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Abstract: Eating dried fish is one prevalent dietary habit for local Nigerians due to the requisite for nutritional quality, infested or not. The 

aim of this study is to investigate the infestation of smoked ready-to-eat dried Clarias gariepinus obtained from Oja-Oba market in Ikare, 

Ondo State, Nigeria and fresh catfishes processed in the laboratory by Dermestes maculatus at different intervals. A total of twenty catfish 

was obtained for the study. The twenty catfish were divided into 2 groups of ten catfish each as follows; group 1-smoked ready-to-eat and 

group 2-fresh catfish processed in the laboratory. The dried catfish were macerated and weighed in each group to obtain a weight of 500g. 

The macerated catfish in each group were infested with Dermestes maculatus larva in 3 replicates per group. The nutritional composition 

and moisture contents were determined every two weeks using proximal analysis in an experiment that lasted 56 days. Data were subjected 

to two-way analysis of variance (ANOVA) and Duncan Multiple Range Test (DMRT). P ≤ 0.05 was considered to be statistically 

significant. The result revealed that carbohydrate content, crude protein, fat content, ash content, mineral composition and vitamin c in 

oven-dried fishes exposed to Dermestes maculatus were significantly different (P ≤ 0.05) from those obtained from the local market as days 

progressed from 0 – 56 days. Result also showed that moisture content (%) reduced from 0 – 56 days (146.32±9.22c to 132.09±2.58a and 

146.32±9.22b -142.55±2.95c) for both smoked catfishes obtained from the local market and laboratory oven-dried catfishes respectively. 

This implies that the high moisture content influenced the nutritional composition of the laboratory processed catfishes compared to those 

obtained from the local market. Therefore, protecting smoked ready-to-eat dried catfishes from local market by Dermestes maculatus 

infestations are important to guide the nutritional quality.  
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1. Introduction 

Eating dried fish is one prevalent dietary habit for local 

Nigerians. Fish is increasingly becoming an important diet 

of a larger percentage of the populace worldwide because 

of its availability, palatability, health provisions, digestible 

and nutritiousness comprised of respectable sources of 

proteins and essential minerals (Odeyemi et al., 2000; 

Fawole et al., 2007). Catfish when improperly prepared 

and stored have great potentials of been attacked by larvae 

and adult of Dermestes sp. and Necrobia sp.  The attack 

has a way of significantly reducing the quantity and 

quality of fish flesh destined for both human consumption 

and economic purposes leading to a quantifiable nutrient 

loss in the tropics (Uneke, 2015). Dermestes sp. larvae 

nest on fish as substrate, feeding and metamorphosing into 

adult to continue the cycle of infestation. The continued 

cycles of infestation diminishes the biochemical quality of 

substrate and thus leaving the consumer with frass as end 

product. Adult Dermestes and Necrobia easily disperse to 

new sources of food where they cause food damage, 

infestation and also predisposing the infested fish to 

microbial attack (Akinwumi, 2010). In Nigeria and many 

other countries, dry smoked fish is a highly favoured item, 

increasingly used to supplement and correct deficiency in 

the normal diet. (Amusan and Okorie, 2002). Money loss 

due to damage is reportedly up to $500,000 per annum if 

not more than (Rollings and Hayward, 1963), without 

referencing the monies invested in protecting the resource. 

The use of insecticides to control infestations in Nigeria 

have arose with abuse and misuse which may be due to 

annoyance of those accustomed to eating and who find the 

pest infesting the resource (Akunne et al., 2014). Hence, 

the abuse and misuse have led to acute and chronic 

poisoning in man, skin irritation, blindness and even 

records of death. However, biological control through the 

use of plant and seed-spice extract had been proven to be 

effective and safe since the seed-extracts are food 

additives (Akunne et al., 2014).  Till today, beetle and 

mite infestation on this resource is a highly debated in the 

tropics even with proceedings on different control 

measures. The study was designed to investigate the effect 

of Dermestes maculatus infestation on the biochemistry of 

two groups of dried Clarias gariepinus in local market 

species and laboratory processed species. 

 

2. Materials and Methods  
 

2.1. Fish collection and preservation: Fresh samples of 

ten African catfish, Clariasgariepinus (Burchell, 1822) 

weighing 500g and ten samples of smoked catfish 

weighing 95g each were obtained from Oja-Oba in Ikare, 

Ondo State, Nigeria. Freshly purchased catfishes species 

were identified by method described byViveen et al., 

(1986). 
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2.2. Procedure for fish smoking: The fresh C. gariepinus 

were killed, gutted and decapitated. The gutted fish were 

washed thoroughly with water, without immersion in 

saline solution and rolled up. They were smoked in 

Gallenkamp oven for 72 hours at 120˚C, packed into small 

polythene bags and kept in the Laboratory of Department 

of Environmental Biology and Fisheries, Adekunle Ajasin 

University, Akungba Akoko, Ondo State, Nigeria. 

 

2.3. Insect collection and culture: Freshly smoked 

Clarias gariepinus were sourced from the market, 

disinfected in the laboratory by heating in the Gallenkamp 

oven at 60
o
C for 1hour and then air dried to prevent mould 

infestation (Adedire and Lajide, 2000). Each of the 

smoked fish was weighed into three jars. 10 adult 

Dermestes maculatus obtained from heavily infested dried 

C. gariepinus purchased from fish sellers at Oja-oba main 

market Ikare, Ondo State, Nigeria, were paired sexually 

and introduced into the 50g laboratory treated smoked fish 

in the jar in order to mate and a moist cotton wool in water 

placed beside the infested fish in the jar to aid oviposition. 

The top of the jar was fitted to prevent escape, copulation 

commenced after 24-48 hours, after 14 days the larvae 

stages of the pest were seen from the tissues and at about 

21 days the adult emerged. The adult were placed 

separately in jars covered with muslin cloth under 

laboratory condition and kept at temperature 30±2ºC and 

relative humidity 65±5% (Akinwumi, et. al., 2007). F1 

generations of adult D. maculatus were adopted from the 

stock culture, maintained by introducing six unsexed adult 

species into each culturing medium and this was covered 

with muslin cloth held tightly by a rubber band. Water 

was supplied with piece of soaked cotton wool for 

moisture in order to aid copulation of the insect. 

 

2.4. Experimental design: A measure of 500g of both 

smoked macerated catfish obtained from the market and 

laboratory processed were placed in separate jars. Each of 

the fish in the jars was infested with 15 larvae of D. 

maculatus.  The jars were covered with muslin cloths and 

were left on the table for 56days. Freshly smoked fish 

without infestation serve as the control. Each experimental 

set up was in triplicate. The first batch of the investigated 

fish was disengaged at 7days post-treatment and the 

proximate composition determined. The other batches 

were separately disengaged forth nightly until the 56th 

day post-treatment, and the biochemical contents of each 

batch were analysed according to AOAC (1995) and 

Marinetti (1967).    

 

2.5. Proximate analysis: Proximate analysis was carried 

out by the laboratory technician of the Department of 

Biochemistry, Adekunle Ajasin University, Ondo State. 

The analyses were carried out on the extracted oils in 

duplicate. The moisture Content was determined using 

oven drying method. This method is the measurement of 

weight loss due to the evaporation of water at or near the 

boiling point. Ash Content was determined with crucible 

washed, rinsed with distilled water, dried in the even flow 

to cool in a desiccator. The weight of empty crucible (W1) 

was measured using a mettle balance. The sample was 

added and the weight was taken (W2) then transferred into 

the muffle furnace maintained at 550
0
C for about 3 hours. 

The ash obtained plus crucible was allowed to be cooled 

in the desiccator and weighed (W3) (AOAC, 1995). Crude 

Fibre was determined by boiling the sample with H2SO4, 

and then with NaOH to neutralize the acid dissolved 

starch and protein. The residue of cellulose and lignin 

were washed, dried and weighed. The residue was ashed 

and weighed; weight of ash was subtracted from the 

weight of the residue. Crude Protein was determined with 

about 5g of the samples were weighted and digested with 

concentrated using a digestion catalyst (selenium) to 

convert organic nitrogen to NH4 ions. Alkalis were added 

which liberated NH3. Resulting solutions were distilled 

into excess of boric acid solution .There distillates were 

then titrated with 0.1M HCL to determine the NH3 

absorbed in the boric acid (Pearson, 1976). Method of 

determining nitrogen is divided into three steps:  Fat 

Content was extracted by Bligh and Dyer (2001) method 

and determined by the thimble contained in the sample W2 

which is oven dried then cooled in a desiccator and weight 

of the sample is W3.The difference in weight of the 

sample equals the fat content; Carbohydrate Content was 

determined as:  

 

                        (      (       
                                          
           )on dry basis while; 

                         (    – (            

                            )on wet basis. 

 

2.6.Data collection andStatistical analysis: All data 

collected were first entered into MS Excel spread sheet 

and checked repeatedly for any error. Then data 

transferred to SPSS computer Software package (version 

20) was subjected to two-way analysis of variance 

(ANOVA) and standard deviation calculated to identify 

mean ranges. Duncan Multiple Range Test (DMRT) was 

used to determine the level of significance among 

treatment (Duncan, 1955). Difference between groups 

were considered significant at 0.05 significant levels. The 

results were presented as mean ± SE (standard error) for 

condition factor and as mean ± standard deviation for 

nutritive value parameters.  

 

3. Result and Discussion 

Proximal analysis of ready to eat dried catfishes obtained 

from the local market and laboratory processed are 

presented in table 1 and 2 respectively. Ash contents of 

the traditionally smoked Clarias gariepinus obtained from 

the local market reduced (control= 31.24±2.06, 7 day= 

30.01±4.37
b
 and 56 day= 20.18±9.07

e
) with increased 

infestation period and was statistically significant 

(P<0.05) (Table 3.1). The ash content of the laboratory 

processed catfish depreciated gradually from day 0 to day 

56 (control= 71.79±12.06
a
, 7 day= 65.97±8.28

b
 and 56 

day= 54.00±5.34
c
) and showed significant variations 

(P<0.05) as days of exposure increased (table 3.2). The 

control, day 7 and 56 days exposure of laboratory 

processed C. gariepinus had higher ash content compared 

with traditionally smoked C. gariepinus obtained from the 

local market and significant variations were shown across 

both treatments (P<0.05) (table 3.3). 

 

3.1. Carbohydrate content in both treatment groups: 

The carbohydrate content of traditionally smoked C. 
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gariepinus obtained from the local market increased 

progressively (control= 0.46±0.03
c
, 7 day= 0.63±0.12

c
, 56 

day=11.24±6.02
b
) with the infestation periods and was 

significantly different (P<0.05) within periods. 

Carbohydrate content of laboratory processed catfish 

diminished sharply from day 0 to day 28 and increased 

slowly on day 42 and 56 (control= 10.97±10.97
a
, 7 day= 

0.00±0.00
c
, 56 day=6.17±6.17

b
). There was significant 

difference in the control as compared with other days of 

infestation (P<0.05). The control, day 7 and 56 days of 

laboratory processed C. gariepinus depreciated within 

exposure groups as compared with traditionally smoked 

C. gariepinus obtained from the local market which 

increased steadily and significant variations were shown 

across both treatments (P<0.05). 

 

3.2 Crude protein of both treatment groups: The crude 

protein of traditionally smoked C. gariepinus obtained 

from the local market depreciated (control= 80.92±0.49
 a

, 

7 day= 72.85±2.73
b
, 56 day=66.45±0.56

c
) with increased 

in the period of infestation and was significantly different 

within the infestation periods (P<0.05). Crude protein of 

laboratory processed catfish diminished slowly from day 0 

to day 42 but increased in day 56 (control= 71.10±0.66
b
, 7 

day= 68.16±0.69
c
, 56 day=74.49±0.54

a
) and showed 

significant differences when 0 was compared with 

increasing infestation exposure (P<0.05). The control, day 

7 and 56 days of traditionally smoked C. gariepinus 

obtained from the local market had higher crude protein 

which depreciated within exposure groups compared to 

the laboratory processed C. gariepinus which depreciated 

and increased within exposure groups. Significant 

variations were shown across both treatments (P<0.05). 

 

3.3 Fat content of both treatment groups: Fat content of 

traditionally smoked C. gariepinus obtained from the local 

market was depreciated (control= 8.23±0.20
b
, 7 day= 

12.20±1.06
a
, 56 day=9.22±0.713

b
) as infestation periods 

increased but there was no significant difference (P >0.05) 

between control, day 28, day 42 and day 56 respectively. 

The fat content of laboratory processed catfish increased 

sharply from day 0 to day 42 and sharply depreciated 

below the control on day 56 (control=12.40±0.29
c
, 7 day= 

20.14±0.061
b
, 56 day=4.89±0.15

d
). There was significant 

difference in fat content when control was compared with 

days of infestation exposure (P<0.05). The control, day 7 

and 56 days of both traditionally smoked C. gariepinus 

obtained from the local market and the laboratory 

processed C. gariepinus increased steadily and dropped 

within infestation exposure but the laboratory processed 

had higher fat contents. Significant variations were shown 

across both treatments (P<0.05). 

 

3.4. The moisture content in both groups: The moisture 

content of traditionally smoked C. gariepinus obtained 

from the local market was also not significant difference 

between exposure periods of 7 through 42 days (control= 

146.32±9.22
c 
7 day= 129.82±2.63

b
, 56 day=132.09±2.58

a
) 

but control and day 56 days of exposure to insect 

infestation was significantly difference. The moisture 

content of the laboratory processed catfish increased and 

decreased at random from 0 – 56 days (control= 

146.32±9.22
b
, 7 day= 153.29±1.62

a
, 56 

day=142.55±2.95
c
). There was significant difference in 

the exposure days when compared with control (P<0.05). 

The control of laboratory processed were measured up 

with those obtained from the local market to compare the 

effect of insect infestation on the exposure days. Moisture 

content of laboratory processed were steadily higher than 

those of the local market. This may be due to the different 

environmental factors which influenced the moisture 

content of the market dried cat fishes. Significant 

variations were shown across both treatments (P<0.05).
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Table 3.1: Effect of Dermestesmaculatus on the nutritional composition of traditionally smoked Clariasgariepinus obtained 

from a local Market, September- October 2016. 

 
Period of Infestation(Day) 

Parameter 0 7 28 42 56 

Proximate       

Ash 31.24±2.06a 30.01±4.37b 28.40±5.02c 22.34±4.04d 20.18±9.07e 

Carbohydrate 0.46±0.03c 0.63±0.12c 16.12±0.34 a 12.02±1.27b 11.24±6.02b 

Crude Protein 80.92±0.49 a 72.85±2.73b 68.01±0.64c 67.13±1.36c 66.45±0.56c 

Fat 8.23±0.20b 12.20±1.06a 9.43±0.47b 8.24±0.17b 9.22±0.713b 

Moisture 146.32±9.22c 129.82±2.63b 129.82±7.67b 129.32±5.87b 132.09±2.58a 

Minerals       

Mg  35.01±2.64b 41.51±2.27a 34.00±0.09b 32.57±0.57c 48.00±0.86ab 

Ca  19.70±2.05d 30.00±1.32a 75.00±1.32ab 15.00±1.23e 18.00±0.866d 

Na  30.00±1.73f 45.67±0.66b 45.667±0.86b 38.00±1.11c 36.00±1.82d 

K  52.00±2.05h 88.00±1.52f 132.10±1.75a 108.00±1.82b 59.00±0.86i 

Fe  0.27±0.36a 0.10±0.01b 0.28±0.36a 0.17±0.010b 0.04±0.017b 

Vitamin C 18.88 6.08 5.72 10.27 8.92 

 

Mean value ± standard error value. Values with the same letters are not significantly different at P ≥ 0.05 

 

3.5 Mineral composition: Mineral compositions showed 

variations, there was significant different between the 

control and the other periods of infestation on the 

magnesium level of traditionally smoked C. gariepinus 

obtained from local market, except for day 28 infestation 

(control= 35.01±2.64
b
, 7 day= 41.51±2.27

a
, 56 day= 

48.00±0.86
ab

). The level of magnesium increased sharply 

at day 7, dropped at day 28 and 42, and increased sharply 

in day 56 of the exposure to infestation. The laboratory 

processed fish showed a zig-zag increase and decrease in 

magnesium (control= 32.67±0.20
c
, 7 day= 41.00±2.68

a
, 56 

day= 42.33±1.07
a
). There was significant differences in 

the days of infestation exposure as compared with control 

(P<0.05). The control, day 7 and 56 days of both 

traditionally smoked C. gariepinus obtained from the local 

market and the laboratory processed C. gariepinus were 

moderately within infestation exposure. There was no 

significant variations shown across both treatments 

(P>0.05) except for the control periods. 

 

3.5.1 The calcium level of both groups: The calcium 

level progressively increased from day 0 to 28 and 

dropped sharply at day 42 and 56 days in the local market 

catfishes respectively. There was significant difference 

with the control and other days of infestation exposure 

except for day 56 (control= 19.70±2.05
d
, 7 day= 

30.00±1.32
a
, 56 day= 18.00±0.866

d
). The laboratory 

processed fish also showed a zig-zag increase and 

decrease in calcium (control= 28.00±0.87
c
, 7 day= 

8.50±0.20
f
, 56 day= 30.00±1.15

a
). There was significant 

differences in the days of infestation exposure as 

compared with control (P<0.05). Within exposure time 

from 7-42 days there was no significant difference in the 

calcium level of the laboratory processed fishes. The 

control of laboratory processed catfishes were higher than 

those obtained from the market, day 7 and 56 days of 

traditionally smoked C. gariepinus obtained from the local 

market depreciated as those processed in the laboratory 

increased moderately within infestation exposure. There 

was significant variations shown across both treatments 

(P>0.05). 

 

3.5.2 Sodium and potassium: Sodium and potassium of 

traditionally smoked C. gariepinus obtained from local 

market throughout the period of infestation showed great 

significance (control= 30.00±1.73
f
 and 52.00±2.05

h
, 7 

day= 45.67±0.66
b
 and 88.00±1.52

f
, 56 day= 36.00±1.82

d
 

and 59.00±0.86
i
). The laboratory processed fish also 

showed a zig-zag increase and decrease in sodium and 

potassium level (control= 24.00±1.32
f 
and 37.03±10.98

j
, 7 

day=34.00±0.30
c
 and 80.00±1.99

g
, 56 day=38.00±1.00

c
 

and 90.33±2.08
e
) respectively. Sodium was significantly 

different when control was compared with the days of 

infestation exposure (P<0.05) except for day 28 while 

potassium showed significant differences with the days of 

infestation exposure as compared with control (P<0.05). 

The control of traditionally smoked catfishes from the 

market were higher in sodium and potassium than those 

processed in the laboratory. This may be due to the fact 

that market fishes are salted when processed while those 

processed in the laboratory were not dipped in saline 

solution. Day 7 and 56 days of both traditionally smoked 

C. gariepinus obtained from the local market and those 

processed in the laboratory increased moderately within 

infestation exposure. There was significant variations 

shown across both treatments (P<0.05). 
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3.5.3 The iron level: There was significant different in the 

level of iron in the traditionally smoked C. gariepinus 

obtained from local market throughout the period of 

infestation as compared with control except for day 28 

(control=0.27±0.36
a
, 7 day=0.10±0.01

b
, 56 

day=0.04±0.017
b
). The laboratory processed fish also 

showed a zig-zag increase and decrease in iron level 

(control= 0.06±.017
b
, 7 day=0.15±0.02

a
, 56 

day=0.04±0.01
b
). Iron level was not significantly different 

(P >0.05) when control was compared with days of 

infestation except for day 7 which was significantly 

different (P<0.05). The control of traditionally smoked 

catfishes from the market were higher in iron level than 

those processed in the laboratory. Day 7 and 56 days of 

both traditionally smoked C. gariepinus obtained from the 

local market and those processed in the laboratory 

depreciated within infestation exposure. Although, there 

was no significant variations shown across both treatments 

(P>0.05). 

 

3.5.4. Vitamin C level: The level of the vitamin C 

reduced gradually as the period of infestation increased in 

both groups. 

 

3.6 General discussion: The result from this study 

showed that there are variations in the biochemical 

compositions of Clarias gariepinus upon exposure to the 

infestation of Dermestes maculatus. The fat composition 

of C. gariepinus were influenced by infestation of D. 

maculatus. However, laboratory processed catfishes 

retained fat compared to the traditionally smoked C. 

gariepinus obtained from the local market. There was 

variations in the biochemical quality of cat fishes: crude 

protein, fat, moisture content, fiber, ash, and carbohydrate 

reported from the two markets compared with the control 

decreased from considerably in percentages (Uneke, 

2015). Also, crude protein as infested by the beetle 

affected the traditionally smoked (Catfish) C. gariepinus 

obtained from the local market. Laboratory prepared 

catfish retained higher crude protein. This study is in 

contrast to the past report by Nduh (2004) that the 

nutritional quality of smoked fish tissues were not affected 

by pest infestations. The variations in the crude protein 

content of cat fishes in the control experiment of both 

laboratory processed and the local market as compared 

with exposure groups is a clear indication that the 

nutritional qualities of fish tissues were reduced when pest 

infestation was present. Even when pest infestation was 

absent Uneke (2015) reported a reduction in the crude 

protein contents from 60.07% to 40.27% of the control 

experiment. This reduction could be due to combined 

activities of micro-organisms and tissues enzyme resulting 

in fish spoilage and deterioration (Shewan, 2008 and 

Frazier, 2009). Enzymatic breakdown of fish tissues by 

attenpsins and glutamine breakdown proteins into 

peptones, polypeptide and amino acids resulting in 

reduced fish quality through deterioration (FAO, 2009). 

The moisture content of the C. gariepinus was affected by 

beetle infestation. D. maculatus infestation from the days 

of infestation exposure. Laboratory processed had higher 

level of moisture content than the local market fishes. 

(Haines, 1991; mosture content level at agreeable limit for 

Table 3.2:Effect of Dermestes maculatus on the nutritional composition of laboratory processed Clarias gariepinus, 

September- October 2016. 

Period of Infestation(Day) 

Parameter 0 7 28 42 56 

Proximate 
Ash 

 
71.79±12.06a 

 
65.97±8.28b 

 
49.43±12.4d 

 
41.83±10.06e 

 
54.00±5.34c 

Carbohydrate 10.97±10.97a 0.00±0.00c 0.00±0.0c 0.29±0.28c 6.17±6.17b 

Crude Protein 71.10±0.66b 68.16±0.69c 67.13±1.36c 62.19±0.70d 74.49±0.54a 

Fat 12.40±0.29c 20.14±0.061b 20.79±0.25b 21.91±0.16a 4.89±0.15d 

Moisture 146.32±9.22b 153.29±1.62a 140.07±9.77c 128.15±6.49d 142.55±2.95c 

Minerals      

Mg 32.67±0.20c 41.00±2.68a 35.00±0.09b 28.00±0.10d 42.33±1.07a 

Ca 28.00±0.87c 8.50±0.20f 12.00±0.91f 10.00±1.80f 30.00±1.15a 

Na 24.00±1.32f 34.00±0.30c 27.83±2.13f 52.00±1.212a 38.00±1.00c 

K 37.03±10.98j 80.00±1.99g 102.00±1.83c 96.00±0.30d 90.33±2.08e 

Fe 0.06±.017b 0.15±0.02a 0.08±0.017b 0.15±0.010b 0.04±0.01b 

Vitamin C 23.02 19.39 14.78 10.40 10.42 

Mean value ± standard error value; values with the same letters are not significantly different at p ≥ 0.05 
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pestiferous insects infestation may cause deteriorate very 

rapidly in Clarias gariepinus (Tunaz & Uygun, 2004). The 

moisture content reported for this study contrast that 

reported by (Uneke, 2015). In addition, improperly dried 

Catfish or adequately dried Catfish that has reabsorbed 

moisture could encourage continuous cycles of 

development of Demestes maculatus. 
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Table 3.3: Effect of D. maculatus on the nutritive values of traditionally smoked C. gariepinus obtained from the local market and oven-dried C. gariepinus, September- October 

2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Mean value ± standard error value;Values with the same letters are not significantly different at P ≥ 0.05 

 

 

 

 

 

 

 

                                               Proximate Analysis                                                                             Minerals                                                                           Vit. C                                                                           

Treatment  Ash  CP MOIST FAT CHO Mg  Ca   Na  K   Fe    

Oven-dried Clarias 

gariepinus Control (day 0) 

71.79±12.06a 80.92±0.49 

a 

146.32±9.22b 12.40±0.

29c 

10.97±1

0.9a 

 

32.67±0
.20c 

 

28.00±0.87c 

 

24.00±1.32f 

 

37.03±10.98j 

 

0.06±.017b 

 

23.02 

Traditionally smoked Clarias 

gariepinus  Control (day 0) 

31.24±2.06a 66.45±0.56c 

  

146.32±9.22c 8.23±0.2

0b 

0.46±0.

03c 

 

35.01±2

.64b 

 

19.70±2.05d 

 

30.00±1.73f 

 

52.00±2.05h 

 

0.27±0.36a 

 

18.88 

Oven-dried Clarias 

gariepinus (day 14) 

65.97±8.28b 72.85±2.73
b 

153.29±1.62a 20.14±0.

01b 

0.00±0.

00c 

 

41.00±2

.68a 

 

8.50±0.20f 

 

34.00±0.30c 

 

80.00±1.99g 

 

0.15±0.02a 

 

19.39 

Traditionally smoked Clarias 

gariepinus (day 14) 

30.01±4.37b 68.01±0.64c 129.82±2.63b 12.20±1.
06a 

0.63±0.
12c 

 
41.51±2

.27a 

 
30.00±1.32a 

 
45.67±0.66b 

 
88.00±1.52f 

 
0.10±0.01b 

 
6.08 

Oven-dried Clarias 

gariepinus (day 28) 

49.43±12.4d 68.01±0.64c 140.07±9.77c 20.79±0.
25b 

0.00±0.
0c 

 
35.00±0

.09b 

 
12.00±0.91f 

 
27.83±2.13f 

 
102.00±1.83c 

 
0.08±0.017b 

 
14.78 

Traditionally smoked Clarias 

gariepinus (day 28) 

28.40±5.02c 67.13±1.36c 129.82±7.67b 9.43±0.4

7b 

16.12±0

.34 a 

 

34.00±0
.09b 

 

75.00±1.32ab 

 

45.667±0.86b 

 

132.10±1.75a 

 

0.28±0.36a 

 

5.72 

Oven-dried Clarias 

gariepinus (day 42) 

41.83±10.06e 67.13±1.36c 128.15±6.49d 21.91±0.

16a 

0.29±0.

28c 

 

28.00±0
.10d 

 

10.00±1.80f 

 

52.00±1.212a 

 

96.00±0.30d 

 

0.15±0.010b 

 

10.40 

Traditionally smoked Clarias 

gariepinus (day 42) 

22.34±4.04d 72.85±2.73
b 

129.32±5.87b 8.24±0.1

7b 

12.02±1

.27b 

 

32.57±0

.57c 

 

15.00±1.23e 

 

38.00±1.11c 

 

108.00±1.82b 

 

0.17±0.010b 

 

10.27 

Oven-dried Clarias 

gariepinus (day 56) 

54.00±5.34c 66.45±0.56c 142.55±2.95c 4.89±0.1

5d 

6.17±6.

17b 

 

42.33±1

.07a 

 

30.00±1.15a 

 

38.00±1.00c 

 

90.33±2.08e 

 

0.04±0.01b 

 

10.42 

Traditionally smoked Clarias 

gariepinus (day 56) 

20.18±9.07e 66.45±0.56 

a 

132.09±2.58a 9.22±0.7

13b 

11.24±6

.02b 

 

48.00±0

.86ab 

 

18.00±0.866d 

 

36.00±1.82d 

 

59.00±0.86i 

 

0.04±0.017b 

 

8.92 
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4. Conclusion 

Either preserved for market sales or processed in control 

condition, insect infestation on fish resource could be 

annoying. From this study, infestation of smoked fish by 

D. maculatus from both treatment group result in 

biochemical quality variations. Higher losses were 

reported from infestation from the local market fish 

species than those of laboratory processed at different 

exposure days. In addition, the level of reduced quality 

content and tissue degradation of smoked fish samples 

was related to the infestation levels and exposure days. 

Thus, longer periods of storage without proper control 

measures should be avoided to preserve the tissues of 

catfishes. 
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