. Fish cakes were evaluated initially after 1 month
and, thereafter, at 2 weekly intervals, for their sensory
characteristics. Panel lists, rated the samples on a 5-
point quality scale with 5 = excellent, 4 = very good
3 = good, 2 = fair, 1 = bad.

2.7. Statistical analyses

A randomized complete block design was used to
evaluate the data for proximate composition and sen-
sory properties of stored fish samples, while a strip-plot
experimental design (Milliken & Johnson, 1984) involv-
ing samples and storage periods was used to evaluate
changes in the physicochemical properties of stored
samples. Data for all measurements were subjected to
analysis of variance, as outlined by Milliken and John-
son (1984). Fisher�s least significant difference test
(LSD) was used to identify significant differences among
treatment means (P 6 0.05).
3. Results and discussion

Table 1 shows the mean concentrations of seven
heavy metals (Cu, Zn, Pb, Hg, As, Cr and Cd) in the
muscle, gills and liver tissues of the five fish species. Rel-
atively low levels of Cu, Zn and Pb were observed in the
tissues of tested fish samples while insignificant concen-
trations (<0.000/mg/100 g) of Hg, As, Cr and Cd were
obtained. The mean level of Cu in the five fish species
was 0.001/mg/100 g. Copper levels in the gills ranged
from 0.001 mg/100 g in mudskipper, ilisha and tilapia
to 0.002 mg/100 g in bonga fish and catfish. A mean
concentration of 0.002 mg/100 g of lead was obtained
in the muscle, gills and liver tissues of catfish and tilapia.
The concentration of zinc in the tissues varied from
0.001 to 0.002 mg/100 g.

The analytical data showed that all the investigated
heavy metals (Table 1) were present in the samples. How-
ever, values obtained in the present study were consider-
ably lower than the mean value of 0.283 mg/100 g of Cu
in tilapia and an observed cobalt mean levels of 0.142
and 0.316 mg/100 g for catfish and ilisha, respectively
(Mahmood et al., 1995). The concentration of Hg, As,
Cr and Cd in the species analysed were lower than those
of other metals, with their mean values of 0.001/mg/
100 g. Generally, the analytical data for Cu, Zn, Pb,
Hg, As, Cr, and Cd in the muscle, gills and liver tissues
of catfish, tilapia, ilisha, bonga fish and mudskipper were



Table 1
Mean values for heavy metal concentrations in the muscle, gills and liver of the fish samples (mg/100 g)

Sample Location Copper Zinc Lead Mercury Arsenic Chromium Cadmium

Catfish Muscle 0.001 0.001 0.0002 <0.0001 <.0001 <0.0001 <.0001
Gills 0.002 0.001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Liver 0.002 0.002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001

Tilapia Muscle 0.001 0.001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Gills 0.001 0.001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Liver 0.002 0.002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001

Ilisha Muscle 0.001 0.002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Gills 0.001 0.0001 0.0001 <0.0012 <0.0001 <0.0001 <0.0001
Liver 0.001 0.001 0.0001 <0.0011 <0.0001 <0.0001 <0.0001

Bonga Muscle 0.001 0.002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Gills 0.002 0.001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001
Liver 0.001 0.002 0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Mudskipper Muscle 0.001 0.001 0.00011 ND ND <0.0001 <0.0001
Gills 0.001 0.002 0.00012 <0.0001 <0.0001 <0.0001 <0.0001
Liver 0.002 0.001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001

ND, not detected.
All values are means of two replications.
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lower than the values obtained from other water systems
in the world (Sidwell, 1981). Zinc in the fish tissue had a
range of 3.9–91.6 and 20.0–45.0 mg/kg in the muscle and
liver, respectively, while copper concentrations ranged
from 0.08–4.1 to 1.1–3.9 mg/kg in the muscle and liver,
respectively (ICES, 1988). The disparity between the re-
sults of the present studies and the ICES could be ex-
plained by the highly industralized nature of North
Atlantic seas compared with Oron river.

The proximate compositions of salted and unsalted
smoke-dried fish cakes are given in Table 2. The protein
and lipid contents of the fish cakes ranged from 60.8% to
63.9% and 7.3% to 9.1%, respectively. Both unsalted and
salted smoke-dried mudskipper had a significantly
(P 6 0.05) higher protein content than salted and un-
salted smoke-dried bonga fish, ilisha and tilapia. Differ-
ences in values obtained for the carbohydrates, crude
fibre and ash contents were non-significant (P P 0.05).
Table 2
Proximate compositions of salted and unsalted smoke-dried fish cakes

Sample Moisture (%) Protein (%) Lipid (%)

SUC 11.4a 62.5a 9.10a

SSC 11.1a 62.3a 9.0a

SUT 12.6a 61.8a 7.8c

SST 11.8a 61.4b 8.2a

SUI 11.2a 61.4a 7.4a

SSI 11.5a 61.3a 7.6a

SUB 13.1a 60.9a 7.6a

SSB 13.2ab 60.8a 7.3a

SUM 10.2a 63.9ab 8.7a

SSM 10.4a 63.6ab 9.0a

LSD = 2.8

SUC, unsalted smoke-dried catfish, SSC, salted smoke-dried Catfish; SUT,
unsalted smoke-dried Ilisha; SSI, salted smoke-dried Ilisha; SUB, unsalted
unsalted smoke-dried Mudskipper, SSM, salted smoke-dried Mudskipper.
a–c Means in the same column not followed by the same superscripts are sig
Differences in the values were, however, significant at
P 6 0.01. Salting caused minimal reductions in the com-
positions of dried fish cakes.

At the low levels of application (40� brix), salting did
not significantly (P 6 0.05) reduce the composition of
smoked dried fish cakes. The result of this study is in
agreement with the results of Bykov (1974), Egwele,
Sorinmade, and Tababi (1986), Eyabi and Ningo
(1998) and Seno (1974). Similarly, Akande et al. (1991)
observed that the lipid contents of mackerel increased
on drying and smoking as a result of dehydration. Dif-
ferences in values obtained for the moisture and lipid
contents of treated samples were non-significant
(P P 0.05).

Table 3 shows changes in the physicochemical char-
acteristics of salted and unsalted smoke-dried fish cakes
at ambient (30 ± 1 �C) temperature storage. The perox-
ide value (POV), TBA and FFA content were highest
Carbohydrate (%) Crude fibre (%) Ash (%)

2.7a 3.50a 10.8a

2.8a 3.3a 11.5a

2.5a 3.4a 11.9a

2.6a 3.5a 12.5a

3.5a 4.3a 12.2a

3.4a 4.2a 12.0a

2.6a 3.2a 12.6a

2.5a 3.4a 12.8a

3.5a 3.4a 10.3a

3.1a 3.3a 10.6a

unsalted smoke-dried Tilapia: SST, salted smoke-dried Tilapia; SUI,
smoke-dried Bonga fish; SSB, salted smoke-dried Bonga fish; SUM,

nificantly (P 6 0.05) different.



Table 3
Changes in the physicochemical characteristics of salted and unsalted smoke-dried fish cakes during storage at ambient temperature (30 ± 1 �C)

Samples Storage periods (weeks)

Salted smoke-dried Unsalted smoke-dried

0 1 4 8 10 0 1 4 8 10

POV (meq 02/kg oil)

Catfish 6.8a 85.4h 70.2f 60.1d 40b 6.4a 83.6g 68.4e 56.0c 38.7b

Tilapia 6.4a 78.4g 64.3e 55.3d 34.8b 6.2a 76.9f 63.1e 46.6c 33.9b

Ilisha 6.6a 82.6h 68.6f 52.4d 36.4c 6.4a 80.4g 66.4e 52.1c 34.2b

Bonga fish 6.0a 71.6g 57.8f 42.5e 25.6c 6.1a 70.2g 56.5f 58.6d 23.1b

Mudskipper 6.8a 83.1g 68.6f 53.0e 30.1c 6.4a 82.0g 6.9f 50.6d 27.8b

LSD = 1.6

TBA (mg mal/kg oil)

Catfish 10.2a 58.6i 38.6g 32.5e 24.7c 9.8a 56.8h 36.2f 30.6d 23.4b

Tilapia 9.6a 56.0h 34.1f 28.8e 22.9c 9.5a 55.4h 35.6g 25.7d 20.6b

Ilisha 9.6a 56.0i 34.8g 27.2e 21.4c 9.4a 54.8a 32.8f 25.6d 20.6b

Bonga fish 9.4a 55.8i 34.0g 26.8e 21.6c 9.2a 53.7h 33.0f 24.8d 19.6b

Mudskipper 9.8a 58.4g 38.7f 32.4d 29.8c 9.6a 45.8f 36.2e 30.6c 24.1b

LSD = 0.9

Free fatty acid (oleic and mg/100 g)

Catfish 5.4f 7.5i 4.2e 3.4c 2.1a 5.6g 6.8h 3.7d 2.7b 2.1a

Tilapia 4.8g 6.9j 3.8f 3.0d 2.0b 5.0h 6.1i 3.2e 2.6c 1.8a

Ilisha 5.2f 7.0i 4.0e 3.1c 2.0a 5.3a 6.2h 3.3d 2.7b 2.0a

Bonga fish 4.6f 6.7i 3.6e 2.8d 1.8b 4.8a 6.0h 2.8d 2.3c 1.5a

Mudskipper 5.2g 7.1j 4.0f 3.1d 2.0a 5.4h 6.3i 3.2e 2.7c 2.1b

LSD = 0.06

a,b,c Means on the same row not followed by the same superscripts are significantly (P < 0.005) different.
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during the first week of storage and declined during sub-
sequent storage periods. TBA values followed the POV.
Generally, the salted smoke-dried fish cakes had signifi-
cantly (P 6 0.05) higher POV, TBA and FFA levels
than the unsalted fish cakes.

Although the peroxide value was significantly low at
the start of the storage period (week O), the value rose
to 85.4 mg/kg oil by the first week of storage and de-
clined during subsequent storage periods. The TBA va-
lue, which measures the malonaldehyde (end-product
of lipid oxidation) concentration, followed a similar pat-
tern. The increase in TBA values during the first week of
storage appeared to be related to oxygen permeability of
the packaging material. Brewer, Ikins, and Harbers
(1992) reported similar differences in TBA values. Bhat-
tacharya, Hanna, and Mandigo (1988) reported that for
30% fat ground beef, TBA value increased for 12 weeks
then decreased slightly over a 30 week storage period.
They reported higher TBA values for beef in polythene
than vacuum-packaged pork held for the same time in
frozen storage. In this study, TBA values increased after
the first week, presumably due to the high degree of
unsaturation of fish fat, contact of atmospheric air and
the high humidity of the storage environment. This trend
may reflect the oxidation of PUFA in the phospholipid
fraction, followed by oxidation of the neutral lipid frac-
tion. The fact that TBA values showed an apparent de-
crease during storage suggests that reaction with other
flesh constituents may have occurred. Gardener (1979)
reported that the end-products of lipid autoxidation
can react with proteins and amino acids. Salt is a pro-oxi-
dant and at the 40� brix level used it is thought that it
would accelerate autoxidation of lipid. According to
Castell et al. (1965), NaCl influences the rate of autoxida-
tion in salted fish by inducing changes in the fish
proteins.

Free fatty acids (FFA) are among the hydrolytic
products from fish lipids. Lipid hydrolysis can occur
with heating or action of enzymes. The lipases, phos-
pholipase A and phospholipase B, are believed to be
important enzymes in fish lipid hydrolysis (Hwang &
Regenstein, 1993). Varying levels of free fatty acids
and 1,2 diglycerides arose from the oxidation of minced
mackerel stored under vacuum at 2–3 �C for 15 days and
the lipid hydrolysis may affect fish wholesomeness. In
this study, brining was observed to influence autoxida-
tion and fatty acid contents of stored fish cakes. The re-
sults of this study support those of Lubis and Buckle
(1990).

Table 4 presents the eight major fatty aids, (C16:0,
C18:0, C18.1, C18:3, C20:1, C20:5, C22:1 and C22:6)
obtained in unsalted and salted smoke-dried fish cakes.
Among the saturated fatty acids, palmitic acid was the
most prevalent in all species with mean values of 8.5%
(catfish), 31.9% (tilapia), 36.2% (ilisha), 37.5% (bonga
fish) and 9.94% (mudskipper). These values represent
contents of unsalted smoke-dried fish cakes. Salting ap-
peared to have caused a slight increase in the fatty acid



Table 4
Fatty acid compositiona of smoke-dried and salted-dried fish cakes

Fatty Acids Unsalted Smoke-dried salted

A B C D E A B C D E

C14:0 9.40ab 0.56a 3.40a 0.30a 4.80a 10.7ab 0.60a 3.60a 0.36a 5.4a

C16:0 – 31.9b 36.2b 37.5bc 9.94a – 32.4b 37.1b 37.6bc 9.94a

C18:0 2.8a 12.8ab 7.46a 15.4b 4.32a 3.12a 13.5ab 7.80a 16.2b 4.55a

C18:1 9.62a 10.6a 11.9a 16.8ab 16.0ab 9.95a 11.0a 12.4a 17.20ab 16.5a

C18:3 14.9a – – – 13.6a 10.4a – – – 13.7a

C20:1 4.52a 0.1a 0.1a – 13.3b 17.4b 0.4a 2.2a – 14.1b

C20:5 4.90a 6.50a 2.6a 5.64a 7.64a 4.94a 5.80a 3.70a 6.80a 7.80
C22:1 30.5b – – – 6.41a 30.9b – – – 7.20
C22:6 1.95a 4.90a 8.72ab 4.86a 11.6b 1.80a 4.80a 9.45ab 5.52a 12.3ab

EPA + DHA 6.85 11.4 11.3 10.5 19.2 6.74 10.6 13.2 12.3 20.1
LDS = 6.8

A, C. nigrodigitatus; B, Oreochromis spp.; C, Ilisha africana; D, Ethmalosa fimbriata; E, P. koelreuteri; Means within the same row not followed by
same superscripts are significantly (P 6 0.05) different.
a =mq/100 g of total fatty acid.
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composition of the cakes although differences in the val-
ues obtained in few cases are non-significant (P 6 0.05).
O. niloticus, I. africana, and E. fimbriata (bonga fish)
were deficient in C18: 3 (a-linolenic acid) while E. fimbri-

ata had insignificantly low levels of C20:1. All tested fish
samples had varying levels of C20:5 and C22:6. Signifi-
cantly different (P 6 0.05) levels of C22:1 were obtained
in C. nigrodigitatus and P. koelreuteri.

Salting appeared to have facilitated the elaboration of
fatty acid contents of the fish oils. The lipids of marine
fish are characterized by their high proportion of poly-
unsaturated fatty acids, such as the nutritionally impor-
tant EPA and DHA, which are highly susceptible to
autoxidation because of their high degree of unsatura-
tion (Gunstone & Norris, 1983). The results of this study
show that the fish samples contained moderate levels
(2.6–7.8 mg/100 g) of EPA and significantly (P 6 0.05)
high levels of DHA. C. nigrodigitatus had a significantly
(P 6 0.05) high content (30.5%) of C22:1 (Gadoleic
acid) but lower levels (1.95%) of EPA. According to
Lovell (1988), not all fish products contain appreciable
quantities of EPA. Besides, nutrition of the fish plays
a significant role in the contents of EPA or DHA (Mor-
ris, Haynes, Keeton, & Gatin, 1995). For the salted fish
cakes, contents of EPA + DHA were C. nigrodigitatus

6.15%, O. niloticus 10.4%, I. africana 13.2%, E. fimbriata

12.3% and P. Koereuteri 20.1%. Eicosapentaenoic acid
(EPA) was the main polyenoid fatty acid found in the
Curimbata spp. When the species under analysis was
the tilapia, EPA prevailed. According to Jauncey
(1982), tilapia is a species that requires fatty acids of
the n � 6 family instead of n � 3 for its nutrition.

Data in Table 5 show panel mean scores for taste (fla-
vour/aroma) and desirability of stored fish cakes. Panel
ratings of the fish cakes varied significantly (P 6 0.05)
within treatments (unsalted and salted samples) and de-
creased significantly as storage periods progressed. Panel
preference ratings for flavour/aroma and desirability
attributes of the fish cakes were in the order:
A > B > D � C � E. Unsalted fish cakes were rated sig-
nificantly higher than the salted samples for the tested
attributes. Panel scores of salted samples of E (P. koel-
reuteri) dropped significantly between good and fair rat-
ings by the sixth week of storage. Similarly, panel scores
for all samples were within the range of fair and bad by
the eighth week of storage.

In general, rancid odour and flavour development
increased over time at room temperature storage.
Although all samples were packed in low density poly-
ethylene bags, rancidity appeared to be related to oxy-
gen permeability of the packaging materials. Although
brining enhanced the flavour and appearance of stored
samples it was also important in predisposing samples
to rancidity because salt is a pro-oxidant (Castell
et al., 1965). The observed reduction in lipid oxidation
of smoke dried fish cakes may be explained in terms
of oxygen barrier properties of polyethylene package
and the antioxidant properties of the smoke. Oxidation
was observed to be more pronounced in fish samples
with the highest concentration of polyunsaturated fatty
acids (PUFA), especially the n � 3 and n � 6 fatty acids.
Polyunsaturated fatty acids are highly sensitive to oxi-
dation because their high degree of unsaturation can
be initiated enzymatically by microsomal enzymes,
lipoxygenase and peroxidase (Eun, Hearnsberger, &
Kim, 1993). Apart from the fatty acid composition,
other endogenous factors, such as pH and water activity
(Khayat & Schwall, 1983) influence lipid oxidation in
food. However, traditional drying methods, as applied
in this study, ensure significant reduction of moisture
contents to achieve shelf-stable fish cakes. Oxidations
in traditional smoke-dried fish are often associated with
contact with air and relative humidities of storage envi-
ronments (Eyabi & Ningo, 1998). Unsalted and salted
smoke-dried fish cakes held at ambient temperature
storage remained wholesome for six weeks.



Table 5
Panel mean scores for flavour/aroma and desirability characteristics of unsalted and salted smoke-dried fish cakes during storage at ambient
temperature

Storage period (weeks) Samples Flavour/aroma Desirability

Unsalted Salted Unsalted Salted

1 A 4.5r 4.3q 4.4r 4.3p

B 4.3q 4.1p 4.2q 4.1o

C 4.1o 4.0o 4.0o 4.0n

D 4.2p 4.1p 4.1p 4.1o

E 3.9m 3.6m 3.9n 3.8m

4 A 4.0n 3.9n 4.0o 3.8m

B 3.8m 3.5i 3.8m 3.6l

C 3.6k 3.4k 3.4l 3.0j

D 3.7j 3.5i 3.6k 3.3k

E 3.4j 3.2j 3.0l 2.8i

6 A 3.4j 3.2i 3.3j 3.0j

B 3.2i 2.8i 3.0i 2.7h

C 3.0g 2.5g 2.8g 2.4f

D 3.1h 2.7h 2.9h 2.6g

E 2.7f 2.3f 2.6f 2.3e

8 A 2.1e 1.7e 1.9e 1.6d

B 1.9d 1.6d 1.8d 1.4c

C 1.6b 1.3b 1.3b 1.3b

D 1.7c 1.5d 1.3b 1.4c

E 1.4a 1.2a 1.3a 1.2a

LSD = 0.1

A, C. nigrodigitatus; B, Oreochromis spp.; C, Ilisha africana; D, Ethmalosa fimbriata; E, P. koalreuteri.
a Means in the same row not followed by the same superscripts are significantly different (P 6 0.05).
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4. Conclusion

Generally, the analytical data for the contents of cop-
per, zinc, lead, mercury, arsenic, chromium and calcium
in the muscle, gills and liver tissues of the samples were
lower than values obtained from fish samples from other
water systems of the world (Sidwell, 1981). Salting did
not significantly (P 6 0.05) reduce the nutrient contents
of the smoke-dried fish samples. The POV, TBA and
FFA values rose during the first week and declined
thereafter. The fish samples analysed had moderate lev-
els (2.6–7.8 mg/100 g) of EPA and significantly
(P 6 0.05) high levels of DHA (1.8–12.3 mg/100 g).
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