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Abstract
Y.L. Ruiz-Osorio, C.M. Amorocho-Cruz, and N. Gutiérrez-Guzmán. 2015. Physicochemical
and microbiological changes in gutted and ungutted red tilapia (Oreochromis ssp) stored in
ice. Cien. Inv. Agr. 42(2): 263-272. We assessed the degree of freshness of gutted and ungutted
red tilapia (Oreochromis ssp) using physicochemical and microbiological analyses of samples of
gutted red tilapia on days 0, 3, 5, 8, 11, 14 and 17 and of ungutted red tilapia on days 0, 3, 6, 9, 11,
14 and 16. The total sample size was five fish stored in ice at temperatures between 0 and 4 °C.
Different methods were used to study the degree of freshness: pH, water holding capacity (WHC)
and microbiological analysis (aerobic mesophilic count). Once we obtained the results, a one-way
analysis of variance (ANOVA) was used to determine possible correlations between the values of
deterioration and the data obtained by other analysis methods. The one-way ANOVA showed that
statistically significant differences (P<0.05) were found in almost all of the parameters analyzed
throughout the storage times, indicating the loss of freshness in the fish. In the gutted fish, the
firmness of the fillets and the whole fish presented the most noticeable statistically significant
deterioration on day eight of storage, when the six logarithmic cycles of aerobic mesophilic
bacteria counts were exceeded, and the fillets presented a statistically significant deterioration
of the WHC. The ungutted fish began to lose freshness that limited the consumption of the food
between the third and sixth day of storage, with aerobic mesophilic bacteria counts of 7.33±1.07
Log CFU g-1 and 7.14±1.60 Log CFU g-1, respectively. Similarly, significant decreases in firmness
in the fillets and abdomen were noticed on the third day of storage.
Key words: Aerobic mesophilic bacteria, fishes, pH, storage, water holding capacity, WHC.

Introduction
At death, fish muscles are entirely relaxed; the
flesh is tender and flexible, and its texture is firm
and elastic to the touch. After a short amount of
time, the muscle tissue contracts and becomes
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rigid in what is known as rigor mortis, becoming
an inflexible product (Huss, 1988). In addition to
these tangible physical changes, following capture,
fish begin to undergo autolytic and microbiological
changes related to nutrition, the time following
capture, size and the environmental conditions
where the fish were caught (Sallam, 2007). These
changes alter its chemical composition and, as
mentioned by Pons-Sánchez-Cascado (2005)
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and Ocaño-Higuera et al. (2011), contribute to its
deterioration and subsequent rejection by the final
consumer. Another important aspect is that the rate
of loss of quality depends directly on the species
itself, as well as and the storage management and
conditions (Olafsdottir et al., 1997; Rodríguez et
al., 2004; García-Soto et al., 2013).

2007) as they hydrolyze proteins in the muscle,
signaling that the flesh will soon deteriorate
(Hultmann and Rustad, 2007).

The depletion of myofibrillar ATP favors the
irreversible union of actin and myosin filaments
(Massa, 2006), leading to rigor mortis (the loss
of muscular flexibility and extensibility). The
union of these two proteins leads to muscular contraction, which occurs for a few days
and is subsequently reversed by the action of
proteolytic enzymes that degrade some of the
components of the muscle tissue (Massa, 2006;
Jain et al., 2007).

In terms of microbiological degradation, although
the muscle and internal organs of the recently
captured fish are sterile, their skin, alimentary
tract and gills contain a large number of bacteria
(Adams and Moss, 1997; Barros-Velázquez et al.,
2008). According to FAO (1995) and Gram and
Huss (1996), the bacterial flora in a recently caught
fish depends more on its environment when caught
than on the species itself. Those caught in very
cold, clean waters have fewer microorganisms
than those caught in warm waters. According to
FAO (1995), the presence of microorganisms on
the skin surface may vary by a range of 102-107
CFU cm-2, whereas the microorganisms in the
gills and intestines may reach 103-109 CFU g-1,
and these can extend to other tissues where the
presence of nutritional substances and pH favors
their development (Massa, 2006). This fosters a
bacterial degradation of low-molecular weight
constituents producing volatile metabolites
(trimethylamine, ammonia, etc.). These, in turn,
are responsible for a disagreeable smell and taste
and the consequent sensorial rejection (FAO,
1995; Massa, 2006). However, pH value is not
the only factor that favors the growth of microorganisms. Carbohydrates exist in fish in low
concentrations to begin with, and they become
exhausted moments before death. The lack of this
substance means that bacteria on the fish’s skin
resort to using a soluble mixture of nitrogenous
substances that are easily assimilated and produce
a disagreeable smell and taste (Adams and Moss,
1997). Sharks and school sharks are considered
elasmobranchs, containing high concentrations
of urea, which leads to bacterial urease activity
in the muscles that can produce ammonia very
quickly, producing an acrid odor.

Autolytic changes also involve proteolytic enzymes (Ayala et al., 2010; Li et al., 2013). These
are responsible for the characteristic softening
of the tissue (FAO, 1995; Hultmann and Rustad,

Currently, there is a huge demand for fresh
foodstuffs that are subjected to rigorous safety
regulations (Chebet, 2010). This has led the fishing
industry and control organizations to develop and

Autolytic degradation is a process by which the
fish flesh is broken down by endogenous enzymes
(Jain et al., 2007) present in the muscles and gut.
Authors, such as Huss (1988), Pons-SánchezCascado (2005) and Massa (2006), all affirmed that
when the fish dies, blood circulation terminates,
stopping oxygen and nutrients from reaching the
muscles. However, cellular activity continues for
a short a time until the energy reserves, mainly
glycogen and adenosine triphosphate (ATP), are
depleted. These substances remain in the muscle
cells after the fish’s struggle to free itself once
it is caught. In this process, in order to obtain
more oxygen, anaerobic glycolysis takes place
and breaks down the glycogen into glucose and
lactic acid. The accumulation of lactic acid leads
to a decreased level of muscle pH to the isoelectric point for myofibrillar proteins (this varies
from species to species). The muscles are then
denatured and lose their ability to retain water,
fostering changes in the texture of the fish and a
subsequent loss of quality.
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implement methods that allow the certification of
the quality and safety of their products.
Freshness and quality in marine species is assessed
based on the measurement of postmortem sensorial, physicochemical and microbiological changes
(Ocaño-Higuera et al., 2011; Li et al., 2013). All three
methods have been used to determine the freshness
of a particular species (Pons-Sánchez-Cascado et
al., 2006; Hernández et al., 2009). This agrees with
Pons-Sanchez-Cascado (2005) in affirming that
no one method is ever sufficient, and two methods
are normally recommended: one to determine the
loss of freshness if this has happened and another
to determine the microbial deterioration.
The purpose of this paper was to assess the freshness
of gutted and ungutted red tilapia (Oreochromis
ssp) stored in ice using physicochemical and
microbiological methods.

Materials and methods
Sampling and storage conditions
A total of 80 fish samples of commercial size
(380-420 g) were bought from a fish factory at
the Betania Reservoir, in the center-western part
of the Huila Department, 35 km from the city of
Neiva (Colombia). The department is responsible
for the largest tilapia production in the country,
supplying national and international markets. We
worked with 40 fish with scales, gutted at the collection site and packed into expanded polystyrene
cases, alternating layers of fish with layers of ice
in a 1:1 ratio. Once packed, they were taken to a
laboratory within an hour of purchase. The cases
were then numbered and stored in a refrigerator
with a temperature range of 0-4 °C. The remaining 40 ungutted specimens were transported in
the same conditions as the gutted fish. The gutted
samples were analyzed on days 0, 3, 5, 8, 11, 14
and 17 according to the methodology by Simat
et al. (2012), whereas the ungutted samples were
tested on days 0, 3, 6, 9, 11, 14 and 16.
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Moisture content analysis
The moisture content of red tilapia was analyzed
according to the method established by AOAC
950.46 (1997), where three containers with sea
sand and a glass rod were dried in a kiln (HUMBOLDT MFG. CO, Elgin, Illinois, EE.UU) at 103
± 2 °C for 24 h. These were then tempered in a
desiccator and weighed on an analytical balance.
The value was established as m0. Ten grams of
homogenized skinless sample was added using
the glass rod, and the container with the sand,
glass rod and sample were weighed again. This
new value was established as m1. The samples
were then kept in the kiln at a temperature of
103 ± 2 °C for 24 h, after which the containers
were tempered in a desiccator and weighed again
(m2). The moisture percentage is expressed in g
of water per 100 g of sample.

pH analysis
The pH of fish muscle from just under the skin
was analyzed. A homogenized fish-distilled
water mixture was prepared using a ratio of 1:10
weight/volume using a T 18 ULTRA-TURRAX
IKA Disperser Homogenizer, following the
methodology of Fuentes et al. (2010) and Liu et
al. (2013). The pH of the solution was determined
using a WTW Portable digital pH-meter 31,5i
model. These measurements were carried out in
triplicate in order to obtain the pH value of tilapia.

Water holding capacity analysis (WHC)
The WHC was analyzed using the methodology
of Owen et al. (1981), with modifications that consisted of placing a 0.3 g sample of meat between
four filter papers previously dried in a kiln at 103
± 2 °C for 10 min. The paper was subsequently
tempered in a desiccator and weighed, and the
sample was placed between the four pieces filter
paper and pressed between two approximately 20
cm ×12 cm acrylic plates, under 10 kg pressure for
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15 min. The test was carried out with 4 replicates
in order to average the final value.

Microbiological analysis
Samples of three different fish stored on ice were
taken from each group to estimate the viable
count. Ten grams of tilapia muscle was macerated with 90 mL of peptone water (Merck) for
4 min. Serial dilutions were made, and 1 mL of
each dilution was placed on a sterile plate using a
pipette and seeded in depth in an agar Plate Count
(PC) (Merck). The plates were incubated for 3
days at 30 °C. In the microbiological analysis,
we determined the aerobic mesophilic bacteria
present in the deterioration of gutted and ungutted
tilapia stored on ice at 0 °C to 4 °C. On each day
of the sampling, 10 g of muscle was taken from
each tilapia. For the gutted tilapia, a transversal
cut was made following the methodology of
Hernández et al. (2009). In the ungutted tilapia,
the cut was made on the fish’s back, following the
methodology of Pérez et al. (2002). Both samples
were taken aseptically and placed in sterile bags,
where they were homogenized with peptone water
(Merck) according to the Colombian Technical Guide (GTC 78) (ICONTEC, 2002). Based
on the homogenized sample (10 -1 dilution of a
stock solution), we prepared serial decimal dilutions according to Colombian Technical Norms
NTC-4519 (ICONTEC, 2009) and NTC-4491-1

(ICONTEC, 2005), and Norm UNE EN –ISO
6887-3 (AENOR, 2004). One mL of each of the
dilutions in duplicate was inoculated in agar PC
(Merck). The plates were subsequently incubated
at 30 °C in aerobic conditions for 3 days.

Statistical analysis
The significant differences in freshness parameters were tested using a one-way analysis of
variance (ANOVA). Statistical Analysis System
Software (STATGRAPHICS Centurion, XV. II
version, StatPoint, Inc., USA) was used to carry
out multiple range tests among the data, and the
P≤0.05 results were considered significant. The
Tukey HSD difference procedure was used to
discriminate among the means.

Results and discussion
Table 1 presents the assessment of all of the physical, chemical and microbiological parameters that
were indicators of loss of freshness, assessed in
terms of storage time in the gutted tilapia. Almost
all of the parameters assessed presented statistically significant differences (P≤0.05) as storage
time increased, indicating a loss of freshness
in the fish. For the case of ungutted tilapia, the
evolution of the evaluated parameters based on
storage time on ice is presented in Table 2. In the

Table 1. Evolution of gutted red tilapia on ice.
Gutted tilapia
Day

0

3

5

8

11

14

17

Fillet
Moisture (%)

74.47±1.54 a

76.33±20.01 a

78.33±1.53 a

77.33±0.58 a

77.00±1.00 a

76.33±0.58 a

77.00 ±0.00 a

pH

6.09±0.05 a

6.25±0.04 b

6.45±0.10 c

6.46±0.05 c

6.41±0.04 c

6.45±0.04 c

6.51±0.03 c

WHC (%)

91,27±1.54 a

90.02±4.44 a

79.35±4.49 b

79.64±2.70 b

63.25±1.75 c

56.65±3.68 c

55.87±3.15 c

Aerobic
mesophilic
bacteria (Log
CFU g-1)

4.63±0.23 a

6.78±0.63 ab

6.60±1.17 ab

8.43±1.80 bc

7.81±1.35 bc

8.61±1.24 bc

9.67±1.98 c

Different letters in the same line indicate statistically significant changes (P≤0.05);

x ± S.
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same way as gutted tilapia, statistically significant
changes (P≤0.05) were found as the storage time
increased.
The results obtained in this study showed how the
pH increased during the storage time. In the gutted
tilapia, pH increased gradually from 6.09±0.05 to
6.51±0.03 during the 17 days of storage (Table 1),
whereas in the ungutted tilapia, the pH increased
from 6.24±0.13 to 6.44±0.06 (Table 2). This
ascending evolution was also recorded by Jain
et al. (2007) in rohu and labeo carp, with values
that were very similar to those obtained in this
study (pH of 6.1 to 6.9). The authors explained
the result as a consequence of tissue exhaustion.
A similar evolution was reported by Rodríguez
et al. (2004), who recorded a change in the pH of
hake stored in ice from 6.67 to 6.98 and 7.71 after
5 days and 19 days of storage, respectively. The
same result was also reported by Ocaño-Higuera
et al. (2011) for ray fish, with a pH that increased
from 6.78 to 7. The authors considered that the
variation between the initial and final pH values
may have been due to the species, the season
when the fish was caught, its diet, the level of
activity or stress during capture and the type of
muscle tissue. The increased pH also indicated
the accumulation of alkaline compounds, such as
ammonia and trimethylamine (TMA) compounds,
derived from the microbial action (FAO, 1995;
Rodríguez et al., 2004).

The WHC, which measures the muscle’s ability to
retain free water, progressively diminished during
storage time in both gutted and ungutted tilapia,
but it was more evident in the gutted tilapia. The
reduction of water holding capacity meant that
an increased amount of water was exuded from
the fish fillets. This lead to a loss of juiciness,
which is important for both the industry and the
consumer (Huss, 1988; Olsson et al., 2003; Olsson
et al., 2007). For the gutted tilapia, an initial value
of 90.02±4.44% and a final value of 55.87±3.15%
were obtained on day 17 of storage in ice. A similar
evolution was recorded by Ocaño-Higuera et al.
(2011), who found a reduction in the water holding capacity in ray fish from an initial value of
92% to 87% during 18 days of storage in ice. This
reduction was attributed the loss of functionality in the myofibrillar proteins responsible for
water holding in muscles (Ocaño-Higuera et al.,
2011), which could also be related to proteolytic
activity in the muscles (Olsson et al., 2003). The
magnitude of the change in the water holding
capacity depended on the original conditions of
the muscle (Ocaño-Higuera et al., 2006).
In the ungutted tilapia, the behavior of the measurements obtained reflected a significant change,
given that the initial water holding capacity presented a value of 56.22±3.48%, and on the sixth
day, this increased to 67.51±4.34%. This property
diminished at 14 days to 54.52±5.14%, and on the

Table 2. Evolution of ungutted red tilapia on ice.
Ungutted tilapia
Day

0

3

6

9

11

14

16

Fillet
Moisture (%)
pH
WHC (%)
Aerobic
mesophilic
bacteria
(Log CFU g-1)

76±1.73 a

76.33±1.15 a

77.33±0.58 a

77.33±0.58 a

77.67±0.58 a

77.67±0.58 a

77.67±0.58 a

6.24±0.13 a

6.33±0.03 a

6.25±0.08 a

6.40±0.10 a

6.19±0.03 a

6.28±0.03 a

6.44±0.06 a

56.22±3.48 ab

66.19±4.27 c

67.51±4.34 c

51.58±2.82 a

53,84±2.54 ab

54.52±5.14 ab

60.61±2.39 bc

4.05±0.70 a

7.33±1.07 bc

7.14±1.60 b

6.53±0.81 b

7.31±1.15 bc

8.35±1.08 bc

9.29±1.04 c

Different letters in the same line indicate statistically significant changes (P≤0.05);

x ± S.
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final day of sampling (day 16), the water holding capacity was reported as 60.61±2.39%. This
behavior of an ascending water holding capacity
was also recorded by Olsson et al. (2003) in halibut
cooled to 0 °C, suggesting that the meat’s water
holding capacity improved with time and as a
result of the structural changes to the proteins
in the muscle or a post mortem expansion of the
myofibrils (Moeseke and De Smet, 1999).
A detailed observation of the evolution of fish fillets
showed that the microorganisms exceeded the 6
logarithmic cycles of aerobic mesophilic bacteria
counts over 8 days, which was considered a limit
consumption value for this food according to the
European norm (CE) N° 2074/2005 (CEE, 2005).
On day 8, the fish fillets experienced a statistically
significant decrease in the water holding capacity,
which indicated that besides the possibility of causing health problems, the fillet also lost sensorial
properties that were attractive to the consumer,
such as its juiciness. After the storage process, the
aerobic mesophilic bacteria count was 9 ± 1.98
Log CFU g-1 in the gutted tilapia at 17 days and
9 ±1.04 Log CFU g-1 in the ungutted tilapia at 16
days. These results supported the use of gutted
tilapia for its commercialization, recommending
up to 8 days of alternating refrigeration and storage in ice to prolong its shelf life to guarantee
quality (Lougovois et al., 2003; Erikson et al.,
2011). The values obtained, according to Liston
(1980) and cited by FAO (1995) and Olafsdottir
et al. (1997), were typical values, given that the
presence of microorganisms on the skin surface
vary within a range of 2 - 7 Log CFU cm-2, and
on the gills and gut they are normally within a
range of 3 - 9 Log CFU g-1 (FAO, 1995), which can
extend to other tissues where there are nutritional
substances and a relatively high pH that favor their
development (Huss, 1995, cited by Massa, 2006).
The results of the present research study were
similar to those found by Cardenas et al. (2007),
who identified viable microorganism counts in
cod fillets refrigerated at (0-1 °C) at 5 Log CFU
g-1 at the beginning of the process and 9 Log

CFU g-1 during 14 days of storage. Similarly,
Pons-Sánchez-Cascado (2005) determined initial
and final aerobic mesophilic bacteria counts for
anchovy of 4 Log CFU g-1 and 8 Log CFU g-1,
respectively, during storage on ice. Paleologos
et al. (2004) determined an initial total viable
count in gutted sea bass of 4 Log CFU g-1 and a
total viable count of 8 Log CFU g-1 after 16 days
of storage. In studies undertaken in Japan with
salmon (Pseudopercis semifasciata), the aerobic
count was less than 4 log CFU g-1 in a good quality fish, bearing in mind that for raw fish, the
maximum limit was 7 log CFU g-1, according to
International Commission on Microbiological
Specification for Foods (ICMSF) of the University
of Toronto (Sallam, 2007). However, authors,
such as Chytiri et al. (2004), determined that
whole freshwater ungutted rainbow trout stored
on ice presented a mesophyll count of 2.5 log
CFU cm-2 to 7.0 log CFU cm-2 after 18 days of
storage. This was very similar to the results found
by Cakli et al. (2007) for bream, which obtained
a total mesophyll count of 2.61± 0.12 Log CFU
g-1 initially and a count of 7.97 ±0.04 Log CFU
g-1 after 18 days of storage. They also found that
the sea bass presented a total mesophyll count of
2.78 ±0.07 Log CFU g-1 initially and a count of
8.04 ±0.07 Log CFU g-1 after 18 days of storage.
The viable microorganism counts found in our
study were different because the bacterial flora
in a recently caught fish depended more on the
environment where it was caught rather than the
species itself (FAO, 1995; Gram and Huss, 1996).
As mentioned above, species caught in very cold,
clean waters had fewer microorganisms than those
caught in warm waters, such as the tilapia in this
study. This happened because the conditions of
the warmer water were ideal for the growth of
mesophilic microorganisms.
For ungutted tilapia, a loss of freshness that limited the consumption of the food was found three
to six days after beginning storage in ice, with
mesophyll aerobic bacteria total count values of
7.33±1.07 Log CFU g-1 and 7.14±1.60 Log CFU
g-1, respectively. Similarly, the reduction of firm-
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ness in the fillets and abdomen were noticeable
after the third day of storage. The evolution of
the aerobic mesophilic bacteria counts allowed
us to define the shelf life of the food in terms
of days. For the case of gutted tilapia, on day 8
of refrigerated storage, the 6 logarithmic cycles
established in the European legislation as the limit
for the consumption of the fish were exceeded.
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For the case of ungutted tilapia, the shelf life was
shorter by three days of storage in ice, considering the same limit value in the bacterial count.
The microbiological results allowed us to verify
the use of gutted tilapia for its commercialization, recommending up to 8 days of alternating
between refrigeration and storage in ice to prolong
its shelf life, thus guaranteeing its good quality.

Resumen
Y.L. Ruiz-Osorio, C.M. Amorocho-Cruz y N. Gutíerrez-Guzmán. 2015. Cambios
fisicoquímicos y microbiológicos en la Tilapia Roja (Oreochromis ssp) eviscerado y sin
eviscerar, almacenada en hielo. Cien. Inv. Agr. 42(2):263-272. Se evaluó el grado de frescura
del producto a través de métodos físicoquímicos y microbiológicos, realizando un muestreo
durante los días 0, 3, 5, 8, 11, 14 y 17 en la Tilapia Roja eviscerada y en los días 0, 3, 6, 9, 11,
14, y 16 en la Tilapia Roja, sin eviscerar, con un tamaño de muestra de cinco peces almacenado
en hielo bajo condiciones de refrigeración (0-4 °C). El grado de frescura se estudió a través
de diferentes métodos: pH, capacidad de retención de agua (CRA) y análisis microbiológico
(recuento de mesófilos aerobios). Obtenidos los resultados, se realizó un análisis de varianza
simple (ANOVA) para determinar la posible correlación de los valores de deterioro y los datos
obtenidos por métodos analíticos. El análisis de varianza simple arrojó que en casi todos los
parámetros evaluados se presentaron diferencias estadísticamente significativas (P≤0.05) a
medida que avanzó el almacenamiento, siendo un indicativo de la pérdida de frescura en el
pescado. Es así como en la tilapia eviscerada, la evolución de la dureza del filete y del pescado
entero, se encontraron descensos estadísticamente significativos más notorios en el octavo día
de almacenamiento, momento a partir del cual fueron superados los seis ciclos logarítmicos
en recuento de Mesófilos aerobios; este mismo día el filete experimentó un descenso
estadísticamente significativo en la CRA. En la Tilapia sin eviscerar, la pérdida de frescura que
limita el consumo del alimento se presentó entre los tres y seis días de iniciado el almacenamiento
con valores en el recuento de Mesófilos aerobios de 7.33±1.07 Log UFC g-1 y 7.14±1.60 Log
UFC g-1, respectivamente; de la misma forma, los descensos significativos en dureza del filete y
dureza del vientre se hicieron notorios a partir del tercer día de almacenamiento.
Palabras clave: Almacenamiento, capacidad de retención de agua, CRA, peces, pH, mesófilos
aerobios.
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