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Abstract: The objective of this study is to investigate the quality differences and visual characteristics between cultured gilthead sea bream obtained from
earthen ponds and net cage habitats. No significant differences from obtained in two different habitats are determined cultured gilthead sea bream in terms
of chemical and microbiological quality. It has been determined that it is a safe food for consumption since it does not contain pathogenic microorganisms
such as Escherichia coli and Salmonella spp. that negatively affect food safety. Visual quality differences are distinguished like the skin color, reddish color
on the operculum cover, the head shape and the tail transparency from each other. Having unique sensorial characteristics fishes from two different habitats
do offer valuable nutrient sources for consumers. Thanks to the controlled aquaculture conditions, safe production of cultured gilthead sea bream is carried
out according to food safety in Turkey. Therefore owing to their delicious food source of cultured gilthead sea bream it is preferred for consumption in Turkey
and all ower the world.

Keywords: Gilthead seabream, breeding, quality, visual characteristics, food safety

0z: Bu calismanin amacl, toprak havuzlarda ve ag kafeslerde yetistirilen gipura baliklari arasindaki kalite farkliliklarini ve gorsel ézelliklerini aragtirmaktir.
Her iki habitatda yetistiriciligi yapilan gipura baliklarinda kimyasal ve mikrobiyolojik kalite agisindan énemli bir farklilik tespit edilmemistir. Escherichia coli ve
Salmonella spp. gibi gida guvenligini olumsuz yonde etkileyen patojen mikroorganizma icermemesi bakimindan tiketim icin glvenli gida oldugu
belirlenmistir. Gorsel kalite farkliliklari olan deri rengi, solungag kapagi lizerindeki kirmizimsi renk, kafa sekli ve kuyruk seffafligi ile birbirinden ayirt
edilmektedir. Toprak havuzlarda ve ag kafeslerde yetistirilen gipura baliklari, farkli duyusal 6zellikleri ile tiketiciler icin degerli besin kaynaklaridir. Tiirkiye'de
yetistiriciligi yapilan cipura baliklarinin, kontrollii akvakiiltiir kosullari sayesinde gida giivenligine uygun Uretimi yapiimaktadir. Bu nedenle kiiltiire alinan

cipura baliklari, lezzetli besin kaynagi olmasi nedeniyle hem (ilkemizde hem de diinyada tercih edilen ve glivenle tiiketilen dnemli bir ticari trdr.

Anahtar kelimeler: Cipura, yetistiricilik, kalite, gorsel karakteristikler, gida giivenligi

INTRODUCTION

Aquaculture is the only alternative to wild capture fishing
able to satisfy the increasing consumer demand for
sustainable production of safe seafood of the highest quality
and nutritional value (Claret et al., 2016). The decrease in the
sustainability of natural aquatic food sources due to adverse
environmental conditions in the aquatic environment,
overfishing, increase in the invasive fish population, etc.
creates difficulties every day in the consumption of safe
fisheries. Thanks to the successful production in fish farming
all over the world, it is possible to meet the important animal
protein needs for human nutrition. The gilthead seabream
(Sparus aurata) is an economically cultured fish species and
a rich protein food source. Turkey is one of the leading
aquaculture producing countries for farmed gilthead sea

bream and sea bass together with Greece, Italy, and Spain.
Lopez Ales (2018) explained that there are gilthead seabream
productions in 20 different countries, where through the years,
the total production of gilthead sea bream has been
increasing, Turkey is the main producer with 72.000 t (34.8 %
total production), Greece with 51.000 t (24.6%), Egypt with
26.000 t (12.6%) and Spain with 13.642 t (6.6%). Marine fish
farming was started at the beginning of the 1990s in Turkey.
Generally marine fish was mostly cultured in the
Mediterranean region in net cages. Aquaculture production
gradually increases day by day owing to the increasing
consumption of farmed marine fish all over the world. Total
aquaculture fishery production of Turkey is approximately
276.502 tons, of which 99.971 and 61.090 tons of sea bass
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and sea bream respectively (TurkStat, Fishery Statistics,
2017). Total aquaculture fishery production of Turkey is
314.537 tons of which 209.370 tons is cultured marine fish
and 105.167 tons is freshwater fish farming. 76.680 tons of
cultured marine fish is gilthead sea bream and 116.915 tons
is sea bass. It’'s projected that the amount of cultured gilthead
sea bream and sea bass production will reach a total of
402.951 tons. (Tagem, 2019). It is clear from the statistics and
the projections provided by the Republic of Turkey Ministry of
Agriculture and Forestry that aquaculture production
increases steadily at a high pace. Today, some of the
producers around Mugla province contribute to the national
economy by breeding gilthead sea bream in earthen ponds
that are not on land unsuitable for agriculture and they
produce fish similar to wild fish in terms of sensory
characteristics. Others of the fish farmers are farming gilthead
seabream in net cages offshore. Over the past decade
demand for freshly cultured gilthead seabream in Turkey and
Europe has increased significantly due to flavor, texture, total
quality, availability throughout the year, and cost efficiency to
consumers. Gilthead seabream is one the most and
increasingly preferred cultured fish species worldwide.
Factors affecting the sensorial and microbiological quality of
cultured fish may vary depending on features of fish species,
cultivation conditions, fish feeding regime, practices during
harvesting and post-harvesting (Caggiano, 2000). Excessive
feeding of fish increases the microbial load by enzyme
activities in their digestive systems. Therefore the shelf life of
these types of fish is short. The sources of contamination are
soil, water, weather, human, and tool devices. Papadopoulos
et al. (2003) reported that based on sensory and
microbiological analyses gutted sea bass have a shorter shelf
life than ungutted specimens. If the soil which is the natural
environment for many microorganisms, is contaminated
especially by the sewage systems or feces there would be an
increase in both the species and number of microorganisms.
Similarly, water may become another source of microbial
contamination unless a sanitary condition for farmed fish is
provided. The amount of bacteria in the aquatic waters has a
significant effect on fish quality. Pollution and the presence of
sediment deposition indicate the existence of the
pathogenetic bacteria in waters used for aquaculture fish
production. Microorganisms may cause a pathogenetic impact
responsible for the deteriorating quality of fish flesh. The most
common pathogens in fish are Salmonella typhi, E. coli,
Pseudomonas florescens, Aeromonas hydrophilla, Proteus
vulgaris, Staphylococus aureus, Shigella spp. (Obasohan et
al.,2010). Bacteria present on the fish are normally associated
with those found in their natural environment and influenced
by the season and the harvesting condition. The proportion of
the initial population can easily be changed after the
harvesting process depending on the ability of the bacteria to
adapt to the new conditions (ICMSF, 1998). Live fish is
normally considered to be sterile but microorganisms exist on
the skin and gills and in the alimentary tract of live and newly
caught fish in varying numbers. A normal range of 102-107

cfu/cm? on the skin and between 103-10° cfu/g in the gills and
intestines have been observed (Liston, 1980). Spoilage
bacteria are predominant on newly caught fish but some
pathogenic bacteria could also be present in the skin, gills, or
guts (Jha et al, 2010). To ensure sensorial and
microbiological quality in cultured fish it is necessary to
control environmental factors, take measures to prevent the
contamination of seawater, and hygiene practices. If the fish
are stressed and alive, the lactic acid level will be increased,
therefore the pH value will decrease dramatically; in case of
prolonged stress, all glycogen will be consumed, leading to a
high level of pH. Meantime psychrophile and psychotropic
aerobic, gram-negative bacteria, usually living on the fish
begin to multiply and cause the characteristic odors affecting
sensorial quality (Caggiano, 2000).

There are some studies on quality evaluation of cultured
gilthead sea bream (Kyrana et al., 1997; Alasalvar et al., 2002
a, b; Grigrakis et al., 2002; 2007; Lougovoisa et al., 2003;
Beklevik et al., 2005; Kilinc et al., 2007; Alvarez et al., 2008;
Yildiz et al., 2008a, Yildiz, 2008b; Attouchi and Sodak, 2010;
Cardinal et al., 2011). However, the aim of this study was to
determine quality parameters and visual characteristics of
gilthead sea bream cultured in different habitats.

MATERIAL AND METHODS

Gilthead seabream is cultivated in net cages and/or in
earthen ponds by some of the producers around Mugla
province in Turkey. In this research fresh gilthead seabream
with an average weight of 300-350 g and an average length of
26-28 cm cultured in net cages (by Kilic Deniz Co. in Bodrum,
Turkey) and earthen ponds (by Association of Inland
Aquaculture Farmer and Producers in Milas, Turkey)
harvested in every two months were used. The fish were
slaughtered by immersing in ice-cold water (hypothermia) and
delivered to the laboratory (whole) within 12 h after
harvesting, packed in separate thermo-insulated polystyrene
boxes with ice. Figure 1 shows cultured gilthead sea bream.
The photo on the left side represents in net cage cultured fish
(a) and the right side represents farmed fish in earthen ponds

(b)-
Physico-chemical analyses

During analyzing period pH, TVB-N, and NHs-N analyzes
were measured for both of the groups. pH values of fish flesh
(1:10 v/w) were measured with Thermo Scientific Model Orion
Star A 214 (USA) pH meter. NHs measurement of fish flesh
was measured according to the ISE procedure by Pivarnik et
al. (1998). To determine NHs value of fish flesh, 5 g of flesh
fish, 95 ml pure water, and 2 ml alkali ISA were homogenized
for 2 minutes. After calibrating the Thermo Scientific Model
Orion Star A 214 (USA) pH/ISE meter, NH3 measurement had
been carried out. The results of NH3 were provided as mg/100
g. The method reported by Schormiiller (1968) was used to
determine TVB-N values of fish samples. MgO was added to
the homogenized fish samples and then it was distilled. After
distillation, distilled ammonia materials were titrated with 0.1
N NaOH. The results were explained as mg TVB-N/100 g
muscle.
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Figure 1. Cultured gilthead seabream (Sparus aurata) in net cage? and in earthen ponds® (Original photograph)

Color measurement

Color analyses were determined from each of five fish
using Minolta CR-400 chromometer (Minolta Camera Co.,
Japan). The Minolta colorimeter was calibrated with a
standard white plate (D65, Y=93.9, x=0.3155, y=0.3319)
before each use L*, a¥, b* values were measured under D65
illumination. By using five fish for each value L*, a*, b* values
were measured three times from different spots on dorsal
parts of skin, flesh, and operculum of each fish separately.
Finally, the average value was calculated and recorded as
result. L* value represents lightness from black to white
between 0 and 100 a* value represents color from red (+) to
green (-) and b* value represents color from yellow (+) to blue
(-) in the color measurement of fish.

Sensorial analyses
Raw and cooked fish samples

The sensorial attributes of cooked fish were evaluated by
a panel of ten experienced judges during each sampling
period. Fish samples (100 g of fillets) were cooked individually
in a steam cooker with a Pyrex lid (Raks Buharlim, Manisa,
Turkey) which had been preheated to 100 °C for about 30
min until the internal temperature of each fillet reached 70 °C
at the thickest part measured with a thermocouple probe.
After reaching the desired internal temperature samples were
immediately presented to the panelists (each panelist
evaluating approximately 20 g of fish sample).

Panelists were asked to score the odor, taste, and texture
of fish using a 0-10 descriptive hedonic scale (Chang et al.,
1998). The same panelists also scored QIM on the significant
sensory parameters of raw fish using characteristic
parameters and a scoring system from 0 to 3 demerit points
(Huidobro et al., 2000).

Microbiological analyses

Total mesophilic aerobic bacteria count (TMABc) and
yeast and mold count (TYMc) were determined as stated by
Maturin and Peeler (1998) and Anonymous (2005)

respectively. Each fish sample of 10 g was homogenized for
150 sec in a stomacher (IU Instruments, Spain) with 90 ml
peptone water (0.1%).Serial dilutions (from 101 to 104) were
prepared for each sample obtained from obtaining different
aquaculture habitats. Diluted samples were placed on plate
count agar (PCA, Merck) and incubated at 35 °C for 48 h to
estimate TMABc count. Also dicloran rose bengal agar
(DRBC, Merck) was used to estimate TYMc by incubating at
23°C for 5 days. Microbiological measurements were
conducted on five whole fish samples and each measurement
was repeated eight times resulted in sixteen (n=16)
measurements for each enumeration.

Detection of salmonella was determined as stated by Rall
et al. (2005). During pre-enrichment 25 g of fish samples were
homogenized with 225 ml of buffered peptone broth in a
stomacher for one minute. The fish samples were pre-
enriched in buffered peptone broth which was incubated
between 18 and 20 h at 35°C. After pre-enrichment of the
samples, selective enrichment was carried out, in this sense,
0.1 ml (approximately) of the pre-enriched sample was
transferred to 10 ml of Rappaport-Vassiliadis broth (RV). 1 ml
of pre-enriched sample was transferred to 10 ml of
tetrathionate broth (TT) and then both media were incubated
at 42°C for 24 hours. Besides during plating on solid selective
media, they were shaken and streaked onto plates of
CHROM agar Salmonella Plus medium and Xylose lysine
desoxycholate (XLD) agar. Incubation of the samples was
carried out at 35°C for 24 hours, after the incubation period of
the plates, the samples were examined for typical Salmonella
colonies.

The isolation of E. coli was determined as stated by (FDA-
BAM) (Feng et al., 2011). In this respect, a 25 g fish sample
was transferred in 225 ml of tryptone phosphate (TP) broth
and incubated at 44°C for 24 h for the pre-enrichment period.
A volume of enriched broth was plated onto eosin-methylene
blue (EMB; colonies produce a green metallic sheen) agar
and MacConkey agar plates (colonies are brick red).
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Statistical analysis

Kolmogorov-Smirnov and Shapiro-Wilk normal tests were
used to determine the statistical significance of the results of
the study. The groups which were normal distribution was
used Studentt, and the groups which weren't normal
distribution was used Mann-Whitney U. Once the results of
normal distribution groups were indicated as average +
standard deviation, abnormal group results were showed as a
min-max median. The result of the study was evaluated as
p<0.05 and the results were considered statistically
significant.

RESULTS AND DISCUSSION

The identification of the color characteristics in the body
parts is a determining factor in distinguishing the gilthead sea
bream fish grown in different aquaculture habitats from each
other.

The skin, operculum, and flesh of color values of gilthead
seabream are provided in Figures 2 to 8. The lightness values
(L*) of the skin of cultured gilthead seabream in net cage
ranged from 59.31 to 86.74 and the values of red and yellow
color, a* and b*, ranged respectively from -0.46 to -1.03 and -
4.06 to 0.17 depending on harvesting times. On the other
hand the lightness values (L*) of the skin of cultured gilthead
seabream in earthen ponds ranged from 62.63 to 85.91 and
the values of red and yellow color, a* and b*, ranged
respectively from -0.30 to -1.69 and -5.02 to 2.02 in the same
harvesting periods. The skin color of the net cage cultured
gilthead seabream was darker than those of gilthead sea
bream from earthen ponds (Figure 1, 2 and 3). Especially,
except in April, skin L* values of cultured gilthead seabream
from earthen ponds were statistically higher in June, August,
October, and December than those of the net cage cultured
gilthead seabream. The transparency and the number of rays
of the tail fin of gilthead seabream cultured in earthen ponds
were more distinctive than those of the gilthead seabream
cultured in net cages.

[S2]
o
I Y I |

October
Month

December February  April June  August

M The skin L* value of net cage fish
O The skin L* value of earthen pond fish

Figure 2. The skin L* values of cultured gilthead seabream.

The L* and a* values of the flesh of cultured gilthead
seabream are provided in Figures 4 and 5. It is determined
that the average L* and a* values of the flesh of cultured
gilthead seabream in earthen ponds ranged from 45.83 to

81.82 and from -0.52 to 3.63 respectively. On the other hand,
the average L * value and a* values of the flesh of cultured
gilthead seabream in the net cage ranged from 49.86 to 77.03
and from -0.33 to 4.22 respectively.
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= O The b* value of skin of earthen pond fish
Figure 3. The skin b* values of cultured gilthead seabream
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Figure 4. The flesh L* values of cultured gilthead seabream
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Figure 5. The flesh a* values of cultured gilthead seabream

It was determined that the L* values of the flesh of
cultured gilthead seabream in the net cages were brighter
than that of the gilthead seabream from earthen ponds only in
December whereas during the other months it was exactly the
opposite as statistically. However, the a* value of flesh of
cultured gilthead seabream in net cages was brighter in
February and June whereas, on the contrary, the a* values of
flesh of cultured gilthead seabream in earthen ponds were
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brighter in August and October. There was no difference in
the a* values of the flesh of cultured gilthead seabream both
from the net cage and earthen ponds in December and April
(p>0.05).

Cardinal et al. (2011) reported that lightness values of the
raw fillet seabream ranged from 41.2 to 43.1 and the values
of red and yellow color, a* and b*, ranged respectively from-
1.5 t0-0.5 and from -0.4 to -0.04, according to the period. A
significant difference was only observed on the a* parameter
of the samples caught in March presenting a slightly less red
color. In general, the a* color values of both groups of fish
fillets were slightly reddish in December and April whereas it
was markedly reddish flesh color in June. These a* color
value results are comparable to reported color values by
Cardinal et al. (2011). It was determined that the ideal flesh
color was similar to that of wild fish in December referring to
L* and a* values for both groups of fish fillets. The operculum
L*, a*, and b* values of cultured gilthead seabream can be
seen in Figures 6, 7 and 8. As provided in Figure 7, the a*
values of operculum cultured gilthead seabream in earthen
ponds ranged from 0.19 to 2.48. Whereas, it was determined
that the redness, a* values of the operculum of cultured
gilthead seabream in the net cage were mostly under 1.
Statistically, in all harvesting periods operculum, a* value of
cultured gilthead seabream in earthen ponds was found more
reddish than those of the cultured fish in the net cage
(p<0.05). Also in all periods except in December operculum
b* values of gilthead sea bream cultured in earthen ponds
were yellowish than those of the cultured fish in the net cage
(p<0.05).

el

December February  April June August  October

M The operculum of L* value of net cage fish Month
O The operculum of L* value of earthen pond fish

100
90
80
70
60
50
40
30
20
10

L*Value o

Figure 6. The operculum L* values of cultured gilthead seabream

The wild and cultured seabream could be separated from
each other by visual differences such as body shape, color,
skin, stamps, teeth, and odor (Grikorakis et al., 2002). Body-
color differences of cultured gilthead seabream were found
significant between cultured in the net cage and earthen
ponds (p<0.05). They could be distinguished from each other
considering visual characteristics such as skin color, head
shape, redness of the operculum, and transparency and color
of the fail fin. In this study, the most significant color
difference between the two groups of fish was the skin color.
The skin L*value of cultured gilthead seabream from earthen

ponds was determined brighter than that of the cultured
gilthead seabream in the net cage. Moreover, cultured
gilthead seabream in earthen ponds had distinct red color on
the operculum.
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M The operculum of a* value of net cage fish
OThe operculum of a* value of earthen pond fish

Figure 7. The operculum a* values of cultured gilthead seabream
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O The operculum of b* value of earthen pond fish
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Figure 8. The operculum b* values of cultured gilthead seabream

Besides, gilthead seabream cultured in earthen ponds
was separated easily than the other fish samples thanks to
the brightness and transparency of the tail fin. While cultured
gilthead sea bream in earthen ponds had thinner head just as
wild fish, cultured gilthead seabream from net cage had
almost a big round-shaped head. Because of the brightness
of skin L* value and the redness of a* value on the operculum
cultured gilthead seabream in earthen ponds were
significantly different than that of the cultured fish in the net
cage (p<0.05). Visual characteristics of cultured gilthead
seabream in earthen ponds were quite similar to those of the
wild gilthead seabream which was also in line with the
findings of Grigorakis et. al (2002).

Sensory evaluations of raw and cooked cultured gilthead
seabream both from two different habitats are provided in
Figures 9 and 10. The quality is generally defined with
nutritional, microbiological, biochemical, and physicochemical,
but none of these terms are solely enough to define the
quality. Sensorial perception and consumer acceptance
scores should be considered along with these properties to
define the overall quality. The fish quality should be
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maintained seamlessly from fishing to the consumer. The
quality index method (QIM) is the commonly used method to
determine fish quality lately. The total score represents all
quality properties of fish and this score is named as the
quality index. For fresh fish, a zero score is given and the
score increases when the fish sample gets worse (Nielsen et
al., 2002). Papadopoulos et al. (2003) reported that rigor
mortis, metallic sheen, and iridescence of the skin, as well as
glossy, bright red gills processing seaweedy and shellfish
odor, should be considered as attributes of extreme
freshness, whereas loss of brilliance and iridescence, fading
of skin colors and bleaching of the gills in patches would
indicate stale fish. In Figure 9, the sensorial average score of
cultured gilthead sea bream in the net cage was 3.3 where
cultured gilthead seabream in earthen ponds had a 2.8
average sensorial score. Although the differences weren't
statistically meaningful for the sensorial quality of raw fish
(p>0.05) however probably these differences could depend
on harvesting conditions, feeding regime, sea or freshwater
temperature, the effectiveness of cold chain, and transport
conditions.

Cardinal et al. (2011) concluded that sensory criteria
chosen for seabream cooked fillet related to the appearance,
odor, flavor, and texture were identified for odor; global
intensity, for appearance, color homogeneity, for texture,
firmness, for flavor, global intensity. The taste, odor, and
flavor properties of cooked cultured gilthead seabream are
shown in Figure 10.

A nm

December February  April June  August October
Month

| Sensory score of net cage fish
Sensory score of earthen pond fish

QM Score e = v w B o o

Figure 9. QIM score of raw cultured gilthead seabream. Points
represent mean values of ten determinations + standard
error

The textural properties of cooked cultured gilthead
seabream in the net cage were scored the best quality except
in February and April by panelists' preferences. On the other
hand, in terms of odor characteristics except for December
the best quality was determined for cultured gilthead
seabream in the net cage. The texture, odor, and flavor of
cultured gilthead seabream in the net cage had a great
influence on the preferences of the panelists with a higher
score in October than cultured fish in earthen ponds.
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o Mont

m Net cage fish texture score
3 Net cage fish odor score
B Net cage fish flavor score

m Earthen pond fish texture score
F1Earthen pond fish odor score
& Earthen pond fish flavor score

Figure 10.The sensory score of cooked cultured gilthead seabream.
Points represent mean values of ten determinations +
standard error

It was clear that cooked gilthead seabream cultured in
earthen ponds had softer flesh tissue than the other fish
group. Furthermore, the most preferred group with salty flesh
taste cultured gilthead seabream in earthen ponds was
noticed. For these reasons, cultured gilthead seabream in
earthen ponds were mostly preferred due to the juiciness of
filets by panelists. On the other hand, cultured gilthead
seabream in the net cage had harder flesh tissue and less
taste than the other fish group. But it was noticed that the
cultured gilthead seabream in the net cage showed higher
quality through textural and odor parameters. A statistically
significant difference couldn’t be found between the sensorial
properties (texture, odor, and taste) of the two fish groups.
The feeding regime is one of the important parameters
affecting the cultured fish quality. During feeding periods the
digestive tract of the fish contains many bacteria that produce
digestive enzymes capable of causing intense postmortem
autolysis resulting in strong odors and flavors especially in the
abdominal area (Huss, 1995).

Table 1 shows that the total number of mesophilic
bacteria in the flesh of gilthead seabream fish was 1.40-3.31
log cfu/g in net cage fish; 1.61-2.99 log cfu/g in the earthen
ponds fish. Yeast and mold were determined 2.07-2.90 log
cfulg in the net cage fish and 0.74-3.68 log cfu/g in the
earthen pond fish. Yeast and mold were determined 2.07-2.90
log cfu/g in the net cage fish and 0.74-3.68 log cfu/g in the
earthen pond fish.

There was a difference between the groups in terms of
yeast and mold in December, April, and August (p<0.05). The
total mesophilic bacteria of gilthead seabream vary in months
and groups (p <0.05). In December and February, the number
of mesophilic bacteria of cultured fish in the net cage was
higher than those of the earthen pond fish. Whereas in April
the number of mesophilic bacteria in the earthen pond fish
was found to be higher than those of the cultured seabream in
the net cage. Attouchi and Sadok (2012) reported that
mesophilic bacterial count in fresh farmed seabream was 2.83
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log cfu/g. In our study low initial mesophilic bacterial counts in
both cultured fish were found to be similar to those reported in
cultured seabream by Attouchi and Sadok (2012). According
to ICMSF (1986) that the limit value of mesophilic bacteria for
human consumption of fresh fish is 7 log cfu/g. The total
mesophilic bacteria counts of fish groups did not exceed the
maximum level for gilthead seabream regardless of the month
harvested. Both groups were found to be suitable for human
consumption in terms of total mesophilic bacterial load, yeast,
and mold in fish meat.

Table 1. Changes in microbiological bacteria count of cultured
gilthead seabream

Mesophilic Net cage fish Earthen pond fish p

December 3.31£0.052 2.11£0.06° 0.001
February 2.72+0.062 2.59+0.05 0.006
April 1.40£0.082 1.6120.08 0.005
June 2.27+0.162 2.09+0.072 0.065
August 2.02+0.072 2.20£0.202 0.096
October 3.1410.102 2.9910.232 0.217
Yeastand Net cage fish Earthen pond fish p

December 3.80+0.082 2.42+0.02° 0.001
February 3.120.122 2.970.102 0.055
April 1.40£0.082 1.61+0.080 0.005
June 2.5940.142 2.4040.19° 0.096
August 2.31£0.122 2.52+0.080 0.015
October 3.60+0.142 3.42+0.202 0.140

(*) a and b determine statistical differences between the two groups during
analysis period ( n=5)

Besides, Salmonella spp. and E. coli are important for
food safety. The presence E. coli in food indicates fecal
contamination in general directly or indirectly depending on
the fecal origin. High levels of E. coli in food give a general
idea that food is produced and stored under inappropriate or
inadequate hygiene and sanitation conditions (Temiz, 1998).
Salmonella spp. is a disease pathogen and should never be
present in food. If sanitary procedures are implemented by
good manufacturing practices the production of good eating
quality is assured. The pathogenic bacteria release toxins into
the substrate, which can be a food product, or the human
gastrointestinal system can cause food poisoning (Kanduri
and Eckhardt, 2002). According to the microbiological
analysis results, Salmonella spp. and E. coli were not
detected in any month for two cultured fish samples. The
absence of Salmonella spp. and E. coli in any fish groups was
an indicator that the consumption of gilthead seabream was
suitable for food safety.

The difference in chemical qualities of cultured gilthead
seabream in both aquacultural conditions was found to be
significant, namely pH, TVB-N, and NHs values (p<0.05).
(Table 2). Cultured gilthead seabream were found to have pH
values of 6.18 to 6.34, TVB-N values of 11.40 to 25.29
mg/100 g, and NHs values of 0.91 to 2.70 mg/100 g in net
cage fish. Whereas the cultured gilthead seabream in earthen
ponds had pH values of 6.16 to 6.32, TVB-N values of 12.80

to 27.85 mg/100 g, and NHs values of 1.01 to 4.32 mg/100 g.
The small changes in TVB-N values between the flesh of
cultured gilthead seabream in two fish groups were
statistically significant in December, February, and April
(p<0.05). Also, pH values in the flesh of cultured gilthead
seabream between two fish groups were found to be
statistically significant only in April (p<0.05). While the TVB-N
values of cultured gilthead seabream in the earthen ponds
were higher in December and February than that of the
cultured gilthead seabream in the net cage. On the other
hand, the TVB-N values of cultured gilthead seabream in the
net cage were higher amount TVB-N value in April than that
of the fishes of the earthen pond.

Table 2. Changes in chemical quality indices of cultured gilthead

seabream

TVB-N Net cage fish Earthen pond fish p

December 11.40£0.402 12.80+0.460 0.016
February 25.29+0.692 27.85+0.400 0.005
April 24.73+1.112 20.84+1.39° 0.019
June 23.03+1.64a 23.03+0.82a 0.999
August 20.90+1.532 18.50+0.792 0.073
October 15.1241.002 13.61£0.482 0.079
NH; analysis Net cage fish Earthen pond fish p

December 1.53+0.032 1.44+0.04° 0.037
February 1.08+0.012 1.80+0.01° 0.001
April 2.6140.242 4.3240.25 0.001
June 0.91£0.082 1.01£0.072 0.189
August 2.370.062 2.160.040 0.006
October 2.70£0.03= 2.64+0.040 0.136
pH Net cage fish Earthen pond fish p

December 6.25+0.01a 6.25+0.01a 1.000
February 6.34+0.04a 6.28+0.022 0.084
April 6.29+0.072 6.160.040 0.038
June 6.18+0.032 6.19+0.012 0.492
August 6.30£0.032 6.32+0.042 0.566
October 6.24+0.022 6.23+0.012 0.252

*a and b determine statistical differences between two groups during analysis
period ( n=3)

The difference between the fish groups was significant
due to the ammonia values measured in February, April,

August, and December in cultured gilthead seabream
(p<0.05).

Together with the increase in TVB-N level in fish meat,
the unpleasant taste and odor development in fish
characteristically emerge. This is an indication that the
chemical quality of the fish flesh has deteriorated beyond the
consumable limit value. High ammonia values in fish flesh
texture can only be detected when there is significant
deterioration.

The total volatile base nitrogen value, which is a sign of
fish freshness is a widely used indicator for quality
assessment. The European Commission (Council Regulation
No. 95/149 EEC of March 1995) reported the acceptable limit
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value for TVB-N as 30-35 mg/100 g in the sensory evaluation
of different fish species. In the case of sensory rejection of
degraded aquatic products, TVB-N value is supported by the
idea that levels of undesirable tastes, which alone are not
responsible for seafood spoilage (Dalgaard, 2000). Kyrana et
al. (1997) reported that it may be a consequence of the high
level of non-proteinaceous nitrogen content in the initial TVB-
N level of gilthead seabream flesh. It was determined that the
TVB-N value and NH; value of cultured gilthead seabream
from two different habitats in our study were different from
each other. The difference is thought to be due to changes in
feeding conditions and feed content, or in fish post-mortem
conditions. This can lead to loss of quality and limiting the
shelf life of fish during cold storage.

CONCLUSION

As a result, it is thought that the small differences
between the total quality scores of the cultured gilthead
seabream depend on the harvesting conditions, water
temperature, and the effective cold chain conditions. Both
groups of fish have features that can appeal to the consumers
because of their unique quality characteristics. According to
the panelists; soft flesh texture and salty taste can be
described as tastier in the earthen ponds culture fish while the
hard texture and characteristic aromatic properties of net
cage fish can be the reason for consumers' acceptance.

The visual differences between the two cultured fish are
distinguished by the color differences in the skin, operculum,
head shape, and transparency of rays in the fin tail. It is
almost impossible to differentiate the wild gilthead seabream
from the cultured gilthead seabream from earthen ponds due
to similarities in reddish color on the operculum and light skin
color.

There is no microbiological evidence that could negatively
affect the consumption of edible fish flesh in terms of total
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