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SENSORY, CHEMICAL and MICROBIOLOGICAL 
CHARACTERISTICS of CANNED-SMOKED WHITING ROE PATE

Abstract

This study was carried out to determine sensory, chemical and microbiological quality of raw whiting
(Gadus merlangus euxinus Nordman, 1840) roe obtained from Middle Black Sea, smoked roes and the
roe which were canned after smoked. Analyses of TVB-N, TBA, pH, total mesophilic aerobic bacteria,
total psychrophilic aerobic bacteria, total yeast-mold, total coliform bacteria and also the sensory analyses
were done on the roe samples. Additionally, proximate composition values were obtained in both raw
material and canned-smoked product. Moisture, protein, fat, ash, carbohydrate contents and calorie value
of raw roe were 80.88%, 11.70%, 4.50%, 1.09%, 1.82% and 94.62 kcal, respectively. These values were
determined as 61.34%, 8.64%, 12.52%, 1.12%, 16.37% and 212.74 kcal for the canned-smoked roe pate.
In the chemical analysis findings, TVB-N and TBA values stayed within the acceptability limit values. It
was observed in the microbiological analysis results that, microbial load of the raw material decreased
with smoking process. No microbial load was found after the canning process. When all of the quality
properties were taken into account, it was seen that the canned-smoked whiting roe pate might be
offered for consumption as an alternative product and it might provide added value to food sector.
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KONSERVE FÜME MEZGİT HAVYARI EZMESİNİN DUYUSAL, 
KİMYASAL ve MİKROBİYOLOJİK ÖZELLİKLERİ

Özet

Bu çal›flma Orta Karadeniz’de avlanan mezgit bal›¤›ndan elde edilen çi¤ havyar, füme havyar ve
tütsülendikten sonra konservesi yap›lan havyar›n duyusal, kimyasal ve mikrobiyolojik kalitelerini
belirlemek amac›yla yürütülmüfltür. Havyar örneklerine TVB-N, TBA, pH, toplam mezofilik aerobik ve
psikrofilik aerobik bakteri, toplam maya-küf, toplam koliform bakteri analizleri ile duyusal analizler
uygulanm›flt›r. Ayr›ca ham materyal ile son üründe besin kompozisyonu de¤erleri elde edilmifltir. Çi¤
havyar›n nem, protein, ya¤, kül, karbonhidrat içeri¤i ve kalori de¤eri s›ras› ile %80.88, %11.70, %4.50,
%1.09, %1.82 ve 94.62 kcal’dir. Bu de¤erler konserve füme havyar ezmesi için s›ras›yla %61.34, %8.64,
%12.52, %1.12, %16.37 ve 212.74 kcal olarak belirlenmifltir. Kimyasal analiz bulgular›nda TVB-N ve
TBA de¤erleri tüketilebilirlik s›n›r de¤erleri aras›nda kalm›flt›r. Mikrobiyolojik analiz sonuçlar›nda çi¤
örnekteki mikrobiyal yükün dumanlama ifllemi ile azald›¤› gözlenmifltir. Konservasyon iflleminden sonra
ise mikrobiyal yüke rastlanmam›flt›r. Tüm kalite de¤iflimleri dikkate al›nd›¤›nda konserve füme mezgit
havyar› ezmesinin alternatif bir ürün olarak tüketime sunulabilece¤i ve g›da sektörüne katma de¤er
sa¤layabilece¤i görülmüfltür. 

Anahtar kelimeler: Mezgit bal›¤›, havyar, tütsüleme, konserve, kalite
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INTRODUCTION

According to the statistics of 2010, caught amount

of whiting is 13558 tons in the Black Sea Region

where  provides  approximately  77%  of  the

saltwater fish production of Turkey. Whiting is

an economically valuable fish because it makes

main catch of the bottom trawling (1, 2). After

anchovy, horse mackerel and trout, whiting is

the 4th mostly consumed fish by Turkish families

(3).  Besides the white and delicious flesh of

whiting, its roe is also relished by consumers. It

was reported that spawning of whiting continued

during the year irregularly and it was the highest

in November- January and March- April (4). After

the fish were caught, they may be served for

consumption directly or marketed as diversely

processed  products.  One  of  the  important

products obtained from fish is roe (5). Roe or

caviar is among the most valuable fish products.

As long as they are big enough, almost all fish roes

may be used. Among them, the most important

ones are sturgeon, trout, blue fin tuna, grey mullet,

herring, river herring, codfish and whiting. The

ingredient of granulose roe is 46% moisture,

26.9% protein, 15% fat and 8.8% ash. Generally

roe is graded when it is raw and different factors

such as type, size, freshness, color and taste of

the roe are considered (6).

Roe  which  is  known  as  caviar  is  very  rich  in

protein. These proteins are globulin, albumin,

glycoprotein and phosphoprotein. Its phosphoric

acid content is also very high. Some roes of the

fish such as sturgeon, atlantic salmon, whiting

and codfish whose economic value is quite high

are important human food (7). 

Salted roes are called as ‘caviar’ in English and

French, ‘caviale’ in Italian, ‘ikra’ in Russian and

‘havyar’ in Turkish and they are served as delicate

products. In Turkey, serving of processed roes is

quite  limited.  This  is  because  the  roe  that  is

prepared with traditional methods lacks desirable

taste, and it is in the quite expensive products

category (8). Roe production depends on salting

of  the  roes.  In  addition  to  salting,  fermented

sausage production technologies, freezing,

smoking and canning processes are also applied

in the roe production (9). 

In this study, it was aimed to determine the effect
of  processing  on  the  sensory,  chemical  and
microbiological properties of the canned-smoked
whiting roe pate.

MATERIALS AND METHODS

Raw Material

Whiting (mean weight 40.50±1.5 g, mean length
17.39±0.20 cm) were purchased from a fisherman
in Sinop. They were transferred to the laboratory
in a polystyrene box with crushed ice within 30
min. Then, the roes were taken out from the fish.
The mean weight and length of the roes were
4.99±0.36 g and 5.37±0.14 cm, respectively.

Brine Preparation 

The whiting roes were washed gently in solution
at 5% salt (50 g salt-1000 mL water). Later, the
roes were put in boiling water and boiled them
for 4-5 min. During this process, the roes became
tougher by absorbing water. They were taken
out from boiling water with a slotted spoon and
left for cooling for a while. 5 g pimento and 2.5 g
curcuma were added to solution at 25% salt
(142.25 g salt- 569 mL water). The rate of roe:
solution was 1:2 (w/w). The roes were immersed
into the solution for 1 h. 

Smoking

Smoking  process  was  applied  on  the  roes  in
5 kg capacity semi mechanical smoking oven
(Apparatebau Günther Kronawitter). Wire grids
were placed into smoking oven to prevent the
roes from falling and roes were collocated on
these grids. They were smoked for 10-15 min at
50 °C.  It had been seen in previous trials that
higher smoking temperature and time caused to
intense smoky smell and a bitterish taste resulted
from exposing of the roes to very intense smoke.

Preparation of Pate and Canning

The smoked roes were mashed in a mortar. This
mash  was  mixed  with 15%  bread  crumbs  to
adjust consistency. The mixture was filled in 4 x
4 cm small jars and 5 mL of sunflower oil was ad-
ded onto the mixture. Covers of the jars were
closed and they were sterilized in an autoclave at
121 °C for 15 min. After sterilization, the jars
waited at room temperature for 20 min and the
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analyses were started. The flow chart that is used
in production of the canned- smoked whiting
roe patties is shown in Figure 1.

Analyses

Proximate Composition

The  moisture  and  ash  contents  of  roe  were
determined as described by AOAC (10) methods.
The  crude  protein  content  was  determined
according  to  Kjeldahl  method  (10).  It  was
calculated by multiplying the nitrogen content by
the conversion of 6.25. The lipid content was
analysed according to the method of the Bligh
and  Dyer  (11).  The  carbohydrate  value  was
calculated by [Carbohydrate value = 100-(Moisture
+ Protein + Lipid + Ash] formula and then, the
energy value was calculated according to Atwater
method, that was formulated as 

[Energy (kcal/100 g) = (Lipid * 9) + (Protein * 4)
+ (Carbohydrate * 4)] (12). 

Total volatile basic nitrogen (TVB-N) value

Analysis of total volatile basic nitrogen (TVB-N)
was modified by Antonacopoulas and was done
according to Lucke- Geidel method and the results
were given as mg/100 g (13, 14). 

Thiobarbituric Acid (TBA) Value

Analysis of thiobarbituric acid (TBA) was done
according to Erkan and Ozden (15).

pH Value

pH measurements were made with a pH meter
(Werkstatten   82362   Weilheim,   Germany)
according to Vural and Oztan (16). Sample of 2 g
from the roe was weighed and 20 mL distilled
water was added on it. The pH value was measured
after homogenization of 1 min. 

Microbiological Analysis

For all microbiological counts, dehydrated ready
mediums of Merck were used. 10 g of roe sample
was  taken,  transferred  into  90  mL  sterile

Physiological Saline Solution (0.85%) and then

homogenized in a homogenizer (IKA Yellow

Line DI 25 Basic). From the 10-1 dilution, other

decimal dilutions were prepared and inoculated

(17). Total mesophilic aerobic bacteria,

psychrophilic bacteria, yeast-mold and coliform

bacteria counts were determined by using the

pour plate method. Plate Count Agar was used as

medium for total mesophilic aerobic bacteria and

psychrophilic  bacteria  counts,  plates  were

incubated at 28 °C for 3 days and 4 ± 1 °C for 10

days, respectively. For total yeast-mold count,

Potato Dextrose Agar was used as medium and

plates were incubated at 28 °C for 3 days. To count

coliform bacteria, Violet Red Bile Agar (Merck)

was used as medium and plates were incubated

at 35 °C for 24 h. 

Sensory Evaluation

Sensory evaluation was carried out in 3 phases:

in the raw roes, smoked roes and canned- smoked

roe patties. All of the roe samples were evaluated

by 6 experienced panelists (four men and two

women) by giving scores from 1 to 9 in terms of

appearance,  odor,  color,  texture  and  flavor.

Sensory evaluation of the roes were made by

using the hedonic scala modified by Kurtcan and

Gonul (18). In this scala; 9- like extremely, 8-like

very  much,  7-like  moderately,  6- like slightly,

5- neither  like  nor  dislike,  4- dislike  slightly,

3- dislike  moderately,  2- dislike  very  much,

1-dislike extremely.

Statistical Analysis

The Minitab 15 (Minitab Inc. USA) program was

used to search for significant differences between

mean values of different results. Differences

between means were analyzed by one-way

analysis of variance (ANOVA). The results are

presented as mean ± SE. 

RESULTS AND DISCUSSION

Proximate Composition

The moisture, protein, fat, ash and carbohydrate

contents and calorie values of the raw whiting

roes and the canned-smoked whiting roe pate

are given in Table 1. 
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Taking out of the whiting roe and washing kindly in 5% salty water

Boiling of the roes for 4 minutes Holding them in 25% salt

solution with spices for 1 hour Smoking process at 50 °C for

10-15 minutes Mashing smoked roes Adding bread crumbs

to the mashed roes Filling of the mash into glass jars Filling

the top of the glass jars with sunflower Sterilization process

with pressured vapor (at 121 °C / for 15 min.) Sensory evaluation

Fig.1. Flow chart of canned-smoked whiting roe patties production
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Roe has high nutritional value, and its chemical
composition varies depending on fish species
and processing techniques (19). According to the
findings;   the   moisture,   protein,   fat,   ash,
carbohydrate contents and calorie value of the
raw roe were 80.88±0.12%, 11.70±0.11%,
4.50±0.00%, 1.09±0.00%, 1.82±0.00% and
94.62±0.48 kcal, respectively. For the canned-
smoked roe pate, these values were 61.34±1.07%,
8.64±0.29%, 12.52±0.39%, 1.12±0.02%,
16.37±0.99% and 212.74±6.33 kcal, respectively. 

The moisture amount of the roes varies according
to fish species and processing techniques (20). In
this study, the moisture content of the raw roe
was determined as 80.88%. It decreased resulted
from vaporization that was occurred during the
smoking and sterilization processes. Additionally,
salt  concentration  (25%)  in  the  solution  was
effective on the decrease in the moisture content.
As a result, the mean moisture content of the
canned-smoked roe pate was found as 61.34%.
The  moisture  contents  in  the  raw  roe  and
canned-smoked roe pate were statistically significant
(P<0.05). Sengor et al. (21) reported that moisture
values of raw and smoked sturgeon roe were
75.42% and 68.40%, respectively. In another study,
Inanli et al. (19) stated that moisture content of
raw  rainbow  trout  roe  was  61.16%.  Moisture
values of various fish roes in results of previous
studies (8, 22, 23) are in accordance with our study.

In the present study, the protein content of raw
roe decreased after sterilization process (P<0.05).
It was thought that, this decrease resulted from
high lipid content in the roe pate because of
added oil to the canned-smoked roe pate before
sterilization. The protein content in the roe in
this study was similar to the protein content of
sea urchin roe (12.03%) reported by Mol et al. (24).
A number of studies on proximate composition
of roe from different fish species were made. In
comparison to literature data, it was observed
that protein value of the raw whiting roe was
lower than trout (23), salmon (23), flathead mullet
(25) and some sturgeon species (21, 23, 26).

Fish roes have high concentrations of fat and
protein (27). In our study, the fat content of the
raw roe was 4.50%. There was an increase in the
canned-smoked roe pate and it was observed as
12.52% (P<0.05). It was supposed that increase
in the fat content resulted from filling of the glass
jars with sunflower oil. Bledsoe et al. (27) reported
that the fat contents of whitefish, hake and whiting
roes were 6.6-9.8%, 5-8% and 9%, respectively.
The  fat  amount  in  rainbow  trout  roes  was
determined as 11.70% by Inanli et al. (19). In
another study, the fat content of salmon roe was
stated as 10.9-19.4%, averagely (26). The fat value
of  the  raw  whiting  roe  was  found  lower  than
results of several studies such as on flathead mullet
(25), sturgeon (21) and codfish (8). Similarly, our
protein values were lower than the results of other
studies. Whiting is one of lean fish species, so
low fat contents in our study may be expressed
with low fat content of the whiting.

In our study, the mean ash content of the raw
roe and canned-smoked roe pate was detected
as 1.09% and 1.12%, respectively. No significant
difference was observed between the ash values
(P<0.05). Generally, ash values of different roe
species were stated between 2.01% and 2.21% in
the other studies (19, 20, 28). It was thought that
boiling of the roes before immersing them into
salty solution limited salt absorption.

The carbohydrate value (1.82%) of the raw roe
increased to 16.37% in the canned-smoked roe. It
was seen that addition of bread crumbs into the
roe  pate  increased  the  carbohydrate  value.
Similarly it was observed that the calorie value
was affected from this increase and so the calorie
value of the raw roe (94.62 kcal) increased to
212.74 kcal in the canned-smoked roe. There
was statistically significant difference between
the carbohydrate and calorie values of the raw
and canned-smoked roes (P<0.05).

Chemical Analysis

The TVB-N values of the raw roes, smoked roes
and the canned- smoked roe pate are presented
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Table 1. Proximate analysis of raw and canned-smoked whiting roe n=3.

Sample Moisture (%) Protein (%) Lipid (%) Ash  (%) Carbohydrate (%) Energy (kcal/100 g)

Raw 80.88±0.12a 11.70±0.11a 4.50±0.00a 1.09±0.00a 1.82±0.00a 94.62±0.48a

Canned-smoked 61.34±1.07b 8.64±0.29b 12.52±0.39b 1.12±0.02a 16.37±0.99b 212.74±6.33b

Values are shown as mean ± standard error of triplicates. 

a, b.... ( ): The difference between the groups with different letters is important (P<0.05).



in Table 2. A significant difference was found
among groups in terms of the TVB-N values in
our  study  (P<0.05).  Long  (29)  reported  that
acceptability limit value of freshwater fish was
32-34 mg/100 g. Alperden et al. (30) stated that
the limit value of roe was 32-34 mg/100 g, too.

In the present study, the TVB-N value of the raw
roe was 9.84 mg/100 g. This value decreased to
6.13  mg/100  g  after  the  roe  was  smoked  and
increased to 8.89 mg/100 g in the end product.
All TVB-N values stayed within the acceptability
limit values.  It was thought that, increase in the
TVB-N value did not result from the spoilage, but
it was related with released nitrogen compound
after  denaturation  (catabolism)  of  protein
molecules with sterilization process. The TVB-N
value of the raw whiting roe is similar to results
of Inanli et al. (19) for salmon roe. Inanli et al.
(20) reported that TVB-N value of raw trout roe
was 6.90 mg/100 g. Ozpolat (28) stated that the
TVB-N value of raw trout roe was 6.19 mg/100 g
and it was 6.54 mg/100 g at day 0. Sengor et al. (21)
reported that TVB-N values of raw and smoked
sturgeon roes were 21.27 mg/100 g and 22.89
mg/100 g, respectively. These values were quite
higher than the TVB-N values obtained in our
study. The differences between the findings of
researchers could be attributed to different fish
species and application of different processes.

According to researchers, the TBA count must be
less than 3 mg MA/kg in very good material and
should not be more than 5 mg MA/kg in good
material. The limit for consumption is between
7-8 mg MA/kg (31). The TBA values of the raw
roes, smoked roes and the canned- smoked roe
pate are presented in Table 2. The TBA value of
the raw roe was determined as 0.36 mg MA/kg.
The TBA value increased in the smoked roe
(1.28  mg  MA/kg)  and  decreased  in  the  end
product (0.58 mg MA/kg). As a reason for this
situation, it might be said that sterilization process
(conservation)  decreased  the  microbial  load,

therefore the TBA amount showed a decrease in
the end product and the reason is the fact that
microorganisms  take  part  in  oxidation  of
the lipids (32). In the present study, there was a
significant difference among groups in terms of
the TBA values (P<0.05). In previous studies made
on flathead mullet (33) and trout (9) roes, TBA
values were found low similar to our study. Gunlu
(34) stated that increase in TBA after smoking
process resulted from application of salting. Most
probably, the increase in our TBA value that was
observed for the smoked roe was related with
the same reason. The decrease in our TBA value
of the end product might be resulted from used
additives or application of sterilization process.

The pH value should be between 6.00–6.50 for
fresh fish and the upper acceptability limit is
6.80–7.00 (35). pH values of the raw roes, smoked
roes  and  the  canned- smoked  roe  pate  are
presented in Table 2. The pH value decreased in
all phases of process. In a study, it was stated
that pH value of smoked sturgeon roe decreased
in comparison to raw samples (21). In our study,
a significant difference was found among groups
in terms of the pH values (P<0.05). pH values of
fresh flathead grey mullet roe and dried roe were
determined as 5.79 and 5.86 by Celik et al. (33),
respectively. pH value of trout roe was reported
as 7.77 (26). In another study made by Inanli et
al. (9), pH values of trout roes salted at 4 and 8%
were stated as 6.24 and 6.2, respectively (at day 0).
These results are similar to our findings. Effects
of smoking and sterilization processes might be
shown as a reason for the decrease in the pH
value.

Microbiological Analysis

Microbiological analysis results of the raw roes,
smoked roes and the canned- smoked roe pate
are given in Table 3. All microbiological analyses
were  carried  out  on  the  raw,  smoked  and
canned-smoked samples. There was a significant
difference among the groups (P<0.05).
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Table 2. TVB-N, TBA, pH values of raw, smoked and canned-smoked whiting roes n=3.

Value Raw Smoked Canned-smoked

TVB-N (mg/100g) 9.84±0.35b 6.13±0.57a 8.89±0.69b

TBA (mg MDA/kg) 0.36±0.03a 1.28±0.27b 0.58±0.00a

pH 6.55±0.03c 5.16±0.00b 4.98±0.00a

Values are shown as mean ± standard error of triplicates.

a, b.... ( ): The difference between the groups with different letters is important (P<0.05). 
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When the roe is obtained in aseptic conditions, it
is sterilized microbiologically. But commercially
prepared roes are contaminated with different
microorganisms in a short time. So, their sterility
is affected (36). In our study, total mesophilic
aerobic bacteria and psychrophilic aerobic bacte-
ria counts of the raw roe were found as 4.61 and
3.50 log cfu/g, respectively. They decreased to
4.28  and  2.85  log  cfu/g  in  the  smoked  roe,
respectively.  In  the  raw  and  smoked  roes,
respectively; total yeast-mold and coliform bacteria
counts were determined as 4.10-3.33 log cfu/g
and 3.79-1.14 log cfu/g. No microbial growth
was observed in any of the end products.

Inanli et al. (20) determined that total mesophilic
aerobic bacteria, psychrophilic aerobic bacteria
and yeast-mold counts of raw rainbow trout roes
were 4.74, 4.23 and 4.20 log cfu/g, respectively.
These values are very similar to our findings.
Counts  of  total  mesophilic  aerobic  bacteria,
yeast-mold and coliform in raw salmon trout roe
was stated as 2.05, 0.97 and <0.48 log cfu/g by
Patir et al. (37), respectively. The result in the
study and the findings in our research are not
similar. This difference may depend on different
raw material and application of different processes.
Karakas et al. (8) determined that total mesophilic
aerobic bacteria counts of raw roe and salted roe
were 7.88 and 3.18 log cfu/g, respectively. It was
explained that, total mesophilic aerobic bacteria
should be 7x104-7x106 cfu/g according to the
APHA (38). 

Sensory Evaluation

Sensory evaluation of the raw roes, smoked roes
and the canned- smoked roe pate are presented
in Table 4. When appearance, odor and color

points of the raw roe determined as 10±0.00 by
the panelists, texture points stayed as 9.6±0.50,
averagely. There was no flavor evaluation for the
raw roe. According to sensory results, it was
observed that the smoked roe was evaluated
with higher points in terms of appearance, odor
and color than the canned-smoked roe pate. 

It was tested that, there was no crumbling in
texture after smoking and it had stiff structure
which did not crumble when pressed with fork
and it could also be ripped. As a result of the
sensory evaluation of canned-smoked roe pate
which was prepared by adding bread crumbs, it
was seen that the color of it was light brown and
it had an attractive smell and taste.  Statistically,
the smoked roe was significantly different
(P<0.05) than the canned-smoked roe pate in
terms of appearance, odor and color.  

CONCLUSIONS

Besides the white and delicious flesh of whiting,
its roe is also relished by consumers. Generally,
it is consumed in fried form. In the present study,
chemical, microbiological and sensory quality
characteristics in the raw roes, smoked roes and
the canned- smoked roe pate were evaluated.
The TVB-N and TBA values stayed within the
acceptabiliy limit values. It was determined that
the pH value increased with the smoking and
sterilization processes. Besides, the total mesophilic
aerobic bacteria, psychrophilic bacteria, yeast-mold
and coliform bacteria counts of the raw whiting
roe decreased with the effect of smoke. No
growth was seen in microbiological analysis that
was made at the end of the sterilization process.

Table 3. Microbiological analysis results of raw, smoked and canned-smoked whiting roes (log cfu/g) n=3.

Sample TMAB TPAB TYM TCB

Raw 4.61±0.00c 3.50±0.01c 4.10±0.09b 3.33±0.19c

Smoked  4.28±0.02b 2.85±0.1b 3.79±0.16b 1.14±0.41b

Canned-smoked N.D N.D N.D N.D

Values are shown as mean ± standard error of triplicates.

a, b.... ( ): The difference between the groups with different letters is important (P<0.05).

Table 4. Sensory analysis results of raw, smoked and canned-smoked whiting roes n=3.

Appearance Odor Color Texture Flavor

Raw 10±0.00b 10.00±0.00b 10.00±0.00b 9.6±0.5a *

Smoked 9.6±0.33b 9.3±0.00b 10.00±0.00b 9±0.08a 9.7±0.25a

Canned-smoked 8.6±0.5a 8.1±0.6a 8±0.5a 9.5±0.08a 9.7±0.25a

Values are shown as mean ± standard error of triplicates.

a, b.... ( ): The difference between the groups with different letters is important (P<0.05). 
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The  product  is  relished  by  the  panelists  in
sensory analysis. As a conclusion; it may be said
that immersing into the salty solution, boiling,
smoking, canning and using additives contributed
to the development of the product. The next step
of this study can be doing extra research on related
issues such as determination of its shelf life. These
types of products may be varied by seafood
processing sector. 

REFERENCES

1. TUIK 2010. Turkish Statistical Institute. Fisheries
Statistics. No: 122.

2. Samsun  S,  Erdem  E,  Samsun  N.  2006.  The
determination  of  meat  yield  and  chemical
composition of whiting (Gadus merlangus). Firat

Univ  J Sci Eng, 18 (2):165-170.

3. Elliatt M. 1996. Turkish Domestic and Foreign
Markets for Fisheries Products with the Existing
Work on the Possibilities of the Future Market.
Republic of Turkey Ministry of Agriculture and
Rural Affair. General Directorate for Agricultural
Production and Development, Ankara.

4. Himelbloom BH, Crapo CA. 1998. Microbial
Evaluation of Alaska Salmon Caviar. J Food Protec.
61(5): 626-628.

5. Gulyavuz H, Unlusayin M. 1999. Fishing and
Processing  Technology.  Suleyman  Demirel
University, Egirdir Fishery Faculty, Sahin Press.
Isparta. p.366.

6. Vural H, Oztan A. 1996. Practical Guide to
Quality Control Laboratory of Meat Products.
Hacettepe  University  Faculty  of  Engineering
Publications. Ankara Pub. No: 36, 35-118.

7. Atasoy E, Erdem U, Cebeci M, Yerli B. 2006.
Some Biological Characteristics of the Whiting
(Merlangius merlangus) in the Marmara Sea.
E.U. J Fisheries and Aquatic Sci, 23 (1/1):33-37.

8. Karakas Y. 2008. Caviar Production from Grey
Mullet and Determination of Quality. PhD. Thesis.
Suleyman Demirel University Science Institute,
Isparta. Turkey. p 30.

9. Inanli AG, Coban OE. Dartay M. 2010. The
Chemical and Sensorial Changes in Rainbow
Trout Caviar Salted in Different Ratios During
Storage. Fish sci, 76:879–883.

10. AOAC 1995. Official Methods of Analysis

(16th ed.). Washington, DC: Association of Official
Analytical Chemistry.

11. Bligh EG, Dyer WJ. 1959. A Rapid Method
for Total Lipid Extraction and Purification. Can J

Biochem Physiol, 37: 911-917.

12. Falch E, Overrien I, Solberg C, Slizyte R.
2010. Composition and calories. In: Seafood  and
Seafood Product Analysis, Part III. Nollet, L. M.
L., and Toldrá, F. (Eds.). Boca Raton, FL: CRC
Press, Taylor & Francies Group, pp. 257–288.

13. Varlik C, Ugur M, Gokoglu N, Gun H. 1993.
Principles and Methods of Quality Control in
Aquaculture. Food Technology Association, Paper
no: 17. Ankara. p. 174.

14. Inal T. 1992. Food Hygiene of Foodstuffs of
Animal Health Control. 2. Press. Final ofset I.C.
Istanbul, p 783.

15. Erkan N, Ozden O. 2008. Quality Assessment of
Whole and Gutted Sardine (Sardine pilchardus)
Stored in Ice. Int J Food Sci Technol, 42:1297–1304.

16. Vural H, Oztan A. 1996. Practical Guide to
Quality Control Laboratory of Meat Products.
Hacettepe University Faculty of Engineering
Publications. Ankara Pub. No: 36, 35-118.

17. Baumgart J. 1986. Microbiologische Untersuchung
von Lebensmittel. Behr’s verlag. B.Behr’s GmbH.
Co., Averhoffstrasse 10, 2000 Hamburg 76.

18. Kurtcan U, Gonul M. 1987. Scoring Method of
Sensory Evaluation of Foods. Ege Uni. Journal of

Eng Fac Food Engineering, 5(1):137-146.

19. Inanli AG, Coban OE. Dartay M. 2010. The
Chemical and Sensorial Changes in Rainbow
Trout Caviar Salted in Different Ratios During
Storage. Fish sci, 76:879–883.

20. Inanli AG, Oksuztepe G, Ozpolat E,  Coban
OE. 2011. Effects of Acetic Acid and Different
Salt Concentrations on the Shelf Life of Caviar
from  Rainbow  Trout  (Oncorhynchus  mykiss).
J Animal Vet Advances, 10(23):3172-3178.

21. Sengor G, Alakavuk D, Tosun Y, Ulusoy S.
2010. The Chemical and Sensory Quality of Smoked
Sturgeon (Huso huso), A Case Study. J Aquatic

Food Product Techn, 19:310–317.



266

N. Kaba, B. Çorapcı, K. Eryaşar, H. N. Karabek

22. Duyar HA. 2000. An Investigation on the
Chemical  Composition  of  Muscle,  Eggs and
Processing of the Flesh as Croquet in Pearl Mullet
(Chalcalburnus tarichi). Ege University, Science
Institute. Department of fishing and processing
technology. Ph.D. Thesis. Van, Turkey, p 118.

23. Iwasaki M, Harada R. 1985. Proximate and
Amino Acid Composition of the Roe and Muscle of
Selected Marine Species. J Food Sci, 50:1585–1587.

24. Mol S, Baygar T, Varlik C, Tosun Y. 2008.
Seasonal variations in yield, fatty acids, amino
acids and proximate compositions of sea urchin
(Paracentrotus lividus) roe. J Food Drug Anal,

16(2): 68–74.

25. Sengor GF, Cihaner A, Erkan N, Ozden O,
Varlik C. 2002. Caviar Production from Flathead
Grey Mullet (Mugil cephalus) and the Determination
of Its Chemical Composition and Roe Yield. Turk

J Vet Anim Sci, 26: 183-187.

26. Ozpolat E, Patir B. 2010. Changes in Sensorial
and Chemical Quality in Vacuum Packaged of
Rainbow Trout (Oncorhynchus mykiss) Caviar
During Producing and Preservation. J New World

Sci, 5:336-343.

27. Bledsoe GE, Bledsoe CD, Rasco B. 2003.
Caviars and Fish Roe Products. Crit Rev Food Sci,

43(3):317-356.

28.  Ozpolat E. 2006. Changes in Sensorial and
Chemical Quality in Vacuum Packaged of Rainbow
Trout  (Oncorhynchus mykiss)  Caviar  During
Producing  and  Preservation.  Firat  University,
Science  Institute.  Department  of  Fishing  and
Processing Technology. P.G.Thesis. p 54.

29. Long K. 1983. Der fluchtige Basenstickstoff
(TVB-N)  bei  im  Binnenland  in  der  Verkehr
gebrachten frischen Seefischen. II. Mitteilung.
Arch Lebensmittelhyg 34:7–9.

30. Alperden I, Ozay G, Eyyupoglu Y, Erdogan
B. 1981. Use of Karbasan Products (leftover fish
and oil). MAM publication number 81. Mbeae
Press, Gebze-Kocaeli, 111 p.

31. Inal T. 1992. Food Hygiene of Foodstuffs of
Animal Health Control. 2. Press. Final ofset I.C.
Istanbul, p 783.

32. Unluturk A, Turantas F. 2003. Food Microbiology.
Meta press. Bornova, ‹zmir, p 606.

33. Celik U, Altinelataman C, Dincer T, Acarli D.
2012. Comparison of Fresh and Dried Flathead
Grey Mullet (Mugil cephalus) Caviar by means of
Proximate Composition and Quality Changes
during Refrigerated Storage at 4±2 °C. Turk J

Fisheries and Aquatic Sci, 12: 1-5.

34. Gunlu A. 2007. Determination of Some Nutrient
Composition After Smoking and Shelf Life of Farmed
Sea bass (Dicentrarchus labrax l.1758). PhD
Thesis, Isparta, p 136.

35. Ludorf  W,  Meyer  V.  1973.  Fische  und
Fischerzeugnisse. Paul Parey Verlag: Hamburg.

36. Himelbloom BH, Crapo CA. 1998. Microbial
Evaluation of Alaska Salmon Caviar. J Food Protec.

61(5): 626-628.

37. Patir B, Ozpolat E, Seker P, Yalcin H. 2010.
Production of Vacuum Packaged Caviar of Rainbow
Trout (Oncorhynchus mykiss) and Changes in
Microbiological Quality During Storage. Firat
University, Veterinary Journal of Medical Sciences,

25 (1): 31-36.

38. APHA 1985. American Public Health Association,
American Water Works Association and Water
Pollution Control Federation: Standard Methods
for the Examination of Dairy Products. 15th ed.


