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Abstract:  The quality of fish (anchovy, horse mackerel, whiting, sea bass and sea bream), selling in 
Istanbul market, were studied. Samples were obtained from the retail fish markets located in 
three main regions (Region I= Kadikoy, Region II=Besiktas and Region III= Kumkapi) of Is-
tanbul. According to the results of sensory, chemical and microbiological analysis; quality of 
the samples was lower (P<0.05) in summer then the other seasons due to the high ambient 
temperatures (32 ±2ºC), and samples obtained from Region III (Kumkapi) was generally better 
(P<0.05) than the others.  Istanbul wholesale fish market, the seafood supplier of the retailers, 
is also located in Kumkapi.  Therefore transport of fish from wholesale market to the retailers 
in Region III is easy and fast.  However, wholesale fish market is far from the local markets in 
Region I and II.  Thus, it was concluded that unsuitable transport conditions of fish from whole 
sale market to the retailers are the main reasons of poor quality.  Vehicles must be equipped 
with a cooling system, and retailers should properly refrigerate seafood especially in summer 
season.  It is mandatory to apply Turkish legislation of 2002, which is on the regulation of sea-
food market conditions and harmonious with EC (European Commission) criteria.  
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Özet: İstanbul’da Sabit Pazarlarda Satılan Balıkların Kalitesi 
Bu çalışmanın amacı, İstanbul’da sabit pazarlarda satılan balıkların (hamsi, mezgit, istavrit, çi-
pura ve levrek) kalite düzeylerinin belirlenmesidir. Çalışmada, İstanbul’un üç farklı bölgesin-
den (Kadıköy= I. bölge, Beşiktaş= II. bölge, Kumkapı= III. bölge) balık örnekleri temin edil-
miştir. Balıkların kalitelerini belirlemek için, duyusal, kimyasal ve mikrobiyolojik analizler ya-
pılmıştır. Duyusal, mikrobiyolojik ve kimyasal analiz sonuçlarına göre yaz sezonu boyunca 
temin edilen örneklerin kalitesi yüksek ortam sıcaklığından (32 ±2ºC) dolayı düşük (P<0.05), 
III. bölgede satışa sunulan balıkların kalitesi I ve II. bölgelerde satılanlara göre genellikle iyi 
(P<0.05) bulunmuştur. İstanbul semt pazarlarının ana tedarikçisi olan İstanbul Büyükşehir Be-
lediyesi Balık Hali Kumkapı semtinde bulunmakta olduğundan buradan Kumkapı semtindeki 
perakendecilere balığın kolay ve hızlı şekilde ulaştırılması mümkün olmaktadır.  Balık hali II. 
ve III. bölgelerdeki satıcılara uzak olduğundan balığın taşınması sıtasındaki uygun olmayan 
koşulların düşük ürün kalitesine yol açtığı sonucuna varılmaktadır. Taşımada kullanılan araçla-
rın soğutma sistemi ile donatılması, perakendecilerde ise özellikle yaz aylarında soğutma ko-
şullarının oluşturulması gereklidir.  Avrupa Birliği kriterleri ile uyumlu olan Su ürünleri toptan 
ve perakende satış yönetmeliği  (2002)’nin uygulanması satışa sunulan balıkların kalitesinin 
korunması için şarttır. 
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Introduction 
Seafood is very important in human nutrition; 

but it might be contaminated after catching 
and/or transporting to the market. When seafood 
is contaminated, the microorganisms grow, spoi-
lage starts, and consumption became dangerous. 
Maintenance of the sanitation in fish markets is 
necessary to prevent contamination (Sikorski et 
al., 1990). 

There are many studies on the estimation of 
the safety and quality of seafoods from different 
regions of the world and these studies are very 
important to know health risks.  Quality of 
smoked fish in Newfoundland-Canada (Dillon et 
al., 1994), retail fresh fish fillets in Netherlands 
(Broek et al., 1984), raw seafood products in 
Tokyo- Japan (Handa et al., 2005), fresh and 
cured fish in Cochin –India  (Lalitha and Suren-
dran, 2002), fish and crustaceans in Coimbatore-
India (Hatha and Lakshmanaperumalsamy, 1997; 
Vivekanandhan, et al., 2005), smoked fish and 
fish pate in Spain (Dominguez et al., 2001), and 
retail fish products in Southern Finland  
(Johansson et al., 1999) were studied and health 
risks were evaluated.  

Turkey is a peninsula and has many inland 
water resources. According to the official data; 
total amount of the marine and inland products 
are 582 376 tons.  This country imports 44230 
tons, and exports 14533 tons of seafood per year 
(Anon 2000). Istanbul is the major seafood sup-
plier of Turkey, and also the main gate to export 
seafoods to Europe.  However, there is a lack of 
information on the quality of commercial sea-
foods in Istanbul.  Therefore, the aim of this 
study is to provide the basic information about 
the quality and safety of them. 

Materials and Methods      

Anchovy (Engraulis encrasicolus), horse 
mackerel (Trachurus trachurus),  whiting (Mer-
langius merlangus), sea bass (Dicentrarchus la-
brax) and sea bream (Spraus aurata), were ob-
tained from the retail markets located in three 
main regions (Region I=Kadikoy, Region II 
=Besiktas and Region III= Kumkapi) of Istanbul. 
These regions were presented in Figure 1.  It is 
possible to find horse mackerel and whiting in 
local markets during all year (whiting was not 
found in Region III retail market in October). 

However catching of anchovy, the most pop-
ular fish in Turkey, is prohibited by the govern-
ment in summer. Due to this prohibition; con-
sumption of sea bream and sea bass is very com-
mon in summer since they are intensively cul-
tured species. Therefore; quality levels of sea 
bream and sea bass were studied in summer when 
it was not possible to study with anchovies.  For 
each species of fish 2 kg of sample were analyzed 
per month. 

They were iced in styrofoam boxes and trans-
ferred to Istanbul University, Faculty of Fishe-
ries, Seafood Processing and Quality Control La-
boratory in 30 minutes. Sensory, chemical (pH, 
TVB-N (Total volatile basic nitrogen) and TMA-
N (Trimethylaminenitrogen)) and microbiologi-
cal (total mesophilic aerobic bacteria, total coli-
form, fecal coliform and Salmonella sp.) analysis 
were carried out in order to the determination of 
the quality levels of fish.  

Sensory analysis: Sensory properties were 
assessed by five judges. Firmness and smell of 
the flesh; and appearance of the skin, gills, eyes, 
flesh, and color of fish were regarded (Anon 
1996).  Three was the highest quality and the 
samples lower than 1.0 were considered spoiled. 

pH analysis: Fish were homogenized and 
WTW InoLab pH meter (Germany) was used for 
the pH measurements (Manthey et al., 1988). 

Biochemical analysis: The method of 
Schormüller (1968) was used for TVB-N and 
TMA-N estimations.  The sample was boiled and 
the vapor components held with 0.1N Hydroch-
loric acid was titrated with 0.1N sodium hydrox-
ide and the TVB-N was expressed as mg/100g 

fish.  For the estimation of TMA-N content of 
fish, samples were mixed with 10% trichloracetic 
acid solution and filtrated.  Filtrate was well 
mixed with potassium hydroxide (50%), formal-
dehyde (20%) and toluene. Upper layer was sepa-
rated, mixed with picric acid (0.2%) and meas-
ured by spectrophotometer at 450 nm (Shimatzu 
UV visible 1601, Japan).  Results were compared 
with the standard curve and trimethylamine con-
tent of the sample was expressed as mg/100g fish.  
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Figure 1. During the year of 2004 whole fish samples were obtained from the retail markets 

located in three main regions (Region I=Kadıköy, Region II =Beşiktaş and Region 
III= Kumkapı) of Istanbul, Turkey (googleearth, 2009). 

 

Microbiological analysis: 10 g of the sample 
was mixed with 90 ml of peptone water, homo-
genized in a stomacher (IUL Instrument, Spain) 
and diluted with peptone water. Total mesophilic 
aerobic bacteria were determined using Plate 
Count Agar and plates were incubated for 24 
hours at 35 °C (FDA 1984). Lauryl Sulfate 
Tryptose Broth tubes were inoculated and incu-
bated 24-48 h at 37 °C to estimate the coliform 
bacteria. After that Brilliant Green %2 broth was 
used for the total coliform validity test. EC 
(Escherichia coli) Broth tubes were incubated at 
44.5°C for 24 h for fecal coliform estimation. 
Gas producing tubes were evaluated according to 
MPN (most probable number) table (Baumgard, 
J. 1986).  

In a sterilized jar, a tampon solution (225ml) 
was prepared with Phosphate Buffered Saline 
Tablets; samples (25g) were mixed in this solu-
tion and incubated 16-20 h. at 37 °C to estimate 
Salmonella.  Selenite Cysteine Broth and Tetra-

thionate Broth were inoculated and incubated at 
35-37 °C for 24 h and 18-24 h respectively for 
the selective enrichment. Bismuth Sulfite Agar 
and Xylose Lysine Desoxycholate Agar were in-
oculated and incubated 24-48 h at 37 °C as se-
lective agar. Two different slant agars (Triple 
Sugar Iron Agar and Lysin Iron Agar) were used 
for identification and Salmonella sp. was eva-
luated as negative or positive (Andrews, 1992). 

Statistical analysis: Statistical differences 
were studied on the probability P<0.05, ANOVA 
was performed to compare the means 
(Sümbüloğlu and Sümbüloğlu,. 2002) and Excel 
1997 was used. 

Results and Discussion 
Sensory, chemical and microbiological analy-

sis of fish (anchovy, horse mackerel, whiting, sea 
bass and sea bream), obtained form the retail 
markets located in three main regions of Istanbul, 
were presented in table 1, 2 and 3. 
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Sensory analyses give the most reliable results 
for the determination of quality of fish and fish 
products (Lang, 1979; 1983).  The fish is ac-
cepted as “very good” when it’s sensory score is 
higher than 2.70; “good” when its sensory score 
is between 2.70 – 2.00; “marketable” when it is 
between 2.00 – 1.00 and “spoiled” when their 
sensory score is lower than 1.00 (Huss, 1988). In 
this study the average sensory scores of the anc-
hovy samples obtained from Region I, Region II 
and Region III were 1.57, 1.76 and 2.04, respec-
tively. Sensory quality of anchovy obtained from 
Region I was significantly lower (P<0.05) than 
the others regarding the average scores. Whiting 
samples were marketable in all markets.   Sen-
sory quality of horse mackerels obtained from 
Regions II and III were significantly higher 
(P<0.05) in respect to the samples from Region I. 
Quality of sea bass obtained from Region III was 
“good”; but “marketable” for the others (P<0.05). 
Sensory quality of sea bream was determined as 
“good” and there were not significant differences 
(P>0.05) among the various regions. 

In this study the average pH values of the 
anchovies obtained from Region I, Region II, and 
Region III were 6.06, 6.00 and 5.87 respectively. 
Baygar and Özden (2004) reported pH value for 
anchovies as 6.21. In another study the average 
pH values of anchovies were regarded as 6.08 in 
fall, 6.15 in winter, and 6.20 in spring (Türker et 
al., 1999). The results are similar to that of ours 
study. The average pH value of horse mackerels 
obtained from Region I was 6.24, and it was 6.19 
for the samples obtained from the other regions 
of Istanbul. Özden and Baygar (2003) obtained 
horse mackerels from the markets in Istanbul and 
reported the pH the value as 6.04. In another 
study, the pH value of Trachurus murphy selling 
in Valdivia, Chile was 6.29 (Schoebitz et al., 
1985).  It was mentioned that, pH values of the 
fresh fish are between 6.00 and 6.50, the limit of 
acceptability is between 6.80-7.00 (Baygar,  et 
al., 2002;  Connell, 1980; İnal, 1992).  In our 
study pH values were lower than 7.00 for all 
samples and they were in acceptable quality. 

Fish and fish products were accepted as “very 
good” when they contain 25.00 mg/100g or lower 
TVB-N values; “good” when contain 30.00 
mg/100g TVB-N; “marketable’ when contain 
35.00 mg/100g TVB-N and “spoiled” over 35.00 
mg/100g TVB-N values (Kietzman et al. 1969).  
In this study, the average TVB-N values of 
whiting samples were higher (P<0.05) than other 

species in all sampling regions and the other spe-
cies were in “very good” quality according to the 
mean TVB-N values of catching season. In vari-
ous studies total volatile basic nitrogen content of 
anchovies obtained from the retailers in Istanbul 
was not reported higher than 20 mg/100g. 
(Özden, and Baygar, 2003; Perk, 1995; Varlık et 
al., 2000) and they were regarded as fresh. In this 
study it was determined that TVB-N values of 
anchovies higher (P<0.05)  in may, and fall due 
to the high ambient temperature (32 ±2°C) 
Similarly, Turker et al. (1999) (Türker et 
al.,1999) reported TVB-N values of anchovies as 
17.82 mg/100g, 13.24 mg/100g and 13.09 
mg/100g in fall, winter and spring seasons re-
spectively. It was determined that, the average 
TVB-N values of anchovy and whiting from Re-
gion I was significantly higher (P<0.05) then the 
others. Even if the TVB-N content of the sea bass 
obtained from Region I was significantly higher 
(P<0.05) in July (30.50 mg/100g), sea bass sam-
ples were acceptable during the study.  European 
Union (1995), accepted the TVB-N limit for sea 
bream as 25.00 mg/100g. Therefore it is clear 
that sea breams were acceptable during the study.   

Fish and other seafoods were accepted as 
“good” when they contain 4.00 mg/100g TMA-
N; “marketable” when they contain 10.00 
mg/100g TMA-N, and they accepted as “spoiled” 
when they contain 12.00 mg/100g TMA-N (Con-
nell, 1980).  In this study, the average TMA-N 
values were lower than 10.00 mg/100g for all 
samples.  However; TMA-N content of whiting 
which were obtained from Region I was over 
12.00 mg/100g in May; and these samples were 
“unmarketable”. For whiting samples which were 
taken from Region II, TMA-N value was very 
high in July and they were also “unmarketable”. 
Trimethylamine nitrogen values of the samples 
obtained from Region III showed that, whiting 
samples were unmarketable in June and horse 
mackerels in July. These values were higher 
(P<0.05) than the others.  It is clear that; TMA-N 
content could be over the limits especially in 
summer season due to the high ambient temper-
atures.  
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Table 1. Results of the sensory, chemical and microbiological analysis of seafood obtained from Region I (Kadıköy) 
Analysis Species       Months         
   January February March April May June July August September October November December Average 
Sensory Anchovy 1.80 1.90 1.60 1.10 1.10 * * * 1.60 2.20 1.40 1.50 1.57 ± 0.35 
  Whiting 2.20 1.80 1.30 1.90 0.70 1.40 1.30 1.70 1.90 2.40 1.00 1.90 1.62 ± 0.49 
  Horse mackerel 2.20 1.90 2.00 2.10 1.80 1.10 1.50 2.00 2.10 2.10 2.00 2.30 1.92 ± 0.33 
  Sea bass * * * * * 2.20 1.30 2.20 * * * * 1.90 ± 0.51 
 Sea bream * * * * * 2.30 1.40 2.40 * * * * 2.03 ± 0.55 
pH Anchovy 6.19 6.21 6.25 6.16 5.77 * * * 5.78 5.77 6.10 6.06 6.03 ± 0.20 
  Whiting 6.57 6.81 6.63 6.57 6.80 6.78 6.64 6.62 6.67 6.67 6.81 6.63 6.68 ± 0.09 
  Horse mackerel 6.14 6.30 6.21 6.43 6.08 6.16 6.24 6.11 6.11 6.16 6.60 6.43 6.24 ± 0.16 
  Sea bass * * * * * 5.98 6.21 5.94 * * * * 6.04 ± 0.14 
  Sea bream * * * * * 6.09 6.36 6.14 * * * * 6.19 ± 0.14 
TVB-N (mg/100g) Anchovy 15.60 9.58 18.09 16.04 25.34 * * * 23.46 17.91 21.00 19.11 18.45 ± 4.64 
 Whiting 18.14 15.58 46.89 29.95 51.53 26.60 65.41 17.85 22.84 67.05 38.61 19.76 35.01±18.61 
 Horse mackerel 10.37 11.31 14.32 9.69 20.37 10.09 50.97 19.89 17.53 14.81 13.08 12.65 17.09 ± 11.27 
 Sea bass * * * * * 5.08 30.50 19.57 * * * * 18.38 ± 12.75 
  Sea bream * * * * * 9.04 23.56 17.55 * * * * 16.71 ± 7.29 
TMA-N (mg/100g) Anchovy 4.65 4.60 4.77 6.02 4.65 * * * 5.10 5.30 4.45 4.27 4.86 ± 0.53 
 Whiting 5.15 4.65 6.12 5.65 12.60 11.00 8.90 5.07 4.45 11.75 8.10 4.27 7.30 ± 3.05 
 Horse mackerel 5.30 4.60 4.57 5.02 4.85 6.25 8.77 4.65 4.60 5.00 3.98 3.65 5.10 ± 1.32 
 Sea bass * * * * * 5.15 8.35 4.32 * * * * 5.94 ± 2.12 
  Sea bream * * * * * 5.47 6.05 4.22 * * * * 5.24 ± 0.93 
Total Aerobic Mezophilic  Anchovy 2.00 <2.00 3.47 2.30 3.39 * * * 6.17 3.17 3.17 3.60 3.25 ± 1.26 
Bacteria (log10CFU/g) Whiting 2.47 2.00 2.54 <2.00 4.32 4.46 6.00 5.63 5.86 4.69 3.73 3.87 3.96± 1.46 
 Horse mackerel <2.00 <2.00 <2.00 2.84 2.69 5.96 7.04 5.54 5.51 3.74 2.69 4.97 3.91 ± 1.79 
 Sea bass * * * * * 3.04 6.98 4.69 * * * * 4.90 ± 1.97 
  Sea bream * * * * * 5.13 4.69 6.45 * * * * 5.42 ± 0.91 
Total Coliform Bacteria Anchovy 0.55 <0.47 0.55 <0.47 0.55 * * * 1.96 0.55 <0.47 0.55 0.68 ± 0.48 
(logMPN/g) Whiting <0.47 <0.47 <0.47 <0.47 3.04 1.96 1.36 1.04 1.36 3.04 2.07 1.63 1.44 ± 0.94 
 Horse mackerel <0.47 <0.47 <0.47 <0.47 1.36 3.04 3.04 2.38 2.38 2.38 <0.47 <0.47 1.45 ± 1.10 
 Sea bass * * * * * 1.36 3.04 1.36 * * * * 1.92 ± 0.96 
  Sea bream * * * * * 0.55 2.66 3.04 * * * * 2.08 ± 1.34 
Fecal Coliform Bacteria Anchovy 0.55 <0.47 <0.47 <0.47 0.55 * * * 0.96 <0.47 <0.47 <0.47 0.54 ± 0.16 
(logMPN/g) Whiting <0.47 <0.47 <0.47 <0.47 1.44 <0.47 0.55 <0.47 0.96 2.38 <0.47 <0.47 0.75 ± 0.59 
 Horse mackerel <0.47 <0.47 <0.47 <0.47 <0.47 1.32 2.38 <0.47 0.96 <0.47 <0.47 <0.47 0.74 ± 0.58 
 Sea bass * * * * * 0.96 1.36 <0.47 * * * * 0.93 ± 0.44 
 Sea bream * * * * * <0.47 <0.47 0.55 * * * * 0.49 ± 0.04 

         
 (* ):  Not Analysed 
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Table 2. Results of the sensory, chemical and microbiological analysis of seafood obtained from Region II (Beşiktaş) 
Analysis Species       Months         
   January February March April May June July August September October November December Average 
Sensory Anchovy 2.10 2.00 1.00 1.70 0.60 * * * 2.00 2.20 2.20 2.20 1.76 ± 0.57 
  Whiting 2.40 2.20 1.70 1.50 2.30 1.90 0.90 1.80 1.90 1.60 1.60 2.30 1.89 ± 0.43 
  Horse mackerel 2.20 2.10 1.80 1.80 2.90 1.60 1.70 2.20 1.80 2.00 2.00 2.00 2.04 ± 0.35 
  Sea bass * * * * * 2.20 1.40 2.20 * * * * 1.93 ± 0.46 
 Sea bream * * * * * 2.40 1.90 2.40 * * * * 2.33 ± 0.28 
pH Anchovy 6.16 5.89 6.14 6.13 5.83 * * * 5.65 5.73 5.86 6.64 6.00 ± 0.30 
  Whiting 6.51 6.74 6.69 6.62 6.43 6.65 6.72 6.61 6.66 6.44 6.44 5.97 6.53 ± 0.21 
  Horse mackerel 6.35 6.06 6.24 6.23 6.42 6.17 6.25 6.11 6.13 6.42 5.43 6.06 6.19 ± 0.15 
  Sea bass * * * * * 6.03 6.03 6.17 * * * * 6.07 ± 0.08 
  Sea bream * * * * * 6.29 6.26 6.25 * * * * 6.26± 0.02 
TVB-N (mg/100g) Anchovy 13.41 13.12 14.19 11.19 14.69 * * * 25.51 14.35 28.09 4.80 15.48 ± 7.11 
 Whiting 29.61 18.89 28.66 45.07 37.11 22.39 56.01 15.86 18.58 40.62 41.90 4.90 29.97± 14.62 
 Horse mackerel 9.28 15.90 14.18 9.71 10.79 6.80 25.61 12.58 14.68 13.37 17.97 4.70 12.96± 5.50 
 Sea bass * * * * * 7.30 9.60 15.08 * * * * 10.66± 3.99 
  Sea bream * * * * * 5.92 2.62 15.87 * * * * 8.13± 6.89 
TMA-N (mg/100g) Anchovy 4.57 4.82 6.47 5.75 3.87 * * * 4.95 3.50 3.55 4.85 4.70± 0.98 
 Whiting 4.50 4.90 4.82 9.62 4.22 9.95 21.80 4.67 5.17 4.30 3.75 3.96 6.80 ± 5.16 
 Horse mackerel 4.60 5.02 4.52 5.57 3.12 5.70 7.35 4.75 4.80 3.40 4.27 3.80 4.74± 1.13 
 Sea bass * * * * * 5.20 4.10 4.45 * * * * 4.58± 0.56 
  Sea bream * * * * * 4.80 4.87 4.60 * * * * 4.75 ± 0.14 
Total Aerobic Mezophilic  
 Anchovy 3.39 3.30 2.17 <2.00 4.76 * * * 4.17 4.50 3.65 2.92 3.42± 1.96 
Bacteria (log10CFU/g) Whiting <2.00 <2.00 2.60 3.00 3.87 6.31 7.49 6.32 5.06 4.79 4.17 2.17 4.14± 1.87 
 Horse mackerel 3.00 3.04 3.49 2.54 3.17 4.38 6.53 5.90 4.87 3.39 4.17 4.00 4.04 ± 1.21 
 Sea bass * * * * * 5.27 6.07 5.90 * * * * 5.74± 0.42 
  Sea bream * * * * * 6.04 5.54 5.46 * * * * 5.68 ± 0.31 
Total Coliform Bacteria Anchovy <0.47 0.55 <0.47 0.55 1.32 * * * 1.96 2.66 0.96 <0.47 1.04 ± 0.79 
(logMPN/g) Whiting <0.47 2.66 <0.47 <0.47 1.36 0.55 3.04 2.17 2.66 2.38 1.57 1.36 1.59 ± 0.96 
 Horse mackerel <0.47 <0.47 0.86 <0.47 0.96 2.38 1.96 1.63 2.66 2.17 1.63 3.04 1.55 ± 0.90 
 Sea bass * * * * * <0.47 2.66 1.63 * * * * 1.58± 1.09 
  Sea bream * * * * * <0.47 2.38 2.38 * * * * 1.74± 1.10 
Fecal Coliform Bacteria Anchovy <0.47 <0.47 <0.47 <0.47 <0.47 * * * <0.47 <0.47 0.96 <0.47 0.52± 0.16 
(logMPN/g) Whiting <0.47 <0.47 <0.47 <0.47 1.36 <0.47 0.55 <0.47 0.55 2.38 1.57 <0.47 0.80± 0.62 
 Horse mackerel <0.47 <0.47 <0.47 <0.47 <0.47 <0.47 1.63 <0.47 0.96 <0.47 1.63 <0.47 0.70 ± 0.45 
 Sea bass * * * * * <0.47 <0.47 1.36 * * * * 0.76 ± 0.51 
 Sea bream * * * * * <0.47 <0.47 0.55 * * * * 0.49 ± 0.04 

                     
  (* ):  Not Analysed 
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  Table 3. Results of the sensory, chemical and microbiological analysis of seafood obtained from Region III (Kumkapı) 

Analysis Species       Months         
  January February March April May June July August September October November December Average 
Sensory Anchovy 2.30 2.10 2.30 2.10 1.90 * * * 1.80 1.80 2.30 1.80 2.04 ± 0.22 
  Whiting 2.30 2.40 2.20 2.50 2.10 1.50 1.40 1.30 1.30 * 2.10 2.40 1.95 ± 0.47 
  Horse mackerel 1.60 2.40 2.30 2.50 2.30 1.90 1.30 1.70 1.60 2.10 2.10 2.20 2.00 ± 0.37 
  Sea bass * * * * * 2.20 2.10 2.30 * * * * 2.20 ± 0.10 
 Sea bream * * * * * 2.30 1.80 2.50 * * * * 2.20 ± 0.36 
pH Anchovy 5.88 6.02 5.88 6.14 5.82 * * * 5.71 5.78 5.80 5.87 5.87 ± 0.13 
  Whiting 6.55 6.57 6.70 6.66 6.52 6.73 6.35 6.42 6.14 * 6.52 6.66 6.52 ± 0.17 
  Horse mackerel 6.16 6.06 6.14 6.16 6.02 6.34 6.34 6.00 6.57 6.24 6.20 6.13 6.19 ± 0.15 
  Sea bass * * * * * 5.92 6.06 6.07 * * * * 6.01 ± 0.08 
  Sea bream * * * * * 6.00 6.06 6.43 * * * * 6.16 ± 0.23 
TVB-N (mg/100g) Anchovy 11.14 15.94 8.63 17.32 26.11 * * * 16.81 17.05 27.65 8.03 16.50 ± 6.89 
 Whiting 17.42 20.61 17.95 13.19 23.43 69.33 26.62 27.78 25.12 * 28.11 14.90 25.86 ± 15.32 
 Horse mackerel 16.19 14.98 10.01 13.84 14.05 21.14 40.93 11.98 20.71 24.92 20.70 4.16 17.80± 9.21 
 Sea bass * * * * * 21.05 6.38 16.27 * * * * 14.56 ± 7.48 
  Sea bream * * * * * 24.28 10.36 21.01 * * * * 18.55 ± 7.27 
TMA-N (mg/100g) Anchovy 3.87 5.07 4.40 5.42 4.25 * * * 4.40 4.05 4.82 5.55 4.64 ± 0.59 
 Whiting 4.55 4.65 4.60 5.20 4.90 20.55 8.75 6.52 8.95 * 5.60 4.63 7.17 ± 4.72 
 Horse mackerel 4.15 4.60 4.40 4.22 3.62 6.92 14.65 6.60 6.65 4.92 4.85 5.22 5.90 ± 2.95 
 Sea bass * * * * * 4.42 5.15 5.35 * * * * 4.97 ± 0.48 
  Sea bream * * * * * 4.67 5.75 5.97 * * * * 5.46 ± 0.69 
Total Aerobic  Mezophilic  Anchovy 3.09 2.00 2.54 <2.00 2.69 * * * 5.66 3.33 3.60 3.00 3.10 ± 1.10 
Bacteria (log10CFU/g) Whiting 2.30 <2.00 <2.00 <2.00 3.87 3.54 5.39 5.02 5.26 * 3.17 2.92 3.40 ± 1.32 
 Horse mackerel 2.39 2.17 <2.00 <2.00 <2.00 4.17 5.17 3.54 5.31 3.77 3.90 3.93 3.36 ± 1.22 
 Sea bass * * * * * 4.39 2.65 4.87 * * * * 3.97 ± 1.16 
  Sea bream * * * * * 3.47 3.85 3.84 * * * * 3.72 ± 0.21 
Total Coliform Bacteria Anchovy <0.47 <0.47 <0.47 <0.47 0.96 * * * 1.04 <0.47 0.55 0.96 0.65 ± 0.25 
(logMPN/g) Whiting <0.47 <0.47 1.36 <0.47 1.36 0.55 3.04 1.63 3.04 * 1.36 0.55 1.30 ± 0.96 
 Horse mackerel <0.47 0.55 <0.47 0.96 0.55 <0.47 3.04 0.96 1.32 2.38 0.55 <0.47 1.01 ± 0.84 
 Sea bass * * * * * <0.47 <0.47 <0.47 * * * * 0.47±0.00 
  Sea bream * * * * * <0.47 0.96 0.55 * * * * 0.66 ± 0.26 
Fecal Coliform Bacteria Anchovy <0.47 <0.47 <0.47 <0.47 0.55 * * * <0.47 <0.47 <0.47 0.55 0.48 ± 0.03 
(logMPN/g) Whiting <0.47 <0.47 0.96 <0.47 <0.47 0.55 0.96 <0.47 0.96 * <0.47 <0.47 0.61 ± 0.22 
 Horse mackerel <0.47 <0.47 <0.47 <0.47 <0.47 <0.47 2.66 <0.47 <0.47 0.55 0.55 <0.47 0.66 ± 0.62 
 Sea bass * * * * * <0.47 <0.47 <0.47 * * * * 0.47± 0.00 
 Sea bream * * * * * <0.47 0.55 <0.47 * * * * 0.49 ± 0.04 

                     
    (* ):  Not Analysed 
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The limit value for total mesophilic aerobic 
bacteria for seafood is 106 CFU/g (6.00 log 
CFU/g) (Anon 1992). This limit is accepted as 
5.00x105 CFU/g (5.69 log CFU/g) by ICMFS 
(1986).  The average values were remained be-
low these limits, but as it was shown in Table 1 
and 2, samples obtained from the retailers in Re-
gion I and II excess these limits especially be-
tween June-August. However total mesophilic 
aerobic bacteria counts of the samples obtained 
from Region III (Table 3) remained lower 
(P<0.05). In a similar study 78% of the samples 
were unacceptable in terms of microbiological 
quality and in Finnish retail market. It was con-
cluded that, the hygienic quality of fish roes in 
Finnish retail market should be improved 
(Miettinen et al., 2003). 

The limit value for the total coliform bacteria 
is 160-210 MPN/g (2.20-2.32 log MPN/g) (Anon 
1992). According to the average total and fecal 
coliform bacteria counts; the samples obtained 
from Region III were in better quality (P<0.05) 
than the samples obtained from the other regions 
of Istanbul.  The average fecal coliform values 
were lower than 1.0 log MPN/g during the study. 
Similarly, microbiological quality of Trachurus 
sp. sold at the retail level in Valdivia – Chile was 
reported to have fecal coliforms as 0.72 log 
MPN/g (Schoebitz et al., 1985). 

European Union prohibits the trade of seafood 
containing Salmonella sp. and raw seafood must 
not contain it (Anon 1992; Huss et al., 2003). The 
prevalence of Salmonella in fish from markets in 
Coimbatore, South India was studied. Samples 
were found to be contaminated (14.25%) with 
Salmonella sp (Hatha and Laksh-
manaperumalsamy, 1997). However; in this study 
all the samples were found as free of Salmonella 
sp. similar to Schoebitz et al. (1985). 

Conclusion 
It was concluded that quality of the samples 

were lower  during summer season due to the 
high ambient temperatures (32 ±2 ºC) and the 
quality of fish selling in Region III, where whole-
sale fish market also located in, was generally 
better than far-distance regions (Regions I and 
II). Therefore it was concluded that; unsuitable 
transport conditions of seafood from whole sale 
market to the retailers are the main reasons of de-
creasing quality.  Refrigerated transport and tem-
perature control are very important especially in 
summer season regarding the high ambient tem-

peratures. The regulation of Turkish government 
(Anon 2002), which is harmonious with EC crite-
ria must be strictly followed to avoid secondary 
contamination and to maintain the safe trade of 
seafoods from in to Europe. 
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