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The Effects of Salting on Chemical Quality of Vacuum Packed
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(Oncorhyncus mykiss) Fillets During Chilled Storage
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Abstract: The study reports the effects of TS (Traditional Smoke) and LS (Liquid Smoke) smoking processes
after performing chemical composition analyses using two different briming solutions on fillets of rainbow trout.
The fillets were brined at 36 and 70% for 4 h at 4°C affected by each briming level. It was concluded that shelf
life of TS1 and L8] extended to 90 days while TS2 and 152 were 120 days. The results of the study
demonstrated that liquid smoking process is quite appropriate to the rainbow trout fillets and 70% brining

provided longer shelf life.
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INTRODUCTION

The smoking process has been used as a method for
meat and seafood preservation for many centuries. The
preservative effects provide some antimicrobial (phenols,
formaldehyde etc.) and antioxidant compounds in smoke
gas and also provide special colour and flavour. The
smoking process includes three important stages of
salting, drying and smoking.

The salting 1s as important as the preservative effect
of smoking on product’s potential shelf life. Recent
studies showed that the level and preservative effect of
salt has direct proportion (Espe et al, 2001;
Goulas and Kontamias, 2005; Yanar ef al., 2006).
However, other studies report that high salt level
trigger some health problems such as chromc heart
disease, hypertension and NPC (Nasopharingeal
carcinoma) (Yu et al., 1986; Shewmalke and Huntington,
2009; Turk et al., 2009).

There are different salting methods: dry salting, brine
salting and injection salting or their combinations which
are used m the smoking mdustty for years. Several
studies report on the effect of different salting techniques
on shelf life of seafood reveal that brine salting is more
effective compare to dry salting in relation to brining time
and temperature (Cardinal ef af, 2001, Goulas and
Kontaminas, 2005; Bugueno et al., 2003).

The salmonids have commonly been used due to
nutritional features. The usage of smoking techniques
including hot and cold smoking as liquid smoking have
been used since over 30 years (Hattula er al., 2001,
Dimitridau et al., 2008). Although, traditional direct flue

gas smoking have recently been replaced with some
computerised smoking equipmentswhich cannot prevent
contamination of product by some carcinogenic
compounds such as PAHs (polyaromatic hydrocarbons)
insmoke gas. On the contrary the liquid smoke flavouring
do not contains PAHs (especially as an indicator Benzo
(a) pyrene) due to removing of carcinogen compounds in
smoke gas during readied liquid smoke flavour process.
Therefore, use of liquid smoke flavouring can be
evaluated as safe for health and also easily using, cheaper
cost and friendly to environment (Phillips, 1999;
Hattula et al., 2001; Martinez et al., 2004; Simon et al,
2005; Siskos et al, 2005, 2007; Hanne et al., 2007,
Muratore et ai., 2007).

The packaging and storage conditions are as
important as salting and smoking methods to produce
synergistic effects toward spoilage and to prolonged
shelf-life as well. Vacuum and Moedified Atmosphere
(MA) packaging have widely been used by smoking
industry. According to Muratore and Licciardello (2005),
a smoke fish pack with MA has high percentage of CO,
and N, and low levels of O, that provide long shelf-life
due to some restrict microbiological spoilages however,
low levels of O, retard some chemical reactions that
reducing the TMAQ into TMA.

While consumers always prefer to buy a specific
product with attending salt level and shelf life information,
this study aims to mvestigate the effects of different
brining levels in the traditional smoking and liquid
smoking processes on some physicochemical parameters
of the wvacuum packed rainbow trout fillets during
chilled storage.
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MATERIALS AND METHODS

Fish samples: The fresh rainbow trout individually
welghing 230420 g (Oncorhyncus mykiss) were obtained
from a commercial Turkish fish processing plant localized
i Kemer Dam lake at Aydin n Western Turkey. After
harvesting, the fish were placed on ice for transport to the
laboratoryand then on the day of processing, the fish
were eviscerated and cleaned. Ultimately these fillets were
vacuum packed and stored at +4°C after brining and
smoking processes till analysis on 15, 30, 45, 60, 75, 90,
105 or 120th days. The study was conducted m trough
using three replicates. Fach replicate per treatment
contained 30 fish.

(22): 2778-2783, 2010

Liquid smoke flavouring: Commercial liquid smoke
flavouring agent (Red Arrow, SmokEz-M-10, Mesquite
wood based smoke) purchased from a trade food
company to smolke the fillets.

Brining and smoking processes

Brining and treatment: The fillets were grouped mto five
groups; two of which were appropriated by liquud smoke
process and two other fillet groups were appropriated
by traditional hot smoke process according to two
different briming levels shown in Fig. 1. Last group
was used as control group without application of any
process:

Receiving and transport:
Raw fish were stored on ice in sealed foamed polystyrene boxes
and transferred to the fish processing plant

110-120°C ina mmowm oven

Evigcerating and cleaning
A A X Y
Brining (LS1): Brining (LS2): Brining (TS1): Brining (TS2):
Forty fillets immersed | | Forty fillets immersed Forty fillets immersed Forty fillets immersed
in brine solution 36% in brine solution 70% in brine solution 36% in brine solution 70%
{(w/v) for 4 h at 4°C (wiv) for 4 hat 4°C (w/v) for 4 h at 4°C {w/v) for 4 hat 4°C
¥ 4
Dipping liquid smoke flavor:
Fillet dipped in Liquid smoke flavor solution for
120 sec at 15°C
h 4 h 4 X 3
Drying: Drying:
Drying at 15°C for 40 min Drying at 15°C for 40 min
A h 4
Heating: Smoking:

110-120°C in traditional smoking facility

Cooling:

Coolto20°Cfor2h

Storage:

Storage at 4+0.5°C until analysis

Fig. 1: Flow diagram of the production of traditional hot smoked and liquid smoked rainbow trout
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¢ 36% brined fillets-Traditional Smoking (TS1)

*  70% brined fillets-Traditional hot Smoking (TS2)
*  36% brined fillets-Liquid Smokimng (LS1)

*  70% brined fillets-Liquid Smoking (LS2)

¢ Control Group (Raw rainbow trout) (CG)

The fillets were brined for 4 h and the brine
temperature was kept +4°C in order to minimize
microbiological contammation. Consequently, these fillets
were kept in the cooling room at +20°C for 2 h.

Traditional hot smoking: The smoking was done wood
chips using temperature was kept 110-120°C using. At the
first step of traditional hot smoking process, the fillets
was dried to in the oven for 40 min at 20-40°C. In the
second step of the process, the fish trolley equipments
were laid on the oven shelf. Thereafter, the temperature
was gradually increased to 110-120°C followed by ejection
of the fillets to cool when mtemnal temperature of fillet
reached 70-80°C until the samples were vacuum packed.

Liquid smoking: The liquid smoke was threatened to
brined fillets by dippmng them in a water solution
(100-150 g .71 for 120sec according to the instruction of
Red Arrow Company. Thereafter, the samples were heated
in a thermoventilated oven at 120-130°C untl internal
temperature of fillet reached 70-80°C. The drying and
cooling treatments were similar to those of traditional hot
smoking. The fillets were then vacuum packed and stored
at 4°C until analyses.

Physicochemical analyses: Physicochemical composition
of the fish samples were analyzed by standard methods
(AOAC, 1995). Determmation of the protein was analyzed
according to the Kjeldahl method (N x6.25) and ash by
meineration at 550°C in a muffle furnace. The moisture
content was calculated on 3 g of sample, dried in a
thermoventilated oven at 105°C until it attained a constant
weight. Lipid was extracted from the fish samples with
cyclohexane, 2-propanol and water (Smedes and
Thomasen, 1996). The pH of fish samples was measured
by using a pH-meter at ambient temperature. NaCl content
m fish samples was determined by Mohr method
(Treadwell and Hall, 1928). The salt content was
calculated as percentage of the sample. TVB-N level was
determined according to Goulas and Kontaminas (2005).
All of those chemical determinations were carried out n
triplicate.

Statistics: The significant effects of different brimng
levels in the traditional smoking and liquid smoking
processes on the physicochemical status of vacuum

packed rainbow trout fillets during chilled storage were
determined to determine differences between samples by
one-way Analysis Of Variance (ANOVA) method using
the statistical programme SPSS for Windows, version 15.0
(SPSS Inc., Chicago, TL.).

RESULTS AND DISCUSSION

Table 1 shows the moisture, protein, lipid, pH, TVB-N
and salt contents of raw rainbow trout samples (CQG).
Similar findings have previously been by Kolsarici and
Ozkaya (1998) in Salmo gairdneri.

Results of moisture content were TiS31 65,2320, 015%
and LS1 65.3310.14% and TS2 45.60+0.297% and 182
46.30+0.17% after smoking processes (T3 and LS) whle
72.240.03% moisture content of CS. Moisture was
decreased after smoking processes TS and 1.S due to the
applied brimng and heating. But no significant differences
were recorded between TS1-L.S1 and TS2-L.52 during
chilled storage (Fig. 2).

Figure 3 shows protein results in which the protein
contents did not show significant differences between the
same brining concentration groups (TS1-LS1 and
TS2-LS2) during storage time. But protein results of the
different brining concentration groups showed
statistically  significant after smoking
processes (Fig. 3). This decrease explams effects of salt
on the fish muscle fibres and reduction of moisture
content.

The initial lipid of the untreated fillets was 4.01+£0.08.
The lipid contents in all samples ranged 4.14-4.15 after
smoking processes. These increases in lipid were
probably due to reduction of moisture content. However,
the increased lipid content in TS and 1S cannot only be

differences

Table 1: Approximate composition (w/w %) of raw rainbow trout (CG)

Sample content. Raw rainb ow trout (CG)
Moisture 72.2+0.030
Protein 20.00+0.02
Lipid 4.01+0.08
pH 6.13:0.05
Salt 0.09+0.03
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Fig. 2: Moisture content of the samples
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Fig. 3: Protein content of the samples
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Fig. 4: Lipd content of the samples

explained by reduction of moisture content without ruling
out brining and heating processes. The lipid content of
the samples were not significantly influenced by different
smoking and brimng processing conditions during
storage (Fig. 4).

The changes in lipid content are in agreement with
Birkeland et al. (2004), Dimitridau ef al. (2008) and Alcicek
(2010).

The changes in the pH of rambow trout fillets are
shown in Fig. 4. The imtial pH of CS was 6.13. This pH
value 18 1n agreement with that of Martinez et al. (2004)
who reported a pH value of 6.14 for fresh salmon before
treatment. No significant differences (p<t0.05) were
observed between fillet samples smoked by the TS and LS
after treatment (Fig. 5).

The significant lower (p<<0.01) pH of smoked versus
TS1 and TS2 samples were found at 75th storage day.
With similar differences Goulas and Kontaminas (20035)
reported that salt concentration of samples mfluenced pH
during storage time. All of those confirm our data for
TSland TS2 samples.

There was no statistically different pH of LS smoked
samples during storage. This point can be explained by
using thermo ventilated oven for .S samples while using
smolke house for TS samples. TVB-N increased from initial
values of 17.61 mg N/100gto 18.90+0.298, 18.54+0.263,
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Fig. 5: pH content of the samples
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Fig. 6: TVB-N content of the samples

18.0240.021 and 18.0640.032 for TS1,TS2,LS1 and LS2
after treatment, respectively (Fig. 6). Both smoking
processes influenced positively TVB-N level of all
samples. As results mdicate, TVB-N level mcreased
gradually through storage. The increase was significantly
lower 1n the TS2 and LS2 than TS1 and TS2 samples
which can be attributed to the preservative effect of
sodium chloride (Dondero et al, 2004; Goulas and
Kontaminas, 2005, Yanar ef al., 2006, Muratore et al.,
2007).

The TVB-N level of TS and LS samples ranged
30.404+0.197 to 39.43+0.239 after 90th days of storage.
According to Lopez Cabellero et al. acceptability of the
TVB-N level 1s 25-30 mg N/100 g. As a consequence, it
was revealed that shelf life of TS1 and L.S1 were 90 days
while TS2 and 1.82 were 120 days.

The salt content of raw rainbow trout was 0.094+0.03%
while sometimes consumers prefer to buy a smoke
product with attending salt level. The effects of salt level
were lower activity of water and provide longer shelf
life by limiting microbial activities on smoked samples
(Goulas and Kontaminas, 2005, Muratore ef al., 2007).

Salt 15 also essentially used in processed seafood to
promote flavourand improve emulsifying capacity. There
was no statistical differences (p<0.05) between TS and LS
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Fig. 7: Salt content of the samples

treatment (Fig. 7). Similar differences have been
previously reported by Goulas and Kontaminas (2005) and
Muratore et al. (2007) for smoked swordfish. But we could
not identify statistically sigmficant differences between 36
and 70% brimng concentration level during storage.

CONCLUSION

In this study, some chemical features were determined
for different brining levels of TS and LS samples. As a
result, the chemical features of LS samples were
determined as similar to TS samples. But different briming
level groups (TS1-L 31 and TS2-LS2) had differences due
to the effects of salt level and heating process on water
content.
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