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ABSTRACT

In this study, we aimed to determine the changes of electrophoretic protein profiles of smoked and marinated rainbow
trout (Oncorhynchus mykiss) during refrigerated storage. Changes in muscle proteins during 9 weeks refrigerated storage
of raw, smoked and marinated trout samples have been examined using sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). SDS-PAGE and densitometric analysis revealed that intensity and the number of some
protein bands were reduced while the bands of actin didn’t change significantly during marination and smoking of
rainbow trout muscle. Myosin heavy chain (MHC) band with molecular weight of 205 kDa disappeared in the 9" week
of smoking and marinating process. Subsequently, there were significant weekly changes in the protein percentages of
samples caused by smoking and marinating processes (P<0.01). Protein percentages of the raw, smoked and marinated
samples were determined as 18.34-18.82%, 23.83-24.70% and 16.29-17.76%, respectively.
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OZET

Bu ¢alismayla, tiitsiilenmis ve marine edilmis gokkusag: alabaliginin (Oncorhynchus mykiss) buzdolabinda depolama
stiresince elektroforetik protein profilindeki degisimlerin belirlenmesi amaglanmistir. Cig, tiitsiilenmis ve marine edilmis
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alabalik 6rneklerinin, 9 haftalik buzdolabinda depolama siiresince kas proteinlerindeki degisimler sodyum dodesil siilfat
poliakrilamid jel elektroforezi (SDS-PAGE) kullanilarak incelenmistir. SDS-PAGE ve densitometrik analiz sonuglarina
gore, tiitsiilenmis ve marine edilmis alabalik kaslarinin, aktin bandlarinda 6nemli bir degisimin olmadigi, buna karsilik
bazi protein banlarinin sayisinda ve yogunlugunda bir azalmanmn meydana geldigi gézlemlenmistir. Depolamanin
9. haftasinda, 205 kDa molekiil agirhgindaki myosin agir zinciri (MHC), goézden kaybolmustur. Ayrica tiitsiilenmis
ve marine edilmis 6rneklerin protein yiizdeleri de haftalik olarak 6nemli oranda degisim gostermistir (P<0.01). Cig,
tiitstilenmis ve marine edilmis drneklerin protein yilizdeleri sirastyla % 18.34-18.82, % 23.83-24.70 ve % 16.29-17.76

araliklarinda bulunmustur.

Anahtar Kelimeler: Gokkusagi alabaligi; Protein; SDS-PAGE; Tiitsiileme; Marinasyon

1. Introduction

Fishery products have an important place among
processed foods both from health and taste aspects.
They differ from other foods of animal origin due to
the sensitivity to processing methods and storage and
therefore, they easily lose their quality. In fact, fish
proteins, especially myosin and collagen, are less
stable than those in mammals (Poulter et al 1985).
The changes in heat, pH and salt concentrations
as well as diminishing agents denature proteins in
fishery products like all other food proteins and
they also destruct secondary and tertiary structures
(Ledword 1979). It was reported that, aside the
effect of salting, the crude protein content was
concentrated by the methods of frying and smoking.
Besides, after storage there was a reduction in crude
protein content of the fried fish rather (Ayinsa &
Maalekuu 2011). Smoking and marinating are the
oldest traditional fish preservation methods. There
are many studies conducted about changes in
physical, chemical, sensorial and microbiological
quality of smoked and marinated fish products
(Cosansu et al 2011; Kolodziejska et al 2002; Kilinc
& Cakli 2004; Basti et al 2006; Sallam et al 2007;
Yanar 2007); however, there are only a limited
number of studies investigating protein changes
through electrophoretic methods.

It was reported that about 90% of fish proteins
are generally denatured between 60-65 °C, while
the remaining 10% (tropomyosin) can remain
stable without being denatured for a long time until
100 °C (Opstvedt et al 1984; Murueta et al 2007).
Denaturing temperature might be affected by fish
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species, protein type and the ambient temperature
(Opstvedt 1988).

It was argued that texture of fish meat changes
not only with heat treatment but also with the
effect of salt and acetic acid (Shimomura et al
1984; Shimomura & Matsumoto 1985). Denatured
proteins lose some of their physical and chemical
properties. Indeed, Benjakul and Bauer (2000) stated
that physicochemical and enzymatic properties of
codfish muscle proteins are directly affected by the
freezing and unfreezing cycles.

In a study investigating the protein loss of
cuttlefish (Sepia officinalis L., 1758) salted with
different methods, protein bands were not observed
in the muscle tissue proteins of wet and dry salted
samples at 205 kDa and 35 kDa intensities of SDS-
PAGE gel electrophoresis (Unlusayin et al 2001).
In the cold smoked salmon fish samples, myosin
heavy chain band density was observed to decrease
with the increasing temperature and storage period
(Hultman & Rustad 2004).

It is known that most of the protein bands
disappear due to hot smoking and denaturing in pike
perch (Sander lucioperca L Kottelat 1997), rainbow
trout (Oncorhynchus mykiss WALBAUM 1792)
and eel (Anguilla anguilla L 1766) (Unlusayin et al
2001).

The purpose of this study, was to determine
quality losses and the changes in proteins of rainbow
trout preserved with marinating and smoking
methods on SDS-PAGE during the storage period.
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2. Material and Methods

2.1. Preparation of samples

Rainbow trout samples were obtained fresh from
local rainbow trout farm in Adana (Turkey),
stored on ice insulated box and transferred to the
laboratory. The mean length and weight of fishes
(total 29 fish) were measured as 26.20+0.42 cm
and 234.98+11.62 g respectively. Subsequently, the
fish were beheaded, gutted, filleted and washed.
Fillet samples were randomly divided into three
groups: raw, smoking and marinating (9 fillets
for each group). These processes were performed
in duplicate. Crude protein contents (%) were
calculated using skinless samples.

2.2. Raw samples

For raw groups, filleted fish samples (1 fillet for
each bags) placed in sterile vacuum bags (Baglight,
Interscience, France) and then vacuumed by vacuum
machine (Reepack, Model RV-50, Italy) without any
treatment and these samples were stored at +4 °C
for 2 weeks.

2.3. Smoking process

Trout fillets were immersed in 20% of 1:1 (w
v!) brine solution at 4 °C for 1 hour. Smoke was
produced from oak sawdust. All fillet samples were
dried in heated smoking chamber at 90 °C for 60
min, smoked at 80 °C for 60 min. Smoked fillets
were cooled at ambient temperature for 30 min.
Then, fillets were placed in sterile bags (Baglight,
Interscience, France). The fillets were vacuumed
by vacuum machine (Reepack, Model RV-50, Italy)
and stored at +4 °C for 9 weeks (Kiiciikglilmez et
al 2010).

2.4. Marinating process

Trout fillets were submerged into the marinating
solution. As marinating solution, 3% (v v') acetic
acid and 10% (w v') NaCl were used. Fillets were
submerged in this solution at 1:1.5 (w:v) ratio and
kept for 48 hours in a refrigerator (4+1 °C) and
at the end of this period, they were taken out of
the solution and drained for 15 min. Then fillets

were placed in sterilebags (Baglight, Interscience,
France). The fillets were vacuumed by vacuum
machine (Reepack, Model RV-50, Italy) and stored
at +4 °C for 9 weeks (Kiigiikglilmez 2012).

2.5. Protein analysis

Crude protein content was calculated by converting
the nitrogen content according to Kjeldahl’s
methods (AOAC 1990).

2.6. Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)

Raw, smoked and marinated samples were stored
at +4 °C from 1 to 9 weeks. After the end of the
each week, one each samples were removed from
refrigerator and their proteins were prepared for
SDS-PAGE. Protein patterns of weekly stored
rainbow trout samples were determined by using
SDS-PAGE analysis by known standards as kDa
(B-galactosidase 116.0, Bovine serum albumin
66.2, Ovalbumin 45.0, Lactate dehydrogenase
35.0, REase Bsp981 25.0, B-lactoglobulin 18.4, and
Lysozyme 14.4).

Raw, smoked and marinated samples for
electrophoresis were prepared by homogenizing 1
gr minced skinless samples. From each one of raw,
smoked and marinated samples, 1 g of sample was
taken and homogenized within 100 ml cold (~5 °C)
distilled deionized water with an Ultraturrax (IKA,
T25 basic, Germany) for 30 s. Raw and marinated
samples were diluted at 1:1 in buffer prepared for
raw samples 4% (w v'') SDS, 0.125 M tris, pH 6.8,
20% (v v) glycerol, 10% (v v'!) B-mercaptoethanol),
while the smoked samples were diluted at 1:3 (w
v!) ratio with the buffer used for cooked samples
(0.1 mM phenylmethylsulfonyl fluoride (PMSF), 10
Mm EDTA, 0.01% sodium azide (w:v) (Xiong et al
2002; An et al 1988). Weekly prepared samples were
kept at -20 °C and homogenized using an ultraturrax
at room temperature for 1 minute after nine weeks.
The samples were then centrifuged for 20 min at
room temperature, the supernatants were collected.
All raw, smoked and marinated homogenates and
molecular weight standard (MW range 14.4-116.0
kDa, Fermentas, SM0431) were diluted 1:2 (v v'!)
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with loading dye and then boiled in a water bath
(100 °C) for 3 min and loaded in each gel lane.

SDS-PAGE analysis was carried out according to
the method of Laemmli (1970). This was done with
a SE 250 Mighty Small II slab gel electrophoresis
unit (Hoefer Scientific Instruments, San Francisco,
CA,USA) using a 3% (w v'!) acrylamide stacking
gel and 10% (w v') acrylamide resolving gel
(Srinivasan et al 1997). After electrophoresis, the
gels were stained for 1 hour with Coomassie brillant
blue R250 dye (0.2% (w v') Coomassie brillant
blue, 50% (v v'') methanol, 10% (v v''") glacial acetic
acid). Afterwards, removal of the residual stain
on the surface of gels was done with a destaining
solution. Finally, gels preserved in acetic acid 5%
(v v') methanol, 7% (v v'!) glacial acetic acid) were
photographed on a white illuminated desk in a dark
room. Densitometric analysis of protein bands were
performed with Image J 1.4 (Image Program 2008).

2.7. Statistical analysis

The protein quantities (%) of weekly stored rainbow
trout samples obtained in this study were subject to
variance analysis (one-way ANOVA) using SPSS
9.0 Windows software, and the mean values of
important variance sources were compared with
Duncan’s multiple range test at P=0.01 significance
level.

3. Results and Discussion

The SDS-PAGE pattern of total proteins from raw,
smoked and marinated samples in Figure 1, Figure
3 and Figure 5, respectively. The pattern reveals
multiple bands in the molecular weight range
between 116.0 and 14.4 kDa. The band appearing at
over the marker of 116.0 kDa is myosin (205 kDa)
heavy chain and at 45 kDa is actin components. The
protein profiles by SDS-PAGE helps to understand
the process of aggregation during cold-storage.

The protein profile assessed by SDS-PAGE
showed no difference in protein patterns during the
I*tand 2™ weeks in raw trout proteins cold-storage at
+4 °C. Similarly, it wasn’t observed any changes in
actin and myosin bands, either (Figure 1, Figure 2).

Figure 1- The comparison of total proteins of
weekly stored (+4 °C) raw rainbow trout samples
in SDS-PAGE (M, marker; 0, control; 1, 1** week;
2, 2" week)

Sekil 1- Haftalik depolanmis (+4 °C) ¢ig gokkusagt
alabalik orneklerine ait toplam proteinlerin SDS-
PAGE’de karsilastiriimast (M, markir, 0,kontrol; 1,
1. hafta; 2, 2.hafta)
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Figure 2- The densitometric analysis of protein
bands of weekly stored (+4 °C) raw rainbow trout
(M, marker; 0, control; 1, 1% week; 2, 2" week)
Sekil 2- Haftalik depolanmis (+4 °C) ¢ig gokkusagt
alabalik orneklerine ait protein bandlarmin densitometrik
analizi (M, markar, 0,kontrol; 1, 1.hafta; 2, 2.hafta)
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When the changes in proteins were investigated
for the weekly stored (+4 °C) and smoked rainbow
trout for 9 weeks, it was determined that intensity
of protein bands started to decrease from the 4 to
7% weeks, while some protein bands completely
disappeared in the 8" and 9" weeks. In addition,
there was an evident decrease in the intensity of
actin and myosin bands in the later weeks (Figure
3, Figure 4).

There was a significant difference (P<0.01)
in protein quantity of samples by weeks storing
at +4 °C. The crude protein content rainbow trout
ranged between 18.34% (raw sample) to 26.10% for
smoked samples. This increase could be attributed
to applied salting and heat treatments. The protein
content of the smoked fish product increased with
salting and heat treatment because of decreasing
water amount (Kolsaric1 ve Ozkaya 1998).

In the marinated trout samples, muscle protein
patterns showed a different profile during cold-
storage marinated trout samples for 9 weeks (Figure
5, Figure 6).

The intensity of myosin and protein bands of over
116 kDa molecular weight started to decrease as of
the 3" week and degraded. Similarly, other muscle
myofibrillar proteins started to degrade in the 2
and 3™ weeks and some protein bands disappeared
until the 9" week. Similarly, Hernandez-Herrero
et al (2000) investigated the protein changes with
SDS-PAGE during the ripening process of the salted
anchovy (Engraulis encrasicholus L.), and reported
that fish muscle proteins demonstrated different
profiles at different ripening periods. They also
indicated that muscle myosin denatured in anchovy
samples ripened with over 8-10% (w v') salt, other
myofibrillar muscle proteins partly denatured in
anchovy samples ripened with over 15-16% (w v*!)
salt, while myofibrillar muscle proteins completely
disappeared in anchovy samples ripened with over
20% (w v') salt. Generally, actin is considered to
remain stable with the processing of fish products.
However, it remained constant until the 7" week
in our study, but gradually decreased afterwards.
Michalczyk & Surowka (2007) investigated the

Figure 3- The comparison of total proteins of weekly
stored (+4 °C) smoked rainbow trout samples in
SDS-PAGE (M, marker; 0, control; 1, 1st week; 2,
2" week; 3, 3" week; 4, 4™ week; 5, 5" week; 6, 6™
week; 7, 7" week; 8, 8" week; 9, 9™ week)

Sekil 3- Hafialik depolanmis (+4 °C) tiitsiilenmig
gokkusagi alabalik érneklerine ait toplam proteinlerin
SDS-PAGE 'de karsilastirilmast (M, markir; 0, kontrol;
1, 1.hafta; 2, 2.hafta; 3, 3.hafta; 4, 4. Hafia, 5, 5.hafta;
6, 6.hafta; 7, 7.hafia; 8, 8.hafta; 9, 9. hafta)
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Figure 4- The densitometric analysis of protein
bands of weekly stored (+4 °C) smoked rainbow
trout (M, marker; 0, control; 1, 1st week; 2, 2"
week; 3, 3" week; 4, 4" week; 5, 5" week; 6, 6™
week; 7, 7" week; 8, 8" week; 9, 9™ week)

Sekil 4- Haftalik depolanmis (+4 °C) tiitsiilenmig
gokkusagi alabalik 6rneklerine ait protein bandlarinin
densitometrik analizi (M, markuwr, 0, kontrol; 1, 1.hafta;
2, 2.hafta; 3, 3.hafta; 4, 4. Hafta,; 5, 5.hafta; 6, 6.hafta;
7, 7.hafta; 8, 8.hafta; 9, 9. hafta)
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Figure 5- The comparison of total proteins of weekly
stored (+4 °C) marinated rainbow trout samples in
SDS-PAGE (M, marker; 0, control; 1, 1st week; 2,
2" week; 3, 3" week; 4, 4" week; 5, 5™ week; 6, 6
week; 7, 7" week; 8, 8" week; 9, 9™ week)

Sekil 5- Haftalik depolanmis (+4 °C) marine edilmis
gokkusagi alabalik 6rneklerine ait toplam proteinlerin
SDS-PAGE de karsilastiriimasi (M, markir; 0, kontrol;
1, 1.hafta; 2, 2.hafta; 3, 3.hafia; 4, 4. Hafta, 5, 5.hafta;
6, 6.hafta; 7, 7.hafia; 8, 8.hafta; 9, 9. hafta)
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Figure 6- The densitometric analysis of protein
bands of weekly stored (+ 4°C) marinated rainbow
trout (M, marker; 0,control; 1, 1st week; 2, 2"
week; 3, 3" week; 4, 4" week; 5, 5% week; 6, 6™
week; 7, 7" week; 8, 8" week; 9, 9™ week)

Sekil 6- Haftalik depolanmis (+4 °C) marine edilmis
gokkusagi alabalik 6rneklerine ait protein bandlarinin
densitometrik analizi (M, markir; 0, kontrol; 1, 1.hafta;
2, 2.hafta; 3, 3.hafia; 4, 4. Hafta, 5, 5.hafta; 6, 6.hafta;
7, 7.hafta; 8, 8.hafta, 9, 9. hafta)

type and scope of changes in rainbow trout gravad
proteins during processing and vacuum storage at +3
°C and -30 °C. As a result of SDS-PAGE analysis,
they determined that when gravads were cold stored
for 8 weeks at an intensity of 274 kDa, 160 kDa
bands and the C-protein increased compared to the
fresh gravad. They showed that lowering of relative
intensity of bands represents actin and myosin
heavy chain. On the other hand, they stated that
lowering actin and MHC bands could be due to their
degradation caused by cathepsins. The crude protein
content of rainbow trout ranged between 18.34%
(raw sample) to 16.29% for marinated samples.
This decrease could be attributed to proteolytic
enzymes. Salting treatment decreased the protein
of the marinated fish product as a result of protein
being dissolved in the brine and other nitrogenous
substance including free amino acids (Clucas &
Ward 1996).

Demir et al (2011) investigated molecular
weights and band counts of sarcoplasmic proteins
in four populations of Salmo trutta macrostigma
living in Mediterranean Region of Turkey by
using sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) method and
densitometric analysis. Consequently, they found
differences in molecular weights and number of
bands in sarcoplasmic proteins of mountain trout
(Salmo trutta macrostigma Dumeril 1858) samples
collected from different populations. Similarly,
Unlusayin et al (2010) investigated the effects of
three different salting methods on rainbow trout and
determined protein bands patterns by using SDS-
PAGE analysis with known mass standards. They
visualized different bands on gels in fish belonging
to different salting methods.

The statistical analysis of the crude protein
changes demonstrated a significant difference
(P<0.01) in the results of the crude protein (%)
analysis of the weekly stored rainbow trout samples
with smoking and marinating methods excluding
raw materials. The protein quantities (%) of weekly
stored rainbow trout samples obtained in this study
are given in Table 1.
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Table 1- Crude protein content (%) of stored (+4
°C) rainbow trout

Cizelge 1- Depolanmis (+4 °C) gékkusagr alabalik’in
ham protein icerigi (%)

Weeks Protein (%)
Raw Smoked Marinated

1 18.34+0.14*  23.83+0.65*  17.65+0.09°
2 18.82+0.13*  24.70+0.07¢  17.62+0.07*
3 18.48+0.34*  24.78+0.16*  16.46+0.38°
4 25.03+0.85¢  17.59+0.07¢
5 24.84+0.23¢  17.40+0.32%
6 25.40+0.28%¢  16.29+0.10°¢
7 25.00+0.05¢  17.36+0.30®
8 25.96+0.06*  17.51+0.30°
9 25.274+0.05¢¢  17.76+0.04°

*, the variation between values shown with different letters in the
same column is significant (P<0.01)

Protein percentages of the raw, smoked and
marinated samples were determined as 18.34-
18.82%, 23.83-24.70% and  16.29-17.76%,
respectively. It was reported that, aside the effect of
salting, the crude protein content was concentrated
by the methods of frying and smoking. Besides, after
storage there was a reduction in crude protein content
of the fried fish rather (Ayinsa & Maalekuu 2011).
Similarly no significant change was detected in
crude protein values in sea bass filets (Dicentrarchus
labrax, L. 1758) in sunflower oil during storage at
4 °C (Alparslan et al 2013). On the other hand, in
our study, Although crude protein changes of all
samples were found significant (P<0.01), there
was no significant difference between the protein
percentages with storage time.

4. Conclusions

The results of the polyacrylamide gel electrophoresis
(SDS-PAGE)  and  densitometric  analysis
demonstrated that band intensities started to decrease
in the 2" week in marinated and smoked samples
excluding raw samples and some protein bands
were relatively reduced in the later weeks and even
some bands completely disappeared. Consequently,
intensity and number of protein bands is decreased
with increasing storage time.
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