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Abstract

Effect of smoking methods on quality and safety of traditional smoked silver catfish from Lagos State, Nigeria
was carried out with a focus on investigating the quality indices of traditional smoked silver catfish in twenty
different fish processing centres. Fresh unsmoked silver catfish and smoked silver catfish samples were
collected from different processing centres and and control samples were smoked with convectional smoke kiln.
Proximate and quality analyses revealed that moisture content of fresh unsmoked silver catfish samples ranged
from 71.66% — 74.92% and that of smoked silver catfish samples and control samples ranged from 11.18% -
14.77% and 8.48% — 10.43% respectively. Protein content of fresh unsmoked silver catfish samples ranged from
15.70% — 17.96% and that of smoked silver catfish samples and control samples ranged from 52.96% — 58.36%
and 56.81% — 61.42%. Fat content of fresh unsmoked silver catfish samples ranged from 7.58% — 9.86% and
that of smoked silver catfish samples and control samples ranged from 16.52% — 20.41% and 17.52% — 20.57%.
The pH value of fresh unsmoked silver catfish samples ranged from 6.78 — 7.42 and that of smoked silver catfish
samples and control samples ranged from 6.27 — 6.73 and 6.51 — 6.86. The TBA values of fresh unsmoked silver
catfish samples ranged from 0.90 - 1.18mgMol/kg and that of smoked silver catfish samples and control samples
ranged from 1.01 - 1.15mgMol/kg and 1.00 — 1.12 mgMol/kg. The TVB-N of fresh unsmoked silver catfish
samples ranged from 13.15 - 15.40mgN/kg and that of smoked silver catfish samples and control samples ranged
from 17.59 - 19.69mgN/kg and 15.63 - 17.86mgN/kg. The TMA of fresh unsmoked silver catfish samples was
2.04 — 2.61mgN/kg and 2.36 — 2.96mgN/kg and 2.11 — 2.72mgN/kg for smoked silver catfish samples. This
study revealed PV of 6.13 — 8.85 mgEq.peroxide/kg for fresh unsmoked silver catfish samples and 8.24 -
9.39mgEq.peroxide/kg and 7.13 - 8.67mgEq.peroxide/kg for smoked silver catfish samples. FFA of fresh
unsmoked silver catfish samples was 1.00 — 1.16% while that of smoked silver catfish samples ranged from 1.03
—1.26% and 1.00 — 1.24%. Convention smoke kiln (used for control samples) did not significantly affect pH and
composition of smoked silver catfish. The study concluded that smoking method affect quality as convention
smoke kiln significantly reduced the moisture content of smoked silver catfish and the quality indices such as
FFA, TBA and PV.
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1.0 INTRODUCTION
Fish are widespread over the oceans and rivers of the world (da Silva, 2002). They are major source of food for
humans providing a significant portion of the protein intake in the diets of a large proportion of the people,
particularly so in the developing countries, where it represents about 14% of all animal protein on global basis
(Afolabi et al., 1984; Cluca and Ward, 1996, Eyo, 2001, da Silva, 2002, Abolagba and Melle, 2008). In many
Asian countries, over 50 % of the animal protein intake comes from fish, while in Africa, the proportion is
17.5 % (Afolabi et al,, 1984; Abolagba and Melle, 2008). Fish provides between 30% and 80% of the total
animal protein intake of the coastal people of West Africa (NCBI, 2012). (Nelson, 2006) In Nigeria, fish has an
edge over meat because it is cheaper and relatively more abundant (Eyo, 2001) and constitutes about 40 % of the
animal protein intake (Eyo, 2001; Abolagba and Melle, 2008). Fish is a cheap source of animal protein with little
or no religious rejection of it, which gives it an advantage over pork or beef. Fish is a rich source of lysine
suitable for supplementing high carbohydrate diet. It is also a valuable source of vitamin A, B and E, iodine and
oils containing polyunsaturated fatty acids (Eyo, 2001, da Silva, 2002, Abolagba and Melle, 2008). In Nigeria,
fish smoking is the most practiced preservation method. Practically all species of fish available in the country
can be smoked and it has been estimated that 70 - 80 percent of the domestic marine and freshwater catch is
consumed in smoked form(Akinyemi ef al., 2011). Smoked fish constitute a major source of animal protein for a
vast majority of the population in Nigeria, particularly the rural population (Eyo, 1992).

Fish is also rich in unsaturated fat while the total fat content is relatively low (about 5%). It is high in
polyunsaturated fatty acids that are important in lowering blood cholesterol level (Al-Jedah, et al., 1999, Cluca
and Ward, 1996, Eyo, 2001). Meats from most animals are rich in saturated fats, the fats that raise blood
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cholesterol levels and cause clogging of blood vessel. Fish is also low in such saturated fats and rich in long
chain omega-3 polyunsaturated fatty acids (PUFA), which includes alpha-linolenic acid (ALA, Cl8:3) and its
longer-chain metabolites: eicosapentaenoic acid (EPA, C20:5) and docosahexaenoic acid (DHA, C22:6).
Beneficial health effects of omega-3 PUFA, especially long chain EPA and DHA, are well demonstrated, mainly
in the prevention of cardiovascular diseases (Brunner and Iso, 2008).

The unsaturated fats in fish, however, make it susceptible to oxidation after harvest. Other factors, such
as reactions caused by the activities of the fish’s own enzymes and the metabolic activities of micro-organisms,
contribute to the spoilage of fish (Brunner and Iso, 2008). Because fish is highly perishable, a considerable effort
has been directed to extend the shelf-life of fish using preservation and processing techniques, such as
refrigeration, freezing, canning, smoking, salting, and drying. What’s more, some of these techniques can also be
used to enhance the value of fish. Smoking fish is one of them.

The smoking of fish from smouldering wood for its preservation dates back to civilization (Eyo, 2001).
Wood has a highly complex molecular composition and contains wood smoke compounds that actually act as
preservatives. Phenol and other phenolic compounds in wood smoke are both antioxidants, which slow rancidity
of animal fats and antimicrobials, which slow bacterial growth. Other antimicrobials in wood smoke include
formaldehyde, acetic acid, and other organic acids, which give wood smoke a low pH - about 2.5.

There is insufficient data on the quality attributes of traditional smoked wild fish from Nigeria despite
the fact that it constitutes a substantial portion of fish available and a lot of Nigerians consume it. This study is
embarked on to investigate the effect of smoking method on quality attributes of traditional smoked silver catfish
from Lagos State.

2.0METHODOLOGY

2.1.0 Fish Used

Fresh fish samples were obtained from ten different fishing communities of Badagry and Epe Local Government
Areas of Lagos State, Nigeria. The fresh silver catfish samples were freshly harvested. The samples were taken
to the Institute of Food Security, Environmental Resources and Agricultural Research (IFSERAR) laboratory,
Federal University of Agriculture, Abeokuta for smoking.

2.1.1 Chemicals

All chemicals used in this study were of the analytical grade unless stated otherwise.

2.2 Area of Study.

Using a current geopolitical map of Nigeria, Lagos State lies to the south-western part of Nigeria and has
boundaries with Ogun State both in the north and east. It is bordered on the west by the Republic of Benin and in
the south, stretches for 180 km. along the coast of the Atlantic Ocean. It therefore has 22.5% of Nigeria's
coastline and occupies an area of 3,577 sq km land mass with about 786.94 sq. km. (22%) of it being lagoons
and creeks. The state is endowed with marine, brackish and fresh water ecological zones with varying fish
species that provide productive fishing opportunity for fishermen. Two local government areas (Badagry and
Epe Local Government) were covered because they are highly densed fish processing centers. They were
selected for the study and hazard analyses of the products.

2.3 Sampling Procedure

Fresh and smoked silver catfish samples were collected from 10 processing centres from each of the two local

government areas, from the identified processing centres by purposive sampling in sterile containers (Ziploc).
All freshly harvested silver catfish samples were kept on ice during transportation to the laboratory and

smoked on the same day. Smoked fish samples were analyzed immediately.

2.4 Fish Smoking Process

Smoked fish was prepared following the method (Fig.1.0) as described by Crapo (2011) with modifications. Fish
were carefully cleaned to remove slime, blood and harmful bacteria. The fish were eviscerated, leaving the skin
on the fish. The fish were cut into uniform pieces (fillet) so that no parts will get overheated.

The fish were smoked to 80°C internal temperature (with a thermometer) for 24hours. The kiln
temperature was adjusted as needed throughout this smoking period to maintain the 80°C internal temperature.
Hands, utensils and work surfaces were cleaned when transferring fish from smoker to oven to cool down to
avoid cross-contamination. Smoking was done for 24 hours until the fish is fully dried.
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Fresh wet fish

Eviscerating the fish
Washing of Eviscerated fish

Cutting into cylinders

l

Smoking at 80°C 24hrs
Cooling to room temperature
"Smoked fish”

Packing in polyethylene bag
Figure 1.0: Flow chart for traditional fish smoking (Crapo, 2011))

2.5 Proximate analysis

The following proximate analyses were carried out on fresh silver catfish and the smoked silver catfish samples
collected from the processing centres. The moisture content of the fresh silver catfish and smoked silver catfish
were determined by the oven-drying method. Protein contents of the fresh silver catfish were extracted and
fractionated by the method of AOAC (2000) method. The crude fat, crude fibre and ash content of the fresh
silver catfish and smoked silver catfish were determined by AOAC (2000) method.

2.6 Physico-chemical analysis

Kent pH meter (Kent Ind. Measurement Ltd., survey) model 7020 equipped with a glass electrode was used to
measure the pH of the flesh, employing 10 g of fish homogenized in 10 ml of distilled water. Triplicate
determinations were made in all cases. The pH meter was calibrated using pH 4.0 and pH 7.0 buffers. The total
volatile base- nitrogen, trimethylamine value (TMA), thio-barbituric acid value, peroxide value and free fatty
acid value of the fresh fish and smoked fish were determined by AOAC (2000) method.

2.7 Data Analysis

All data analyses were done in triplicates. The data obtained were subjected to descriptive statistics using IBM
SPSS version 21.0 software and Microsoft office excel was used to generate tables and charts. One way analysis
of variance (ANOVA) was done using Duncan’s Multiple Range Test (p<0.05) to study the difference between
means.
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3.0 RESULTS AND DISCUSION

Moisture content of fresh unsmoked silver catfish samples ranged from 71.66% — 74.92% and that of smoked
silver catfish samples obtained using local drum kiln and conventional smoke kiln ranged from 11.18% - 14.77%
and 8.48% — 10.43%. In contrary to protein, fat, and ash, the moisture content of fresh silver catfish samples
decreased sharply after the smoking process. This decrease was due to loss of water during smoking (Asiedu et
al., 1991). Moisture content of fish is of great importance as a number of biochemical reactions and
physiological changes in fish depend on moisture content. Of greater significant is the effect of moisture on the
stability and quality of fish. High moisture content also promotes microbial growth. In the present study, the
protein content of fresh unsmoked silver catfish samples ranged from 15.70% — 17.96% and that of smoked fish
samples ranged from 52.96% — 58.36% and 56.81% — 61.42%. There was an inverse relationship between the
moisture and protein content in the smoked silver catfish (Goktepe, 1996 and da Silva, 2002). Fat content of
fresh unsmoked fish samples ranged from 7.58% — 9.86% and that of smoked silver catfish samples ranged from
16.52% — 20.41% and 17.52% — 20.57%. Crude fibre content of fresh unsmoked silver catfish samples ranged
from 0.18% — 0.24% and crude fibre content of smoked silver catfish samples ranged from 1.83% — 2.37% and
2.12% — 2.71%. Ash content of fresh unsmoked silver catfish samples ranged from 0.11% — 0.15% and ash
content of smoked silver catfish samples ranged from 1.14% — 1.48% and 1.31% — 1.92%. The increase in
mineral content, ash and crude fibre can be attributed to an increase in the dry matter content per unit weight
following sample dehydration and during the smoking process (da Silva, 2002).. These results agreed with the
work of Omojowo, et al., 2008; Omojowo, et al., 2009 and da Silva et al., (2008). In this study carbohydrate
content is given by difference that is the percentage of water, protein, fat and ash subtracted from 100.
Carbohydrate content of fresh unsmoked silver catfish samples ranged from 0.90% — 1.10% and carbohydrate
content of smoked silver catfish samples ranged from 8.49% — 15.78% and 7.12% — 10.63%. Carbohydrate
content of smoked silver catfish samples is low because it is proteinous food. This result also agreed with the
work of Idowu and Kue (1998).

Table 1: Proximate composition of fresh Silver catfish (Chrysichthys nigrodigitatus) samples from different
processing centres

Locations Moisture % Protein %  Fat % Crude fibre % Ash %  Carbohydrate %
Agbalata 74.68a 15.70a 8.38abc 0.20a 0.13a 0.91a
Ajido 74.92a 16.16a 7.61a 0.22a 0.13a 0.96abcd
Asakpo 74.62a 15.81a 8.34abc 0.19a 0.14a 0.90a
Boguru 73.83a 16.91a 7.83ab 0.23a 0.13a 1.07cdef
Fvanoveh 72.91a 17.93a 7.84ab 0.23a 0.14a 0.95abc
Gberefun 74.87a 16.03a 7.81ab 0.19a 0.11a 0.99abcedef
Gbetrome 73.56a 17.24a 7.87ab 0.24a 0.12a 0.97abcde
Ilaje 72.88a 17.96a 7.79ab 0.21a 0.12a 1.04bcdef
Kofegameh 72.63a 16.62a 9.46ab 0.19a 0.14a 0.96abcd
Pako 73.58a 16.29a 8.73abc 0.18a 0.14a 1.08def
Afuye 72.85a 16.49a 9.36abc 0.22a 0.14a 0.94ab
BodinYawa 73.36a 16.12a 9.18abc 0.21a 0.14a 0.99abcdef
Idale 71.74a 16.97a 9.86¢ 0.19a 0.14a 1.10f
Igbodun 71.89a 17.91a 8.75abc 0.23a 0.13a 1.09ef
Ilogun 73.23a 16.64a 8.84abc 0.21a 0.13a 0.95abc
Mejona 74.57a 16.33a 7.68 ab 0.19a 0.13a 1.10f
Oluwo 72.84a 17.46a 8.42abc 0.23a 0.14a 0.91a
Okorisan 74.62a 16.59a 7.58a 0.19a 0.12a 0.90a
Orita 73.68a 16.73a 8..32abc 0.21a 0.14a 0.92ab
Orogoro 74.68a 17.32a 9.73c 0.20a 0.12a 0.97abcde

Data are means of 3 replicates
Data with the same subscript are not significantly different at p<0.05
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Table 2: Proximate composition of smoked Silver catfish (Chrysichthys nigrodigitatus) from different
processing centres using local drum Kkiln and conventional smoke kiln

Locations Moisture % Protein % Fat % Crude fibre % Ash % Carbohydrate %

Local Convect  Local Convect  Local Convect  Local Convect Local Convect  Local Convect
Agbalata 11.86¢ 8.91d 54.80e 57.45¢ 19.321 20.321 2.04de 2.56ef 1.34de 1.62de 10.64bcd 9.14k
Ajido 14.32k 9.42fg 53.46b 58.78g 17.68f 18.68¢ 2.21gh 2.47cd 1.31cde 1.56cd 10.99bcd 9.09k
Asakpo 14.06j 10.12j 56.06h 59.13h 18.04¢ 19.04f 1.93bc 2.23b 1.42def 1.67ef 8.49bc 7.81c
Boguru 13.11g 9.47¢g 54.51de 57.74d 19.331 20.13j 2.27hi 2.52def 1.36def 1.86ij 9.42bcd 8.08d
Fvanoveh 11.83¢ 8.79bc 58.13j 61.341 16.54b 17.54a 2.16fg 2.43¢ 1.39efg 1.82hi 8.90bcd 8.28ef
Gberefun 14.91n 10.23k 54.03de 57.47¢ 18.11gh  19.11fg 1.89ab 2.13a 1.14a 1.56cd 9.92bcd 9.50m
Gbetrome 14.30k 9.56h 57.24i 60.63k 17.17¢ 18.17¢ 2.37j 2.59f 1.28bed 1.61de 7.64ab 7.44b
Ilaje 12.73¢ 8.83¢c 58.36j 61.42m 16.52b 17.52a 2.14fg 2.48cde 1.16a 1.34a 9.09bcd 8.41h
Kofegameh 12.18d 8.74b 53.62b 57.89%¢ 20.410 20.41m 1.99cd 2.31b 1.41efg 1.74fgh  10.39bcd 8.91j
Pako 14.361 10.431 54.29cd 57.93¢ 18.23i 19.23h 1.83a 2.67¢g 1.45fg 1.81ghi 9.84bcd 8.23¢
Afuye 13.73ij 9.92i 55.49¢g 58.78g 18.06g 20.06j 2.15fg 2.54def 1.36def 1.58d 9.21bcd 7.12a
Bodin Yawa 14.21k 10.43m 54.12¢ 57.45¢ 17.28d 20.28kl 2.12efg 2.43¢ 1.21abe 1.46b 11.06bcd 8.95j
Idale 11.18a 8.75b 54.47cde 57.73d 19.22k 20.22k 1.99cd 2.30b 1.48g 1.73fg 11.66¢d 9.271
Igbodun 11.47b 8.48a 58.11j 60.36j 16.05a 18.05b 2.33jj 2.71g 1.31cde 1.63de 10.73bed 8.771
Tlogun 13.19gh 9.34¢ 53.64b 56.92b 18.34j 19.34i 2.11ef 2.42¢ 1.37def 1.49bc 11.35bed 10.490
Mejona 15.23n 10.13j 54.33cd 57.66d 17.56e 18.56d 1.93bc 2.12a 1.33de 1.57cd 9.62bcd 9.96n
Oluwo 12.97f 9.98i 52.96a 56.81a 18.22i 19.22h 2.25hi 2.56ef 1.45fg 1.80ghi 12.15¢cd 10.63p
Okorisan 14.77m 10.18jk 54.29cd 59.53i 18.18hi  19.18gh 1.96bcd 2.24b 1.21abc 1.45b 9.59bcd 7.42b
Orita 13.27h 9.36ef 55.13f 58.64f 20.22n 18.22¢ 2.12efg 2.43¢ 1.40efg 1.92j 15.78¢ 9.43m
Orogoro 15.390 10.06j 54.22¢d 57.39¢ 19.57m 20.57n 2.04de 2.31b 1.18ab 1.31a 12.70de 8.36gh
Local = Local drum kiln Convect = Convectional smoke kiln

Data are means of 3 replicates
Data with the same subscript are not significantly different at p<0.05

The quality indices of the fresh and smoked silver catfish were studied. Fats undergo changes during
storage which result in production of an unpleasant taste and odour which is commonly referred to as rancidity
(FAO, 1992; da Silva, 2002; da Silva, et al., 2008). The peroxide value (PV) results are similar in pattern to TBA.
In this study PV of fresh unsmoked silver catfish samples was 6.13 — 8.85 mgEq.peroxide/kg and 8.24 —
9.39mgEq.peroxide/kg and 7.13 — 8.67mgEq.peroxide/kg for smoked silver catfish samples. These values are
below the recommended value of between 20 and 40mgEq.peroxide/kg for rancid taste to begin. Free fatty acids
values (FFA) of fresh unsmoked silver catfish samples was 1.00 — 1.16% while that of smoked fish samples
ranged from 1.03 — 1.26% and 1.00 — 1.24%. These values are very low and below the threshold for rancidity
detection in smoked fish. The thiobarbituric acid value (TBA) is used to assess the degree of fish spoilage
especially in fatty fish. The TBA test measures a secondary product of lipid oxidation, malonaldehyde (da Silva,
2002). The TBA values of fresh unsmoked catfish samples ranged from 0.90 - 1.18mgMol/kg and thio-barbituric
acid value (TBA) of smoked silver catfish samples ranged from 1.01 - 1.15mgMol/kg and 1.00 - 1.12mgMol/kg.
The TBA (1.00 to 1.15 mg TBA/kg) did not exceed 1 to 2 mg TBA/kg which was well within acceptable limits.
The sensory threshold level for detecting rancidity in fresh meat was reported to be between 1 and 2 TBA
(Calhoun et al., 1999). The increased TBA values in the smoked fish probably originated from the breakdown of
oxidation products, mainly malonaldehyde, during smoking due to the high temperature (Goktepe and Moody,
1998).

Table 3: Quality indices of fresh Silver catfish (Chrysichthys nigrodigitatus) samples from different
locations

Locations Peroxide value Free fatty Thiobarbituric  acid  Total volatile base- Trimethyl pH
(PV)(mEq. acid(FFA) % (TBA) nitrogen amine value

peroxide/kg) (mg Mol/kg) (TVB-N) (mgN/kg) (TMA) (mgN/kg)
Agbalata 6.32b 1.16a 0.90ab 14.63fg 2.17ab 6.96ab
Ajido 6.67d 1.01a 0.93abc 14.18e 2.32bcdef 7.04bed
Asakpo 8.31i 1.04a 0.88a 3.50ab 2.26bcd 6.91ab
Boguru 8.63j 1.06a 0.94abc 15.371 2.38cdefg 6.98ab
Fvanuveh 7.27¢ 1.02a 0.91ab 13.15a 2.23bc 7.01abe
Gberefun 8.14h 1.00a 1.00bcdef 13.43b 2.58ghi 7.13cdef
Gbetrome 6.35bc 1.03a 1.13gh 14.13¢ 2.51ghi 6.99ab
Tlaje 6.31b 1.07a 1.07fg 14.50f 2.43efgh 7.15def
Kofegameh 7.45f 1.13a 1.10fgh 13.71d 2.61hi 6.90a
Pako 8.63j 1.11a 1.05defg 13.36b 2.38cdefg 7.23f
Afuye 8.54j 1.03a 0.93abc 15.13h 2.41defg 7.18ef
BodinYawa 8.38i 1.05a 0.97abcd 13.61cd 2.46efghi 6.93ab
Idale 7.73g 1.0la 1.08fg 13.14a 2.53ghi 6.95ab
Igbodun 8.85k 1.10a 0.96abed 15.401 2.47fghi 7.24f
Ilogun 7.29%¢ 1.02a 1.06efg 14.19¢ 2.52ghi 7.16def
Mejona 8.31i 1.11a 1.09fgh 14.67¢g 2.04a 6.94ab
Oluwo 6.13a 1.09a 1.13gh 15.38i 2.31bcde 7.12cdef
Okorisan 6.47¢c 1.07a 1.18h 15.12h 2.42efg 7.05bcde
Orita 7.62g 1.06a 1.01cdef 13.76d 2.63h 7.14def
Orogoro 8.291 1.03a 0.94abc 13.34b 2.21b 6.99ab

Data are means of 3 replicates
Data with the same subscript are not significantly different at p<0.05
Beltran and Moral (1991) reported that high TBA values are correlated with the degree of oxidation of
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fats in hot smoked sardines. Proteins are highly complex nitrogenous organic compounds which occur naturally
in all living matter and form an important part of animal tissues. They are polymers of amino acids. TVB-N is
related to protein breakdown and is an index of fish spoilage (da Silva, 2002). The legislative standard for TVB-
N include: 20mgN/100g for fresh fish, 30 mgN/100g stale fish and 40 mgN/100g for fish that is unfit for human
consumption but can be used for animal feed (FAO, 1992; da Silva, 2002). In this study, the total volatile base-
nitrogen (TVB-N) of fresh unsmoked silver catfish samples ranged from 13.15 - 15.40mgN/kg and total volatile
base- nitrogen (TVB-N) of smoked silver catfish samples ranged from 17.59 - 19.69mgN/kg and 15.63 -
17.86mgN/kg. These values are within the range of legislative standard for TVB-N which is 20mgN/100g for
fresh fish. This suggests that the level of protein decomposition or breakdown in all the samples is low. The
spoilage of fish is due to bacterial and enzyme action, which results in the production of various volatile
compounds such as trimethylamine (TMA), dimethylamine (DMA), ammonia and volatile acids.
Trimethylamine (TMA) is a reduction product of trimethylamine oxide during spoilage and ammonia is mainly
formed as a product of protein breakdown. Trimethylamine (TMA) is one of the volatile amines plus ammonia
which can be used as an index of spoilage (da Silva, 2002). In this study, the trimethylamine value (TMA) for
fresh unsmoked silver catfish samples was 2.04 — 2.61mgN/kg and 2.36 — 2.96mgN/kg and 2.11 — 2.72mgN/kg
for smoked silver catfish samples. The trimethylamine value (TMA) of 2.04 — 2.6 1mgN/kg for fresh fish samples
and 2.36 — 2.96mgN/kg and 2.11 — 2.72mgN/kg for smoked silver catfish samples are within the range of <
3mgN/100g for fresh fish, >8mgN/100G for spoiled fish and > 5mgN/100g for doubtful quality specified
U.S.F.D.A (da Silva, et al., 2008). pH is among the most critical factors affecting microbial growth and spoilage
of foods. The pH value of fresh unsmoked silver catfish samples ranged from 6.90 — 7.24 and pH value of
smoked silver catfish samples ranged from 6.27 — 6.86 and 6.5 — 6.86. The pH values of the fresh fish samples
was high, this may be due to biochemical reactions and enzyme action as a result of delay in reaching the shore
from the sea because most of the fishermen had no cooling system in their boats or canoes. However, the pH in
fish tissues drops due to smoking (Doe, 1998; da Silva, 2002).

Table 4: Quality indices of smoked Silver catfish (Chrysichthys nigrodigitatus) from different locations

using local drum Kkiln and conventional smoke kiln

Locations Peroxide value Free fatty acid(FFA) % Thiobarbituric acid Total volatile base- Trimethyl pH

(PV)(mEq,peroxide/kg) (TBA) (mg Mol/kg) nitrogen amine value

(TVB-N) (mgN/100g)  (TMA)(mgN/kg)

Local Convect Local Convect Local Local Local Convect Local Convect Local Convect
Agbalata 9.1lefg 8.36gh 1.21de 1.13ef 1.10a 1.08b 19.69k 17.861 2.52abc 2.36bcd 6.43abcde 6.51a
Ajido 9.19ghi 8.31efgh 1.13abed 1.07abedef  1.0l1a 0.99a 18.38¢c 16.61d 2.63abed 2.41cde 6.48bcdef 6.73ef
Asakpo 9.24i 8.46i 1.11abed 1.05abcdef  1.08a 1.06ab 18.56de 16.78¢ 2.58abed 2.29b 6.67gh 6.62bcd
Boguru 9.17ghi 8.41hi 1.26¢ 1.23g 1.14a 1.12bc 19.27hi 17.36g 2.72a 2.53h 6.62fgh 6.66cdef
Fvanuveh 8.99cde 7.84d 1.12abed 1.10bcdef l.1la 1.08b 19.15gh 17.62h 2.56abed 2.38bed 6.54cdefg 6.61def
Gberefun 9.03def 8.23¢ 1.09abed 1.04abcde 1.02a 1.00a 18.44cd 16.89f 2.91cd 2.67ij 6.41abed 6.90g
Gbetrome 9.14fghi 8.67j 1.07abc 1.01a 1.03a 1.01a 19.13g 17.41g 2.84cd 2.62i 6.73h 6.68def
Ilaje 8.94cd 7.89d 1.18cde 1.13ef 1.06a 1.04a 18.53de 16.67de 2.74bcd 2.50efg 6.39abc 6.73ef
Kofegameh 9.08efg 8.26efg 1.20de 1.14f 1.15a 1.11bc 18.78f 16.34¢ 2.93cd 2.69j 6.46bcdef 6.86g
Pako 9.21hi 8.34fgh 1.16bcde 1.11cdef 1.13a 1.06ab 19.31ij 17.64h 2.71bcd 2.43def 6.55cdefg 6.75f
Afuye 9.39j 8.63j 1.05ab 1.02abc 1.05a 1.01a 18.11b 16.32¢ 2.75bcd 2.48efg 6.42abcde 6.57abc
BodinYawa 9.08efg 8.25ef 1.09abed 1.03abed 1.0la 0.98a 17.63a 15.56a 2.79cd 2.51gh 6.57cdefgh 6.69cde
Idale 8.79b 7.91d 1.06ab 1.00a 1.02a 0.99a 18.18b 16.23¢ 2.84cd 2.63j 6.43abcde 6.52a
Igbodun 9.15fghi 8.36gh 1.13abed 1.11cdef 1.10a 1.07ab 19.43j 17.92i 2.78cd 2.52gh 6.41abed 6.63cde
Tlogun 8.24a 7.13a 1.07abc 1.05abcdef  1.04a 1.02a 17.59a 15.67b 2.87cd 2.68ij 6.54cdefg 6.74f
Mejona 9.12fghi 8.32efgh 1.16bcde 1.12def 1.12a 1.10bc 19.15gh 17.32g 2.36ab 2.11a 6.60efgh 6.65cdef
Oluwo 8.69b 7.51c 1.04ab 1.02abc 1.10a 1.06ab 19.30 17.811 2.63abed 2.49¢fg 6.63fgh 6.53ab
Okorisan 8.26a 7.42b 1.02a 1.01ab 1.09a 1.07ab 18.19b 16.23¢ 2.72bcd 2.53h 6.58defgh 6.84g
Orita 8.91c 8.23¢ 1.03a 1.01ab 1.02a 1.00a 19.26ghi 17.53h 2.96¢cd 2.72j 6.27a 6.59abed
Orogoro 9.16ghi 8.471 1.12abed 1.09abcdef 1.10a 1.05a 18.64ef 16.75¢ 2.54abed 2.33bc 6.32ab 6.73ef

Local = Local drum kiln Convect = Convectional smoke kiln

Data are means of 3 replicates
Data with the same subscript are not significantly different at p<0.05

CONCLUSION

This research work revealed that moisture content of fish is of great importance as a number of biochemical
reactions and physiological changes in fish depend on moisture content. In contrary to protein, fat, and ash, the
moisture content of fresh fish samples decreased sharply after the smoking process. This decrease had been
found to be due to loss of water during smoking. Protein content in smoked fish samples has been found to
increase due to an increase in the dry matter content per unit weight following sample dehydration during
smoking. There was an inverse relationship between the moisture and protein content in the smoked fish. The
increase in mineral content, ash and crude fibre can be attributed to an increase in the dry matter content per unit
weight following sample dehydration. The increased TBA values in the smoked fish probably originated from
the breakdown of oxidation products during smoking due to the high temperature. The pH values of the fresh
fish samples was found to be high, this may be due to biochemical reactions and enzyme actions as a result of
delay in reaching the shore from the sea because most of the fishermen had no cooling system in their boats or
canoes. However, the pH in fish tissues drops due to smoking. Convention smoke kiln did not significantly affect
pH and composition of smoked fish. It, however, significantly reduced the moisture content of smoked fish and
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the quality indices such as FFA, TBA and PV.
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