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Abstract: Changes in biochemical, sensory and microbiological quality of pacific oyster Crassostrea gigas after
smoking process and during chill storage were mvestigated. N-3 and N-6 polyunsaturated fatty acids levels
were 0.81 and 0.11 g 100 g™ fresh oyster, respectively. After processing, all fatty acid groups increased with
higher levels (10.37 g 100 g™ oyster) in oyster smoked at 125°C. However, storage period didn’t have any effect
on fatty acid contents. So, saturated, monounsaturated and polyunsaturated fatty acids (4.22; 2.08 and 3.80,
100 g oyster) contents remain unchanged after storage. Based on sensory data, hot smoked samples were
perceived more acceptable than other samples. Smoking process significantly lessened the levels of different
straing and pseudomonas was completely eradicated. On the 14th day, the microbial load remains constant with
the emergence of pseudomonas and staphylococcus. Afterwards a significant increase (p<0.05) was observed
mn all lots for mesophilic and psychrophilic bacteria at the end of storage.
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INTRODUCTION

Fish and shellfish are nutritious foods that constitute
desirable components of a healthy diet. Seafood,
including oysters is rich in Polyunsaturated Fatty
Acids (PUFAs) such as Eicosapentaenoic Acid (EPA)
and Docosahexaenoic Acid (DHA) (Cruze-Romero ef al.,
2008). However, they are very prone to oxidation that is
also favoured by storage period. Oxidative degradation
of lipids in seafood product during processing and
subsequent storage directly affects their quality including
flavour, colour, odeour, texture and nutritional value
(Kumolu-Tohnson et al., 2010; Chaijan et al., 2006).

As fresh seafood, oysters have a short shelf-life
which causes substantial practical problems for its
distribution. Various food preservation techniques have
been utilized to improve the microbial safety and extend
the shelf-life of seafood in general mcluding freezing,
chemical preservation, smoking and modified atmosphere
packaging. Smoking is probably the oldest method used
for seafood preservation as a result of the combined
effects of dehydration, antimicrobial and antioxidant
activity of several of the smoke constituents
(formaldehyde, carboxylic acids, phenols) (Doe, 1998,
Leroi and Joffraud, 2000; Rorvik, 2000).

In addition, smoking process was particularly
in the shelf-life extension of sea food
characterized by high mitial load of microflora
(2.2-33x10° CFU g~ of mesophiles, 0.05-3.01x10° CFU g™
of psychrophiles, 4.2x10° CFU g of Staphylococcus
micrococcus, 3-4.5x10° CFU g~' of salmonellae)
(Mbarki et al., 2009, Adebayo-Tayo and Ogunjobi, 2008;
Duman et al., 2007; Bilgin et al., 2008), high level of
polyunsaturated fatty acids (»40% of total fatty acids)
and rapid sensory deterioration (Selmi and Sadok, 2008;
Mbarki et al., 2009).

The microflora of molluscan shellfish is more variable
than that of fish. Tt’s closely related to the aquatic habitat
and varies with factors such as salinity, environmental

efficient

conditions, bacterial load in the water, water temperature,
diet and chilling conditions. The dominant groups of
bacteria found on fish and shellfish stored under
refrigeration are Pseudomonas, Vibrionaceae, Shewanella
putrefaciens and Moraxella/Acmetobacter and to a lesser
extent, acromonas and Psychrobacter (Cao et al., 2009a).

In the same way, packaging of fresh fishery products
after treatment is considered essential in order to
prevent microbial contamination during refrigerated
storage. Vacuum packaging is widely used in the food
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industry because of its effectiveness in reducing microbial
counts and oxidative reactions in the product at relatively
low cost (Gopal et al, 1999). Consequently, smoking
treatment 1s a barrier which has the potential for seafood
preservation when applied in combination with processes
such as vacuum packaging at low temperature.

Effects of smoking on oyster odour, taste and flavour
have been studied with sensory panels of varying
degrees of training. In spite of its importance for new
products acceptability and marketing, consumer studies
are rather limited. Only limited information is available also
in the literature on the shelf-life and microbial flora of
Pacific oyster smoked at different temperatures. Microbial
flora analysis could gain better perception of the spoilage
mechamsm which could lead to methods for prolonging
the shelf-life and encourage the marketability of oysters.

This study deals with the effects of different smoking
procedures and chilled storage period on pacific oysters
Crassostrea gigas as assessed by microbiological and
chemical parameters. Hedonic tests were also performed
to assess

consumers’ perceptions and preferences

towards different smoking temperatures.
MATERITALS AND METHODS

Samples collection and preparation: Pacific oysters
Crassostrea gigas of commercial size measuning 10-12 cm
1n shell length were collected from the bivalve purification
centre M.A. TRAD (Bizerte, Tumsia) n May 2009
Ovysters belonging to the same caught samples were kept
1n ice and transported to the laboratories of High Institute
of Fisheries and Aquaculture of Bizerta where they were
rapidly scrubbed, rinsed and the meat was aseptically
extracted using a sterile knife. The freshly extracted meats
were separated in to two lots: the first one was used for
raw material, the second lot was processed according to
the three smoking methods (S1: Smoking at 45°C; S2:
Smoking at 85°C; S3: Smoking at 125°C) described 1n
Fig. 1. All smoking lots were vacuum-packed in
polyethylene bags and then stored m a refrigerator at
2-4°C,

In the commercial conditions, chilled smoked
products are discarded after one month due to samtary
precautions. Hence, the samples were stored for 4 weeks
and the tissue sampling from each lot was performed on
days 0, 7, 14, 21, 28,

Proximate composition: Moisture was determined
according to the AOAC (1990) Method by diying in oven
at 105°C (n = 6). Ash content was determined by burning
samples (n = 6) for 12 h in a fumace at 525°C according to
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Receiving and transport
Oysters were stored on ice in polystyrene
boxes and transferred to the laboratory

!

Washing and meat separation
Oysters were scrubbed, rinsed and the meat
was aseptically extracted

'

Brining and drying
Oyster meats were immersed in liquid brine
solution (10%; 3 mn) and then dried for 5 mn

!

Smoking
Smoking temperatures and times
1-45°C for 60 min
2-85°C for 20 min
3-125°C for 15 min

'

Cooling and packaging
Oyster meats were cooled to18-20°C for 2 h and
then vacuum-packed in polyethylene bags

!

Storage
Smoked samples were stored in a
refrigerated room at 2+£1°C

Fig. 1: Fow diagram of the production of smoked pacific
oyster

the AOAC (1995) Method Total protein content n
the homogenized samples was determined using the
spectrometric method as described by Lowry ef al. (1951).
Carbohydrate content was determined according to the
method of DuBois et al. (1956). Total lipids were extracted
according to the method of Bligh and Dyer (1959) by
chloroform/methanol (1:2). The aliquot of chloroform layer
was evaporated to dryness under nitrogen and the lipids
were quantified gravimetrically.

Liquid-Holding Capacity (LHC): LHC of oyster samples
was evaluated using the centrifugation test as described
by Gomez-Guillen et al. (2000) with slight modification.
Samples (10 g) were weighed and placed in a tube with a
weighted filter paper (w,). The tubes were centrifuged at
500 g for 10 min at 10°C and the wet paper was weighted
(w,) before drying at 50°C to constant weight (w;). S was
the weight of oyster sample:
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Liquid loss (%) = %

100=(w,-w)

Water loss (%) = 5

Fatloss (%) = m

All losses were expressed as percentage of muscle
wet weight.

Fatty acid analysis: Fatty Acids Methyl Esters
(FAMEs) were obtained by the method described by
Metcalfe et al. (1966). A fraction of the lipid extract was
saponified with 0.5 N NaOH m methanol followed by
methylation in 14% boron ftrifluoride in methanol
(BF3-/MeOH). The resulting methyl esters were analysed
(n=4)using an Agilent Gaz Chromatograph System 6890
N equipped with a flame ionization detector, a splitless
injector and a polar INNOWAX fused silica capillary
column (30x0.25 mm 1.d.*0.25 mL film thickness). The
temperature of the injector and the detector were 250 and
275°C, respectively. Helium was used as a carrier gas with
a flow rate of 1.5 mL min~'. Peaks were identified by
comparison of their retention times with PUFA 3 FAMEs
Standards (SUPELCO).

Thiobarbituric acid reactive substances TBARS: The
TBARS was determined according to the AOCS (199%)
Method. This procedure allows the direct determination
of TBARS m oils and fats without prelimmary 1solation of
secondary oxidation products. Oil sample was solubilized
in 1-butanol, mixed with 0.2% TBA in 1-butanol, incubated
2 h mn a 95°C water bath and cooled under tap water.
The absorbance was measured at 532 nm against a
corresponding blank (a reaction with all the reagents and
treatments except the oil). Results were expressed as mg
malonaldehyde/kg of oil (n=3).

Microbiological analyses: Microbiological counts were
made on fresh and smoked samples in the 1st, 14th and
28th days. The 10 g of sample were taken aseptically into
a sterile blender contaimng sterile peptone water
(0.1% w/v) and blended for 4 min at low speed. Volumes
of 0.1 mL of decimal dilutions of these homogenates were
incubated in the different culture media.

Mesoplule and psychrophilic counts were determined
using Plate Count Agar (Biokar Diagnostics, Beauvais,
France), after incubation for 48 hat 30°C and for 8-10 days
at 5°C, respectively. Besides, researchers made the
counts of Pseudomonads (NF V 04-504:04, 1998)
using Cetrimide Agar (Fluka Biochemilka, Steinheim,
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Switzerland); Staphylococcus aurens (NF V 08-057-1,
1994) using Baird-Parker Agar (Biokar Diagnostics,
Beauvais, France) and wvibrio using TCBS Agar
(Thiosulfate  Citrate Bile Salts Agar).
Microbiological data were transformed into logarithms of
the number of colony forming units (log CFU/g).

Sucrose

Sensory assessment: The sensory quality of smoked
oyster was evaluated at each smoking temperature and
sampling time (days 0, 7, 14, 21 and 28) by 76 member
consumer panel from the staff and students of the High
Institute of Fisheries and Aquaculture of Bizerte. Prior to
sensory assessment, samples were removed from the
refrigerator and held for 20 min at room temperature.
Samples were cut, marked with random three-digit codes
and then presented to each panelist in random order.
Panelists were asked to evaluate all four parameters
(odour, taste, colour and texture) of oyster meat using a
9 pomt hedomic scale (1 = dislike extremely and 9 = like
extremely).

Statistical analysis: Statistical analysis was performed
using SPSS Software, Version 10.0.5. The differences
among the mean values were processes by Duncan’s test
(95% confidence interval) with one-way ANOVA.

RESULTS AND DISCUSSION

Proximate composition: Table 1 shows the changes of
proximate composition of fresh and smoked oysters
during chill storage. In the data, moisture (81.53%),
protein (10.52%), lipid (4.13%), carbohydrate (2.36%) and
ash (1.74) contents of fresh pacific oysters are comparable

Table 1: Change in proximate composition of pacific oyster Crassostrea
gigas during different smoking processes and foll owing 28 days of chill

storage
Storage time (day)
Fresh Smoked  ------m-oeen oo
Parameters oyster  method 0 14 28
Moisture 81.53+0.31° 81 58.44+0.43" 57744035 58.97+0.51"
- 52 50.17+0.52*  50.59+£0.54**  51.2440.65%
- s3 43.87+0.48"  43.74+0.46" 43 .43+0 47
Lipid 4.13+0.21* 81 9.56+0.32"  9.18+0.21" 10.13x037*
- S2 11.48+0.29* 11.41+0.27** 10.75+0.53"
- s$3 12.14£0.42%  13.39+0.36" 13.21+0.39%
Protein 10.5240.63* 81 23.86+0.27"  22.93+0.16" 21.74+0 36"
- 52 28.86+0.22"  28.11+£0.27*% 27 48+0.42%
- s3 32.17+0.35"  31.08+0.32" 31.29+0.23"
Carbohydrate 2.36+£0.26* Sl 6.18£0.09"  6.31+0.11" 5314025
- S2 6.84+0.13"7  6.89+0.24  6.93+033"
- s$3 7.49£0.16"  7.21+0.14"  6.8420.22%
Ash 1.74+0.07¢ 81 3.43+0.14"  3.37+0.16"  3.58+0.12"
- 52 3.52£0.11"  3.55+0.21"  3.63+0.09"
S3 3.68+0.09"  3.47+0.05*  3.61+0.08"

S1: Smoking at 45°C; S2: Smoking at 85°C; S3: Smoking at 125°C. Means with
the same letter within line are not significantly different (p=0.05). Means with the
same number within row are not significantly different (p>0.05)
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to those found in pacific oysters and others shellfish
species (Cruz-Romero et al., 2007, 2008). Among seafood
products, pacific oyster demonstrates an exceptional
nmutritional value in the human diet being rich in
polyunsaturated fatty acids, minerals and vitamins
(Cruz-Romero et al., 2008; Adebayo-Tayo and Ogunjobi,
2008).

After smoking process, the high increase of lipid,
protein and ash levels were due especially to the water
losses after processing. The moisture contents decrease
with the increase of smoking temperature. So, smoked
oysters products lessen with 28.3, 38.5 and 46.2% after
processing at 120, 85 and 45°C, respectively. These
findings are in accordance with those of Goulas and
Kontominas (2005) and Kumoelu-Tohnson et al. (2010)
who reported in oyster Crassostrea sp. and catfish
Clarias gariepinus final moisture of about 25.3 and 26.5%
after oven drying (127°C) and hot smoking (100°C)
processes, respectively.

Industrial specifications for smoked finished
products generally recommend water content in the
smoked flesh of <65% (Cardinal et al., 2001). This is in
agreement with the wvalues of all smoked oysters
(43.87-58.44%).

Liquid-Holding Capacity (LHC): Changes in Liquid Loss
(LL), Fat Loss (FL.) and Water Loss (WL) of fresh and
smoked oysters during storage are shown in Table 2.
Independently of smoking temperatures, the water losses
of fresh sample (8.81%) were higher than those of all
smoked oysters (0.5-0.53%), however, fat loss remain
unchanged after processing. Such results were in
accordance with those found by others researchers

(Gomez-Guillen et al., 2000; Rora et al., 2003) who reported
that the water loss m salmo fillet decreased sigmificantly
during smoking process.

Liquid and fat losses increased significantly with the
increase of storage time to reach 1.39-1.78 and 0.88-1%
after 28 days of chill storage, respectively. The higher
losses were recorded in the samples smoked at 45°C. Tt
was reported that fat loss increases with storage tune as
occurred in smoked Atlantic salmon fillets due to collagen
denaturation caused by cold-smoking (Rora et al., 2003).
Similarly, Ofstad (1995) suggested also that the liquad loss
of fish muscle increases due to the denaturation of
collagen during storage.

Fatty acids analysis: Fatty acid profile of oyster during
different smoking processes and after 28 days of chill
storage 1s shown in Table 3. In fresh oyster, saturated

Table 2: Liquid holding capacity (expressed as %6 loss of wet weight) of
pacific ayster Crassostrea gigas during different smoking processes
and following 28 days of chill storage

Storage time (day)

Fresh Smoked
Parameters ovster method 0 14 28

Liquid  9.13+0.3% S1 0.8240.04%  1.34+0.03"!  1.78+0.06%
52 0.7740.05%0  1.2740.03°2 1.53+0.05%2
S3 0.7540.02%0  1.1140.02°7  1.3940.03%

Water 8.81+0.24° S1 0.5140.05*0  0.60+0.04*  0.79+0.05°!
52 0.53£0.04°"  0.61£0.05"  0.60+0.042
S3 0.5+0.040°"  0.55£0.07"  0.51£0.072

Fat 0.32+0.05 S1 0.3140.02°!  0.73£0.05°!  1.00+0.034
52 0.24£0.01%"  0.66+0.01°0  (.91+0.06"
S3 0.25+0.05*"  0.56+0.03°'  0.88+0.05"

81: 8moking at 43°C; 82: 8moking at 83°C; 83: 8moking at 125°C.
Means with the same letter within line are not significantly different
(p=0.05). Means with the same number within row are not significantly
different (p=0.05)

Table 3: Fatty acid profile (expressed as g fatty acid/100 g edible oyster) of total oyster Crassostrea gigas lipids during different smoking processes and

following 28 days of chill storage

Smoked oysters (0 day) Smoked oysters (28 days)

Fatty acid Fresh oyster 45°C 85°C 125°C 45°C 85°C 125°C
Cl4:0 0.1040.01* 0.2940.02° 0.40+0.01° 0.38+0.02 0,260,048 0.414+0.03° 0.4340.03°
Cl6:0 1.09+0.06° 2.64+0.07" 3.02+0.04° 3.27+0.06% 2.61+0.08 2.76+0.40b° 3.43+0.05¢
C18:0 0.3340.02* 0.6240.05° 0.62+£0.04° 0.61+0.02° 0.72+0.04 0.73+0.05° 0.68+0.02
Total SFAs 1.52¢ 3.55° 4.04¢ 4.26% 3.560 3.91% 4,544
Clé:In-7 0.1440.01* 0.3740.03° 0.40£0.02° 0.39+0.02° 0.3420.02° 0.37£0.03° 0.42+0.03°
C18:1n-9 0.39+0.02 0.83+0.06° 0.89+0.02° 1.21+0.04° 0.85+0.03" 0.77+0.05* 1.36£0.02
C18:In-7 0.08+0.01* 0.2040.04° 0.19£0.01° 0.33£0.02 0.18+0.01° 0.18+0.04 0,260, 03"
C20:1n-9 0.06+0.00¢ 0.21+0.03" 0.18+0.01° 0.15+0.03" 0.18+0.02* 0.15+0.01* 0.13+0.04°
Total MUFAs 0.67 1.61* 1.66° 2.08° 1.55* 1.47 217
Cl6:2n-4 0.12+0.02 0.30+0.02* 0.25+0.01% 0.35+0.02 0.27+0.01* 0.21+0.02* 0.28+0.03%
C18:2n-6 0.08+0.01* 0.2240.02° 0.24+0.03° 0.3240.03° 0.19+0.03° 0.21+0.05° 0.27+0.02°
Cl6:3n-4 0.05+0.01* 0.03+0.01* 0.05+0.00¢ 0.05+0.01* 0.02+0.01¢ 0.15+0.01* 0.06+0.01°
C18:3n-3 0.1940.01* 0.4340.02° 0.61+0.024 0.68+0.02¢ 0.38+0.01° 0.53+0.03° 0.72+0.01¢

C184n-3 0.19+0.03* 0.55+0.02* 0.73+0.01° 0.89+0.03¢ 0.53+0.01* 0.77+0.02 0.83+0.03%
C20:4n-6 0.0240.01* 0.1240.01° 0.11£0.00° 0.09+0.01° 0.10+0.03° 0.10£0.01° 0.08+0.01°
C20:4n-3 0.03+0.01* 0.05+0.02 0.05+0.02 0.09+0.02 0.03+0.00¢ 0.08+0.02¢ 0.07+0.02
C20:5n-3 0.2340.02* 0.60+0.02° 0.72£0.03" 0.78+0.04° 0.61+0.02° 0.63+0.04 0.734£0.02°
C22:5n-3 0.01+0.00¢ 0.03+0.01* 0.04+0.00° 0.02+0.01* 0,020,008 0.03+0.01¢ 0.04£0.01®
C22:6n-3 0.1740.03* 0.5240.03° 0.51£0.04° 0.7540.05 0.50+0.02° 0.64+0.05 0.734£0.05°
Total PUFAs 1.09™ 2.85° 3.31° 4.03¢ 2.65° 3.35% 3.81¢

SFAs: Saturated Fatty Acids; MUFAs: Monounsaturated Fatty Acids; PUFAs: Polyunsaturated Fatty Acids; 81: Smoking at 45°C; $2: 8moking at 85°C;
83: Smoking at 125°C. Means with the same letter within line are not significantly different (p=0.05)
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fatty acids SFAs (1.52 g/100 g oyster) constitute the
majority of the fatty acids pool followed by PUFAs
(1.08 and 100 g oyster) and monounsaturated fatty acids
MUFAs (0.67 g/100 g oyster). N-3 and n-6 PUFAs levels
were (.81 and 0.11 g/100 g fresh oyster, respectively in
which 22:6n-3, 18:3n-3, 18:4n-3 and 20:5n-3 were the
promment PUFAs. Such findings are in accordance with
those found by others researchers (Friedman and Moe,
2006) who reported a high level of n-3 PUFAs in
Mediterranean clams.

Significant differences (p<<0.05) were found in fatty
acid content during and between the different smoking
processes. Therefore, all fatty acid groups mcreased
(p=<0.05) after processing with higher levels (10.37 g/100 g
oyster) in oyster smoked at 125°C. Independently of
smoking temperature, storage period has any effect
(p=0.05) on fatty acid contents. So, SFAs (4.22 and 100 g
oyster), MUFAs (2.08 and 100 g oyster) and PUFAs
(3.80 and 100 g oyster) contents remain unchanged after
28 days of chill storage. Such results are in agreement
with the data found in fatty acids profile of smoked
atlantic salmon during refrigerated storage (Rora et al.,
2003). These results suggest also the efficiency of
smoking process and that smoked oyster is a good source
of n-3 and n-6 fatty acids.

PUFAs are especially semsitive to oxidation and
degradation phenomena both by enzymatic and chemical
oxidation which produces a great variety of volatile
compounds (Coutron-Gambotti and Gandemer, 1999,
Kolakowska, 2002). Such compounds affect nutritional
quality, wholesomeness, safety, colour, flavour and
texture. In the data, the stability of PUFAs content in
smoked oyster may be due to the combined effect of
dehydration and antioxidant activity of the smoke
constituents (formaldehyde, carboxylic acids, phenols)
(Leroi and Joffraud, 2000, Rorvik, 2000) and the vacuum
packaging at low temperature.

Thiobarbituric acid reactive substances: Figure 2 shows
the effects of smoking processes and storage time on the
formation of thiobarbituric acid reactive substances in
oyster lipid. Results indicate that the TBARS levels in
fresh lipid oyster increased significantly (p<0.05) after
smoking and as the storage time mncreased. The imutial
value of TBARS was 0.17 mg MA kg™ oil suggesting that
lipid oxidation did not occur during post-mortem handling
to some extent. This value increased significantly (p<0.05)
to 035, 0.36 and 0.39 mg MA kg™ after smoking at
120, 85 and 45°C, respectively indicating the formation of
secondary lipid oxidation products such as aldehydes and
others volatiles compounds (Kolakowska, 2002).
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Fig. 2: TBARS values evolution in the muscle of pacific
oyster Crassostrea gigas during chilled storage as
influenced by different smoking temperature.
TBARS: Thiobarbituric Acid Reactive Substances;
S1: Smoking at 45°C; 32: Smoking at 85°C; S3:
Smoking at 125°C; MA: Malonaldehyde. Bars
indicate standard deviations from quadruplicate
determinations

Such increase may be attributed to the partial
dehydration of fish and to the increased oxidation of
unsaturated fatty acids as a result of smoking at relatively
high temperatures. These findings are in agreement with
those reported by Goktepe and Moody (1998) and
Goulas and Kontominas (2005) who observed an increase
in TBARS of raw catfish and chub mackerel after smoking.

TBARS levels of smoked samples remained constant
up to 14 days of chilled storage with no significant
differences between the three smoked methods. This fact
can be attributed to the antioxidant activity of phenolic
constituents of smoke deposited onto the oyster, the
chilling condition and to the oxygen barrier properties of
the polyethylene bags used in the packages. Thereafter,
a significant increase was observed in all lots to reach
0.85, 0.91 and 0.93 mg MDA kg™ after processing at 120,
85 and 45°C, respectively at the end of storage. The final
TBARS values of all smoked samples did not exceed the
value of 1-2 mg MA kg~ which is usually regarded as the
limit beyond which the seafood will normally develop an
objectionable odour and taste (Connell, 1990).

Microbiological analyses: The initial loads of mesophiles,
psycrophyles and pseudomonas in fresh oyster were 4.11,
5.23 and 0.74 log CFU g™, respectively. Staphylococcus
and Vibrio bacteria haven’t been observed m the mitial
load (Table 4).

The higher level of bacteria in fresh oyster could be
due to the fact that deposits feeders are known to ingest
sediments and use organic matters and microorganisms in
the sediment as food (Jeffrey, 19953). This result was more
or less different with previous studies (Cao ef al., 2009a),
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since the microbial flora of freshly caught oysters reflects
the microbial flora in the swrounding environment and
can be influenced by many factors such as seasonal
period, gathering method, etc. Although, the initial
microbial counts of fish and shellfish are generally
between 2-5 log CFU g™ (Cao ef al., 2009b).

Smoking at 45, 85 and 125°C sigmficantly lessened
the levels of different strains and pseudomonas was
completely eradicated (p<0.05). Total mesophilic
bacteria drops to the mterval 3.11-3.47 log CFU g™ and
total psychrophilic bacteria drops
3.87-4.43 log CFU g'. Such results were in agreement
with Bilgm et al. (2008) and Colakoglu (2004) which stated
that the hot smoking techniques reduced significantly
the microbial content of seabream Sparus aurata,
Rutilus  rutilus and  Coregenus sp. compared to
fresh fillets.

On the 14th day, the microbial load remains constant
with the emergence of pseudomoenas and staphylococcus.
Afterwards a significant increase was observed i all lots
for mesophilic and psychrophilic bactena to reach
4.62-5.53 and 4.38-4.74 log CFU g, respectively at the
end of storage. Similar behaviour can be observed in the
works reported by Bilgin ef al. (2008).

It was reported that 6 log CFU g~ is considered
as the upper acceptability limit for marine species
(Erkan, 2007) and the shelf-life of seafood is limited by the
growth and biochemical activities of Gram-negative,
psychrotrophic strains of Pseudomonas, Achromabacter,
Flavobacterium and Moravella species in presence of
atmospheric oxygen (Huss, 1994). Hence, smoking
combined with vacuum packaging is an interesting
method of preservation to reduce qualitatively and
quantitatively the microbial population in fishery products
(Mendes et al., 2005).

to the mterval

Sensory assessment: Sensory evaluation was examined
after smoking processes and once a week over 28 days

and their results are presented in Table 5. The differences
in all sensory parameters measured over a period of
28 days were significant (p<0.05). However, there was no
significant difference (p>0.05) in odowr and colour within
the 1st 21 days after different smoking processes and the
appearance of smoked samples were scored as excellent.

Collected data showed that hot smoked samples
(85 and 120°C) were perceived to be significantly (p<0.05)
more acceptable than other samples, independent of
storage time. The majority of consumers related their
choice to the specific taste and the soft juicy texture.
Texture and juiciness of muscle foods strongly mfluences
and drives the perception of consumers {Szczesnial, 1991,
Risvik, 1994). On the same way, Risvik (1994) proposed a
simplified model for understanding texture where water/fat
perceptions and structure perception (described as
juiciness and tenderness) are orthogonal phenomena by
which most of the other textural characteristics can be
explained.

In general, as the time of storage progressed, the
sensory properties of smoked oyster decreased with

Table 4: Changes in microbial counts in the muscle of pacific oyster
Crassostrea gigas after smoking and storage at 2+1°C

Storage time (day)
Fresh  Smoked -—-—-—--reereere o
Bacteria {log CFU/g) oyster method 0 14 28
Total mesophilic count 4.11 51 3.47 3.53 4.74

82 31 3.18 4.52
83 3.14 3.21 4.38
Total psychrophilic bacteria 523 51 4.43 4.63 5.53
82 4.09 4.17 4.76
83 3.87 3.96 4.62

Pseudomonas 0.17 81 0.44 1.07
82 - 0.38 0.83
83 - 0.41 0.79
Staphylococcus - 51 - 0.31 0.48
82 - 0.22 0.34
83 - 0.25 0.37
Vibrio - S1 - - 0.21
82 - - 0.11
83 - - 0.13

51: Smoking at 45°C; $2: Smoking at 85°C; 83: Smoking at 125°C

Table 5: Sensory evaluation of vacuum packaged pacific oyster Crassestrea gigas during different smoking processes and following 28 days of chill storage

Storage time (day )
Parameters Smoked method 0 7 14 21 28
Odour S1 7.03+0.19° 7.16+0.08* 7.11+0.13 7.13+£0.222 5.66+0.26°
S2 7.76+0.11* 7.83+0.13* 7.69+0.20° T.74+0.17 6.04+0.21°
S3 7.534+0.14° 7.49+£0,22° 7.57+0.13 7.71£0.11° 6.22+0. 19
Taste S1 5.44+0.24° 5.53+£0.1% 5.39+0.09 4.66+0.11° 4,030, 34¢
S2 6.934+0.26° 6.85+£0.09° 6.89+0.13* 6.33£0.07 5.87+0.28
83 6.82+0.22° 6.77+0.17° 6.91+0.18 6.14£0.23° 6.27+0.19
Colour S1 6.66+0.11* 6.524+0.24° 6.63£0.16* 6.11£0.16 4894036
S2 6.97+0.27° 6,830,208 6.77+0.0%° 6.85+£0.33° 5.22+0.33"
83 7.06+0.10° T.11+0.27 6.96+0.10° 6.89+0.21* 5.13+0.21°
Texture S1 6.134+0.26° 6.22+0. 142 5.49+0.12° 536017 5.00£0.17
S2 7.83+0.14° 7.88+0.18 7.19+0.14% 6.36+0.12° 6.42+0.12
S3 7.62+0.18* 7.5540.13* 7.59+£0.17* 6.58+0.12 6. 540,12

$1: Smoking at 45°C; 82: Smoking at 85°C; S3: Smoking at 125°C. Means with the same letter within line are not significantly different (p=0.05)
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lowers values obtained at lower smoking temperature
(45°C). Thereafter, the general taste reached 4.92, 5.89 and
6.04 after processing at 45, 85 and 120°C, respectively at
the end of storage. Such finding may attribute to the
best deposition of smoke compounds (formaldehyde,
carboxylic acids, phenols) at higher temperatures
(Cardinal et al., 2001). Goulas and Kontominas (2005)
reported also that the sensory scores of smoked chub
mackerel Scomber japonicus in 50% smoke/50% air is
higher than those smoked at 100% air.

Tt is also important to note the effectiveness of
vacuum packaging in reducing microbial counts and
oxidative reactions which affects the sensory seafood

quality (Mbarki et al., 2009).
CONCLUSION

Results of the present study showed that smoking
process had a significant effect on microbial load and
fatty acid content. It was found that processing cause
immediately 1 log reduction in mesophilic bacteria and
mcrease n-3 and n-6 fatty acids content. Based on
sensory evaluation, all smoking process led to an
appreciated product with better sensory characteristics
(taste and texture) especially oysters smoked at 125°C.
Such treatments can technically and economically used as
a safe method for preservation and exhibit potential
advantages for shellfish industry, especially in hot
countries.
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