academic]Journals

Vol. 7(12), pp. 498-507, December 2013
DOI: 10.5897/AJFS2013.1063

ISSN 1996-0794 ©2013 Academic Journals
http://www.academicjournals.org/AJFS

African Journal of Food Science

Full Length Research Paper

Microbial, biochemical and sensorial quality
assessment of Algerian farmed tilapia (Oreochromis
niloticus) stored at 4 and 30°C

Dergal N. B.>** Abi-Ayad S. M. E. A.2, Degand G.*, Douny C.%, Brose F.}, Daube G.},
Rodrigues A.% and Scippo M. L.

!Laboratory of Food Analysis, Department of Food Sciences, Faculty of Veterinary Medicine, University of Liége, bat.
B43bis, Bld de Colonster 20, Sart-Tilman, B-4000 Liege, Belgium.

®Laboratory of Aquaculture and Bioremediation (AquaBior), Department of Biotechnology, Faculty of Natural and Life
Sciences, University of Oran, B.P. 1524, El M’'Naouer, Oran 31000, Algeria.

3Laboratory of Food Microbiology, Department of Food Sciences, Faculty of Veterinary Medicine, University of Liége,
bat. B43 bis, Bld de Colonster 20, Sart-Tilman, B-4000 Liege, Belgium.

Accepted 30 October, 2013

The quality of Nile tilapia (Oreochromis niloticus) produced in Algeria was assessed after refrigerated
(4°C) storage as well as ambient temperature (30°C) keeping, corresponding to usual fish selling
conditions in Algeria. Sensorial, microbial and biochemical analyzes were conducted in parallel.
Moreover, the nutritional quality of fresh tilapia was also assessed by determining the proximate
composition and the fatty acids profile. Results of lipid oxidation, namely hydroperoxydes and
thiobarbituric acid-reactive substances (TBARS), proteolysis, represented by total volatile basic
nitrogen (TVB-N) and trimethylamine (TMA-N), sensory assessment and bacterial load were highly
correlated. They demonstrated that the shelf life of tilapia is limited to 12 h and five days of storage at 30
and 4°C respectively. After these period of time, fish was rejected by sensorial analysis and all the
parameters thresholds (fixed in the present study at 0.85 mg MDA kg™ of wet weight for TBARS, 35 mg
TVB-N 100 g™ of flesh, 8 mg TMA-N 100 g™ of flesh and 6 log cfu g™ for total viable count) were
exceeded.

Key words: Shelf life, Oreochromis niloticus, fatty acid profile, thiobarbituric acid-reactive substances (TBARS),
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INTRODUCTION

In Algeria, aquaculture has clearly evolved and become a
priority of the government to offset the deficit of fishery
products. New continental freshwater species such as
Nile tilapia (Oreochromis niloticus) were introduced. The
intensive farming of tilapia, Oreochromis sp. is rapidly
expanding and tilapias are the second most widely
farmed fish in the world with annual production exceeding
3 million tons in 2010 (FAO, 2012).

Tilapias have many attributes that make them an ideal
candidate for promo-ting aquaculture and provide
sustainable development in Algeria. These include: fast
growth, tolerance to a wide range of environmental
conditions, resistance to stress and disease, ability to
reproduce in captivity, feeding on low trophic levels and
good sensorial proprieties of flesh (Boari et al., 2008).
Freshwater fish represent an important source of high-
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quality proteins and other elements for human nutrition
(Dhanapal et al., 2012; Navarro, et al., 2012). However,
fresh fish is a highly perishable product (Gram and Huss,
1996). Immediately after its death, the fish undergo a
natural and complex decomposition process, that is,
microbial, chemical and enzymatic (Huss, 1995). The
freshness of fish is reduced by the oxidative rancidity
(Azhar and Nisa, 2006), the organoleptic properties are
rapidly deteriorated, the nutritional value is reduced and
toxic substances are formed (Huss, 1995).

Fish lipids are characterized by their high content of
polyunsaturated fatty acids (PUFA) of w3 series such as
eicosapentaenoic (EPA C20:5 n-3) and docosahexaenoic
acid (DHA C22:6 n-3). However, these lipids are very
susceptible to oxidation reactions (Ozogul et al., 2011).
These reactions lead to the formation of primary products
such as hydroperoxides, which are very unstable com-
pounds quickly transformed into secondary products such
as toxic aldehydes (Rezaei and Hosseini, 2008), mea-
surable as thiobarbituric acid-reactive substances
(TBARS) (Yarnpakdee et al., 2012). In addition, the shelf-
life of fresh fish is usually limited by bacterial activity
and/or enzymatic degradation of trimethylamine oxide
(TMAO) (Gram and Dalgaard, 2002). The specific spoi-
lage organisms (SSO) utilize the available TMAO in
anaerobic respiration and produces off-odors following
the formation of TMA (Gram and Huss, 1996). Marine fish
and some freshwater fish such as tilapia (Niizeki et al.,
2003) contain TMAO. Trimethylamine (TMA), ammonia
(NHs) and dimethylamine (DMA) as well as levels of total
volatile basic nitrogen (TVB-N), are useful indices of fish
freshness (Ozogul et al., 2005). The TVB-N parameter
represents a quality index of fish and reflects its bacterial
and enzymatic proteolysis (Zhou et al., 2011). Tem-
perature is the main environmental factor that affects
growth and viability of SSO and consequently determines
fish shelf life.

This work aimed at chemical, microbial and sensory
assessment of the Algerian farmed tilapia under
refrigerated (4°C) and ambient (30°C) storage conditions,
the later been usual conditions of fish selling in local
Algerian markets. Furthermore, this study provides infor-
mation on fatty acids profile and macronutrients composi-
tion of fresh raw tilapia to characterize its nutritional

quality.

MATERIALS AND METHODS
Sampling

A total of 136 farmed tilapia (O. niloticus) were obtained from a local
aquafarm "Fat-Step”, 250 km from south west of Oran (ALGERIA),
and brought alive to the faculty’s laboratory (Laboratory of
Aquaculture and Bioremediation- AquaBior). Fish were of comer-
cial size (correspondent to 5 months of breeding) and weighing
120-160 g. They were not separated according to gender. Upon
arrival, tilapias were divided into two batches and sacrificed using a
lethal dose (200 mg ') of anaesthetic (Benzocaine, Sigma). The
first lot was stored in the refrigerator at 4°C and the second lot was
kept in plastic box at ambient temperature (30°C).
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Sampling procedure was carried out two times in order to assess
all the biochemical, microbiological, nutritional and sensory para-
meters. A first sampling of 95 tilapias was needed to evaluate oxi-
dation reactions (TBARS and hydroperoxides measurement). For
the first 12 h, five samples were taken at 3 h intervals from both
studied batches. Then, a daily interval of sampling (n = 5) was
planned until the third day for the ambient lot (30°C) and the
seventh day for the refrigerated one (4°C). Thereafter, 36 tilapias
were sampled a second time to evaluate the rest of biochemical
(TVB-N, TMA-N, pH), sensorial and microbiological analysis on the
same individuals. Samples from both storage conditions (30 and
4°C) were analyzed in triplicate at 6 h intervals after sacrifice,
during the first day of storage, then at a daily interval for up to 5
days for the refrigerated samples only.

Proximate composition and fatty acids profile

To characterize the Algerian farmed tilapia, the moisture content of
raw tilapia was determined according to 1SO 1442 (1997) method.
The water activity (aw) was determined by using a Thermocon-
stanter TH200 Novasina (Novasina, Switzerland) according to ISO
21807 (2004) method. Fat was determined according to ISO 1444
(1996) method using the Soxhlet extraction technique. The total
protein content was determined according to 1ISO 937 ((1978)
method and calculated by multiplying the total nitrogen content
determined by the Kjeldahl's method by 6.25. The ash content was
carried out using the ISO 936 (1998) method. Triplicate samples of
dorsal muscle were analyzed from the fresh tilapias.

To determine the fatty acid composition, total lipids of the fish
muscle were first extracted using the method described by Folch et
al. (1957). One hundred mg of fat were then used for the saponi-
fication/methylation of the fatty acids. Methylation was performed
using KOH/MeOH (0.5 N) (3 x 20 min at 70°C) followed by
HCI/MeOH (1/1; v/v) (20 min at 70°C). Tridecanoic acid (C13:0)
was used as an internal standard to quantify the fatty acids and
nonadecanoic acid methyl ester (C19:0-ME) was used as injection
standard. The fatty acid methyl esters (FAME) were separated by
gas chromatography (Focus GC, ThermoFinnigan, USA) using a
CP-Sil88 column for FAME (100 m x 150 x 0.25 mm, 0.2 um)
(Varian Inc., USA) and analyzed with an ion trap PolarisQ mass
spectrometer (MS) (ThermoFinnigan, USA).

The GC conditions were: inlet: 250°C; splitless injection; helium
as the carrier gas at 1.5 ml/min; temperature program: 55°C for 1
min, followed by an increase of 5°C-min™ to 180°C, then 10°C-min™
to 200°C for 15 min, then an increase of 10°C min™ to 225°C for 12
min.; total run time was 57.50 min. The peaks were identified by
comparing their mass spectrum and retention times with those of
the corresponding standards (Sigma-Aldrich, Belgium). The MS
conditions were: transfer line: 250°C; ion source: 220°C; collision
energy: 35 eV; full scan: 50-650 from 18 to 57.50 min. In each
chromatographic run, different ions were monitored for each fatty
acid analyzed, which facilitated detection and quantitative analysis.
A calibration curve was performed for each of the 23 fatty acids
determined. The fatty acids concentrations were determined by
duplicates analysis (with a maximum variability of 10% between
duplicate results) and expressed as percentage of total fatty acids.

Sensory analysis

Sensory evaluation of tilapia was carried out by three semi-trained
panelists (laboratory staff) according the scheme of the Quality
Index Method (QIM) of Baixas-Nogueras et al. (2003). Triplicate
samples were taken from each of the two storage conditions at
regular intervals. Fishes were examined physically for general
appearance of skin, consistency of flesh, smell and color of gills
and finally the clarity of the cornea, color of pupil and shape of
eyes. Each single descriptor was associated to demerit points from
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0 to 3 (Baixas-Nogueras et al., 2003) and the range of total demerit
point (score) was from 0 to 19 (19 been the acceptability limit).

Microbial analysis

Total viable counts (TVC) were determined on plate count agar
(PCA) in depth at 30°C for 72 h, and Enterobacteriaceae (ENT)
were determined on violet red bile glucose agar (VRBG) in depth at
30°C for 24 h according to ISO methods 4833 (2003) and 21528-1
(2004), respectively. Microbiological data were expressed as
logarithms of the number of colony-forming units per gram (log
cfu/g).

Analytical methods

The pH was measured directly from tilapia’s muscle using a pH
meter Knick type 765 and a combined pH electrode (Ingold ref.
104063123) according to 1ISO 2917 (1999) method. Measurement
was performed in three different zones of each sample and values
were averaged. The TVB-N content of tilapia was extracted
according to the European official method described in regulation
(EC) 2074/2005 then assayed by a reverse titration and expressed
as mg TVB-N per 100 g tilapia flesh.

To assay specifically nitrogen generated by the TMA, the same
distillation method was applied in presence of formaldehyde.
Formaldehyde can block the primary and secondary amines (Malle
and Tao, 1987). Hydroperoxides were determined according to the
method described by Eymard and Genot (2003) and the results
were expressed as mmoles of cumene hydroperoxide equivalents
(mmole Eq CuOOH) per kg of wet weight. TBARS were expressed
as mg of malonaldehyde equivalents per kg of wet weight (mg MDA
kg™ and determined according to the method of Genot (1996)
which is modified from the methods of Bostoglou et al. (1994).

Statistical analysis

All data were subjected to variance analyses (ANOVA one way),
and differences between means were evaluated by the Tukey test
(significance p<0.05) using the statistical software SPSS 17.0 for
Windows (SPSS Inc., Chicago, lll., USA). The correlation between
different parameters in the study was carried out by the Pearson's
chi-square test. The results of statistical analysis are shown as
mean values * standard deviation.

RESULTS AND DISCUSSION

Proximate composition and fatty acid profile of tilapia
(O. niloticus)

The macronutrient composition of tilapia was 17.3 £ 0.4%
protein, 0.33 + 0.03% fat, 80.7 + 0.4% moisture and 0.59
+ 0.12% ash. The water activity was 0.99 indicating that
fish was a favorable environment for the growth of
bacteria. The total lipid percentage of Algerian farmed
tilapia (0.3%) was lower than the published data from
literature whose values varied from 1.1 + 0.2% to 2.5 +
0.27% (De Souza et al.,, 2007; Suloma et al., 2008;
Elagba and Al-Sabahi, 2011; Navarro et al., 2012;
Dhanapal et al., 2012). The results of fatty acid profiles of
Algerian farmed tilapia and tilapias fishes provided by the
Research and Education Center in Aquaculture (CEFRA)

are reported and compared with other fatty acid profile
from literature in Table 1.

The results show that the lipid fatty acid composition
varied between the different sources of tilapia. The
sexual variations, fish size, season and environmental
conditions, mode of breeding, rearing practices and
especially the fatty acid composition of the feed influence
the fatty acid content of farmed fish (De Souza et al.,
2007; Elagba and Al-Sabahi, 2011; Navarro et al., 2012).
Algerian Nile tilapia (O. niloticus) is a good source of
PUFA. The PUFA’s proportion prevails and exceeds 57%
of total fatty acids. This species provides an important
contribution to omega-3 fatty acids intake for consumers
(18.33% of total fatty acids); most of them being
eicosapentaenoic acid (EPA) and docosahe-xaenoic acid
(DHA), known to prevent heart diseases and attenuate
inflammatory processes (Navarro et al., 2012).

Sensory assessment

Figure 1 shows the results of the sensory analysis of
tilapia (O. niloticus) stored at 4 and 30°C. The quality of
tilapia significantly declined, showing one plateau at the
acceptability limit (score = 19) after 12 h of storage at
ambient temperature, and two plateaus respectively
between the 6™ hour and the 24" h, and between day 2
and 3 during the storage at 4°C.

The quality of fresh fish was scored as excellent (score
= 7), than was judged as acceptable (score = 14) until the
6™ h at 30°C and the 3" day at 4°C. After that, the quality
of fish started to decrease due to formation of yellowish
grey mucus, loss of pigmentation, unpleasant odors and
flavors in the gills and flabby flesh. Fish were no longer
acceptable and scored as inedible after 5 days at 4°C
and only 12 h at 30°C. Similar results were obtained for
whole tilapia stored at ambient temperature (Adoga et al.,
2010). Red tilapia (Oreochromis sp.) was scored as
acceptable up to 15 h at 28°C % 2°C (Bakar and Izzah,
1995).

Pastoriza et al. (2008) showed similar delay (5 days)
for the rejection of hake (Merluccius merliccius) under
refrigerated storage. Oucif et al. (2012) reported that only
three days are necessary for the rejection of the Atlantic
mackerel (Scomber scombrus) conserved at 4°C.
Otherwise, most often, a delay of one week on average is
granted for the refrigeration of different species of fish
(Ozogul et al., 2005; Rezaei and Hosseini, 2008; Tuckey
et al., 2012).

Evolution of bacterial load

The muscle of life fish is sterile. But a high load of
bacteria is present on the surface of the skin, on the gills
and in the digestive tract. After death, the immune system
collapses allowing the bacterial proliferation. The bacteria
on the skin surface colonize the scale pockets and invade
the flesh during storage (Gram and Huss, 1996). Fish
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Table 1. Fatty acid profile (expressed as % of total fatty acids) of Algerian farmed tilapia (Oreochromis niloticus), CEFRA tilapia and from literature.

Algerian tilapia CEFRA tilapia De Souza et al. Suloma et al.

Elagba and Al-Sabahi Navarro et al.

Dhanapal et al.

Fatty acid (this study) (this study) (2007) (2008) (2011) (2012) (2012)
Palmitic C16:0 19.4 23.1 14.8 23.9 24.2 24.6 28.3
Stearic C18:0 10.0 8.2 5.9 9.2 22.5 6.2 8.4
Xz SFA 29.4 31.3 23.5 43.2 64.2 37.3 46.6
Palmitoleic C16:1n-7 1.4 4.8 1.6 2.2 12.6 4.3 9.4
Oleic C18:1n-9 11.3 13.1 21.1 3.3 3.8 34.1 20.6
Z MUFA 12.7 17.9 29.5 12.0 21.5 41.2 36.0
Linoleic C18:2n-6 13.5 8.5 29.2 1.4 1.5 13.3 9.2
y-Linolenic C18:3n-6 1.7 - 1.3 0.4 0.9 0.3 -
Eicosadienoic C20:2n-6 2.1 - 2.1 0.2 0.2 - -
Eicosatrienoic C20:3n-6 4.8 5.0 1.3 0.5 1.05 - 1.2
Arachidonic C20:4n-6 17.4 7.6 4.0 9.4 - - 2.0
2 n-6 39.5 21.1 43.1 17.7 4.7 13.6 12.4
a-Linolenic C18:3n-3 1.8 - 1.2 0.6 - 0.6 2.4
Eicosapentaenoic C20:5n-3 2.4 4.8 - 4.5 - 0.5 0.3
Docosapentaenoic C22:5n-3 3.9 7.8 0.5 51 - - 0.8
Docosahexaenoic C22:6n-3 10.3 17.1 2.0 16.3 4.0 - 0.9
2 n-3 18.4 29.7 3.9 27.1 9.6 35 5.0
Zn6/Zn-3 2.1 0.7 11.0 0.6 0.5 3.9 2.5
2 PUFA 57.9 50.8 47.0 44.8 14.3 17.1 17.4

Twenty three fatty acids were measured in both Algerian and CEFRA tilapia. Only those detected in Algerian tilapia are shown. SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; -, not detected. CEFRA: Research and Education Center in Aquaculture.

flesh has a particular nature, which make it highly
susceptible for bacterial growth. The flesh have a
post mortem pH greater than 6.0 as intrinsic
factor, in addition to the important fraction of non-
protein-nitrogen (NPN) as subtract offering free
amino acids, nucleotides and TMAO (Gram and
Dalgaard, 2002). Microbial counts on the tilapia
(O. niloticus) kept at 4 and 30°C are shown in
Figure 2A and B, respectively. An initial total
viable count (TVC) of tilapia was 3.1 log cfu g™
and initial enterobacteriaceae counts (ENT) of
tilapia was 2.8 log cfu g™ for the first sampling.

The bacterial population at 30°C, significantly
(p<0.05) and rapidly increased to 7.3 log cfu g™
for TVC and to 6.8 log cfu g™ for ENT over the
period of storage (1 day). On the other side, the
bacterial evolution at 4°C increased slowly during
the first 3 days of storage then reached a
maximum of 7 log cfu g™ for TVC and 6.3 log cfu
g™ for ENT. A microbial safety criterion of 6 log cfu
g’ is applied for determining storage life of fresh
seafood (ICMSF, 1986). The shelf-life of tilapia
was thus approximately 12 h for ambient storage
and 5 days for the refrigerated one, were the TVC

loading exceeded the microbiological threshold.
Our results confirm that the fish’s spoilage was
affected by the storage mode (Huss, 1995) and
that there is a linear relationship between spoilage
rate and storage temperatures. Chilling slows
down microbial activities in fish relative to ambient
storage. Similar results were obtained by Adoga
et al. (2010) concerning the TVC loading in tilapia
(O. niloticus) at ambient temperature. For the
refrigerated samples, the results were consistent
with the data obtained by Zhou et al. (2011)
describing the preservation of whole obscure
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Figure 1. The sensory evaluation of tilapia (O. niloticus) stored at 30
and 4°C, mean = SD (n = 3). Different letters/numbers on the same
curve indicate a statistically significant difference (Tukey test, p <
0.05). The dotted line corresponds to the acceptability limit.
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Figure 2. Changes in total viable counts (TVC) and Enterobacteriaceae (ENT) of
tilapia (O. niloticus) stored at 4 (2A) and 30°C (2B), mean = SD (n = 3). Different
letters/numbers on the same curve indicate a statistically significant difference
(Tukey test, p < 0.05).
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Figure 3. Changes in pH value of tilapia (O. niloticus) stored at 30 and 4°C, mean * SD (n = 3). Different letters/numbers on
the same curve indicate a statistically significant difference (Tukey test, p < 0.05).

puffer fish (Takifugu obscurus) and Mexis et al. (2009) for
rainbow trout (Oncorhynchus mykiss) fillets. A larger
delay was allowed for others species: 7 days for hake
(Merluccius merluccius) described by Pastoriza et al.
(2008) and for lingcod (Ophiodon elongates) reported by
Duan et al. (2010).

Chemical assessment

The initial pH value of 6.66 + 0.11 decreased slightly
(p<0.05) to 6.42 + 0.05 at 4°C and to 6.11 + 0.07 at 30°C,
then remained statistically unchanged throughout the
period of conservation in both storage conditions (Figure
3). Post mortem pH has been reported to vary from 6.0 to
7.1, depending on season, species and other factors
(Ozogul et al., 2006). In addition, fish muscle tissue
contains only very few amounts of glycogen which limit
the degree of post mortem acidification of the tissue;
hence the pH remained between 6.2-6.5 as compared to
average values of the bovine meat (pH 5.5) (Jezek and
Buchova, 2012).

TVB-N concentrations of tilapia stored at 4 and 30°C
are presented in Figure 4A. The TMA-N values of both
storage conditions are illustrated in Figure 4B. The
increase in TVB-N is explained by the increased levels of
its major constituents (ammonia, DMA and TMA) in the
rotting tilapia. Ammonia is usually formed by bacterial
deamination of amino acids as well as generated by the
autolytic breakdown of adenosine monophosphate (AMP)
(Shakila et al., 2003). The DMA is generated by autolysis
or by the enzymatic demethylation of TMAO or TMA into

DMA and formaldehyde (Barrett, 1985). Critical limits of
30-35 mg TVB-N 100 g™ of fish flesh were established for
different groups of fish species (European Commission,
2004) and a range limit of 10-15 mg TMA-N 100 g™ of
flesh according to fish species was recommended by
Connell (1995). Our results showed that the amount of
TVB-N and TMA-N increased linearly with time
regardless of the storage mode. At the beginning of
storage, the TVB-N value was 8.12 + 0.48 mg 100 g of
flesh. This value showed gradual increase during the
early stages of storage. The level increased rapidly and
significantly (p<0.05) to reach 35.84 + 0.56 mg TVB-N
100 g™ after 12 h at 30°C and to 37.89 + 0.43 mg TVB-N
100 g after 5 days at 4°C (Figure 4A).

Tilapia freshly sampled presented a very low content of
TMA-N (0.65 + 0.16 mg TMA-N 100 g). Then, increased
significantly (p<0.05) and reached 8.49 + 0.43 mg TMA-N
100 g after 12 h at 30°C and 15.96 + 0.28 mg TMA-N
100 g™ after 5 days at 4°C (Figure 4B). The trend of TMA
production during storage depends on the growth of
spoiling bacteria. Spoiling bacteria make use of TMAO as
an electron acceptor by reducing it to TMA in anaerobic
conditions and generate particular ammonia-like and
"fishy" off-flavors (Seibel and Walsh, 2002). Our results,
at ambient temperature, agree with those of Aina et al.
(2010) for TMA-N value and with those of Adoga et al.
(2010) for TVB-N values for tilapia sp. The acceptance
threshold value of TVB-N and TMA-N is exceeded after
12 h at 30°C. The chilling conservation generally main-
tains the acceptability of fish within during 5 days and
even more, as shown by Marrone et al. (2009) and
Baixas-Nogueras et al. (2007) who reported 8 days for
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Figure 4. Changes in TVB-N (4A) and TMA-N (4B) in tilapia (O. niloticus) stored at 4 and 30°C, mean *
SD (n = 3). Different letters/numbers on the same pillars indicate a statistically significant difference

(Tukey test, p < 0.05).

refrigerated hake (Merluccius merluccius). These results
corroborate those of sensory and bacterial assessment in
which tilapia freshness was limited to 12 h and five days
for ambient and refrigerated storage, respectively.
Pearson's Chi-square test revealed a high correlation
between these four parameters and the Rho value was
superior to 0.82 (data not shown). We concluded that

TVB-N is a good index of tilapia freshness and TMA-N is
a good spoilage index in the present study.

Levels of primary (hydroperoxides) and secondary
products (TBARS) of lipid peroxidation in tilapia flesh
evolved in the same way for both preservation modes
(Figure 5A and B). TBARS kinetics is inversely propor-
tional to hydroperoxides kinetics. The hydroperoxides



mmoles Eq CuOOH/Kg wet weight

—— Hydroperoxide 4°C

Dergal et al. 505

—» =TBARS 4°C r 1.6

mg MDA eq / Kg of wet weight

4 5 6 7

Storage days

mmoles Eq CuOOH/Kg wet weight
F=Y

0 T T T

= Hydroperoxides 30°C

— ® =TBARS 30°C

mg MDA eq / Kg of wet weight

0 0.5 1 15

Storage days

Figure 5. Changes of concentrations in hydroperoxides and TBARS, expressed per kg of wet weight, for samples of
tilapia (O. niloticus) stored at 4°C (5A) and 30°C (5B), mean + SD (n = 5). Different letters/numbers in the same curve
indicate a statistically significant difference (Tukey test, p < 0.05).

values increased significantly (p<0.05) from an initial level
of 2.46 + 0.16 mmole Eq CuOOH. kg™ to a peak of 5.12 +
0.17 mmole Eq CuOOH. kg™ and 7.22 + 0.35 mmole Eq

CuOOH.kg™ after 24 h of storage at 4°C (Figure 5A) and
30°C (Figure 5B), respectively. Then concentrations
declined rapidly. This can be explained by the classic
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propagation phase of peroxidation process (Azhar and
Nisa, 2006). Similar observation was also reported by
Oucif et al. (2012) at the second day of storage of Atlantic
mackerel (S. scombrus) using the same storage modes
and analytical method. In parallel, the TBARS values
remained low during the first stage of conservation, the
concentrations were below 0.5 mg MDA kg*, earlier
linearly (p<0.05), and increased after 12 h at ambient
temperature (Figure 5B) and after the 3 day of storage
at 4°C (Figure 5A).

A threshold value of 1 mg MDA kg™ is usually accepted
for the rancidity of meat (Rahardjo and Sofos, 1993). In
our study and for Nile tilapia, we pro-posed a threshold
value of 0.85 mg MDA kg* for the conservation at
ambient temperature, corresponding to a value at which
fish was rejected by the sensory control. The TBARS
values can be a good index of tilapia freshness for both
storage modes. Previous studies on Nile tilapia agree
well with our findings especially for TBARS data (Bakar
and Izzah, 1995; Adoga et al., 2010; Yarnpakdee et al.,
2012).

Conclusion

Results of sensory, microbial (TVC), TBARS, TVB-N and
TMA-N assessment are good criteria to study tilapia (O.
niloticus) shelf life. There is a linear relationship between
spoilage rate, peroxidation, storage time and storage
temperatures. For consumers, we recommend a
conservation of whole tilapia less than 12 h at ambient
temperature and less than 5 days under refrigerated
storage to avoid any food intoxication. Other simple
method can be added such as biogenic amines
assessment to corroborate these findings. The legislation
and veterinary inspection services can extrapolate and
translate these results to better regulate fish sales in local
markets. The Algerian authorities must impose the
display of fish under ice in the markets and the consumer
must be sensitized on the importance of the maintenance
of the cold chain for this fragile foodstuff as well.
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