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ABSTRACT

The natural preservative effect of rosemary and thyme essential oils on marinated crayfish (Astacus leptodactylus Esch.,
1823) stored at 4 ºC was investigated. Microbiological, chemical and sensory analyses were performed to monitor the
changes in quality and to determine the shelf life of marinated crayfish. Microbiological results showed that natural
compounds from rosemary and thyme essential oils resulted in lower bacterial growth in marinated crayfish during the
chilled storage period. The total volatile basic nitrogen (TVB-N) and the thiobarbituric acid (TBA) values were observed
to increase in all groups during the storage period. As for the TBA value, the difference between Group C (Control,
without essential oils), Group R (with rosemary oil), and Group T (with thyme oil) was significant (p < 0.05).  The shelf
life of marinated crayfish was found to be 42 days for Group C, 56 days for Group R, and 70 days for Group T according
to the results of sensory and microbiological assessments.
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INTRODUCTION

Astacus leptodactylus is naturally and widely
distributed in rivers lakes and ponds throughout of
Turkey. Its distribution area has considerably expanded in
Turkey after 1985 because of its commercial importance
and declined catches from traditional fisheries. The
consumption of A. leptodactylus has always been very
low in Turkey and it had been exported to Western
Europe until 1986. However, due to over-fishing,
pollution, and disease (crayfish plague), the total
production dramatically decreased from 5.000 to 200 tons
per year (Harlioğlu, 2004). In recent years, there has been
a gradual increase in the production of crayfish in
Turkey. Total catch in 2010 was reported to be 1.030 tons
(TUIK, 2010).

Marinades are semi-preserves; the preservation
is based on acetic acid and salt, whose combined effects
inhibit the reproduction of bacteria and activities of
enzymes. The aim of marination is not only to prevent
microbial growth, but also to tenderize or change the
taste, texture, and structural properties of the fish or meat,
resulting in a product with a characteristic flavor and an
extended but still limited shelf life (McLay, 1972).
Although the marination technology is well developed for
meat, poultry, and fish industries, no information is yet
available in the literature about preservative effects of
rosemary and thyme essential oils (EOs) on marinated
crayfish (Sallam et al., 2007; Cadun et al., 2008;
Gökoğlu et al., 2009).

Increasingly, consumers are demanding more
natural, minimally processed products. To satisfy these
requirements, one of the major challenges in the food
industry consists of reducing conventional chemical
additives in food formulation (Sanchez-Gonzalez et al.,
2011). The increased demand for safe and natural food
without chemical preservatives motivates many
researchers to investigate the antimicrobial effects of
natural compounds. Numerous investigations have
confirmed the antimicrobial action of essential oils (EOs)
in modeled as well as actual food systems (Harpaz et al.,
2003; Serdaroğlu and Felekoğlu, 2005). Recently,
rosemary (Rosmarinus officinalis) and thyme (Thymus
vulgaris L.) are used as natural preservatives in foods, but
no information is yet available in the literature about the
preservative rosemary and thyme essential oils on
marinated sauced crayfish Rosemary and thyme plant
species native to the Mediterranean area are now widely
cultivated as spices in temperate climes. According to
Wang et al. (2008), rosemary contains a number of
important compounds such as 1, 8-cineole (27.23%), α-
pinene (19.43%), camphor (14.26%), camphene (11.52%)
and β-pinene (6.71%). On the other hand, thyme contains
a number of critical compounds such as the phenols:
thymol (44–60%) and carvacrol (2.2–4.2%) (Solomakos
et al., 2008).

In this study we evaluated the preservative
effects of rosemary and thyme essential oils on marinated
sauced crayfish. Microbiological, chemical, and sensory
analyses were conducted to investigate the changes in
quality and to determine the shelf life of marinated
crayfish in sauce during storage at 4ºC.
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MATERIALS AND METHODS

Raw material: We studied crayfish (Astacus
leptodactylus) which were caught in June 2010 in
Cemisgezek Region of Keban Dam Lake, Turkey.
Crayfish samples were placed in ice boxes and
transferred within 1 h to the laboratory of the Faculty of
Fisheries at Firat University. The average weight and
length of the crayfish were 59.36 ± 18.84 g and 12.04 ±
0.85 cm, respectively. Approximately 50 kg of crayfish
were used for this study. Crayfish were washed with
clean water, boiled for 10 min at 100° C, and separated
from their shells.

Rosemary and thyme essential oils: Water-soluble
Rosemary (Herbalox® Seasoning) and thyme (Aquaresin®

Thyme Code:35-06-39) essential oils were purchased
(Kalsec, Inc., Kalamazoo, MI).

Marination and sauce process: The preparation process
was carried out in a cold room at a temperature of 4 °C.
Crayfish  were then divided into three batches (~3.5 kg
each) and prepared for marination. The first group (C)
was marinated by immersing the crayfish in a pre-chilled
(4 °C) solution containing a combination of 4% acetic
acid (v/v) and 5% NaCl (w/v); the second group (R) was
marinated in a pre-chilled solution containing 4% (v/v)
acetic acid, 5% (w/v) NaCl and 300 mL/L rosemary. The
third group was marinated in a pre-chilled solution
containing 4% (v/v) acetic acid, 5% (w/v) NaCl and 300
mL/L thyme. Crayfish and marinade solution were filled
into glass containers at a ratio of 1:1.5 (crayfish/
marinade solution; w / v), and the containers were sealed
with their lids. The maturation and brining processes
were completed after seven days at 4 ± 1 º C.

The marinated crayfish were removed from the
solution and put into glass jars. Three groups of
marinated crayfish were placed in carrot sauce. Carrot
sauce was prepared using olive oil, carrots, tomato paste,
onion, salt, bay leaf, and water. The selected ratio of
crayfish to carrot sauce was 120 g : 50 g. This ratio was
determined in preliminary trials. Packed samples were
stored at 4 ±1ºC and analyzed on the 0th, 7th, 14th, 28th,
42nd, 56th, 70th, and 84th days to determine the changes in
product quality.

Sauce preparation: 20 ml olive oil, 120 g grated carrots,
30 g tomato paste, 60 g grated onion, 3 g salt, 2 g garlic,
1 bay leaf were used as ingredients. Chopped onions,
garlic, and tomato paste were cooked in olive oil until
tender. Then grated carrots, salt, bay leaf, and water were
added and the sauce was cooked for approximately 15
minutes.

Analyses

Proximate composition: The moisture content of
crayfish was determined by drying the meat in an oven at

105 ºC until a constant weight was obtained (AOAC,
1990). Crude protein content was calculated by
converting the nitrogen content determined by Kjeldahl’s
method (6.2 x N). Fat content was determined as
described by the AOAC (1990) using the Soxhlet system.
Ash content was determined by dry ashing in a furnace at
550 0C for 4 h (AOAC, 1990).

Microbiological analysis: For all microbiological
counts, 10 g of sample was taken and placed into 90 ml
0.1% peptone water (Difco, 0118-17-0) and
homogenized. Other decimal dilutions were prepared
from the 10−1 dilution. Appropriate dilutions of samples
were prepared in sterile 0.1% peptone water and plated,
in duplicate, on the growth media by using the pour plate
method.  Plate Count Agar (PCA): 30 ± 2ᵒC for 3 days
for total viable count (TVC) and 4 ± 1 ᵒC for 10–14 days
for psychrotrophic viable count (PVC). Dichloran Rose
Bengal Chloramphenicol Agar (DRBC): 25 ± 2ᵒC for 5
days for yeast and mold count (YM). Man Rogosa Sharpe
Agar (MRS): 37 ± 2ᵒC for 2 days for lactic acid bacteria
count (LAB). The microbial counts were expressed as log
cfu g-1 (ICMSF, 1986).

Physical and chemical quality analysis: The pH value
was measured using a pH-meter (Thermo Scientific
Orion 3-Star Plus). The pH-meter was calibrated using
standard pH solutions before each measurement (AOAC,
1990). Total Volatile Basic Nitrogen (TVB-N) was
determined according to the method of Varlik et al.
(1993). Thiobarbituric acid value (TBA, mg
malonaldehyde/kg) was determined using the
spectrophotometric method (Tarladgis et al., 1960).

Sensory analysis: The sensory quality of the marinated
crayfish was evaluated by five experienced panelists. The
samples were heated individually in a microwave oven at
full power, for 2 min and immediately presented to the
panellists. Panelists scored the products for sensory
characteristics such as color, odor, flavor, and general
acceptability using a five-point hedonic scale. A score of
5 indicated ‘‘very good’’ quality, a score of 4 ‘‘good’’
quality, a score of 3 “acceptableˮ, a score of 1-2 denoted
as ‘‘spoiled’’. (Kurtcan and Gonul, 1987).

Statistical analysis: All data were studied with one-way
analysis of variance (ANOVA) followed by Duncan's
multiple-range test. Statistical significance level was
considered to be α = 0.05. All statistical analyses were
carried out using SPSS Version 12.0 (SPSS, IL, USA).

RESULTS AND DISCUSSION

Proximate composition: Proximate compositions of raw
and marinated crayfish are given in Table 1. The
compositions of the raw crayfish are similar to the
findings of other researchers (Gurel and Patir, 2001;
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Erkan et al., 2009). Moisture content of raw crayfish was
determined as 79.15 ± 0.07% but after the marination
process, it decreased to 77.70 ± 0.59%, 78.38 ± 1.00%,
and 77.91 ± 1.70% in the control, rosemary, and thyme
groups, respectively (p > 0.05). Fat content of raw
crayfish was 2.97 ± 0.23%. After the marination process,
fat content increased to 7.98 ± 1.52%, 8.01 ± 0.81%, and
8.03 ± 0.20% in the control, rosemary, and thyme groups,
respectively. Protein contents of marinated crayfish also
decreased after marination as compared to the protein
content of the raw crayfish (Table 1). Significant
difference was found between the protein, fat, and ash
contents of raw and marinated crayfish (p < 0.05). This
result can be explained by the effects of sauce.

Microbiological analysis: The results of microbiological
analyses are illustrated in Fig 1. Initial contamination of
the fresh samples in terms of total viable count (TVC) of
bacteria was low (3.75 log cfu/g). After marination, the
control showed values of 3.78 log cfu/g on the 1st and
6.70 log cfu/g on the 56th days respectively, and these
levels were statistically significantly higher than the other
groups (Fig. 1). The TVC in rosemary and thyme samples
were still low even after 70 days at 4 ºC. This result can
be explained by the effects of rosemary and thyme on
total viable counts (Elgayyar et al., 2001; Özkan et al.,
2004; Cadun et al., 2008). Significant statistical
differences were found between the samples (p < 0.05).
The maximum microbiological growth had already been
reached in the control group by the 56th day. While R and
T groups were still found acceptable by the panelists, the
control samples were scored as unacceptable for all
sensory criteria. Similar maximum TVC were also
observed in other studies (Cadun et al., 2008; Gutierrez
and Barry-Ryan 2009). Ahn et al. (2007) and Fan et al.
(2008) reported that mesophilic aerobic counts in fish
treated with plant extracts were lower than those in non-
treatment samples during cold storage (-5 ºC ~ 10 ºC).
Bacteria in the control group grew more quickly than
treated groups, indicating antibacterial effects of
rosemary and thyme oils on marinated crayfish. Thyme
was less effective than rosemary extract in reducing
microbial growth.

Psychotropic pathogens can grow in refrigerated
foods and may cause some foodborne diseases.
Psychrotrophic bacteria count was 1.65 log cfu/g in the
raw crayfish and it decreased to 1.61 log cfu/g in group R
and increased to1.94 log cfu/g in group T. On the 28th

day, psychrotrophic bacteria count increased to 3.76 log
cfu/g in the control, 3.34 log cfu/g in group R, and 3.72
log cfu/g in group T (Fig. 1). These figures are
comparable to Schulze (1985). In control group samples
psychrotrophic bacteria counts exceeded the value of 6
log cfu/g, considered as the upper acceptability limit for
marine species (Erkan et al.,, 2007) on 56th storage day.
On the other hand, in R and  T  group samples

psychrotrophic bacteria counts exhibited a growth under
the 6 log cfu/g on the 70th storage day. Statistically
significant differences were found between the samples
with respect to the storage duration (p < 0.05).

The initial LAB count of the raw crayfish was
determined to be 4.05 log cfu/g. After processing, the
LAB count was decreased to 3.16 log cfu/g, 2.98 log
cfu/g and 2.16 log cfu/g in the control, rosemary, and
thyme groups, respectively. Statistically significant
differences were found between the samples (p < 0.05).
In terms of the LAB count of marinated crayfish, thyme
essential oil was determined to be the most effective
during storage (Fig. 1). On the 56th day of storage, 5.98
log cfu/g, 4.89 log cfu/g, and 3.88 log cfu/g levels were
observed for the C, R, and T samples, respectively. These
differences may explain the effects of thyme essential oil
on the marinated crayfish in sauce. Zaika et al. (2006)
found that rosemary, marjoram, sage, and thyme had an
inhibitory effect on the LAB count.

Yeast-mold count (YM) in the raw crayfish was
3.66 log cfu/g. The initial YM count was significantly (p
< 0.05) reduced after the marination process. YM count
increased with increasing storage time (Fig. 1). However,
YM count of marinated crayfish did not exceed the
acceptable limit during storage period for any of the
groups (YM count < 6 log cfu/g). Significant differences
were observed: the control group contained high level of
YM compared to treatment groups. Antibacterial and
antifungal activities of rosemary and thyme have been
reported in previous studies (Hammer et al. 1999;
Elgayyar et al. 2001; Burt, 2004).

Some authors have suggested that rosemary and
thyme  have significant bacteriostatic/inhibition
properties for pathogenic and spoilage microorganisms
(Tajkarimi et al., 2010), the present study showed that the
used thyme oil was more effective as an antibacterial
agent for the preservation of marinated  crayfish,
probably due to the presence of carvacrol and thymol in
the thyme essential oil.

Chemical analysis and pH: The changes in pH, TVB-N,
and TBA values of raw materials and marinated crayfish
in sauce are given in Fig. 2.

The initial pH of the raw crayfish was 6.01 ±
0.02. After processing, the pH values were 4.42, 4.39,
and 4.40, for C, R, and T, respectively (Fig. 2). No
statistically significant difference was found between the
samples (p > 0.05). Generally, bacteria that cause food
poisoning and spoilage may only grow above a pH of 4.8
(McLay, 1972), therefore the pH value of marinated
products should not be more than 4.8 (Rehbein and
Oehlenschlager, 1996). In compliance with the literature,
pH values of our samples were below 4.8. This was
supported by other chemical and sensory analyses
(Ludorff and Meyer, 1973 Varlik et al., 1993). This can
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be explained by acetic acid concentration used in
marination which causes a decrease in pH value.

TVB-N could be used as a quality indicator for
fish products (Jay, 1992) and is associated with the amino
acid decarboxylase activity of microorganisms during
storage. Changes in TVB-N value during storage are
shown in Fig. 2. The initial TVB-N in raw crayfish was
18.5 ± 0.74 mg/100 g which is noticeably higher than the
results reported by Mol and Turkmen (2008). It is
suggested that TVB-N value is affected by the species,
catching season, and region as well as the age and sex of
seafood. A level of 35 mg/100 g has been considered the
upper limit above which fishery-products are regarded
unacceptable (Sikorski et al., 1990). The TVB-N counts
of all samples increased with storage time. Significant
differences were observed between C, R, and T groups (p
< 0.05). Samples treated with thyme oil had the lowest
levels of TVB-N compared to the other samples. This is
attributed to the effect of thyme extract on microbial
population and the growth of bacteria as an antimicrobial
agent (Yasin and Abou-Taleb, 2007; Kenar et al., 2010;
Tajkarimi et al., 2010).

Highly unsaturated lipids in fat-rich fish are
susceptible to oxidation that results in a rancid smell and
taste as well as alterations in texture, color, and
nutritional value (Olafsdottir et al., 1997). TBA
(thiobarbituric acid) value is a widely used indicator for
the assessment of the degree of lipid oxidation. It has
been suggested that a maximum TBA value, indicating
the good quality of the fish, is 5 mg malonaldehyde/kg

while fish may be consumed up to a TBA value of 8 mg
malonaldehyde (MA) kg-1 (Schormuller, 1969).

TBA values of the raw crayfish were 0.31 ± 0.43
mg MA kg-1. Initial TBA values of C, R, and T groups
were found to be 0.61, 0.37, and 0.32 mg MA kg-1,
respectively (Fig. 2). All samples showed an increased
TBA value with extended storage period. Significant
differences were observed among C, R, and T groups (p
< 0.05). Similarly, these findings are in agreement with
the antioxidative effect of rosemary oil reported by
Cadun et al. (2008). They reported that application of
rosemary and thyme oils at doses of 300 ml/L also led to
significantly lower final TBA values compared to the
control for marinated crayfish at 56 days. In addition,
similar TBA values have been reported for meat treated
with oregano and sage essential oils (Fasseas et al.,
2007). In the present study, the highest TBA values were
observed in the control group during the storage period.

Sensory analysis: Fig 3 shows the results of the sensory
evaluation (overall acceptability, odor, color, taste) of
marinated sauce crayfish. Scores of all groups decreased
at the end of the storage period. The limit of acceptability
of taste was reached after 56 days for the control group,
after 70 days for T and 84 days for R groups. The storage
life of fish is affected by the initial microbial load of the
fish and the storage temperature (Erkan and Bilen, 2010).
The shelf life of Asian sea bass (Lates calcarifer) treated
with 0.05% oregano and / or thyme was observed to be
33 days at 0 – 2 0C (Harpaz et al., 2003). Similar findings
were reported by other researchers as well (Gimenez et
al., 2005).

Table 1. Proximate compositions of raw and marinated crayfish.

Sample componet Raw Crayfish C R T
Moisture (%) 79.15±0.07 77.70±0.59 78.38±1.0 77.91±1.7
Protein (%) 16.27±0.03a 11.19±0.46b 11.52±0.21b 11.48±0.2b
Lipid (%) 2.97±0.23a 7.98±1.52b 8.01±0.81b 8.03±0.2b
Ash(%) 1.51±0.25a 2.02±0.03b 2.04±0.04b 2.08±0.37b
C: control group, without added rosemary and thyme oils; R : plus 300 mL/L rosemary oil; T: plus 300 mL/L thyme oil. Each value is
a mean (n=3). Values in the same line followed by different letter are significantly different (p < 0.05).
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Fig.1. Changes microbial counts (log cuf /g) in production phases/ marinated sauced crayfish during storage at
4°C. After mari: After marination. C: Control R: plus 300  mL/L Rosemary oil T: plus 300 mL/L Thyme
oil .Each value is a mean (n=3).

Fig.2. Chemical changes in production phases/ marinated sauced crayfish during storage at 4°C. After mari:
After marination. C: Control R: plus 300 mL/L Rosemary oil T: plus 300 ppm Thyme oil. Each value is a
mean (n=3).
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In conclusion, the results of the study showed
that addition of rosemary oil and thyme oil in marination
solution resulted in longer shelf life compared to the
control. Sauce marinades were preferred by the panelists.

Rosemary and thyme essential oils were effective in
controlling the growth of bacteria and biochemical
indices.

Fig. 3. Sensory scores of marinated sauced crayfish during storage at 4°C. After mari: After marination. C:
Control R: plus 300 mL/L Rosemary oil T: plus 300 mL/L Thyme oil Each value is a mean (n=3).  Color,
Odour, Flavor and General acceptability, n =5 panelists.

Acknowledgement : This work has been financially
supported by the Firat Unv. Sci. Res. Fund (FUBAP,
Project No. 1843).

REFERENCES

AOAC (1999). Official methods of analysis, 15th Ed.,
Association of official analytical chemists,
Washington, DC, USA.

Ahn, J., I.U. Grun and A. Mustapha (2007). Effects of
plant extracts on microbial growth, colour
change, and lipid oxidation in cooked beef. Food
Microbiol. 24:7–14.

Burt, S (2004). Essential oils: their antibacterial
properties and potential applications in foods - A
review. Int. J. Food Microbiol. 94: 223-253.

Cadun, A., D. Kışla and Ş. Çaklı (2008). Marination of
deep-water pink shrimp with rosemary extract
and the determination of its shelf-life.  Food
Chem. 109: 81-87.

Elgayyar M., F.A. Draughon, D.A. Golden and J.R.
Mount (2001). Antimicrobial activity of
essential oils from plants against selected
pathogenic and saprophytic microorganisms. J.
Food Protect. 64: 1019–1024.

Erkan, N., Ö. Özden and M. İnuğur (2007). The effects of
modified atmosphere and vacuum packaging on



Duman et al., J. Anim. Plant Sci. 25(6):2015

1777

quality of chub mackerel. Int. J. Food Sci.
Technol. 42: 1297–1304.

Erkan, N., S. Mol, S.Y. Tosun and D.Ü. Alakavuk
(2009). Seasonal variations of the yield and
proximate composition of freshwater crayfish,
Astacus leptodactylus (Eschscholtz, 1823). Adv.
Food Sci. 31:41-44.

Erkan, N. and G. Bilen (2010). Effect of essential oils
treatment on the frozen storage stability of chub
mackerel fillets. J. Verbrauch Lebensm. 5:101–
110.

Fan, W., Y. Chi and S. Zhang (2008). The use of a tea
polyphenol dip to extend the shelf life of silver
carp (Hypophthalmicthys molitrix) during
storage in ice. Food Chem. 108:148–153.

Fasseas, M.K., K.C. Mountzouris, P.A. Tarantilis, M.
Polissiou and G. Zervas (2007). Antioxidant
activity in meat treated with oregano and sage
essential oils. Food Chem. 106: 1188-1194.

Gimenez, B., P. Roncales and J.A. Beltran (2005). The
effects of natural antioxidants and lighting
conditions on the quality of salmon (Salmo
salar) fillets packaged in modified atmosphere.
J. Sci. Food Agr. 85:1033–1040.

Gökoğlu, N., O.K. Topuz and P. Yerlikaya (2009).
Effects of pomegranate sauce on quality of
marinated anchovy during refrigerated storage.
LWT Food Sci. Technol. 42: 113–118.

Gutierrez, J., C. Barry-Ryan and P. Bourke (2009).
Antimicrobial activity of plant essential oils
using food model media: Efficacy, synergistic
potential and interactions with food components.
Food Microbiol. 26: 142–150.

Gürel, A. and B. Patır (2001). Meat yield and chemical
quality of crayfish (Astacus leptodactylus Esch.,
1823) in Keban Dam Lake. Vet. Bil. Dergisi. 17:
23-30.

Hammer, K.A., C.F. Carson, and T.V. Rile (1999).
Antimicrobial activity of essential oilsand other
plant extracts. J. Applied Microbiol. 86: 985-
990.

Harlıoğlu, M.M. (2004). The present situation of
freshwater caryfish, Astacus leptodactylus
(Eschscholtz, 1823) in Turkey. Aquaculture.
230:181-187.

Harpaz, S., L. Glatman, V. Drabkin and A. Gelman
(2003). Effects of herbal essential oils used to
extend the shelf life of freshwater-treated Asian
Sea bass fish (Lates calcarifer). J. Food Protect.
66: 410–417.

ICMSF (1986). International Commission on
Microbiological Specifications for Foods.
Sampling for microbiological analysis:
Principles and Specific Applications. New York,
NY: University of Toronto Press.

Jay, J (1992). Modern food microbiology, 4th ed.
Chapman & Hill, New York.

Kenar, M., F. Özoğul and E. Kuley (2010). Effects of
rosemary and sage tea extracts on the sensory,
chemical and microbiological changes of
vacuum-packed and refrigerated sardine
(Sardina pilchardus) fillets.Int. J. Food Sci.
Technol. 45: 2366–2372.

Kurtcan, U. And M. Gonul (1987). Scaling method of
sensorial evaulation of foods. J Sci Food Eng
Ege Univ. 5: 137-146.

Ludorff, W. and  V. Meyer (1973) Fisch und
fischerzeugnisse. Berlin and Hamburg: Paul
Parey Verlag

McLay, B.R. (1972). Marinades. Ministry of Agriculture
Fisheries and Food. Torry Advisory Note No: 56
(14).

Mol, S., and Ö.A. Türkmen (2008). Effect of sodıum
metabısulfıte and cıtrıc acıd on the qualıty of
crayfısh (Astacus leptodactylus). J. Muscle
Foods. 21: 327-342.

Olafsdottir, G., E. Martinsdottir, J. Oehlenschlager, P.
Dalgaard, B. Jensen, I. Undeland, I.M. Mackie,
G. Henehan, J. Nielsen and H. Nilsen (1997).
Methods to evaluate fish freshness in research
and industry. Trends Food Sci. Technol. 8: 258-
265.

Özkan, G., O. Sagdiç, N.G. Baydar and H. Baydar
(2004). Note: Inhibition of pathogenic bacteria
by essential oils at different concentrations.
Food Sci. Technol. Int. 10:277-281.

Rehbein, H. and J. Oehlenschlager (1996). Fische und
fischerzeugnisse, krebs und weichtiere. In:
Allgemeines lehrbuch der lebensmittelchemie,
Franzke, C. (Ed.) Hamburg: Behr Verlag, pp.
395–411.

Sallam, K.H.I., A.M. Ahmed, M.M. Elgazzar and E.A.
Eldaly (2007). Chemical quality and sensory
attributes of marinated Pacific saury (Cololabis
saira) during vacuum-packaged storage at 4 °C.
Food Chem. 102: 1061- 1070.

Sanchez-Gonzalez, L., M. Vargas, C. Gonzalez-Martınez,
A. Chiralt and M. Chafer (2011). Use of
essential oils in bioactive edible coatings. Food
Eng. Rev.3:1–16.

Schormüller, J (1969). Handbuch der lebensmittelchemie
(Band IV). Heidelberg, Berlin: Springer Verlag

Schulze, K (1985). Untersuchungen zur mikrobiologie,
haltbarkeit und zusammensetzung von
raucherforellen aus einer aquakultur. Arch
Lebensmittelhyg. 36: 81-85.

Serdaroğlu, M. and E. Felekoğlu (2005). Effects of using
rosemary extract and onion juice on oxidative
stability of sardine (Sardina pilchardus) mince.
J. Food Quality.28: 109–120.



Duman et al., J. Anim. Plant Sci. 25(6):2015

1778

Sıkorskı, Z.E., A. Kolakowska and J.R.  Burt (1990).
Postharvest biochemical and microbial changes.
In: Seafoods: Resources,nutritional composition,
and preservation. Sikorski Z.E. (Ed.) CRC Press,
Boca Raton, FL. pp. 55–75.

Solomakos, N., A. Govaris, P. Koidis and N. Botsoglou
(2008). The antimicrobial effect of thyme
essential oil, nisin and their combination against
Escherichia coli O157:H7 in minced beef during
refrigerated storage. Meat Sci. 80: 159–166.

Tajkarimi, M. M., S.A. Ibrahim and D.O. Cliver (2010).
Antimicrobial herb and spice compounds in
food. Food Control, 21, 1199–1218.

Tarladgis, B., B. Watts, M. Yonathan and L. Dugan
(1960). Distilation method for determination of
malonaldehyde in rancidity food. J. Am. Oil.
Chem. Soc. 37: 44–48.

TUIK (2010). Fisheries Statistics. http://www.turkstat.
gov.tr

Varlık, C., M. Uğur, N. Gökoğlu and H. Gün (1993). Su
ürünlerinde kalite kontrol ilke ve yöntemleri.
Gıda Teknolojisi Derneği Yay., Istanbul.

Wang, W., N. Wu, Y.G. Zu and Y.J. Fu (2008).
Antioxidative activity of Rosmarinus officinalis
L. essential oil compared to its main
components. Food Chem. 108: 1019–1022.

Yasin, N. M. N., and M. Abou-Taleb (2007).
Antioxidant and antimicrobial effects of
marjoram and thyme in coated refrigerated semi
fried mullet fish fillets. World J. Dairy & Food
Sci. 2: 01–09.

Zaika, L.L., J.C. Kissinger and A.E. Wasserman (2006).
Inhibition of lactic acid bacteria by herbs. J.
Food Sci. 48: 1455-1459.


