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ARTICLE INFO ABSTRACT

The main aim of this study was to increase the added value of mussel
(Brachidontes pharaonis) by producing a new female and male hot and cold
smoked meat products using both sawdust and liquid smoke. The results indicated
that, new smoked products were rich in protein (19.9 - 45.8 %), ash (13.4 - 17.8 %),
considerable level of lipids (12.06 -18.4 %) and carbohydrates (20.4 - 23.8%) on dry
weight basis, with 6.73 - 6.25 pH, 3 - 6 % salt content, less than 20 mg/100g TVBN,
<3 mg/100g TMA-N, <3 mg MDA/ Kg TBA, 2.95 - 3.95 log CFU/g TVC, 1.34 - 2.15
log CFU /g S. aureus, and free from E. coli and coliform bacteria. The colour, odour,
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Keywords taste, texture and overall acceptability of these products were very good as
s_m(_)ked mussel described by panelists. Some PAHs of smokes compounds were qualitative
liquid smoke detected in some products as estimated by GC-MS method and according to their
TVB-N percentage of the presence probability great acceptance of the samples smoked
EXQN with sawdust and liquid smoke, with slight differences appearing between them.

s

This was attributed to their sensorial properties and
INTRODUCTION

. . seafood.
Molluscs consider one of an important group

lower price comparing with other

of seafood; they live in temperate coastal intertidal Accordingly, attention to diversifying their processing

. h i ing in diff I
ecosystems such as Mediterranean and Red Sea. methods and an introducing in different acceptable

forms to the consumer are interest to increase from
They are usually found attached to rocks, sea grass

and other objects (Van den Burg et al., 2022). Marine their production. However, smoking is one of the

mussels such as Brachidontes pharaonis belongs to oldest methods of food preservation; it is still widely

Mytilidae family, Mytilida Order, within Bivalvia class, used in food processing. It is enhanced the flavours

Phylum Mollusca (Vine, 1986; Rusmore-Villaume, and colours in addition to extend the shelf life of

2008). Through the period from 1995 to 2018, the
production of bivalve molluscs around the world was
increased from 8.2 to 17.5 million tons due to their
yield of an aquaculture (EUMOFA, 2019; FAO, 2020).
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smoked products (Ledesma et al., 2017). This
process carried out inside kilns using smoldering
wood, shavings and sawdust as a smoke source. The
smoke temperature is around 30 £ 5 °C in cold-
smoking method and ranged from 30 to 90 °C in hot
smoking procedure which includes three stages,

drying at 30°C, cooking at 60°C and heavily smoking
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at 90 °C (Stotyhwo and Sikorski, 2005). According
to Alomirah et al. (2011) and Mercogliano et al.
(2016), wood smoke has hazardous chemicals such
(PAHS)

therefore in last years, America and Europe using

as polycyclic aromatic hydrocarbons
liquid smoke for preparing 70% and 30% of their
smoked products,
Balaban, 2015; Holley and Patel, 2005). Liquid

smoke is a natural food flavouring additive. It is a safe

respectively  (Algcicek and

food ingredient, easier and faster in application,
reduces from cost, lowers hazardous chemicals such
as PAHs and considers an environmental friendliness
(Martinez et al., 2004; Maga, 2009; Algicek and
Atar, 2010; Algicek, 2011; Maga, 2018).

The current study was planned to increase
the added value of mussels (Brachidontes pharaonis)
by prepare a new male and female hot and cold
smoked mussels meat products using each of
sawdust smoke and liquid smoke. The different
characterization of these

products including

processing conditions, proximate composition,

physicochemical, microbiological, and sensorial
qualities, in addition to the qualitative detection and
presence of PAHs in smoked female mussels’ meat,
were detected by GC-MS.

MATERIALS AND METHODS

Materials:
Fresh  black

pharaonis) were purchased from the eastern port of

bivalve mussels (Brachidontes
Abu Qir, Alexandria, Egypt in October 2022; natural
smoke concentrate was obtained from Meat and Fish
Technology Research Department, Agriculture
Research Center, Giza, Egypt. Analytical grade

chemicals and reagents were obtained from EL-Nasr

>

Pharmaceutical Chemical Company, Egypt. Refined
common salt, Foam plate and low-density
polyethylene bags were purchased from local market
at Suez, Egypt.

Methods:

1-Technological Methods: Shucking of black
mussels: Fresh black mussels (Brachidontes
pharaonis) (Fig. 1) with 6 - 9 cm an average length,
were washed and cleaned from dirt and mud by
running tap water, then an edible meat was
separated from shells by immersing the mussels in
boiling water at 95°C for 2 min., followed by soaking
in iced water. The male and female cleaned edible
meats (Fig. 1) were removed from shells according to
their meat color where meats of males have a light
cream color while females have an orange color. The
edible meat was brined in 10% salt solution for 10
min then rinsed under running water and left to drain
for 5 min in plastic strainers

a- Hot and cold smoking by sawdust smoke: As
shown in Fig. 2, brined edible meats of male and
female mussels were hot and cold smoked using
sawdust smoke in an electrical smoking kiln. Hot
smoking process included three stages, drying at 30
°C for 30 min followed by cooking at 50 °C for 30 min
and an intensive smoking at 80 °C for 30 min. Cold
smoking process was performed at 30°C for 20 hrs.
Thereafter hot and cold smoked male (MHT and
MCT, respectively) and female (FHT and FCT,
respectively) black mussels were collected
separately and cooled to ambient temperature then

packed in foam plates inside polyethylene bags and

stored at 5 £ 2 °C until analysis.

Fig. 1. The whole black mussel and its edible male and female meats
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Fig. 2. Flow chart for production of hot and cold smoked black mussels (Brachidontes pharaonis) meat

b- Hot and cold smoking by liquid smoke: As
mentioned before, both brined edible meats of male
and female black mussels were hot and cold smoked
inside electrical smoking kiln by spraying diluted
liquid smoke solution 2:1 v/v (natural smoke
concentrate : water) over the edible meats as the only
source of smoke (Fig. 2). In hot smoking process,
spraying of liquid smoke solution was done every 10
min, seven times starting from the end of drying step
at 30 °C for 30 min, and through cooking (50 °C for
30 min) and final at 80 °C for 30 min stage. Cold
smoking process was performed by spraying diluted
liquid smoke solution seven times (once every 30
min) after 3 hrs from starting drying step to the final

stage at 30 °C for 20 hrs. The resulted products of

3

liquid hot and cold smoked male (MHL and MCL,
respectively) and female (FHL and FCL, respectively)
mussels were separately cooled, packed in
polyethylene and stored at 5 + 2 °C as mentioned

before.

2- Chemical methods:

2-1- Proximate composition: The contents of fresh
and smoked mussels’ meat from moisture, crude
protein, crude fat, and ash were determined (AOAC,
2000),

difference.

while carbohydrate was calculated by

2-2- Quality parameters:

2-2-1- Physicochemical: pH was determined using
a calibrated pH meter type 2100 Bench pH meter,
OHAUS Instruments (USA) at room temperature (23
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+ 2°C) (AOAC, 2000). Salt content was determined
according to Varhlik et al. (2007), total volatile basic
nitrogen (TVB-N) wusing distillation method of
Antonacopoulos et al. (1968) was followed by this
equation (Antonacopoulos, 1973):

TVB-N (mg)/ 100 g = (ml 0.1 N HCI x 1.4 x 100) /

weight of sample (g)

Trimethylamine (TMA) content was determined using
the Conway microdiffusion assay (Conway and
Byrne, 1933). Thiobarbituric acid (TBA) was
calorimetrically assayed at 537 using T60 UV-Visible
Spectrophotometer and expressed as mg
malonaldehyde per kilogram sample (Park et al.,
2007).
2-2-2- Microbiological examination: Ten grams of
each smoked mussel meat sample were used to
prepare a serial dilution of sterilized peptone water.
Total viable count (TVC) was enumerated on plate
count agar medium and incubated at 35 °C/ 48 hrs
(Maturin and Peeler, 1995). Staphylococcus
aureus was counted on Barid Parker agar medium
(Difico) after incubation at 35 °C/ 48 hrs according to
ICMSF (1978). Coliform was carried out using most
probable method (MPN) on lauryl sulphate broth with
inverted Durham’s tubes at 35 °C/ 48 hrs. Also, E.
coli test was performed using MPN on eosin
methylene blue plates at 35 °C/ 24 hrs according to
Chesbrough (2000).
2-2-3- Sensorial evaluation: Ten trained panelists
from the workers in Fish Processing unit of Fish
Processing and Technology Department, Faculty of
Fish Resources, Suez University, Egypt evaluated
the odour, taste, colour, texture, and overall
acceptability of different types of the prepared
smoked mussel meat samples, using 9-point hedonic
scale ranging from 9, like extreme, to 1, dislike

extreme (Lawless and Heymann, 2010).

3- Qualitative detection of polycyclic aromatic
hydrocarbons (PAHSs) residues:

The extraction of these compounds was
done as described by Mittendorf et al. (2010), and
estimated using GC-MS type, thermo Scientific with
Trace GC Ultra / I1ISQ Single Quadrupole MS, and
TG-5MS fused silica capillary column (30 m, 0.251
mm, 0.1 mm film thickness) according to the
procedures of Mahugija and Njale (2018). They
were identified by their relative retention time and

mass spectra.

3- Statistics analysis:

Mean and standard deviation were calculated
from triplicate samples. ANOVA one way test
analysis through IBM SPSS Statistics version 22 was
used to estimate the variation in values.

3. Results and discussion:

3.1. Proximate composition: The results of
proximate composition on wet and dry weights of
fresh and smoked meats of male and female mussels
(Brachidontes pharaonis) reported in (Table 1). The
data in this table showed that no significance
differences were noticed in moisture between fresh
male and female mussel meats. On dry weight basis,
male fresh mussel meats contained higher protein,
lower lipids, ash and carbohydrate than female.
Stratev et al. (2017) found that fresh meat of Mytilus
galloprovincialis had 77.09 — 81.92 % moisture, 13.02
— 17.63 % protein and 1.50 - 1.52 % ash. Both hot
and cold smoking process either by sawdust and/or
liquid smoke caused a reduction in moisture content
of male and female meats (Table 1). This reduction
was clearer due to cold smoking process, which
extended to long period than that hot one.
Meanwhile, there is a slight difference in moisture
content between male and female mussel smoked
meats products due to the use of sawdust or liquid
smokes (Table 1). Generally, female smoked mussel
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meat had slight high level of moisture content than
male ones. According to Balachandran and Prabhu
(1980) moisture content of cold smoked mussel meat
was less than 10%.

Due to moisture loss during salting step and smoking
process, the others compounds, protein, lipid, ash,
and carbohydrate of male and female smoked mussel
meats were increased (Table 1). Such changes were
more noticed in cold smoked products than hot ones.

The cold smoking process led to an increase in

protein, ash, and carbohydrate and lower in lipids of
smoked mussel meat than hot one. Slight variations
were observed in the values of these components
due to the sex of mussel meats. Sengor et al. (2008)
showed that the moisture, protein, lipid, and ash
contents of smoked mussel meat ranged from 69.4-
72.8 %, 16.5-20.4 %, 3.3-4.9 %, and 2.2-2.4 %
respectively. Turan et al. (2008) found that hot
smoked mussel meat had < 65% moisture, 22.2 %
protein, 10.04 % lipid, and 6.02 % ash.

Table 1. Proximate composition of hot and cold smoked male and female mussels (Brachidontes pharaonis) meat by
sawdust and liquid smoke.

Mussel products Moisture Protein Lipid Ash Carbohydrate

Fresh

Male ww  73.77+0.92%  16.30+0.02°  3.33+0.19° 1.69+0.20° 4.91+0.41'
dw 62.14 +0.07* 12.70+0.72%¢ 6.44+0.76° 18.72+ 1.56°

Female Ww  74.79+0.51* 14.67+0.04"  3.87+0.14° 1.28+0.09° 5.39+0.37'
dw 58.19+0.16° 15.35+0.55°  5.08+0.36° 21.38+1.47%P¢

Hot smoked male by

Sawdust smoke ww  49.95+0.62° 23.89+0.85°  7.82+0.13° 7.32+0.35° 11.02+0.39¢
dw 47.73+1.7*%  15.62+0.25°  14.63+0.70"° 22.02+ 0.81%"¢

Liquid smoke ww  50.74+0.40° 23.57+0.41°  8.03+0.29°  6.62+0.44°° 11.04+0.97°
dw 47.85+0.83"° 16.300.59°  13.44 0.89° 22.41 1.97%"¢

Hot smoked female by

Sawdust smoke ww 53.75+0.87° 21.65+0.25° 8.36+0.42° 6.88+0.27%¢ 9.36+0.66°
dw 46.81+0.54° 18.08+0.90° 14.88+0.58° 20.24+1.43"°¢

Liquid smoke ww  55.88+0.23° 19.93+0.32'  8.12+0.20°  6.01+0.45" 10.06+0.39*°
dw 45.17+0.72"  18.40+0.45%  13.62+1.02°° 22.80+ 0.88%

Cold smoked male by

Sawdust smoke ww  9.08+0.45"%  43.77+0.22°  10.96+0.27°  15.69+0.97% 20.50+0.55*"
dw 48.14+0.24%° 12.06 +0.29° 17.26+1.06% 22.55+ 0.60*°

Liquid smoke ww  8.98+0.58"  45.82+0.71*  11.03+0.43"  16.00+0.73% 18.17+1.68°
dw 50.34+0.78° 12.12+0.47°  17.58+0.80% 19.96+ 1.84°¢

cold smoked female by

Sawdust smoke ww  10.06+0.41°" 43.03+0.15° 12.18+0.44®* 13.32+0.65" 21.41+0.77%
dw 47.84+0.16%° 13.54+0.49°% 14.81+0.72°° 23.81+ 0.85°

Liquid smoke ww  10.69+0.66° 43.42+0.35"° 12.66+0.37° 13.41+0.19° 19.82+0.76"
dw 48.62+0.39°  14.18+0.41°  15.02+0.21° 22.19+ 0.85%"°

ww, Wet weight; dw, Dry weight. *™ Letters denote significant difference in the same column (P < 0.5).
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3.2. Quality parameters:
3.2.1. Physicochemical:

a) pH: According to the data in Table 2, pH of
fresh, hot and cold smoked male and female mussel
meats was varied from 6.32 to 6.16 this range agree
with that mentioned by Kyriazi-Papadopoulou et al.
(2003), Turan et al. (2008) and relatively higher than
that stated by Aaraas et al. (2004), Erkan (2005) and
Tosun et al. (2018) (5.6 - 6.3). After smoking process
and due to acids in smoke resulting from the
thermohydrolysis of wood, the pH was decreased to
5.73 - 6.25 in smoked products especially that
prepared by liquid smoke which applied several times
during smoking process, Table 2. Results of Turan et
al. (2008) indicated that pH of smoked mussel meat
was 4.51.

b) The salt content: Due to salting step and
moisture loss during smoking, salt content was
increased from 0.82 - 0.96 % in fresh mussels’ meat
to nearly more than 3 % and around 6 % after hot
and cold smoking process, respectively. This
parameter did not influence by sex and / or the
smoke source. Petridis et al. (2013) found that salt
content of mussel (Mytilus galloprovincialis) meat was
3.39 % after 5 min salting in a 10% salt solution.

¢) The TVB-N and TMA-N: Results in Table 2
showed that TVB-N and TMA-N of fresh male and
female mussel meats were 9.89 and 1.33, 10.99 and
1.51 mg/100g respectively. Such values are within
acceptable limits (<20 and <3 mg/100g, respectively)
according to Sikorski et al. (1990), Ruiz-Capillas et
al. (2003), Erkan (2005), Goulas et al. (2005), and
Huss (1995). Tosun et al. (2018) found that fresh
mussel had 17.52 and 1.65 mg/100 g, respectively as
TVB-N and TMA-N. After smoking process, both
values were increased due to heat treatment and
activity of some thermostable enzymes. Such a rise
did not occur across the permissible levels of both
parameters, Table 2. Generally, the data in Table 2
showed that meats of fresh female and cold smoked
6

by sawdust smoke had higher levels of TVB-N and
TMA-N than the meat of male and hot smoked by
liquid smoke ones. Results of Turan et al. (2007)
and Turan et al. (2008) showed that TVB-N and
TMA-N were 11.83 and 1.07 mg/100g respectively, in
smoked mussel meat.

TBA: As seen from Table 2, fresh meat of female
had higher value of TBA than male one. This may be
due to the higher level of lipid in female meat and its
content of unsaturated fatty acids. Generally, the
value of TBA in this study were less that found by
Zhou et al. (2019) in fresh meat of Mytilus edulis
mussel (0.89 mg MDA/kg sample). Varlik et al.
(1993), Aubourg et al. (2005), Regost et al. (2004)
and Kaya and Bastiirk (2015) classified food
according to its content of TBA, into very good with
<3 mg MDA/ kg and good with <5 mg MDA/kg.
According to this classification, the quality of both
fresh and smoked products in this study is considered
very good. Generally, the smoking process led to a
significant rise in the level of TBA, especially in the
cold-smoked one and that treated by sawdust smoke.
Repeat liquid smoke spraying several times through
smoking process may be behind the low levels of
TBA in its smoked products. According to Varlik et
al. (1993), the presence of phenolic compounds in
smoke lowered from fat oxidation.

3.2.2. Microbiological:

Results in Table 3 showed that TVC counts of fresh
and smoked mussel meat products in this study were
less than 5 log CFU/g, the value reported by ICMSF
(1986) to differentiate between fresh and spoiled
mussel meat. Results of Kacar (2011), Berber and
Avsar (2014) and Stratev et al. (2017) showed that
mussel TVC counts ranged from 4.02 to 6.83 log
CFU/g, according to season. Both hot and cold
smoking process by sawdust and by liquid smoke
reduced the TVC and Staphylococcus aureus counts
and inhibited coliform growth (Table 3). Such

changes were obvious in sawdust hot-smoked
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products than liquid hot-smoked ones and also those fresh and smoked mussel meat products were free
prepared by cold smoking. This may be attributed to from E. coli. Kocatepe et al. (2016) found that fresh
the heating regime followed during hot smoking mussel (Mytilus galloprovincialis) was ranged from
process. Xin et al. (2021) found that dipping mussel 3.09- 3.69 log CFU/g Coliform bacteria and 0.39-
meat in liqguid smoke decreased its TVC counts from 0.59 log CFU/g E. coli.

3.65 to 3.03 log CFU/g. As shown from Table 3, both

Table 2. Physicochemical properties of hot and cold smoked male and female mussels (Brachidontes
pharaonis)meat by sawdust and liquid smoke.

Mussels’ Y Salt TVB-N TMA-N TBA
products P content % mg/100g mg/100g mgMDA/kg
Fresh

Male 6.32+0.12*°  0.96+0.14° 9.89+0.42° 1.33+0.11° 0.39+0.15°
Female 6.46+0.19% 0.83+0.12° 10.99+0.57° 1.51+0.09%° 0.47+0.07°
Hot smoked male by

Sawdust 6.08+0.23"%Y  3.52+0.31° 16.67+0.33" 1.77+0.21"° 1.85+0.22"°
Liquid smoke 5.73+0.14° 3.34+0.24° 14.52+0.72° 1.55+0.17%¢ 1.28+0.18°
Hot smoked female by

Sawdust 6.15+0.26>°  3.39+0.19° 16.01+0.61° 1.80+0.19*"° 1.92+0.21°
Liquid smoke 5.82+0.13"°  3.28+0.16" 13.87+0.28° 1.63+0.12%¢ 1.58+0.17%¢
Cod smoked male by

Sawdust 6.25+0.11*° 6.77+0.32% 19.69+0.31% 2.13+0.23% 2.73+0.26%
Liquid smoke 5.89+0.09°%¢  6.83+0.28% 16.55+0.46" 1.85+0.15*"° 2.01+0.13°
Cold smoked female by

Sawdust 6.22+0.23*"  6.56+0.18% 19.36+0.22% 2.09+0.27%" 2.91+0.23%
Liquid smoke 5.78+0.15"°  6.50+0.31% 15.98+0.13" 1.79+0.20%"° 2.17+0.11°

¢ Letters denote significant difference in the same column (P < 0.5).
Table 3. Microbiological quality of hot and cold smoked male and female mussels (Brachidontes pharaonis)

meat by sawdust and liquid smoke.

Mussels’ products TVC S. aureus E. coli Coliform
Fresh Log CFU/g (MPN Index/100g)
Male 4.88+0.07° 2.43+0.14° ND 125+20°
Female 4.96+0.15° 2.34+0.22%° ND 175+35%
Hot smoked male by
Sawdust 2.98+0.10° 1.65+0.11%° ND ND
Liquid smoke 3.04+0.03° 1.85+0.25%° ND ND
Hot smoked female by
Sawdust 2.95+0.11° 1.34+0.15° ND ND
Liquid smoke 3.34+0.14° 1.40+0.09° ND ND
Cod smoked male by
Sawdust 3.81+0.21° 2.10+0.26*"° ND ND
Liquid smoke 3.94+0.27° 2.15+0.13*"° ND ND
Cold smoked female by
Sawdust 3.920.16° 2.00£0.21°° ND ND
Liquid smoke 3.95+0.19° 2.10+0.17*"° ND ND
& Letters denote significant difference in the same column (P < 0.5).
3.2.3. Organoleptic properties: According to Figs. 3 cold male and female mussel meat products in this
and 4 and the data in Table 4, the prepared hot and study were very acceptable by panelists. The

7
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acceptability score of colour, taste, texture and

overall acceptability was more than 8. The same

except the hot-smoked male mussel meat by liquid

smoke, which had slightly less score for this property.

" ¥/

-

Fig. 3: Hot and cold smoked male and female (MHT and FHT; MCT and FCT, respectively) black mussel

(Brachidontes pharaonis) meat using sawdust smoke.

Fig. 4: Hot and cold smoked male and female (MHL and FHL; MCL and FCL, respectively) black mussel

(Brachidontes pharaonis) meat using liquid smoke.
Table 4. Sensory properties of hot and cold smoked male and female mussels (Brachidontes pharaonis) meats by

sawdust and liquid smoke.

Sensory Hot smoked male by Hot smoked female by  Cold smoked male by Cold smoked female by
characteristics Sawdust Liquid Sawdust  Liquid Sawdust  Liquid Sawdust  Liquid

Colour 8.13+0.24" 7.96+0.67° 8.47+0.44% 8.09+0.32° 8.31+0.38" 8.12+0.22° 8.55+0.42° 8.26+0.12%
Oduor 8.20£0.41* 7.87+0.21° 8.42+0.26*° 8.02+0.37*" 8.45+0.27*" 8.22+0.34*" 8.55+0.12" 8.31+0.32*"
Taste 8.50+0.14" 8.11+0.39" 8.60+0.25" 8.24+0.52° 8.58+0.26" 8.20+0.21% 8.60+0.25" 8.37+0.24%
Texture 8.340.14" 8.15+0.23" 8.44+0.42° 8.27+0.29° 8.45+0.31" 8.19+0.15% 8.49+0.28" 8.24+0.30%
Overall 8.27+0.22% 8.02+0.37° 8.47+0.22" 8.18+0.44% 8.39+0.34" 8.15+0.20° 8.52+0.33" 8.31+0.18%

acceptability

2 | etters denote significant difference in the same row (P < 0.5).

3.3. Presence and qualitative of PAHs residues: compounds of PAHs were identified. These

As mentioned above, these compounds were compounds differed in their molecular weight and

qualified only in cold and hot smoked female mussel
meats by sawdust and liquid smoke using GC-MS
technique. This type of meat was selected because it
had a higher level of lipids (Table 1), the popular
phase of PAHs accumulation according to their
presence probability. As shown from Table 5, 7

molecular formula. The presence of these compound
was completely absent in hot smoked product by
sawdust. Meanwhile some of these compounds were
detected in some products and disappear from the
others. Therefore, this point needs more deep

investigation in future study.
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Table 5. Probability, presence and molecular properties of PAHs in hot and cold smoked female mussel meat by

sawdust and liquid smoke.

Smoked female mussels’ meat

. . Cold smoked by Hotsmoked by ey Mole'cular Molecular
Polycyclic aromatic hydrocarbons Weight Formula
(PAHS) sawdust liquid sawdust liquid
Nephthoside 1,2',3",4'-Tetraacetate + - - 73.8% 696 C40Hs56010
Dodecachloro-3,4-benzo phenanthrene + - - 18.43% 636 C.5Clyo
Pyrano [4,3-b] benzopyran-1,9-dione,
5a-methoxy-9a-methyl3-(1-propenyl) - - - 30.77% 308 C17H405
perhydro
Phenanthro [1,2-b]oxire ne-4-carboxylic
acid, tetradecahydro-1b,9-di hydroxy-
4,7a-dimethyl9a-(1-methylethyl)-, methyl - - - 33.43% 366 Co1H340¢
ester, [lar-(1aa,1b4,3a4,44,7a
a,7b4a,94,9aa)]- (CAS)
3,5-Diphenyl-3,5-(9,10 -
phenanthylene)tricyclo [5.2.1.0]decane- - - + 56.41% 708 C44H3609
4-one-8 -exo0-9-endo-dicarboxylic acid
2,9-Bis(5-tert-butyl-2-m ethoxy-3-
- - + 71.56% 658 CasH4oN4O2

pyridylphenyl) -1,10-phenanthroline

Conclusion

The above results indicated the successful
production of new female and male hot and / or cold
smoked mussel meat products using either sawdust
and/ or liquid smoke. These new products are rich in
protein, ash, considerable level of lipids and
carbohydrates, with good physicochemical properties,
very good overall acceptability and bacteriological
safety, cold smoked products had lower moisture
content than hot one, therefore they can store for long

period while hot one can use as a snack foods.
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