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The aim of this study was to evaluate the effect of storage methods on the nutritional qualities of
African Catfish (Clarias gariepinus). Fresh fish samples were obtained from Johnybeth Farm, llesa,
Nigeria. Fish specimens were divided into two equal parts. One part was stored fresh in a freezer at -6°C
the other was smoked at 65 + 5°C until equilibrium moisture content was attained, and was further
divided into two parts. One part of the smoked fish was stored in continuous heated environment at 40
+ 4°C while the second part was packaged in polyethylene bags and stored at -6°C. Samples were
analyzed over a period of six weeks. Nutrients (protein, lipid and carbohydrate), non-nutritional (ash,
fibre) and trace element (Ca, Fe, Zn,) content and spoilage parameters (peroxide, pH, TVN, PV, TBA and
FFA) were determined using standard methods. The crude protein ranged between 40.53 and 74.00%,
lipid 5.46 and 21.71%, ash 2.59 and 8.57%, fibre 0.0 and 2.36%, carbohydrate 0.15 and 38.86%. Peroxide
value ranged between 4.60 and 16.02 meq, O2/kg FFA 0.17 and 1.92%, TVN 4.10 and 23.97 mgN/100g,
TBA 0.18 and 1.42mg MDA/g and pH 6.52and 7.80. Ca ranged between 0.03and 1.62, Fe 0.28 and 2.27,
Zn 0.30 and 2.59, mgkg * respectively. There was significant reduction in the nutrient, non-nutrients and
trace elements while spoilage parameters increased during the six weeks storage period at (P<0.05).
However smoked fish stored in heated environment has less reduction in quality.
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INTRODUCTION

Fish is a potential source of animal protein available in maintenance of a healthy body (Fawole et al., 2007). Fish
the tropics and has been widely accepted as a good compared to other human dietary items, are excellent
source of protein and essential nutrients for the sources of highly digestible essential nutrients considering
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considering their amino acid (Louka et al., 2004). In
addition, fish provides a good source of vitamins,
minerals (Bashir et al., 2012). Minerals are important for
vital body functions such as acid, base and water
balance. Fish is highly perishable commodity recording
considerable losses in quality before consumption; their
susceptibility to deterioration has been the main obstacle
in preservation. Locally fish spoilage has been known to
be influenced to a large extent by high ambient
temperatures, and inadequate infrastructure for post-
harvest processing and landing. According to Adesehinwa
et al. (2005), captured fisheries which provides over 60%
of total domestic production per annum, have been
hampered largely due to post harvest losses estimated at
30-50% of total catches. In Africa postharvest loses, are
around 5% of the total artisanal productions while for the
West African Region at between 10 and 20% (Ward and
Jefferies, 2000). Hence concerted effort in adoption and
improvement of preservation such as refrigeration,
freezing, salting, brining (wet salting), icing, smoking,
glazing, drying, frying to reduce or avoid losses due to
quality deterioration and spoilage (Tairu et al., 2017). The
successful application of this techniques results in the
conservation of desirable qualities in stabilized fish
products.

Most processing methods serve not only to conserve
the fish but also to alter their nutrient levels either
positively or negatively. Reports exist in the agro industry
that smoking is not only a conservation method but also a
flavour, aroma and coloration improving method which
are attributes sought by consumers. Smoking is the most
popular method of fish preservation in many developing
countries (Kumolu-Johnson et al., 2010; Emere and
Dibal, 2013). Most consumers of fish in Nigeria consume
smoked fish. It is relished for its taste and aroma as well
as longer shelf life as a result of the combined effects of
dehydration, antimicrobial and antioxidant activities of
several smoke constituents mainly: formaldehyde,
carboxylic acids and phenols (Serkan et al., 2010). Thus,
making it is an important ingredient in the Nigerian
traditional diet (Foline et al., 2011; Kiin-Kabiri et al., 2011,
Akise et al., 2013).

While freezing, has been known to preserve the quality
for a longer period and also minimum deterioration in
product colour, flavor and texture. Most consumers in
tropics, lack access to freezers, and subsequently stored
smoked fish at room temperature in the kitchen. The aim
of freezing of food items is to combine shelf life extension
with maintenance of sensory and nutritional
characteristics. Previous works by (Flick, 2010) on fish
quality recommend that freezing of smoked fish in other
to preserve quality. At low temperature (below 3°C),
micro-organisms become inactive, enzymatic activity also
slows down, thus biochemical activities decreases (Flick,
2010). Consequently, the fish remain free from spoilage
for longer duration. The aim of this study was intended to

determine patterns and rates of fish quality deterioration
in (fresh/freeze = FFF), under recommended (smoke/
freeze= SFF) and under conditions more commonly
encountered at homes (smoke/warm =SHF).

MATERIALS AND METHODS

Twenty-four pieces of catfish, Clarias gariepinus, each weighing
450 + 5 g were purchased from Johnny-Beth Fish Farm at llesa.
Osun State, Nigeria. The fish used for this study were cropped and
sorted based on size the same day. Standard Unit (S.U.) Turkey
Cold Room at Oba’s market Akure was used for frozen storage.
The cold room operates at -6°C and the sample was stored for six
weeks. Portable smoking kiln used was obtained from Food
Science and Technology Laboratory of the Federal University of
Technology, Akure, Nigeria.

Sample preparation

The fish samples were killed immediately after capture, carefully
degutted and washed with clean water to remove blood and slime
according to the standard method described by Ogbonnaya and
Ibrahim (2009). The samples were divided into two equal parts. 12
fresh fish were put in polyethylene nylon and stored in a freezer
(FFF); 12 fish were smoked at 65+ 5°C for 24 h and was divided
into two portions of 6 fish as a batch. One batch of the smoked fish
was stored in continuous heated environment (SFH) at 40 + 4°C,
while the second part was packaged in polyethylene nylon and
stored in thermo thermocool thermostatic freezer (SFF) preset at -
6°C. Storage was carried out for six weeks, while samples were
taken on weekly basis for analyses. Each sample was divided into
three for replicates.

Proximate analyses

Moisture, crude protein, fat, ash, and crude fibre contents were
determined according to the standard method of (AOAC, 2000).

Chemical indices analyses

The samples were grounded into powder with a Kenwood blender.
The samples was determined for total volatile base (TVN), peroxide
value (PV), thiobarbituric acid value (TBA), free fatty acids (FFA)
according to (AOAC, 2005). While the pH was determined using a
pH meter (Jenway 3015 model, Cole Pamers Co., USA).

Mineral analyses

The minerals such as calcium, zinc and iron were determined on
aliquots of the solutions of ash, by using atomic absorption
spectrophotometer (210 VGP Buck Scientific Inc., USA).

Statistical analysis

Statistical analysis was performed on the replicate data by one-way
analysis of variance (ANOVA) laid in completely randomised design
using SPSS 17.0 (SPSS Inc., USA). Separation of the mean was
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Table 1. Proximate composition (%, dry basis) of fresh frozen fish.

Storage periods (Wks)  Protein (%) Lipid (%) Ash (%) Fibre (%)
0 74.00%+0.50 15.75%+0.64 7.40%+0.19 2.36%+0.43
1 73.72°+0.03  15.60%+0.05 7.30%+0.24 1.89°+0.61
2 71.64°+0.04  13.88°+0.63  5.97°+0.02  1.27°+0.70
3 63.27°+0.03  12.70°1.08 5.21°+0.13 0.51°0.02
4 51.56°+0.05 8.38°+0.07 3.32°+0.24  0.32°+0.02
5 51.00°+1.26 6.61°+0.04 3.34%+0.23 0.19°:0.01
6 40.53°+0.07 5.46'+0.97 2.59°+0.46 0.14°+0.02

*SD = Standard Deviation *Means + SD are values of triplicate determination. *Mean with different
superscript in the same column for each parameter are significantly (p<0.05) different.

Table 2. Proximate composition (%, dry basis) of smoked fish stored in heated environment.

Storage periods (WKks) Protein (%) Lipid (%) Ash (%) Fibre (%)
0 70.91%+0.71 21.71%+0.21 6.34°+0.05  0.89%+0.75
1 66.42°+0.23 21.73%+0.28 6.35°+0.13  0.36°+0.01
2 63.50°+0.14 21.75%+0.16 6.40°+0.13  0.14°+0.01
3 61.79°+0.17 21.70%+0.42 7.01°+053  0.03°+0.02
4 55.86°+0.79 21.65%+0.01 7.23°+0.16  0.01°+0.01
5 52.63"£0.04 20.60°+0.10 8.21°+0.03  0.01°+0.00
6 51.779+0.08 20.57°+0.05 8.57°+0.01  0.01°+0.01

*SD = Standard deviation *Means + SD are values of triplicate determination. Mean with different
superscript in the same column for each parameter are significantly (P<0.05) different.

determined by the Duncan New Multiple Range Test (DNMRT) at
p<0.05 level of significance.

RESULTS
Proximate compositions of fish samples
Fresh frozen fish (FFF)

The result of the proximate composition of fresh frozen
fish (FFF) is presented in Table 1. From results, at Wk O
(zero time), the protein, lipid, ash and fibre contents were
74.00, 15.75, 7.40 and 2.36%, respectively. During
storage, these contents insignificantly difference at Wk 1,
but significantly decreased (P<0.05) from Wk 2 to Wk 6 of
storage. Notablc}/, the fiber content was non-significant
different from 3" to 6" Wk.

Smoked fish stored in heated environment (SFH) at
40 + 4°C

Freshly smoked fish (Wk 0) had the highest protein
content 70.91% which decreased significantly (p<0.05)

during storage from 66.42% (Wk 1) to 51.77% (Wk 6).
The lipid content was 21.71% at Wk 0. However, the lipid
content was not significantly different from Wk 1 to 4™ Wk
but differed significantly from 5 to 6 Wks. Ash content of
6.34% (Wk 0) was not significantly different from 1* and
2" Wks but increased significantly to 8.57% in Wk 6. The
fibore content significantly (p<0.052 decreased during
storage period (0.89 to 0.1%) but 1% to 6" Wk were non-
significantly different at (p<0.05) (Table 2).

Smoked fish stored in a freezer (SFF) at -6°C

The protein content smoked fish stored in freezer
decreased during storage periods in the range of 70.91%
(Wk 0) to 41.30% (Wk 6) (Table 3). The lipid content at
Wk 0 was 21.71% was non-significantly different from 1%
to 4™ Wks but differed significantly in 5" and 6™ Wks.
However, lipid decreased during storage in the range of
21.71 (Wk 0) to 17.86% (Wk 6). Ash content decreased
insignificantly during storage and ranged from 6.34% (Wk
0) to 5.45% (Wk 6). Fibre content decreased significantly
during storage in the range of 0.89% (Wk 0) to 0.01 (Wk
6), however, 1% to 6" Wks were non significantly different
from each other and ranged from 0.03 to 0.01%(Table 3).
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Table 3. Proximate composition (%, dry basis) of smoked fish stored in a freezer (-6°C).

Storage periods (WKks) Protein (%) Lipid (%) Ash (%) Fibre (%)
0 70.91%+0.71 21.71%+0.21 6.34%°°+0.05 0.89%+0.75
1 60.13°+0.03 21.70%+0.31 7.43%+0.45 0.03°+0.01
2 55.58°+0.04 20.73%+0.33 7.40%+0.70 0.02°+0.00
3 55.29°+0.01 20.62%+0.22 6.76°°+1.04 0.02°+0.01
4 52.42%+1.22 20.45%+1.04 5.95°°+0.71 0.02°+0.01
5 44.50°+0.04 18.65"°+1.42 5.63°£0.84 0.01°+0.01
6 41.30'+0.05 17.86°+0.38 5.45°+0.25 0.01°+0.00

SD = Standard deviation; *Means + SD are values of triplicate determination; Mean with different superscript

in the same column for each parameter are significantly (P<0.05) different.

Table 4. Quality indices of FFF during storage periods.

Storage periods (Wks) PV (meq Oz/kg) FFA (%) TVN (mg N/100g) TBA (mg MDA/g) pH
0 4.60°+0.20 0.17°+0.03 4.10%+0.36 0.18°+0.04 7.80°+0.10
1 4.87"+0.15  0.25%0.02 6.43+0.40 0.23+0.03 7.60%°+0.20
2 5.03%+0.15 0.34°+0.04 10.60°+0.30 0.48°+0.01 7.52°+0.21
3 5.70°+0.10 0.35°+0.01 13.77°+0.87 0.53°+0.03 7.39°+0.23
4 6.37°+0.15 0.47°+0.04 15.97°+0.74 0.73°+0.02 6.70°0.10
5 6.60°+0.20 0.92°+0.03 19.77°+0.57 0.74°+0.02 6.57°+0.03
6 7.37°+0.15 0.96°+0.01 21.00%+0.30 1.08%+0.03 6.52°40.05

Values with the same letter in the same column are not significantly different (P<0.05). PV = Peroxide value, FFA= free fatty acid,

TVN = Total volatile nitrogen, TBA= Thiobarbituric acid.

Changes in quality indices of fresh frozen fish (FFF)

The peroxide value (PV) (meq O,/kg) of fresh fish ranged
between from 4.60 (Wk 0) to 7.37 (Wk 6), this increased
steadily during storage periods. However, 1* Wk was non
significantly different (p>0.05) from 2" Wk. Also, the
same trend occurred between 4 and 5" Wk. In general,
PV significantly increased between zero time and 6" Wk
(4.60 and 7.37 meq O,/kg). In general, FFA significantly
increased during the storage periods (1% - 6™ Wks), with
exception, non-significant difference between (2™ -3"
Wks) and (5-6" Wks). The free fatty acid (FFA) was
0.17% (Wk 0) increased significantly (p<0.05) during
storage to 0.96% (Wk 6). Total volatile nitrogen (TVN)
(mgN/100 g) of Wk O was 4.10. TVN increased
significantly as storage progressed from 4.10 (zero time)
to 21.00 (6th WK). TBA values (mg MDA/g), generally,
significantly increased (p<0.05) during storage periods,
where were 0.18 (0 WK) to 1.08 (6th WK) with exception
non-significant difference between (0-1% Wks), (2™ - 3"
Wks) and (4-5th Wks). pH values significantly decreased
during storage in the range of 7.80 to 6.52. (Table 4

Quality indices changes of smoked fish stored in
heated environment (SFH)

Table 5 showed that the PV (meq O4/kg) of fresh fish (Wk

0), increased steadily during storage from 6.30 to 7.55
meq O,/kg (6thWk). There were non-significant difference
in PV between (zero time -1%Wk) and (4" and 5" Wks).
FFA (%) of Wk 0 increased during storage from 0.43 to
1.42 (6" WK). FFA values were non-significant difference
during the first three weeks of storage periods. TVN
values (mg N/100 g) significantly (p<0.05) increased from
5.30 (Wk 0) to 9.80 (Wk 6). TBA values ranged from 0.25
(Wk 0) to 0.99 (Wk 6). pH decreased during storage in
the range of 7.30 (zero time) to 6.45 (6thWk).

Quality indices changes of smoked fish stored in a
freezer (SFF) (-6°C)

The peroxide value (PV) of fresh fish (Wk 0), was not
significantly different (p<0.05) from Wk 1 but differed
significantly from Wk 6. PV (meq O,/kg) significantly
increased during storage period from 6.30 (Wk 0) to
16.02 meq O,/kg (6th WKk) (Table 6). FFA values (%)
increased significantly during storage period from 0.43
(Wk 0) to 1.92 (6th Wk). TVN (mg N/100g) increased
significantly (p<0.05) as storage proceeded from 5.30 to
23.97 (6th WKk) (Table 6). TBA (mg MDA/g) significantly
increased during storage from 0.25 mg/g (Wk 0) to 1.42
mg/g (6”‘Wk) (Table 6). pH decreased significantly during
storage from 7.60 (Wk 0) to 6.52 (6" Wk). However, Wk 0
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Table 5. Changes in quality indices of smoked fish stored in heated environment (40 + 4°C).

Storage periods (wks) PV (meq Oxkg) FFA (%) TVN (mg N/100g) TBA (mg MDA/g) pH
0 6.30°40.30 0.43°+0.03 5.30°+0.30 0.25+0.02 7.30%+0.20
1 6.33°40.08 0.45°+0.01 5.53°+0.15 0.34°+0.04 6.80°+0.30
2 6.54°40.19 0.47°+0.02 6.379+0.12 0.37%°+0.02 6.60°°+0.20
3 6.80°°+0.40  0.54°+0.02 6.53%+0.15 0.40%+0.01 6.57°°+0.04
4 7.17%+0.07  0.92°40.03 7.30°40.20 0.62°40.05 6.52°°+0.03
5 7.26°°+0.65 1.22°+0.02 9.27°+0.12 0.93°+0.02 6.47°+0.02
6 7.55%+0.16 1.42°+0.03 9.80%+0.10 0.99%+0.03 6.45°+0.02

Values with the same letter in the column are not significantly different (P<0.05). PV = Peroxide value, FFA= free fatty acid, TVN
= Total volatile nitrogen, TBA= Thiobarbituric acid.

Table 6. Changes in quality indices of smoked fish stored in a freezer (-6°C).

Storage periods (Wks) PV (meq O./kg) FFA (%) TVN (mg N/100g) TBA (mg MDA/g) pH
0 6.30'+0.30 0.43%+0.03 5.309+0.30 0.25°+0.02 7.60°+0.20
1 6.93%+0.17 0.62+0.05 7.20'+0.44 0.41%+0.09 7.56%°+0.01
2 7.36°+0.54 0.85°+0.06 9.80°+0.40 0.65°+0.02 7.52%°+0.03
3 8.96%+0.18 1.21°+0.02 16.53°+0.31 0.69°+0.04 7.43°+0.03
4 11.09°40.30  1.58°+0.08 17.47°+0.49 0.71°+0.02 6.57°40.02
5 14.00°+1.00  1.71°+0.04 21.64°+0.15 1.21°+0.02 6.55°0.04
6 16.02°+0.42  1.92°+0.06 23.97°+0.23 1.42°+0.03 6.52°40.05
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Values with the same letter in the column are not significantly different (P<0.05). PV = Peroxide value, FFA= free fatty acid, TVN =

Total volatile nitrogen, TBA= Thiobarbituric acid.

was significantly different (p<0.05) from 7.60 (Wk 0) to
6.52(6" WK) (Table 6).

Rate of change in the storage indices of the fish

The percentage of increase or decrease and the rates of
increase (slopes of regression) in these storage indices
plots of the increase in PV, FFA, TVN, TBA, pH, protein
and lipids contents of fish stored as FFF, SFF and SFH
for six weeks are presented in Table 7.

In general, there was increment in all the parameters.
The percentage of increase were higher in the FFF which
increased by 464.71% (0.14) in FFA, 412.20% (2.96) in
TVN and 500% (0.14) in TBA. This was followed by
smoked fish SFF with a percentage increase of 346.51%
(0.27) in FFA, 352.26% (3.31) in TVN and 468.00%
(0.19) in TBA and 16.56% (0.22) in pH, while SFH has
the lowest increase of 230.23% (0.18) in FFA, 84.91%
(0.78) in TVN and 296.00% (0.13) in TBA and 13.18%
(0.12) in pH.

The PV increased fastest in the sample SFF than the
other two treatments. This was also confirmed by the
SFF which showed the highest % increase of 154.29%
while FFF and SFH were 60.22% and 19.22%
respectively. SFF also had the highest rate of increase in
PV (1.69) while FFF and SFH had 0.47 and 0.23,

respectively.

However, pH, protein and lipids contents decreased.

The percentage of decrease in pH -16.41% was higher in
FFF, followed by -14.21% in SFF and -11.64% in SFH.
The rate of decrease in protein was faster in FFF kept in
the freezer which decreased by 45.23% followed by
smoked fish kept in the freezer (41.76%) while it was
slowest in smoked fish kept in the heated environment
(26.99%).
This observation was confirmed by the rates of decrease
in pH which was highest in FFF (-16.41) followed by SFF
(-14.21) while SFH was the slowest (-11.64), protein was
highest in FFF (-45.23) followed by SFF (-41.76) while
SFH was the slowest (-26.99). The lipid contents
decreased by 65.33% in FFF, 17.73% in SFF and 5.25%
in SFH.

The slopes of the plots also follow the same trend. The
rate of reduction was faster in FFF (-1.94), followed by
SFF (-0.64) and SFH (-0.21). This shows that there was a
higher decrease in pH, lipid content of the fresh fish than
the smoked fish.

Mineral content of fresh frozen fish (FFF)

The calcium content (mgkg"l) of Wk 0 sample was
significantly (p<0.05) higher than stored samples and
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Table 7. Percent increase/decrease and rates of increase/decrease of oxidative parameters and protein/lipids of frozen
fish (FFF), heated environment (SFH) and smoked fish in freezer (SFF).

Parameters Regression Equation % Increase/Decrease in 6 weeks R’
FFF

PV y =0.47x+4.39 60.22 0.97
FFA y =0.14x+0.09 464.71 0.87
TVN y =2.96x+ 4.23 412.20 0.99
TBA y =0.14x+ 0.14 500.00 0.95
pH y =-0.27x +7.99 -16.41 0.92
Protein y =-5.93x + 78.60 -45.23 0.93
Fat y =-1.94x + 17.02 -65.33 0.95
SFH

PV y =0.22x + 6.18 19.84 0.97
FFA y =0.18x + 0.25 230.23 0.87
TVN y =0.78x +4.81 84.91 0.92
TBA y =0.13x +0.17 296.00 0.90
pH y =-0.12x+7.04 -11.64 0.58
Protein y =-3.31x +70.34 -26.99 0.98
Fat y =-0.21x + 22.00 -5.25 0.95
SFF

PV y =1.68x + 5.06 154.29 0.94
FFA y =0.27x + 0.40 346.51 0.99
TVN y =3.31x+ 4.64 352.26 0.98
TBA y =0.19x+0.21 468.00 0.92
pH y =-0.25x+7.89 -14.21 0.86
Protein y =-4.40x + 67.51 -41.76 0.93
Fat y =-0.64x + 22.17 -17.73 0.69

decreased during storage in the range of 0.15 (Wk 0) to
0.03 (6th Wk) (Table 8). There was no significant
difference (p>0.05) within 1*Wk (0.07) too 6" WKk (0.03).
Week 0 sample had the hi(lghest iron content. During
storage, iron level (mgkg™) decreased significantlx
ranging from 0.97 (Wk 0) to 0.28 (6" Wk). However, 5'
WKk was not significantly different (p>0.05) from 6" Wk. A
high level of zinc was 0.57 (zero time). During storage,
the zinc level significantly decreased (p<0.05) from 0.57
(0 WK) to 0.19 (6th k). These result showed that frozen
storage reduced the mineral content of fresh C.
gariepinus.

Mineral content of smoked fish stored in heated
environment (SFH)

Table 9 revealed that freshly smoked fish had calcium
level (mgkg™) increased significantly (p<0.05) during
storage where 0.40 (Wk 0) to 1.62 (6" WK). Iron content
in increased significantly (p<0.05) from zero time Wk O

(1.13) to Wk 6 (2.27). Also, zinc level (mgkg'l) increased
significantly (p<0.05) from 0.90 (0 Wk) to 2.14 (6thWk).

Mineral content of smoked fish stored in a freezer
(SFF)

Calcium level (mgkg™) decreased significantly (p<0.05)
from 0.40 (0 WK) to 0.04 (6thWk). The same trend for iron
level (mgkg™) from 1.13 (0 WK) to 0.55 (6‘hWk). zZinc level
(mgkg"l) increased slightly from Wk 0 0.90 (0 Wk) to 2.59
(1 WK) (Table 10).

DISCUSSION

The crude protein content of the fresh catfish 74.00%
was higher than smoked catfish 70.91%. However, this
value was higher than the value of 53.10% recorded by
Ogbonna and Ibrahim (2009), 68.17% by Agbabiaka et
al. (2012) and 68.40% reported by Olayemi et al. (2011).



Table 8. Mineral content (mgkg™) of fresh frozen fish (FFF).

Storage periods (Wks) Ca Fe Zn
0 0.15%+0.15 0.97%+0.35 0.57%+0.03
1 0.07°+0.02 0.67°+0.02 0.52°+0.03
2 0.06°+0.02 0.55°40.03  0.50°+0.02
3 0.06°+0.40 0.49°+0.04  0.30°+0.03
4 0.05°+0.05 0.40°+0.02  0.24%:0.01
5 0.05°+0.05 0.30'+0.01 0.22°+0.04
6 0.03°+0.03 0.28"+0.01 0.19°+0.04

Values with the same letter in the same column are not significantly different

(p<0.05). Ca = calcium, Fe = Iron, Zn = zinc.

Table 9. Mineral content (mgkg™) of smoked fish stored in hot environment (SFH).

Famurewa et al.

Storage periods (WKks) Ca Fe Zn
0 0.40"+0.05 1.13°:0.03 0.90°40.02
1 0.44%'+0.04 1.28°+0.04 1.83"+0.03
2 0.51%+0.03 1.70°+0.04 2.00%°+0.70
3 0.57%+0.05 1.90°+0.02 2.40°+0.02
4 0.63°+0.01 1.92%+0.03 2.47°+0.02
5 0.94°+0.04 2.10%+0.50 2.35%+0.05
6 1.62%+0.05 2.27°+0.06 2.14%+0.02

Values with the same letter in the same column are not significantly different (P<0.05).

Ca = calcium, Fe = Iron Zn = zinc.

Table 10. Mineral content (mgkg™) of smoked fish stored in a freezer.

Storage period (Wks) Ca Fe Zn
0 0.40*+0.05 1.13%+0.03 0.90°+0.02
1 0.40%+0.04 1.11%+0.01 2.59%+0.60
2 0.35%+0.05 1.09%+0.02 2.55%+0.03
3 0.25°+0.05  1.04%+0.04  2.22°+0.03
4 0.09°+0.04 0.88°+0.24 1.33°+0.06
5 0.08°:0.01 0.58°+0.02 0.70°+0.04
6 0.04°+0.04 0.55°+0.05 0.63°+0.04

Values with the same letter in the same column are not significantly different

(P=<0.05). Ca = calcium, Fe = Iron, Zn = zinc.
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Smoking and frozen storage reduced the percentage
protein content of the samples. In support of present
findings, Beklevik et al. (2005) in sea bass (Dicentrarchus
labrex) and Siddique et al. (2011) in Puntius sp. reported
significant decrease in protein content during frozen
storage. They attributed this protein loss due to the
leaching effect of amino acids and water soluble protein
leaching out with melting ice. Arannilewa et al. (2005)
noted that protein decreased with increasing duration of

frozen storage with fresh samples not frozen having
higher protein content. Disadvantages such as product
dehydration, rancidity, drip loss and product bleaching
have an overall effect on the quality of frozen food.
According to Saeed and Howell (2002), proteins exposed
to oxidizing environments are very susceptible to chemical
modification, such as amino acid destruction, peptide
scission and formation of protein-lipid complexes that
results in decrease in protein content. Eyo (2001)
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attributed this loss to gradual degradation of the initial
crude protein to more volatile products such as Total
Volatile Bases (TVB), Hydrogen sulphide and Ammonia.
Saliu (2008) reported that frozen storage reduced the
percentage protein content in Malapterurus electricus,
Synodontis clarias, Chrysichthys nigrodigitatus, C.
gariepinus and sarotherodon melanotheron species.
Audrey et al. (2006) observed that smoking cause
nutrient loss due to associated heat flow of gases and
interaction of the smoke components with protein. During
storage, reduction in protein was corroborated with
increase in TVN. However, SFH was higher in protein
than SFF and FFF at the end of six weeks storage
period. The values of 15.7 and 21.7% were obtained for
lipids in the fresh and smoked samples were similar to
those earlier reported by Ogbonna and Ibrahim (2009),
Olayemi et al. (2011) and Agbabiaka et al. (2012). FFF
and SFF showed a greater decrease in lipid content
during storage when compared with the SFH. This result
was supported by Arannilewa et al. (2005) in Tilapia;
Zoldo$, et al. (2011) in Alaska Pollack (Theragra
chalcogramma); Siddique et al. (2011) in Puntius sp;
Roopma et al. (2012) in Labeo rohita and Saliu (2008)
who found a significant loss in total lipid content during
frozen storage. These workers attributed this loss due to
oxidation of lipid. Reduction in lipid content could be
attributed to oxidation of poly-unsaturated fatty acids
(PUFA) contained in the fish tissue to products such as
peroxides, aldehydes, ketones and free fatty acids
(Gueraud et al., 2010). There might be high risks of
rancidity during prolonged storage due to the fatty nature
of fish (Horner 1992). This was confirmed by higher
peroxide value and free fatty acid profiles of the stored
products. Daramola et al. (2007) also reported that
reduction in lipid is associated with higher PV and FFA in
five different species of smoked freshwater fish: Bony
tongue, Heterotis niloticus, African carp, Labeo coubie,
Snake fish, Parachanna obscura, Nile Tilapia,
Oreochromis niloticus and African mud catfish, C.
gariepinus during storage at ambient temperature for 8
weeks.

Ash values 7.4 and 6.34% recorded for fresh and
smoked samples were also similar to those -earlier
reported by Ogbonna and Ibrahim (2009), Olayemi et al.
(2011) and Agbabiaka et al. (2012), respectively. Salan et
al. (2006) reported that the increase in ash content when
fish are smoked is due to loss of moisture. The decrease
in ash content during FFF and SFF during storage is in
agreement with Beklevik et al. (2005) who working on
sea bass fillets and Okoyo et al. (2009) on Nile perch
reported a decrease in total ash content during frozen
storage. But Arannilewa et al. (2005) observed that the
ash content remained almost the same throughout the 60
days of frozen storage of tilapia. The decrease in ash
content was attributed to the drip loss (Beklevik et al.,
2005).

Akinneye et al. (2010) did not detect fibre in the three
fish species (H. niloticus, Sardinella spp. and Bonga spp.)
that were subjected to oven and sun drying. Ogbonnaya
(2009) recorded 1.91, 1.06 and 1.45% in fresh, kiln-dried
and electric-dried respectively in O. niloticus. Fibre helps
and speeds up the excretion of waste and potentially
carcinogenic substances from the human body,
preventing them from sitting in the intestine or bowel for
too long, rid of wastes and potentially carcinogenic
substances such as hormones and cholesterol, both of
which can contribute to disease (Monroe et al., 2007;
Gann et al., 2003).

Peroxide value is a primary indicator of oxidation of fat
(rancidity) (Adeyemi et al., 2013). Results presented here
indicate that preservation method increased peroxide
values meq O,/kg to 7.37 in FFF, 7.55 in SFH and 16.02
in SFF. The peroxide values corresponding to incipient
spoilage are usually in the order of 20-40 meq O./kg
ml/kg. However, Connell (1995) reported that when
peroxide value is above 10-20 meq O,/kg, fish develop
rancid taste and smell. Thus, it can be concluded that the
values from this study are still within acceptable limit of
spoilage, although SFF was fastest in deterioration.

Accumulation of secondary oxidation products was
measured by determining the thiobarbituric acid value
(TBA) (Pegg, 2004). The initial value of TBA 0.18 mg
MDA/g (fresh fish Wk 0), suggesting that limited lipid
oxidation occur during post-mortem handling. From this
result, TBA slightly increased during smoking (0.25
mgMDA/g in smoked fish Wk 0) and also during
subsequent storage periods in SFF and in SFH. The
highest increase in SFF than in FFF and SFH are in
agreement with Goulas and Kontominas (2005), who
reported that the initial TBA value of 0.23 mg MDA/g in
Chub mackerel (Scomber japonicus). The increase in
TBA value during the smoking procedure may be
attributed to the partial dehydration of fish and to the
increased oxidation of unsaturated fatty acids as a result
of smoking. This result was also in agreement with
results reported by Mohamed and Atef (2012) who
observed increase in TBA value of Grass Carp
(Ctenopharyngodon idella) fillets after smoking. The
combined effects of smoking and frozen storage could be
attributed to the high values of TBA in smoked fish stored
in freezer. However, the results from this study contrast
with Bugueno et al. (2003) where no changes in TBA
value of smoke brined salmon under vacuum until 25
days of smoke brined; and that of Gémez-Estaca et al.
(2007) on cold smoked dolphin fish.

Free Fatty Acid (FFA), a tertiary product of rancidity,
increased during storage. FFA is a measure of hydrolytic
rancidity- the extent of lipid hydrolysis by lipase action
(Farzana et al., 2014). Hydrolysis of glycerol-fatty acid
esters is one of the important changes that occur in fish
muscle lipids during post-harvest with the release of free
fatty acids (Chaijan et al., 2006). Generally, the formation
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of FFA in fish oil during storage is related to the initial
lipid content, the lipolytic activity and temperature. It was
noted that FFA increased in (FFF, SFH and SFF). Eyo
(1993) reported that in most fish oils, rancidity is
noticeable when the FFA (calculated as oleic acid) is
between 0.5-1.5%. Total volatile nitrogen TVN increased
in the limit of acceptability of fish is reported to be 30 mg
N/100 g by Connell (1995) while Kirk and Sawyer (1991),
suggested that a value of 30-40 mg N/100 g as the upper
limit. Beyond this level, white fish and prawns are
regarded as unacceptable. However, result from this
study shows that the three methods of storage still have
their final TVN within acceptable limits, since they all
have values less than 30 mg N/100 g.

pH decreased during storage in all the three samples.
Eyo (1993) stated that pH is an indicator of the extent of
microbial spoilage in fish and that some proteolytic
microbes produce acid after decomposition of
carbohydrate, thereby increasing the acid level of the
medium. The pH value is a reliable indicator of the
degree of freshness or spoilage. Decrease in the pH level
is due to the fact that carbohydrate of the fish was
fermented to acids. Daramola et al. (2007) observed that
a decrease in the pH level of smoke-dried fish species:
Bony tongue, H. niloticus, African carp, L. coubie, Snake
fish, P. obscura, Nile Tilapia, O. niloticus and African mud
catfish, C. gariepinus stored at ambient temperature after
8 weeks. This showed that fresh frozen fish has the
tendency to spoil faster than smoked fish as indicated by
its higher percentage increase of -16.41%.

Smoking was a better preservative technique for fish
than freezing of fresh fish. However, when the two
samples of smoked fish were compared, the rate of
increase was faster for PV, FFA, TVN and TBA in the
smoked fish kept in the freezer than the one kept in
heated environment. This was contrary to recom-
mendation that smoked fish should be kept under frozen
condition (Flick, 2010). Granata (2012) recommended
that smoked fish should be handled, packaged and
stored much like fresh fish. It should be kept frozen or
under refrigeration just above freezing temperatures. If
storage temperatures rise above 3°C, there is a risk that
Clostridium botulinum may grow and produce toxins in
some types of smoked fish. Mold growth on smoked fish
can be retarded if it is package in a porous material such
as cloth or paper towelling. This prevents “sweating,” a
process in which moisture moves from the fish to the
inside of the bag, causing a wet spot where mould can
grow. This can be a problem if warm, plastic wrapped fish
is put in a refrigerator.

The initial calcium (Ca), iron (Fe) and zinc (Zn) values
of the smoked fish were significantly (P<0.05) higher than
fresh fish. This result is in accordance with Beyza and
Ozeren (2009) who observed significant increase in
mineral contents of cooked African catfish using different
cooking treatments (baking, grilling, microwaving and
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frying). The changes with respect to frozen period in all
the minerals evaluated could be attributed to drip loss
and dehydration that is associated with frozen storage
(Arannilewa et al., 2005). Calcium is good for growth and
maintenance of bones, teeth and muscles (Turan et al.,
2003). Normal extra cellular calcium concentrations are
necessary for blood coagulation and for the integrity,
intracellular cement substances (Okaka and Okaka,
2001). Iron is an important constituent of haemoglobin
(Onwordi et al., 2009). The presence of zinc in the fishes
could mean that the fishes can play valuable roles in the
management of diabetes, which result from insulin
malfunction (Okaka and Okaka, 2001). Iron and Zinc
(micro elements) are important in trace amounts, but they
tend to become harmful when their concentrations if the
tissues exceed the metabolic demands (Ako and Salihu,
2004).

Conclusion

This study has shown that at any of the storage
conditions- heated environment and frozen storage, there
were significant differences in the quality of fresh and
smoked C. gariepinus. There was reduction in the
proximate, mineral while chemical quality changes
increased during the six weeks storage period. However
smoked fish stored in heated environment has less
reduction in quality. There is need for more attention and
necessity for microbiological study as well as safety.
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