A  REVIEW ON THE EFFECTS OF SMOKED FISH ON THE HEALTH OF ITS CONSUMERS


ABSTRACT 
Fish smoking is an ancient and popular way of fish preservation. Fish smoking is a combination of various processes such as salting, drying, heating, smoking, and sometimes cooking effects depending on smoking method used.  Smoked fish are highly rich in protein and are palatable with longer shelf life. Smoked fish enhances growth and metabolism, foetal development among others. However, prolonged consumption of fish intoxicated with PAHs could occur as a result of incomplete combustion of wood or coal causes cancer and retarded growth. This article describes various smoking methods and the health effects of smoked fish consumption to humans. 
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1.0  INTRODUCTION
Considerable portion of the protein intake in the diets of a large proportion of the people, particularly in developing countries like Nigeria are made up of fish  as it represents about 14% of all animal protein in the globe. Fish is cheaper and relatively more abundant constituting about 40% of animal protein intake in the diet of the people, thus giving it an advantage over meat in Nigeria [1]. Fish is mostly preferred over pork, beef and other animal because it has  little or no religious embargo in Nigeria. Fish deteriorates immediately as it dies,  therefore as an effort to reduce post harvest losses, various preservation and processing techniques such as refrigeration, freezing, canning, smoking, salting, and drying have been put in place. Smoke dried fish have extended shelf life due to the antioxidant and bacteriostatic effects of the  smoke on the fish. Smoking is applied to wide range of food including fish and meat products and not also limited to other food categories, such as cheese and mushroom[4]. Polycyclic aromatic hydrocarbons (PAHs) a harmful Carcinogenic compound constitute a large class of organic compounds, containing two or more fused aromatic rings made up of carbon and hydrogen atoms which occur from  incomplete combustion. Smoked food is one source of PAH [7]. To prevent as well as to mitigate the effect of this harmful Carcinogenic compound (PAH) it’s imperative to study the effect of smoked fish on the health status of its consumers 

2.0  FISH SMOKING

Smoking is the most commonly practiced  method of preserving food. Fish Smoking as the  name implies entails exposing fish to smoke from burning  plant materials (wood) or coal in order to enhance the palatability and the shelf life of fish. Fish is  smoked usually by the combination of drying, heating, smoking, and sometimes salting effects on the fish product .  The drying, antioxidant and bacteriostatic effects of smoke enhance the shelf-life of smoked fish products. Smoked seafood includes different varieties like, smoked finfish and smoked bivalves. Smoked products are mostly ready-to-eat form [8].

Smoking is an ancient method of food preservation and has been heavily relied upon for long term storage of fish and meat  products.  Smoking enhances the flavor,  appearance and  texture of the products. In Africa, smoke is mostly brought about by the burning of fire wood. Smoke emitted from a burning wood  contains three major components(cellulose, hemicellulose and lignin)  that are broken down in the combustion process known as pyrolysis (a chemical decomposition of wood  by heat).
Smoking of fish is usually done to enhance the flavor and texture of the fish product in developed countries where refrigeration and efficient transportation system are put in place, but not as  a means of fish  preservation which is contrary to developing countries where refrigeration and efficient transportation system are not in place thus, making it a very important method of fish preservation. In the smoking  process, drying effect is crucial as it reduces the moisture content in the flesh of the fish that allows bacterial activity and spoilage thereby extending the shelf life of the products [9].
Modernization of food preservation technology including various methods such as pasteurization, cooling/refrigeration, deep-freezing, and vacuum packaging, have outmatch the preserving functions of many traditional methods including smoking. Recently, the purpose of smoking is shifting to sensory quality rather than for its preservative effect [8]. Four basic types of smoking method can be defined depending on the temperature and how the smoke is been delivered to the fish product: hot smoking, cold smoking, liquid smoking, and electrostatic smoking. 
2.1 Hot smoking
Hot smoking is usually done at temperature above 70°C and for smoked fish product, a minimum thermal process of 30 minutes at or above 62.8°C is required for optimum preservation. Hot smoking is mostly done traditionally, however, Some recently designed smokehouses have more precise control of the temperature, air ventilation, and smoke density . Thus, the fish products from modern smokehouses have more quality and are much more uniform than those produced with traditional smokers. 
2.2 Cold smoking
In this method as the name implies fish are not cooked but are rather exposed to temperature below 30°C. Cold smoking has higher yield ,runs longer as compared to the traditional hot smoking method and also retains the original texture of the products 
Cold smoking of varied fish species has been reported, including rainbow trout.

2.3 Liquid smoking
In this method, fish are directly dipped in the smoke or uniformly sprayed with the smoke. As compared with cold and hot smoking methods it can easily be modified and applied to the fish, less environmental pollution, low operation cost and it also ensures a uniform smoke flavor. However,  flavor and color from the traditional smoking cannot be exactly duplicated [3]. This method has been reported in swordfish ,salmon and trout 

2.4 Electrostatic smoking
This method as the name implies is brought about by the deposition of smoke particles which are positively charged onto the surface of the fish which are negatively charged. This method may however change the composition of the smoke but it’s still more efficient than the traditional smoking. Composition of the smoke maybe influenced by the skin thickness, subcutaneous fat amount, presence of scale among other factors.
Application of electrostatic smoking has been reported mainly in salmon and herring.

3.0  POSITIVE  EFFECTS  OF SMOKED FISH CONSUMPTION 
However, it is difficult to find a comprehensive study providing a comparison of the chemical composition and nutritional value of many freshwater and sea fish species as well as the content of micronutrients and analysis of the impact of culinary methods on changes in nutrient compounds.

 Smoked fish is widely consumed for its nutritional values and health benefit not only for it’s palatability. Fish is a rich source of nutrients such as  proteins, healthy fats, and minerals. These nutrients are also present in dried fish products, thus furthering the benefits by prolonging the shelf-life of the fish by smoke drying. Crucial essential amino acids like cysteine, methionine and lysine which are effective antioxidants are absent in some plant and animal protein but are found in smoked fish [19][20]. Cysteine prevents the accumulation of toxic metabolic wastes that fosters ageing whereas methionine controls nucleotide and redox statuses [21]. Methionine can also possibly aid in the prevention of cancer as it metabolism is ought to be linked with tumour cell metabolism. It has been reported. that lysine could have preventative and therapeutic effects on osteoporosis as it actively participate in the uptake of calcium in the body [22] It is  mentioned that smoked fish proteins contain essential amino acids for body growth, repairing functions and metabolism, [19]. Hence, it can be concluded that the protein contents in dried fish aid in regulatory functions in the body and prevent various diseases.
Fish  contain fats  that are claimed to be healthy, especially when smoked. For instance, fish contain EicosaPentaenoic Acid(EPA) and DocosaHexaenoic Acid (DHA) acids which help in foetal development and the prevention of cardiovascular diseases [24]. Smoked ﬁsh are rich in mineral and vitamins such as calcium, phosphorus, and B-vitamins which are active participants in bone marrow  development and maintenance.  
5.0 THE NEGATIVE EFFECT OF SMOKED FISH ON CONSUMPTION
Formation of  PAHs is brought about by the incomplete combustion of fuel (wood, coal or oil). Environmental contaminants as well as various food processing methods  such as smoking, grilling, boiling and toasting, are the common sources of PAHs in foods. The health effects resulting from the consumption of food contaminated with PAH have recently been discussed extensively in the literature [41]. Among the effects include the include following : retarded growth, low birth weight, small head circumference, low IQ, damaged DNA in unborn children and the disruption of endocrine systems, such as estrogens, thyroid and steroids [42]. Early menopause due to destruction of ova have also been associated with PAHs accumulation . It has been reported that PAHs metabolizes in mammalian cells to diol and epoxides that form complexes with macro molecules such as  DNA, thereby causing errors in DNA replication and mutations [43][44].  Glutathione transferase deficiencies which occur as a result of polymorphisms may result in elevated breast cancer, lung cancer and other forms of human cancer risk from PAHs accumulation [46][47]. 


7.0 CONCLUSIONS
Smoked fish can have both positive and negative effects on health depending on various factors such as the type of fish, the smoking process, and the frequency of consumption.
Smoked fish consumption is a good source of protein and other essential nutrients needed for growth and various metabolic processes such as omega-3 fatty acids, which have been associated with numerous health benefits. However, smoked fish containing  high levels of salt  can lead to high blood pressure in some individuals. Additionally, smoked fish maybe contaminated with  carcinogenic compounds called polycyclic aromatic hydrocarbons (PAHs) and heterocyclic amines (HCAs), which can increase the risk of certain cancers when consumed in large amounts over a long period.
 
8.0 RECOMMENDATION
It is recommended that liquid smoke should be used in fish smoking since it passes through a filter that removes impurities and other carcinogenic compounds, and also balanced diet should be maintained with plenty of fruits and vegetables to mitigate any potential negative effects of smoked fish consumption.


REFERENCES
1. Abolagba, O. J., &Melle, O. O. (2008). Chemical composition and keeping qualities of a scaly fish tilapia (Oreochromisniloticus) smoked with two energy sources. African Journal General Agriculture KLOBEX, 4(2), 113–117.

2. Akinyemi, A. A., Adejola, A. Q., Obasa, S. O., &Ezeri, G. N. O. (2011) Aflatoxins in smokeddried fish sold in Abeokuta, Ogun State, South-west Nigeria. Proceedings of the Environmental Management Conference, Federal University of Agriculture, Abeokuta, Nigeria, pp. 476–486.

3. Varlet, V., Serot, T., &Knockaert, C. (2007). Organolepticcharacterization and PAH content of salmon (Salmosalar) filletssmoked according to four industrial smoking techniques. Journal of Food Science and Agriculture, 87, 847–854.

4. Suchanová, M., Jana Haj, L., Tomaniová, M., Kocourek, V., &Babika, L. (2008). Polycyclic aromatic hydrocarbons in smoked cheese. Journal of Science of Food and Agriculture, 88(8),1307–1317

5. da Silva, L. V. A., Prinyawiwatkul, W., King, J. M., No, H. K., Bankston, J. D., Jr, & Ge, B. Effect of preservatives on microbial safety and quality of smoked blue catfish (Ictalurusfurcatus) steaks during room-temperature storage. Food Microbiology, 25(8),958–963. doi:10.1016/j.fm.2008.07.001

6. Fafioye, O. O., Efuntoye, M. O., &Osho, A. (2002). Studies on the infestation of five traditionally smoked-dried fresh-water fish in Ago-Iwoye, Nigeria. Mycopathologia, 154,177–179. Direct Link doi:10.1023/A:1016331418893

7. Guillen, M. D., Sopelana, P., &Partearroyo, M. A. (1997). Food as a source of polycyclic aromatic carcinogens. Reviews on Environmental Health,12,133–146.http://dx.doi.org/10.1515/REVEH. 1997.12.3.133.


8. Sathish Kumar K and Priya E.R. (2017). Smoking of Fishes.Recent trends in harvest and post-harvest technologies in fisheries, Central Institute of Fisheries Technology, Kochi, India. Pp 122-133
9. FDA. 1998. Pathogen growth and Toxin formation as a result of inadequate drying.Fish and Fishery Products hazard and Controls Guide 2nd Ed. PP 175-182. Department of Health and Human service, Public Health service, Food and Drug Administration center for food Safety and Applied Office of Seafood, Washington D.C.140 -167.
10. Chen J, Chen S (2005). Removal of polycyclic aromatic hydrocarbons by low density polyethylene from liquid model and roasted meat. Food Chem. 90: 461-469.
11. Abu-Ali J.M. and Barringer S.A (2007). Improved functionality of food additives with electrostatic coating. Innovative food science and emerging technologies. 7(2006) 176-181.
12. Maga J.A. (2018). Smoke in food processing. Maga, J. A. , Pyrazines in foods. An update, CRC
13. 
14. Abraha, B.; Admassu, H.; Mahmud, A.; Tsighe, N.; Shui, X.W.; Fang, Y. Effect of processing methods on nutritional and physicochemical composition of fish: A review. MOJ Food Process Technol. 2018, 6, 376–382.
15. García-Arias, M.T.; Alvarez-Pontes, E.; García-Linares, M.C.; García-Fernández, M.C.; Sánchez-Muniz, F.J.Cooking–freezing–reheating (CFR) of sardine (Sardinapilchardus) fillets. Effect of different cooking and reheating procedures on the proximate and fatty acid compositions. Food Chem. 2003, 83, 349–356.
16. Cie´slik, I.; Migdał, W.; Topolska, K.; Mickowska, B.; Cie´slik, E. Changes of amino acid and fatty acid profile in freshwater fish after smoking. J. Food Process Preserv. 2018, 42, e13357
17. Famurewa, J.A.V.; Akise, O.G.; Ogunbodede, T. (2017). Effect of storage methods on the nutritional qualities of African Catfish Clariasgariepinus (Burchell, 1822). Afr. J. Food Sci. 2017, 11, 223–233.
18. Katola, A.; Kapute, F. (2017). Nutrient composition of solar dried and traditionally smoked Oreochromis mossambicus (Peters, 1852). Int. Food Res. J. 2017, 24, 1986–1990.
19. Rasul, M.G.; Yuan, C.H.; Azad Shah, A.K.M. (2021).  Chemical composition and nutritional value of dried fish in Bangladesh. Egypt. J.Aquat. Biol. Fish. 2021, 25, 379–399. 
20. Siddhnath; Ranjan, A.; Mohanty, B.P.; Saklani, P.; Dora, K.C.; Chowdhury, S. (2022). Dry Fish and Its Contribution Towards Food andNutritional Security. Food Rev. Int. 2022, 38, 508–536.
21. Piste, P. (2013). International journal of pharmaceutical, chemical and biological sciences cysteine–master antioxidant. Int. J. Pharm.Chem. Biol. Sci. 2013, 2013, 143–149.Sanderson, S.M.;
22. Civitelli, R.; Villareal, D.T.; Agnusdei, D.; Nardi, P.; Avioli, L.V.; Gennari, C. (Dietary L-lysine and calcium metabolism in humans.Nutrition 1992, 8, 400–405.
23. Nordvi, B.; Langsrud, O.; Egelandsdal, B.; Slinde, E.; Vogt, G.; Gutierrez, M.; Olsen, E. (2007). Characterization of volatile compounds in a fermented and dried fish product during cold storage. J. Food Sci. 2007, 72, S373–S380. 

24. Swanson, H. L. (2000). Are working memory deficits in readers with learning disabilities hard to change? Journal of Learning Disabilities, 33, 551–566.


25. Haratake, M.; Takahashi, J.; Ono, M.; Nakayama, M.(2007).6 An Assessment of Niboshi (a Processed Japanese Anhcovy) as an Effective Food Source of Selenium. J. Health Sci. 2007, 53, 457–463. 
26. Rocourt, C.R.; Cheng, W.H. (2013). 7Selenium supranutrition: Are the potential benefits of chemoprevention outweighed by the promotion of diabetes and insulin resistance? Nutrients 2013, 5, 1349–1365.
27. Guillen MD (1994). Polycyclic aromatic compounds: extraction and determination in food. Food Additives and Contaminants 11(6):669-684.
28. Larsson BK, Sahlberg GP, Erikson AT, Busk LA (1983). Polycyclic aromatic hydrocarbons in grilled food. J. Agric. and Food Chemistry 31:867-873.
29. Moret S, Piani B, Conte, L Bortolomeazzi R,.S., 1997. HPLC determination of poly aromatic hydrocarbons in olive oils. Zeitschrift fu¨r Lebensmittel-Untersuchung und -Forshung A 205, 116-120.
30. Belykh LI, Kireeva AN, Smagunova AN, Penzina EE, Pan‟kov SD, Protasova LE, (1999). Metrological investigations of procedures for determination benzo(a)pyrene in water using low-temperature luminescence. ZhurnalAnaliticheskoiKhimii 54(7):678-684. 
31. Dennis MJ, Massey RC, McWeeny DJ, Knowles ME, Watson D (1983). Analysis of polycyclic aromatic hydrocarbons in UK total diets. Food and Chemical Toxicology 21(5):569-574.
32. Moret S, Dudine A, Conte LS (2000). Processing effects on the polyaromatic hydrocarbon content of grapeseed oil. J. Am. Oil Chemists Society, 77(12) 1289-1292.
33. Potthast K (1977). Polycyclic aromatic hydrocarbons in smoked meat products. An application of a new method. ActaAlimentariaPolonica 3:195-201.

34. Simko P (2002). Determination of polycyclic aromatic hydrocarbons in smoked meat products and smoke flavouring food additives. Journal of Chromatography, B770(1-2):3-18.
35. Simko P (1991). Changes of benzo(a) pyrene in smoked fish during storage. Food Chemistry 40:293-300.
36. Akpan V, Lodovici M, Dolora P (1994). Polycyclic aromatic hydrocarbons in fresh and smoked fish samples from three Nigerian cities. Bulletin of Environmental Contamination and Toxicology 53:246-253.
37. Lodovici M, Dolara P, Casalini C, Clappellano S, Testolin G (1995). Polycyclic aromatic hydrocarbon contamination in the Italian diet. Food Additives and Contaminants 12(5):703-713.

38. Moret S, Conte L, Dean D (1999). Assessment of polycyclic aromatic hydrocarbon content of smoked fish by means of a fast HPLC/HPLC method. J. Agric. and Food Chemistry, 47(4):1367-1371.
39. Wretling S, Eriksson A, Eskhult GA, Larsson, B. (2010). Polycyclic aromatic hydrocarbons (PAHs) in Swedish smoked meat and fish. J. Food Composition and Analysis 22:264-272.
40. Essumang DK, Kowalski K, Sogaard, EG (2011). Levels, distribution and source characterization of polycyclic aromatic hydrocarbons (PAHs) in topsoils and roadside soils in Esbjerg, Denmark. Bulletin of Environmental Contamination and Toxicology, 86(4):438-43.

41. Shen Y, et al. (2008) Simultaneous saccharification and fermentation of acid-pretreated corncobs with a recombinant Saccharomyces cerevisiae expressing beta-glucosidase. Bioresour Technol 99(11):5099-103


42. Essumang DK, Dodoo DK, Adjei JK (2012). Polycyclic aromatic hydrocarbon (PAH) contamination in smoke-cured fish products. J.Food Composition and Analysis. 27:128-138.
43. Rodriguez LV, Dunsford HA, Steinberg M, Chaloupka KK, Zhu LJ, Safe S, Womack JE, Goldstein LS (1997). Carcinogenicity of benzo[a]pyrene and manufactured gas plant residues in infant mice.Carcinogenesis, 18 (1), 127-135.
44. Schoket B (1999). DNA damage in humans exposed to environmental and dietary polycyclic aromatic hydrocarbons. Mutation Res. 424(1-2):143-153.
45. Lightfoot TJ, Coxhead JM, Cupid BC, Nicholson S, Garner RC (2000). Analysis of DNA adducts by accelerator mass spectrometry in human breast tissue after administration of 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine and benzo[a]pyrene. Mutation Research, 472(1-2):119-127.
46. International Agency for Research on Cancer IARC (1999). Metabolic polymorphisms and susceptibility to cancer. In: Vineis P, Malats N, Lang M, d‟Ericco A, Capaaso N, Cuzick J, Boffetta P (Eds.), IARC Scientific Publications No. 148. International Agency for Research on Cancer, World Health Organization, Lyon, p. 505

47. Van der Hel OL, Peeters PH, Hein DW, Doll MA, Grobbee DE(2003). NAT2 slow acetylation and GSTM1 null genotypes may increase postmenopausal breast cancer risk in long-term smoking women. Pharmacogenetics, 13(7):399-407


48. Van der Hel OL, Peeters PH, Hein DW, Doll MA, Grobbee DE(2003). NAT2 slow acetylation and GSTM1 null genotypes may increase postmenopausal breast cancer risk in long-term smoking women. Pharmacogenetics, 13(7):399-407



