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Abstract

Post- harvest losses of fish in Nigeria are related to poor fish handling, lack of preservation, quality deterioration and
spoilage. Clariasgariepinus and ice block were weighed in four different ratios of fish to ice (1:1; 2: 1; 3:1 and 4:1)
referred to as treatments into fish ice box. Sampling was carried out at six hours interval for biochemical and lipid
oxidation tests (pH, Total Volatile Base Nitrogen (TVB-N), Peroxide value (PV), Thiobarbituric acid Reactive Substance
(TBA-RS).pH value increased from 7.10-7.60, TVB-N increased from 5.29 mg/g N -13.28mg/g N, PV increased from 1.77
meq/kg-7.80 meq/kg and TBA-RS increased from 0.17 MDA mg per kg -4.48 MDA mg per kg. The results shows some
level of significant (p<0.05) in some treatments however, in all the treatments the biochemical and lipid oxidation results
were within the safe limit indicating that they are probably good parameters to predict shelf life. It was established that C.
gariepinus cannot be kept beyond 18 hours at ambient and treatment 1:1 kept up to 30 hours at a temperature of 8.1°C
and a relative humidity of 96.4% without further addition of ice. The use of ice box is recommended for transportation
and handling of C. gariepinus. This would reduce the incidence of loss associated with post-harvest handling of fish

thereby increasing its availability, creation of more wealth for fish handlings and enhance food security status in Nigeria.

KeyWOI‘dS: Clariasgariepinus; Ice box; Post-harvest; Safe limit

of Nigeria's Gross domestic product (GDP) and provides

Introduction

Post- harvest losses of fish in Nigeria are related to
poor fish handling, lack of preservation, quality
deterioration and spoilage [1,2]. Nigerians are large
consumers of fish and it remains one of the main products
consumed in terms of animal protein. It is cheap and
highly acceptable, with little or no religious bias, which
gives it an advantage over pork or beef [1]. Only about
50% of the demand for fish is currently being met by local
supply. The fishery sector is estimated to contribute 3.5%

Biochemical and Lipid Oxidation Changes in Clarias
Gariepinus (Burchell 1822) Stored in Fish Ice Box

direct and indirect employment to over six million people.
The gap between the demand and supply of fish is
widening due to increase in population, poor postharvest
handling, lack of processing and storage facilities [3].
African catfish, Clariasgariepinus is the major fish cultured
in Nigeria, eaten by most tribes, commands good price
and resistant to harsh environmental conditions. It has
enjoyed wide acceptability in most parts of the country
because of its unique taste, flavour and good texture
(www.au-ibar.org) [4]. Chilling is a means to preserve
before processing or consumption. During icing, chemical
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changes are known to take place in fish [5]. Bacterial
growth, enzymatic changes and chemical reactions are
factors affecting quality of fish and its products which are
strongly influenced by storage temperatures. Chilling at
various temperature slow down microbial growth and
enzymatic changes in fish therefore extending the shelf-
life by many days [6]. It has been reported that C
gariepinus will remain edible for 16 to 20 days if buried in
ice. Even better results are obtained if the fish are gutted
and wrapped [1,7]. The artisanal sector in spite of its low
technological development remains the backbone of fish
production in the country [8]. Little information is
however available on the quality of fresh fish harvested to
the point of purchase in the tropics and in particular
Nigeria. This research assessed changes in biochemical
properties (pH and Total Volatile Base Nitrogen) and lipid
oxidation (Thiobarbituric Acid Reactive Substance and
Peroxide Value) in C. gariepinus stored in fish ice box [9].
This is expected to reduce post-harvest loss due to poor
handling and transportation by at least five per cent.

Materials and Methods

Fish sampling and preparation

Live samples of C. gariepinus were obtained from a
farm in Ijebu Ode Ogun State Nigeria during early hours
(7.00-8.00 am) and quickly transported in a fish tank to
the fish processing centre of the Nigerian Stored Products
Research Institute Lagos. They were weighed and divided
into lots according to sizes. The average weight and the
length were 400g and 25 cm respectively. The fish ice box
was designed and fabricated by NSPRI. The box consists
of a smaller plastic container fitted inside a bigger one
with space in between completely filled with an insulating
material, a lid and a drain pipe through which waste
water in the box flows out. The holding volume of the fish
box is 27.04 x 103 m3and has the capacity of holding a
total weight of 18 kg (fish and ice). The fish ice boxes
were thoroughly cleaned with 1% hypochlorite solution
and rinsed repeatedly with distilled water before use. Ice
blocks and fish were weighed in ratios 1:1; 2: 1; 3:1 and
4:1 respectively into fish ice box. The four ratios were
referred to as ‘treatments’. Samples were obtained at six
hours interval from the four treatments for biochemical
and lipid oxidation tests.
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Figure 1: Fish ice box before loading with C. gariepinus
and ice.

Figure 2: Fish box loaded with C. gariepinus and ice.

Experimental

pH

pH was determined according to [10] with slight
modification. Ten grams of C. gariepinus flesh from the
upper, middle and lower region were blended,
homogenized in 50 mL of distilled water and the mixture
filtered using Whatman Filter Paper Number 1. The
homogenate was allowed to attain a room temperature
after 5 minutes. The pH of the homogenate was measured
using a Jenway 3310 pH meter at room temperature after
calibration using standard buffers of pH 7 and 4. The
readings were carried out at the initial stage (fresh) and
at various intervals of six hours.
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TVB-N

TVB-N was determined using the method of Jinadasa
(2014) [11]. Ten grams of blended C. gariepinus flesh was
homogenized with 20 mL of 7.5% tricholoroacetic acid
(TCA) for 2 minutes. The homogenized flesh was filtered
through Whatman Number 1 filter paper to obtain clear
extract. 25 mL of the extract was made alkaline with 6 mL
of 10% NaOH solution and 20 mL of distilled water was
also added. The solution was quantitatively transferred
into the distillation tube and placed in the distillation
flask of semi auto distillation apparatus. The receiving
flask contained 25 mL of 4% boric acid and few drops of
mixed indicator (methyl red/methylene blue 2:1). The
steam distillation procedure continued until 100 ml of
distillate had been collected. The obtained basic solution
was titrated against 0.05M H,SO. to the endpoint
indicated by a green to pink colour change. The TVB-N
content was determined after blank correction, which was
also determined by steam distillation with 25 ml of
distilled water sample. TVBN content was expressed as
mg N/100 g of fish flesh

Calculation

TVB - N (mg /100g) =14 mg mol xax b x 300 /25mL
a = volume of sulphuric acid used (mL) b = molarity of
sulphuric acid

PV

Peroxide value was carried out using titrimetric
method according to the standard method described by
[12].

TBA-RS

TBA-RS was determined using the method [13]. Ten
grams of blended C. gariepinus fat extracted from its belly
sample was mixed with 50 ml of distilled water and the
mixture was extracted with 34.25 mL of 4% perchloric
acid (PCA) for 5 minutes. The homogenized sample was
filtered with Whatman No.1 filter paper to get the
filtrate.5 mL of 0.2% TBA reagent (4, 6-
dihydroxypyrimidine-2-thiol) was added to 5 mL of the
filtrate and the experiment was performed in duplicate.
Smls of PCA was added to 5 mL of TBA into a 100 mL
volumetric flask and the volume of the volumetric flask
was completed with distilled water to make the blank.
The blank with the homogenates were later boiled on a
water bath set at 100°C for lhour till pink colour
developed. The samples were later cooled under running
water for 15 minutes. Readings were taking with aid of
Thermo Elliot UVZ 164701 UV Vis Spectrophotometer at
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532nm. The result were expressed as mg of
malonaldehyde milligram per kilogram which were
obtained by multiplying the absorption values by a
conversion factor, K=5.5.
Temperature and Relative
Measurement

Humidity

Tiny tag Ultra 2 digital data logger was used in
monitoring the temperature and relative humidity (R/H)
of the loaded fish boxes in different treatments and the
ambient. They were calibrated before each use.

Statistical Analysis

Data obtained in all the biochemical and lipid oxidation
tests were subjected to one way analysis of variance
(SPSS 20).

Results and Discussion

Change in pH: Changes in pH values in C. gariepinus
with storage time in different treatments are shown in
Table 1. The pH C. gariepinus decreased from an initial
value of 7.10 to 6.40 in all the treatments at the 6t hour.
pH increased from 7.30 to 7.60 between the 12th and 30th
hour. These variations were significant (p<0.05). The pH
of a freshly harvested fish is close to neutral and after
catch it decreases due to formation of lactic acid by series
of reaction occasioned by considerable amount of stress.
As length of storage increases, indication of spoilage start
to set in, the value first rises slowly and then increases
rapidly due to the accumulation of the basic end products
of microbial action and rises to 7.5-8.0 [14]. Various
authors reported similar results for different storage
temperature and number of days [15,16] pH is not a good
indicator of freshness for this research work but can be
considered with other quality indices in quality
assessment.

Change in TVB-N: Changes in TVB-N of C. gariepinus with
storage time in different treatments are shown in Table 1.

Copyright© Atanda SA, et al.



Open Access Journal of Agricultural Research

Duration pH

Treatments 0 6hrs | 12hrs | 18 hrs | 21 hrs | 24 hrs | 30 hrs
1:01 7.10b 6.30c | 6904 | 7.01v | 7.102 | 7.502 | 7.602
1:02 7.10¢ 6.50d4 | 7.20c | 7.50b | 7.70a -
1:03 7.10b 6.40c | 7.30a - - -
1:04 7.102 6.40¢

TVB-N
1:01 5.29e 5.40d | 5464 | 7.04f | 9.19¢ | 12.65> | 13.28f
1:02 5.29e 5.43d4 | 6.55¢ | 7.67b | 12.102 - -
1:03 5.29¢ 6.99b | 8.82a - - - -
1:04 5.29a 7.22a
PV
1:01 1.77¢ 1.90f | 2.10e | 4.104 | 6.12¢ | 7.11> | 7.802
1:02 1.77f 2.00e | 2904 | 5.60c | 7.302 | 7.50b -
1:03 1.77¢ 2.20b | 3.40 - - -
1:04 1.77b 2.607
TBA-RS

1:01 0.17¢ - 0.234 | 0.67¢ | 4.07° | 4.29f | 4.48
1:02 0.174 - 0.36¢ | 0.82b | 4.21a - -
1:03 0.17¢ - 0.942 | 1.12b - - -
1:04 0.17v - 1.27a - - - -

*Values with the same superscript are not significantly different from others (p>0.05)
Table 1: Values of Values of biochemical and lipid oxidation changes of C.gariepinus in ice box.

TVB-N value increased from an initial value of 5.29
mg/100g to 7.22 mg/100g in all the treatments at the 6t
hour. The value increased to 13.28 mg/100g between the
6t to 30t hour and was statistically significant (p<0.05).
The increase is due to increase in post mortem metabolic
activities) [17]. TVB-N is a term that includes the
measurement of  trimethylamine, dimethylamine,
ammonia and other basic compounds [18] had reported
that the TVB-N content of many fish species at day 1 of
storage is in the range of 5.5- 17.0 mg N/100 g muscle,
possibly suggesting that fish muscle possibly underwent
some deterioration during handling. Overall, the TVB-N
values at the end of the storage period was well below the
range of recommended value of 30-35mg TVB-N/100g for
fresh fish [19]. The lower TVBN content in C. gariepinus in
this study may be due to the absence of trimethylamine
which is the major component of volatile bases in fish and
meat. The value is normally low during the edible storage
period, increasing levels are found in fish near rejection
levels. Virtually all changes in TVBN are due to TMA
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component, which is a major constituent of volatile bases.
Horner (1997) [20] suggested that TVB-N is insensitive to
freshness, which means that it cannot be used as a
freshness indicator. However, it relates well with
unfitness for human consumption as it is a good spoilage
indicator. Increase in TVB-N level with the lapse of
storage may be attributed to bacterial spoilage after the
bacterial population has grown [21]. Change in PV:
Changes in values of PV of C. gariepinus with storage time
in different treatments are shown in Table 1. The value
increased from an initial value of 1.77 meq/kg to 1.90
meq/kg of oil. This increased to 7.80 meq/kg between the
6t and 30t hour. The result were statistically significant
(p<0.05). This might be as a result of primary lipid
oxidation which continued till the end of the storage
period however, it is within recommended values of 10-
20 meq/kg of oil as suggested by Connell (1995) [19].
This may be attributed to the level of oxidation of oil in
this fish. Similar results were reported by Viji et al,
(2014) [22] though under different storage conditions.
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Peroxide value might not be considered a good indicator
of freshness in this study as values were within the range
of acceptability.

Changes in TBA-RS: The secondary lipid oxidation
products were measured according to the TBA method.
Tablel depicts the changes in TBA-RS and it was shown
that a gradual increase in the secondary oxidation
development from a value of 0.17 MDA per kg to 4.48
MDA per kg was obtained in all the treatments till the end
of the storage time. They were statistically significant
(p<0.05). Towards the end of storage period, the value
exceeded the safe limit of 3 MDA mg per kg signifying
more secondary lipid oxidation. Data showed that the
higher the storage temperatures and period of storage,
the higher were the final TBA-RS values. These results
were similar to report by Widjaja et al., (2009) [23] who
studied rancidity and lipid oxidation of dried-salted
sardines.

It should be noted that in some treatments during the
course of the experiment, ice blocks melted completely.
These include ratios 4:1 and 3:1 which did not last up to
12 hours and 18 hours respectively hence no readings for
the two treatments.

Conclusion and Recommendation

This research was undertaken to assess the
effectiveness of the ice box in relation to biochemical and
lipid oxidation changes of C. gariepinus with a view to
ascertain its quality. pH, Total Volatile Base-Nitrogen,
Peroxide Value and Thiobarbituric Acid Reactive
Substances (post mortem changes) invariably increased
throughout the storage time though they were below the
safe limit. This indicates that they might possibly good
parameters to predict shelf life of C. gariepinus. Treatment
1:1 kept C. gariepinus for 30 hours in the ice box at a
temperature of 8.1°C and relative humidity of 96.4%. The
use of ice box is recommended for transportation and
handling of C. gariepinus. This will reduce the incidence of
loss associated with post-harvest handling of fish thereby
increasing its availability; enhance food security status in
Nigeria and creation of more wealth for fish handlers.
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