. Journal of Biotechnology Research ga
ISSN(e): 2413-3256, ISSN(p): 2413-8878

Vol. 5, Issue. 3, pp: 28-34, 2019 Academic Research Publishing
URL_: https://arpgweb.com/journal/journal/16 Group
DOI: https://doi.org/10.32861/jbr.53.28.34

Original Research Open Access

Mineral Composition and Fatty Acid Profile of Smoked Horse Mackerel
Trachurus Murphyi Using an Improved Fish Smoking Kiln

Esan O. Moses
Department of Fish Technology and Product Development, NIOMR, Victoria Island, Lagos

Abstract

The purpose of this research was to determine the quality of mineral and fatty acid profile of imported horse
mackerel Trachurus murphyi using the improved NIOMR fish smoking kiln. 20kg of frozen imported horse
mackerel were obtained from ljora frozen food market Lagos state, Nigeria. Samples were transported to the
NIOMR Pilot plant for processing and commencement of chemical analysis. Results show that, the most abundant
saturated fatty acid in the fish was Palmitic acid, with a value of 19.404%, while the most abundant monounsaturated
fatty acid was Elaidic acid with a value of 12.63%. However, low values of polyunsaturated fatty acid was recorded
in the fish species, and the most abundant polyunsaturated fatty acid is the Docosahexaenoic acid with a value of
2.297%. The most abundant polyunsaturated fatty acid recorded is Linoleic acid (2.075 while the least abundant
polyunsaturated fatty acid was eicosapentaenoic acid (EPA, C20:5n-3). There was significant variation (p < 0.05) in
the level of Docosahexaenoic acid and Eicosapentaenoic acid in the fish species. The monounsaturated fatty acids
(MUFA) content of horse mackerel was mainly omega-9 fatty acids except Palmitoleic acid which is an omega-7
fatty acid. It can be concluded that the horse mackerel has a good mineral and fatty acid profiling.
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1. Introduction

Fish is a highly nutritious food and it is particularly valued for its protein which is of high quality compared to
those of meat and egg [1]. It contains high quality protein, amino acids and absorbable dietary minerals [2]. Fish is
currently being used as a good tool for food therapy and source of therapeutic substances for the treatment of
coronary diseases, auto-immune diseases, anemia and protein energy malnutrition [3]. Sea foods play important roles
in human nutrition as a source of digestible animal proteins, lipids, healthful polyunsaturated fatty acids (PUFAS),
minerals and vitamins that support the biochemical processes of the human body [4]. Most of these constituents are
economically important for human nutrition because of their high nutritional quality. The lipid fraction of fish are
rich sources of long chain n-3PUFA especially, a-linoleic acid (C18:3, ALA), Eicosapentaenoic (C20;5, EPA) and
Docosahexanoic acid (C22:6w3, DHA) [5]. Kris-Etherton, et al. [6], revealed the effect of these fatty acids on blood
pressure, arrhythmia (abnormal heartbeats) and hypertriglyceridemia. Arachidonic (C20:4n-6) acid and its parent
fatty acid, linoleic acid (C18:2n-6) also drew consideration [7]. Due to inability of human body to synthesize EPA
and DHA, its constant supply through food is a prerequisite [8].

Fish is also known to contain certain polyunsaturated fatty acids that can regulate prostaglandin synthesis and
hence induce wound healing [9]. Polyunsaturated fatty acids (PUFA) have been shown to have positive effects on
cardiovascular diseases and cancers [10]. PUFA composition may vary among speciess of fish, even among fresh
water and marine fish [11]. Certain amino acids like aspartic acid, glycine and glutamic acid are also known to play a
key role in the process of wound healing [12]. Nutritional and functional properties of fish are well-recognized [13,
14]. Their functional properties usually arise from their lipids [15, 16]. Besides affecting the palatability of seafood,
fish lipids are gaining great attention due to their high levels of omega-3 fatty acids [17, 18]. Previous studies
reported that an increase in dietary omega-3 fatty acids, particularly Eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), decreases the risk of cancer, heart disease, depression, asthma, obesity, autoimmune
disease, diabetes, Alzheimer’s, and osteoporosis [15, 16]. A major source of omega-3 fatty acids is marine fish such
as Blue whiting and Horse mackerel [18].

Dried fish is a major component of harvested fisheries in many countries including Nigeria. About 25 to 30% of
the world fish catch is consumed in the dried, salted, smoked form or combination of these processes [19]. Some of
these processes, though important for preservation have various effects on the physical and nutritional quality of fish
because it has been observed that different processing and drying methods have different effects on the nutritional
compositions of fish [20]. The Mediterranean horse mackerel a semi-pelagic carnivore speciess, is a high-value
marine fish distributed throughout the Mediterranean, Marmara, and Black Seas, and along the eastern Atlantic coast
from Morocco to the English Channel [21, 22]. The speciess has a schooling habit, feeds on other fishes, (especially
sardines, anchovies, and small crustaceans) (Fish base, URL-1), and is most commonly found at a depth of 20-200
meters [23, 24]. Boran and Karacam [25], found the fat content of horse mackerel to range between 8.4 and 13.3%
with a seasonal variation. However, no study exists on seasonal changes of fatty acid profile of Mediterranean horse
mackerel caught from Black Sea; although different studies reported different fatty acid values for single sampling
times of different horse mackerel speciess caught from different regions.
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Horse mackerel are known to be one of the richest sources of polyunsaturated fatty acids [26]. Many studies
have shown that Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are present in a significant amounts
in thefish tissues [27]. These polyunsaturated fatty acids have been shown to play a vital role in human nutrition
[28]. They also have curative and preventive effects on many human diseases such as cardiovascular diseases,
cancers, rheumatoid arthritis, and inflammation [29]. Minerals play an important role in maintaining body functions
because they maintain acid—base balance, and help bond formation (hemoglobin formation) [30]. They also control
the water balance in the body, help bones formation and teeth structure, and catalyze many metabolic reactions [31].
The importance of minerals as food ingredients is not only their nutritional and physiological roles, but they also
contribute to food flavor and also activate or inhibit enzyme-catalyzed and other metabolic reactions, and they affect
the texture of food. Fish muscle and bones serve as good sources of essential minerals.

However, Horse mackerel (Trachurus murphyi) is a speciess of jack mackerel in the family Carangidae [32]. Its
common name was derived from the legend that other smaller fish speciess could ride on its back over great
distances. Other common names include European horse mackerel in the United State of America, Incascad, scad,
and saurel [32]. Since the 1970’s, it has become one of the world's more important commercial fish speciess. In the
early 1970s, Chilean jack mackerels started flourishing along the west coast of South America, and became
important as a commercial speciess. The mackerel then expanded in a westward movement out into and across the
open ocean and they are a staple food in Africa. (Digital Journal, 8 February, 2012).

Furthermore, the application of heat to dehydrate fish does not only remove water but excess of such heat can
affect the nutritional content of the dried fish. Studies have shown that smoking causes some decrease in available
lysine and that the loss of lysine is proportional to the temperature and duration of smoking [33]. Clifford, et al. [34]
reported a 25% loss of available lysine on the surface of hot smoked fish fillet and a 12% loss at the center. Other
basic amino acids were reduced by 6.6% on the surface but remained unchanged at the center. It has also been
reported that in the absence of millard reaction, heating alone was sufficient to render lysine unavailable [33]. It has
been observed that the intensity of heat applied during processing greatly affects the fish protein concentration. It is
therefore important to ascertain how the drying temperatures and time affect some of the nutritional properties of
smoke-dried fish.

Therefore, it is very essential to carry out a study on the nutritional value of highly consumed fish speciess in
Nigeria. The aim of this project is to examine the effect of different smoking method on nutritional changes of the
fish species and to evaluate the mineral contents, amount of fatty acid profile present on freshly and smoked
imported Horse Mackerel (trachurus murphyi) because the fish is the most consumable fishes in Nigeria due to their
affordability, availability and serves as a good delicacy.

2. Materials and Methods

2.1. Sample Collection

20kg of frozen imported Horse Mackerel (Trachurus murphyi) were purchased from ljora Frozen Food market
(Latitude 6° 27' 59" North and Longitude 3° 22' 36" East) in Lagos State, Nigeria. The fish samples were transported
to the chemistry laboratory of the Nigerian Institute for Oceanography and Marine Research (NIOMR) Lagos, where
the chemical analysis was carried out.

2.2. Preparation of Fish Fillets and Smoking Process

Prior to the preparation of the fillets and smoking of fish, samples of the fish species were selected at random.
200g of the fish were filleted for the purpose of analysis. The remaining frozen blocks of fish were allowed to thaw
at 4 + 1°C. After thawing, the fish were washed, cleaned, gutted and sprinkled with salt to be smoked, loaded into
the smoking kiln and slowly cooked for about 5hours with charcoal at 160°C chamber temperature. Smoking was
done using NIOMR Improved Smoking Kiln (Plate 1). After smoking, the fire was extinguished and the fish left in
the chamber overnight to avoid been burnt. The following morning, charcoal was added and smoking continued at a
temperature of 160°C chamber temperature for 8 hours. After smoking and cooling, the smoked fishs were packed in
polythene bags, sealed and kept in paper boxes at ambient (30-33°C) temperature and transferred to NIOMR
chemistry laboratory for further analysis.
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Plate-1. Improved NIOMR Fish Smoking Kiln
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2.3. Determination of Fatty Acid Profile

Fat and fatty acids were extracted from the fish using Bligh and dye method as described by AOAC [35], into
ether, then methylated to fatty acid methyl esters (FAMEsS). FAMEs were quantitatively measured by gas
chromatography model 8700 (Perkin—Elmer Ltd., Buckinghamshire, England). Fitted with non-bonded
biscynopropylsiloxane stationary phase, polar capillary column Rt-2560 (100m x 0.25mm) 0.2 um film thickness
(Supelco, PA, USA) and an FID. Oxygen-free nitrogen was used as a carrier gas at a flow rate of 3.5 mL/min. The
initial oven temperature was 150°C at rate of 4 min which was raised to 190°C at a rate of 2 C/min and further to
220°C held for7 min. The injector and detector temperature were set at 260°C and 270°C, respectively. A sample
volume of 1.0 uL was injected. All of the quantification was done by a built-in data-handling program provided by
the manufacturer of the gas chromatograph (Perkin—Elmer) as reported earlier by Talpur, et al. [36].

2.4. Determination of Minerals Content

Mineral composition after wet digestion with a mixture of sulphuric acid, nitric and pechloric acid was
determined using the Atomic Absorption Spectrophotometer (AAS) (BuchScientific, USA) for calcium, magnesium,
iron, sodium, potassium and phosphorus profiling as described by Njinkoue, et al. [37]. The concentration of mineral
elements was determined using Flame Atomic Absorption Spectrophotometer (AAS) and calculated in ppm (ug/g
dry weight).

2.5. Statistical Analysis
Data obtained were subjected to descriptive and inferential statistics (ANOVA) using SPSS (version 17
incorporation, Chicago, Illinois, USA). Means of samples were separated using Duncan Multiple range Test.

3. Results

3.1. Mineral Contents
The results of the mineral contents of the fish species are shown in Table 1.

Table-1. Mineral composition of Horse mackerel

Mineral parameters | Fresh sample NIOMR Kiln smoked
Calcium (ppm) 2.10 292.10

Magnesium (ppm) 18.80 120.85

Potassium (ppm) 13.62 205.40

Iron (ppm) 3.40 21.81

Sodium (ppm) 113.42 310.11

Phosphorus (ppm) 6.36 501.52

3.2. Fatty Acid Profiled of Horse Mackerel
The fatty acid composition (% of total fatty acid) of the fish species is summarized in Table 2.
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Table-2.1. Fatty Acid (SFA) Composition of Smoked Horse mackerel using the NIOMR improved Smoking Kiln

Fatty acid Carbon atoms | Fatty acid class | % sample A
Caproic acid ME 8:0 SFA ND
Capric acid ME 10:0 SFA ND
Lauric acid ME 12:0 SFA ND
Myristic acid ME 14:0 SFA 71.22
Pentadecanoic acid ME | 15:0 SFA 0.55
Palmitic acid ME 16:0 SFA 19.40
Heptadecanoic acid ME | 17:0 SFA 1.31
Stearic acid ME 18:0 SFA 5.45
Arachidic acid ME 20:0 SFA 1.13
Behenic acid ME 22:0 SFA 15.83
Lignoceric acid ME 24:0 SFA ND
Total SFA 50.89

Sample A: Horse mackerel, ND=Not detected, SFA=Saturated fatty acid

Table-2.2. Fatty Acid (MUFA) Composition of Smoked Horse mackerel using the NIOMR improved Smoking Kiln

Fatty acid Carbon atoms | Fatty acid class | % sample A
Myristoleic acid ME 14:1 MUFA ND
Cis-10-pentadecanoic acid ME 15:1 MUFA ND
Palmitoleic acid ME 16:1 MUFA 5.348
Cis-10-Heptadecanoic acid ME 17:1 MUFA ND

Elaidic acid ME 18:1 Cis MUFA 12.63
Cis-11-Eicosenoic acid ME 20:1n9 MUFA 2.55

Erucic acid ME 22:1 MUFA 5.85
Nervonic or Cis-15-tetracosenoic acid ME | 24:1 MUFA 15.66

Total MUFA 42.04

Sample A: Horse mackerel, ND=Not detected, MUFA=Monounsaturated fatty acid.

Table-2.3. Fatty Acid (PUFA) Composition of Smoked Horse mackerel using the NIOMR improved Smoking Kiln

Fatty acid Carbon atoms |Fatty acid class [% sample A

Linoleic acid ME 18:2 trans PUFA 2.08

Linolelaidic acid ME 18:2 Cis PUFA 1.72

Linolenic acid ME 18:3 n3 PUFA 0.69

Cis-11-14-Eicosenoic acid ME 20:2 PUFA ND

Arachidonic acid ME 20:4 n6 PUFA ND

Cis-5,8,11,14,17-Eicosapentaenoic acid [20:5 PUFA ND
ME

Cis-4,7,10,13,16,19-Docosa  hexanoic [22:6 PUFA 2.29
acid ME

Total PUFA 6.78

Sample A: Horse mackerel, ND=Not detected, PUFA=Polyunsaturated fatty acid.

4. Discussion

The mineral contents of horse mackerel significantly varied (p<0.05). The calcium content of NIOMR kiln
smoked horse mackerel recorded the highest value of 292ppm, while the least value of calcium content was recorded
in fresh horse mackerel with 2.10ppm. NIOMR kiln smoked horse mackerel recorded the highest value of
magnesium with 120.85ppm. The least value of magnesium content was observed in fresh horse mackerel with
18.8ppm. The highest value of potassium was recorded in NIOMR kiln smoked horse mackerel with 205.4ppm, the
least value of potassium content was observed in fresh horse mackerel (13.2ppm). However, highest value of sodium
content was recorded in NIOMR kiln smoked horse mackerel with 310.11ppm, the least value of sodium content was
observed in fresh horse mackerel (113.42ppm). Phosphorus content recorded the least value in fresh horse mackerel
(6.36ppm). Iron content value was 21.81ppm in NIOMR kiln smoked horse mackerel while 3.40ppm was recorded
for the fresh sample. The results of mineral content in this study is in line with the findings of Adewoye, et al. [38]
who reported that variations exist in mineral composition of fish.

The fish species examined contained appreciable concentrations of calcium, sodium, magnesium, potassium,
phosphorus and iron suggesting that these fishes could serve as good sources of minerals. Calcium helps for growth
and maintenance of bones, teeth and muscles in human [39]. Normal extracellular calcium concentrations are
necessary for blood coagulation and for the integrity, intracellular cement substances [40]. Sodium is an activator of
transport ATP-ases in animals and also in plants possibly [41]. While, magnesium ions regulate over 300
biochemical reactions in the body through their role as enzyme co-factors [42, 43].

The saturated fatty acid (SFA) contents obtained from this study for NIOMR smoked horse mackerel, was
50.886%, while the monounsaturated fatty acid was 42.04%. The polyunsaturated fatty acid contents obtained from
the NIOMR smoked horse mackerel was 6.779%. Results for fatty acid profile from this study was similar to that
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reported by Kolade [44], who studied the fatty acid profile of Horse mackerel (Trachurus murphyi) from Agbalata
market in Badagry, Lagos state Nigeria.

Palmitic acid (C16:0) was the most abundant saturated fatty acid contents obtained from the NIOMR smoked
horse mackerel with a value of 19.404%, followed by muyristic acid (C14:0) with 7.216%. The least abundant
saturated fatty acid recorded was Pentadecanoic acid and lignoceric acid in horse mackerel. Palmitic acid and
myristic acid are healthy fat and have been reported to help in weight loss, reduce the risk of heart disease and
decrease inflammation human [43, 45]. Other least occurring fatty acids amongst the saturated fatty acid (SFA) was
found to be Pentadecanoic acid (0.55 %), this could be as a results of the fishes been grown in captivity as reported
by Lenas, et al. [46], in his finding that fish grown under captivity usually have reduction in Pentadecanoic acid and
Behenic acid due to land based oil used during culturing. Several authors have also reported palmitic acid (C16:0) as
the most abundant saturated fatty acid in different fish speciess [47-52], which are similar to the findings of this
study. Level of palmitic acid was found to be lower in horse mackerel (19.4%) presumably due to their physiology
and environmental factors and this is in agreement with the report of Saglik and Imre [53], who studied N-3-Fatty
acids in some fish species from Turkey.

Tetracosenoic acid (C24:1) was identified most abundant monounsaturated fatty acid (15.66%) in the smoked
horse mackerel fish. This was followed by Nervonic acid (C22:1) with a value of 5.85%, Palmitoleic acid was
(5.348%) while, eicosenoic acid value was 2.551. Monounsaturated fatty acid such as tetracosenic acid, Nervonic
acid Palmitoleic acid have been reported to play a vital role in human such as reduction of high blood pressure and
anemia in women, prevention of certain birth defects, decrease risk of cardiovascular disease by decreasing
homocysteine, decrease risk of cancer by improving DNA/RNA repair and gene expression [45] confirming the fish
species studied to be a good source of fatty acid diet. The monounsaturated fatty acids (MUFA) content of horse
mackerel was mainly omega-9 fatty acids except Palmitoleic acid which is an omega-7 fatty acid. The higher content
of tetracosenoic acid could be directly related to fatty acid contents used in their feed formulation [46].

The most abundant polyunsaturated fatty acid recorded is Linoleic acid (2.075) in horse mackerel. While the
least abundant polyunsaturated fatty acid was eicosapentaenoic acid (EPA, C20:5n-3). There was significant
variation (p<0.05) in the level of Docosahexaenoic acid and Eicosapentaenoic acid in the smoked fish samples.
Varying level of Eicosapentaenoic acid and Docosahexaenoic acid have been reported for different horse mackerel
species caught in different seas [54-56].

Different health organizations recommend varying amounts of daily n-3 polyunsaturated fatty acid,
Eicosapentaenoic acid and Docosahexaenoic acid intake in a range of 0.2g — 0.45g and 0.5g — 1.0g respectively,
depending on the amount of some other fatty acids such as linoleic, linolenic and arachidonic acids [16, 57]. These
values falls within the recommend values, affirming that the fish could serve as a good source of n-3 polyunsaturated
fatty acid required for prevention of obesity, anti-inflammatory effects in cancer and metabolic disorders [45, 58]. It
was also suggested that 4550mg EPA + DHA should satisfy the weekly requirement of an adult on a 200-kcal diet
[15]. However, epidemiological/observational studies as well as past clinical trials have demonstrated that higher
values of n-3 Polyunsaturated fatty acid, Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) are usually
needed for the treatment and/or preventive effect of various illness such as cardiovascular and neurological disorders
[57, 59]. Lee and Hiramatsu [60], summarized the recommended values set by various health organizations for
health benefits include ing primary and secondary prevention of coronary heart diseases. According to the suggested
values of EPA and DHA, healthy adults should eat 0.5g daily while patients with coronary heart disease should
consume 1.0g. Therefore, from this study, eating the fish species could help to prevent coronary heart disease and
neurological disorders.

5. Conclusion

The result obtained in this study has provided scientific information and detailed knowledge of the mineral and
fatty acid profile of this commercial fish species. The results showed that the fish species had high quality levels of
mineral and fatty acids. Overall, Trachurus murphyi smoked with NIOMR smoking kiln appears to be suitable as
diet for humans due to its relatively high nutrient components and the ratio of polyunsaturated and saturated fatty
acid. The fatty acid components of horse mackerel (Trachurus murphyi) used in this study suggest that it is a
desirable item in the human diet, especially for the levels of DHA and EPA found are good for the maintenance of
human health.

References

[1] Ojutiku, R. O., Kolo, R. J., and Mhammed, M. L., 2009. "Comparative study of sun drying and solar tent
drying of Hyperopisus bebeoccidentalis." Pak. J. Nutr., vol. 8, pp. 955-957.

[2] Bruhiyan, A. K. M., Ratnayake, W. M. N., and Aukman, R. G., 1993. "Nutritional composition of raw fish
and smoked Atlantic mackerel, oil and water soluble vitamins." J. Food comp. Anal., vol. 6, pp. 172-184.

[3] Glomset, J., 1986. "Nutrition research.” New England J. Med., vol. 321, pp. 1253- 1254.

[4] Alasalvar, C., Miyashita, K., Shahidi, F., and Wanasundara, U., 2011. Handbook of seafood quality, safety
and health applications. John Wiley and Sons: USA.

[5] De Filippis, B., Ricceri, L., and Laviola, G., 2010. "Early postnatal behavioral changes in the Mecp2-308
truncation mouse model of Rett syndrome." Genes Brain Behav., vol. 9, pp. 213-223.

[6] Kris-Etherton, P. M., Harris, W. S., and Appel, L. J., 2002. "Fish consumption, fish oil, omega-3 fatty acids,
and cardiovascular disease." Circulation, vol. 106, pp. 2747-2757.

32



[7]

[8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

Journal of Biotechnology Research

Glogowski, J. and Ciereszko, A., 2001. "Achievements in basic and applied research in the biology of fish
sperm - Post." Nauk Rol., vol. 3, pp. 125-133.

Lecerf, A., Woodward, G., Gessner, M. O., Giller, P. S., Gulis, V., and Hladyz, S., 2007. "Continental-scale
effects of nutrient pollution on stream ecosystem functioning." Science, vol. 336, pp. 1438-1440.

Gibson, R. A., 1983. "Australian fish — an excellent source of both arachidonic acid and 3 polyunsaturated
fatty acids." Current Opinion in Lipidology, vol. 18, pp. 743-752.

Conner, W. E., 1997. "The beneficial effects of omega-3 fatty acids: cardiovascular diseases and
neurodevelopment.” Current Opinion in Lipidology, vol. 8, pp. 1-3.

Abd Rahman, S., Thiess, S. H., Osman, H., and Daud, N. M., 1995. "Fatty acid composition of some
Malaysian fresh water fish." Journal of Food Chemistry, vol. 54, pp. 45-49.

Chyun, J. H. and Griminger, P., 1984. "Improvement of nitrogen retention by arginine and glycine
supplementation and its relation to collagen synthesis in traumatized mature and aged rats." J. Nutr., vol.
114, pp. 1697-704.

Barrow, C. and Shahidi, F., 2008. "Nutraceuticals and functional foods."

Mazza, C., 1998. "Unusual charge stabilization of NADP+ in 17beta-hydroxysteroid dehydrogenase." J.
Biol. Chem., vol. 373, pp. 8145-52.

Simopoulos, A. P., 2003. "Importance of the ratio of omega-6/omega-3 essential fatty acids: evolutionary
aspects.” World Rev. Nutri. Diet., vol. 92, pp. 1-22.

Gogus, U. and Smith, C., 2010. "n-3 Omega fatty acids: a review of current knowledge.” International
Journal of Food Science and Technology, vol. 45, pp. 417-436.

Kinsella, J. E., 1987. Seafoods and fish oils in human health and disease. New York: Marcel Dekker Inc., p.
317.

Venugopal, 2009. Marine proteins and peptides: Biological activities and applications. John Wiley and
Sons, pp. 816-817.

Aliya, G., Humaid, K., Nasser, A., Sami, G., Aziz, K., Nashwa, M., and Ponnerassery, S. S., 2012 "Effect
of the freshness of starting material on the final product quality of dried salted shark." Advan. J. Food Sci.
Technol., vol. 4, pp. 60-63.

Oparaku, N. F. and Nwaka, F. C., 2013. "Effect of processing on the nutritional qualities of three fish
speciess (Synodontis clarias, Trachurus trecae and Clarias gariepinus).” International Journal of Biology
and Biological Sciences, vol. 2, pp. 143-1.

Turan, C., 2004. "Stock identification of Mediterranean horse mackerel (Trachurus trachurus) using
morphometric and meristic characters " Ices Journal of Marine Science - ICES J MAR SCI., vol. 61, pp.
774-781.

Bektas, Y. and Belduz, A. O., 2008. "Molecular phylogeny of turkish trachurus species (perciformes:
Carangidae) inferred frommitochondrial DNA analyses." Journal of Fish Biology, vol. 73, pp. 1228-1248.
Jardas, I. and Pallaoro, A., 1996. "Ichthyological collection of the institute of oceanography and fisheries in
split crotia.”" Natura Croatica, vol. 3, pp. 177-219.

Santi, M., Jardas, 1., and Pallaoro, A., 2003. "Feeding habits of mediterranean horse mackerel, trachurus
mediterraneus (carangidae), in the central adriatic sea." Cybium, vol. 27, pp. 247-253.

Boran, G. and Karacam, H., 2011. "Seasonal changes in proximate composition of some fish species from
the black sea." Turkish Journal of Fisheries and Aquatic Sciences, vol. 11, pp. 1-5.

Ackman, R. G., 2009. "Nutritional composition of fats in seafoods.” Programme. Food Nutr. Sci., vol. 13,
pp. 161-241.

Rasoarahona, J., Barnathan, G., Bianchini, J.-P., and Gaydou, E., 2005. "Influence of season on the lipid
content and fatty acid profiles of three tilapia species (Oreochromis niloticus, O. macrochir and Tilapia
rendalli) from Madagascar." Food Chemistry, vol. 91, pp. 683-694.

Tanaka, T., Hattori, T., Maki, K., Kaoru, H., and Satouchi, K., 2008. "Methylene-interrupted double bond
in polyunsaturated fatty acid is an essential structure for metabolism by the fatty acid chain elongation
system of rat liver." Journal of Biochemistry and Biophysiology, vol. 1393, pp. 299-306.

Raatz, S. K., Silverstein, J. T., Jahns, L., and Picklo, M. J., 2013 "lIssues of fish consumption for
cardiovascular disease risk reduction." Nutrients, vol. 5, pp. 1081-97.

Duran, A., Tuzen, M., and Soylak, M., 2010. "Trace element concentrations of some pet foods
commercially available in Turkey." Food Chem. Toxicol, vol. 18, pp. 2833-2837.

Mendil, D., Unal, O. F., Tuzen, M., and M., S., 2010. "Determination of trace metals in different fish
species and sediments from the river Yesilirmak in Tokat, Turkey." Food Chem. Toxicol., vol. 48, pp. 1383-
1392,

ITIS, 2013. "Trachurus trachurus (Linnaeus, 1758) Integrated taxonomic information system."

Eyo, A. A., 2001. Fish processing technology in the tropics. University of Ilorin Press, p. 403.

Clifford, M. N., Tang, S. L., and Eyo, A. A., 1980. "Smoking of food." Proc. Biochem., vol. 2, pp. 8-11.
AOAC, 2000. Official methods of analysis. 17th ed. Gaithersburg, MD, USA: The Association of Official
Analytical Chemists. pp. 925- 974.

Talpur, F. N., Bhanger, M. I., and Khuhawar, M. Y., 2007. "Intramuscular fatty acid profile of longissimus
dorsi and semitendinosus muscle from Kundi steers fed pasture with cotton seed cake supplement.”
International Journal of Food Science and Technology, vol. 42, pp. 1007-1011.

33



[37]

[38]

[39]

[40]
[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Journal of Biotechnology Research

Njinkoue, J. M., Gouado, I., Tchoumbougnang, F., Ngueguim, J. H. Y., Ndinteh, D. T., Fomogne-Fodjo, C.
Y., and Schweigert, F. J., 2016. "Proximate composition, mineral content and fatty acid profile of two
marine fishes from Cameroonian coast: pseudotolithus typus (Bleeker, 1863) and Pseudotolithus elongatus
(Bowdich, 1825). ." NFS. J., vol. 4, pp. 27-31.

Adewoye, S. O., Fawole, O. O., and Omotosho, J. S., 2003. "Concentrations of selected elements in some
freshwater fishes in Nigeria." Science Focus, vol. 4, pp. 106-108.

Turan, M., Kordali, S. Z., H., Dursun, A., and Sezen, Y., 2003. "Macro and micro-mineral content of some
wild edible leaves consumed in Eastern Anatolia." Acta Agric. Scand. Sect. B, Plant Soil Science, vol. 53,
pp. 129-137.

Okaka, J. C. and Okaka, A. N. O., 2001. Food composition, spoilage and shelf life extension. Enugu, Nig.:
Ocjarco Academic Publishers. p. 545.

Adeyeye, E. I. and Adamu, A. S., 2005. "Chemical composition and food properties of
Gymnarchusniloticus (trunk fish)." Bioscience and Biotechnology Research Asia, vol. 3, pp. 265-272.

Dana, J. D., Hurlbut, C. S., and Klein, C., 1985. Manual of mineralogy. 2nd ed. New York: John Wiley and
Sons Inc., pp. 115-121.

Fabiola, H. and Martha, E., 2012. "Nutritional richness and importance of the consumption of tilapia in the
papaloapan region (riqueza nutricional eimportancia del consumo de la mojarra tilapia en la region del
papaloapan).” Redvet. Rev. Electron. Vet., vol. 13, pp. 6-12.

Kolade, O. Y., 2015. "Fatty acid profile investigation of blue whiting fish (micromesistius poutassou) flesh
from agbalata market badagry Lagos West, Nigeria." Emerging Life Science Research, vol. 1, pp. 20-25.
WHO, 2007. "Protein and amino acid requirements in human nutrition: report of a joint HO/FAO/UNU
expert consultation, WHO Technical Report Series World Health Organization, Geneva, Switzerland." p.
123.

Lenas, D., Chatziantoniou, S., Nathanailides, C., and Triantafillou, D., 2011. "Comparison of wild and
farmed Horse mackerel and Blue whiting lipid quality.” In 11th International.

Alasalvar, C., Taylor, K. D. A., Zubcov, E., Shahidi, F., and Alexis, M., 2002. "Differentiation of cultured
and wild sea bass (Dicentrarchus labrax): Total lipid content, fatty acid and trace mineral composition."
Food Chemistry, vol. 79, pp. 145-150.

Bayir, A., Haliloglu, H. 1., Sirkecioglu, A. N., and Aras, N. M., 2006. "Fatty acid composition of some
selected marine fish speciess living Turkish Waters.” Journal of Science and Food Agriculture, vol. 86, pp.
163-168.

DeSilva, S. S., Gunasekera, R. M., and Ingram, B. A., 2004. "Performance of intensively farmed murray
cod maccullochella peeliipeelii (Mitchell) fed newly formulated vs. Currently used commercial diets and a
comparison of filled composition of farmed and wild fish." AquacultureResearch, vol. 35, pp. 1039-1052.
Rossano, R., Caggiano, M. A., Mastrangelo, L., Di Lauro, R., Ungaro, N., Ettorre, M., and Riccio, P., 2005.
"Proteins, fatty acids and nutritional value in the muscle of the fish species Mora moro Risso, 1810." Mol.
Nutr. Food Res., vol. 49, pp. 926-31.

Sengor, G. F., Ozden, O., Erkan, N., Tuter, M., and Aksoy, H. A., 2003. "Fatty acid composition of flathead
grey mullet (Mugil cephalus) (L.1758) Fillet, raw, and beeswaxed caviar oils." Turkey Journey of Fishery
and Aquatic Science, vol. 3, pp. 93-96.

Sensor, L., Suarez, M. D., Ruiz-Cara, T., and GarciaGallego, M., 2007. "Possible effects of harvesting
seasoned and chilled storage on the fatty acid profile of the filled of farmed gilthead sea bream sparus
aurata." Food Chemistry, vol. 101, pp. 298-307.

Saglik, S. and Imre, S., 2001. "N-3-Fatty acids in some fish speciess from Turkey." Journal of Food
Science, vol. 66, pp. 210-212.

Bandarra, N. M., Batista, 1., Nunes, M. L., and Empis, J. M., 2001. "Seasonal variation in the chemical
composition of horse-mackerel (Trachurus trachurus)." European Journal of Food Research Technology,
vol. 212, pp. 535-539.

Celik, M., 2008. "Seasonal changes in the proximate chemical compositions and fatty acids of chub
mackerel (Scomber japonicus) and horse mackerel (Trachurus trachurus) from the north eastern
Mediterranean Sea." International Journal of Food Science and Technology, vol. 43, pp. 933-938.

Nazeer, R. A. and Kumar, N. S. S., 2012. "Fatty acid composition of horse mackerel (Magalaspis cordyla)
and croaker (Otolithes ruber)." Asian Pac. J. Tropic. Dis., vol. 2, pp. 933-936.

Candela, G. C., Bermejo, L. L. M. A., and Loria, K. V., 2011. Importance of a balanced omega 6/omega 3
ratio for the maintenance of health. Nutritional recommendations Nutricion Hospitalaria, vol. 26, nim. 2,
marzo-abril. Espafia: Grupo Aula Médica Madrid. pp. 323-329.

FAO, 2016. "Nutritional elements of fish, fao-fisheries and aquaculture department."  Available:
http://www.fao.org/fishery/topic/1239/en.htm

Kris-Etherton, P. M., Harris, W. S., and Appel, L. J., 2003. "Omega-3 fatty acids and cardiovascular
disease: New recommendations from the american heart association. Aha nutrition committee. American
heart association." Arterioscler Thromb Vasc Biol., vol. 23, pp. 151-2.

Lee, A. H. and Hiramatsu, N., 2011. "Role of n-3 series polyunsaturated fatty acids in cardiovascular
disease prevention." J. Nutr. Diet. Suppl., vol. 3, pp. 93-100.

34


http://www.fao.org/fishery/topic/1239/en.htm

