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ABSTRACT 

 

Food borne infections and illnesses have become a major international health 

problem with consequent reduction in economic growth. It is also identified as a major 

cause of illness and death worldwide. In the developing world, foodborne infection leads to 

the death of many children, as well as resulting in diarrheal disease which can have long-

term effects on children‘s growth as well as on their physical and noesis development and it 

also heavily affects the healthcare systems. the present study to investigate the 

carbohydrate, protein, lipids and amino acids in normal and infected Sardina pilchardus 

fish. The protein content was lower in infected fish as compared to normal fish. The Amino 

acid content was lower in infected fish as compared to normal fish. The carbohydrate 

content was lower in infected fish as compared to normal fish. The lipid content was lower 

in infected fish as compared to normal fish. The study concludes that locally obtainable 

infected fish shows nutritionally deficient and suggested that this type of fish is cannot be 

consider for eatable. 
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INTRODUCTION 

Fishes are classified as any of the cold blooded aquatic vertebrates of the super 

class Pisces typically showing gills, fins and a streamline body. In addition, ‗fish‘ also 

refers to the flesh of such animals used as food. There are about 22,000 species of fish that 

began evolving around 480 million years ago (Pal and Mahendra, 2015). Fish is an 

important part of a healthy diet due to its high quality protein, other essential nutrients and 

omega 3fatty acids, and its low fat content as compared to other meats (Rhea, 2009; Pal, 

2010).Fish and seafood products constitute an important food commodity in the 

international trade due to its ever increasing consumption demand. Fish contributes about 

60% of the world supply of protein, and 60% of the developing world derives more than 

30% of their animal protein from fish (Emikpe et al., 2011). Fish allows for protein 

improved nutrition in that it has a high biological value in term of high protein retention in 

the body, low cholesterol level and presence of essential amino acids (Emikpe et al., 2011) 

  The microbiological flora in the intestines of sea foods such as finfish, shellfish, 

and cephalopods is quite different being psychotrophic in nature, and to some extent 
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believed to be a reflection of the general contamination 

in the aquatic environment (AdebayoTayo et al., 

2012a). Several studies have demonstrated a number of 

bacterial species encountered in different fish, which 

are potentially pathogenic under certain conditions as 

reported for Pseudomonas angulluseptica and 

Streptococcus spp. (Emikpe et al., 2011). It is estimated 

that there are more than 80 million cases per annum of 

seafood borne illnesses on antibiotic resistance in the 

USA, and that the cost of these illnesses is in many 

billions of dollars per year (AdebayoTayo et al., 

2012a). The economic losses due to spoilage are rarely 

quantified but a report by the US National Research 

Council Committee (FND/NRC) estimated that 

onefourth of the world food supply is lost through 

microbial activity alone (EEC, 1992). Thus, the need 

for control of quality of the sea foods to avoid high 

microbial contamination, which may lead to antibiotics 

resistance, is well documented, and since the rate of 

seafood borne illnesses is increasing, there is an urgent 

means of assuring quality of sea food (AdebayoTayo et 

al., 2012a). 

 Food borne infections and illnesses have 

become a major international health problem with 

consequent reduction in economic growth. It is also 

identified as a major cause of illness and death 

worldwide. Recognizing this, the World Health 

Organization (WHO) developed its Global Strategy for 

Food Safety. In the developing world, foodborne 

infection leads to the death of many children, as well as 

resulting in diarrheal disease which can have long-term 

effects on children‘s growth as well as on their physical 

and noesis development and it also heavily affects the 

healthcare systems. In the present study to investigate 

the carbohydrate, protein, lipids and amino acids in 

normal and infected Sardina pilchardus fish. 

 

MATERIALS AND METHODS 

Collection of Experimental Fishes 

Normal and infected Sardina pilchardus fish 

(Fig 1 and Fig 2) were procured from Fish market, 

Kelavasal, Thanjavur Tamil Nadu, India. 

 

 

 

 

 

 

 

 

  

 

   Fig 1: Normal fish (Sardina pilchardus)        

 

 

 

   

 

     Fig 2: Infected fish (Sardina pilchardus) 

 Preparation of Homogenate 

The Normal and infected Sardina pilchardus 

fish were sacrificed and flesh was dissected out, washed 

with ice-cold physiological saline. The required amount 

was weighed and homogenized using a Teflon 

homogenizer. Tissue homogenate was prepared in 0.1 

M Tris Hcl buffer (pH 7.4) and used for the estimation 

of various biochemical parameters. 

Biochemical estimations 

 Protein was estimated by the method of Lowry 

et al. (1951). Total lipids in tissues were estimated by 

the method of Folch et al (1957). To estimate the 

amount of carbohydrate present in the given sample by 

using Anthrone method. Amino acid in tissues were 

estimated by the method of Rosen  (1957). 

Qualitative analysis of Inorganic elements 

Fish (500mg) was prepared and treated with 

HNO3 and HCl (3:1 v/v) for 1 hour. After the filtration, 

the filtrate was used to perform the following tests 

(Khandelwal 2006). 

Statistical analysis 

The results were presented as mean ± SD. 

Data was statistically analyzed using student ―t‖ test. P. 

values set as lower than 0.05 was considered as 

statistically significant. 

 

RESULTS AND DISCUSSION 

Biochemical analysis 

The present study was carried out to analyze 

the various biochemical parameters in normal and 

infected fish. The observations made on different 

subjects of fishes were compared as follows. 

 

Table I - Shows the levels of Carbohydrate in 

normal and infected fish. Carbohydrate was decreased 

in infected fish when compared to normal fish.  
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Table I: The levels of carbohydrate in normal fish 

and infected fish 

 

FISH 

 

CARBOHYDRATE (mg/gm) 

Normal fish 

 

Infected fish 

 

 

196.40 ± 2.35 

 

139.7±18.75* 

 

 

         

 Values were expressed as mean ± SD. 

* Significantly different from normal fish (P< 0.05) 

Table II - Shows the levels of protein in 

normal and infected fish. Protein content was increased 

in infected fish when compared to normal fish.  

 

Table II: The levels of Protein in normal fish and 

infected fish 

 

FISH 

 

PROTEIN (mg/gm) 

 

Normal fish  

 

Infected fish 

 

           325.6 ± 28.72  

 

           214.66±21.01* 

 

 

Values were expressed as mean ± SD. 

* significantly different from normal fish (P< 0.05) 

 

Table III - Shows the levels of amino acid in 

normal and infected fish. amino acid content was 

increased in infected fish when compared to normal 

fish.  

Table III: The levels of amino acid in normal fish 

and infected fish 

 

 

FISH 

 

AMINO ACID (mg/gm) 

 

Normal fish  

 

Infected fish 

 

 

           145.66 ±20.20  

 

           106±11.23* 

 

 

 Values were expressed as mean ± SD. 

* significantly different from normal fish (P< 0.05) 

 

Table IV - Shows the levels of lipids in 

normal and infected fish. Lipids  content was decreased 

in infected fish when compared to normal fish.  

 

 

 

Table IV: The levels of lipids in normal fish 

and infected fish 

 

FISH 

 

LIPIDS  (mg/gm) 

 

Normal fish  

 

Infected fish 

 

          

         41.01 ± 0.036  

 

           21.32 ±0.025* 

 

 

Values were expressed as mean ± SD. 

* Significantly different from normal fish (P< 0.05) 

Analysis of inorganic elements in normal and 

infected Fish  

 The present study was carried out to analyze 

the important inorganic elements in normal and infected 

fish. The observations made on different subjects of 

fishes were compared as follows. The inorganic 

elements calcium, magnesium, sodium, potassium,  

sulphate and phosphate present in both fishes while iron 

only absent in normal fish but iron and nitrate were 

absent in infected fish.  

 Minerals are inorganic substances, present in 

all body tissues and fluids and their presence is 

necessary for the maintenance of certain 

physicochemical processes which are essential to life. 

Minerals are chemical constituents used by the body in 

many ways. Although they yield no energy, they have 

important roles to play in many activities in the body 

(Eruvbetine, 2003). Every form of living matter 

requires these inorganic elements or minerals for their 

normal life processes (Ozcan, 2003). Minerals may be 

broadly classified as macro (major) or micro (trace) 

elements. The third category is the ultra trace elements. 

The macro-minerals include calcium, phosphorus, 

sodium and chloride, while the micro-elements include 

iron, copper, cobalt, potassium, magnesium, iodine, 

zinc, manganese, molybdenum, fluoride, chromium, 

selenium and sulfur (Eruvbetine, 2003). The macro-

minerals are required in amounts greater than 100 mg/dl 

and the micro-minerals are required in amounts less 

than 100 mg/dl (Murray et al., 2000). The ultra trace 

elements include boron, silicon, arsenic and nickel 

which have been found in animals and are believed to 

be essential for these animals. Evidence for 

requirements and essentialness of others like cadmium, 

lead, tin, lithium and vanadium is weak (Albion 

Research Notes, 1996). 
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Table V: Qualitative analysis of inorganic elements 

in normal and infected Fish  

S.No Inorganic 

elements 

Normal 

Fish 

Infected 

Fish 

1 Calcium + + 

2 Magnesium + + 

3 Sodium + + 

4 Potassium + + 

5 Iron - - 

6 Sulphate + + 

7 Phosphate + + 

8 Chloride + + 

9 Nitrate + - 

(+) Presence   (-) Absence 

 

DISCUSSION 

 Biochemical biomarkers have been used in 

order to prevent irreversible damage in whole 

organisms, communities and ecosystems (Lopez-Barea 

and Pueyo, 1998). Measurement of biochemical 

parameters is a commonly used diagnostic tool in 

aquatic toxicology and biomonitoring. The impact of a 

number of contaminants on aquatic ecosystems can be 

assessed by the measurement of their external levels in 

the surrounding water or sediments, or by determining 

some biochemical parameters in fish and other 

organisms that respond specially to the degree and type 

of contamination (Petrivalsky et al., 1997; Machala et 

al., 2001). Oner et al. (2009) reported that biochemical 

parameters assessed in fish  may be a useful tool by 

providing quantitative measurement of metals impact as 

well as valuable information of ecological relevance on 

the effects of metals (Oner et al., 2009). Moreover, 

biochemical biomarkers are frequently used for 

detecting or diagnosing sublethal effects in fish exposed 

to toxic substances (Toguyeni et al., 1997). Sublethal 

effects are biochemical in origin as the most toxicants 

exert their effects at basic level of the organism by 

reacting with enzymes or metabolites and other 

functional components of the cell. Such effects might 

lead to irreversible and detrimental disturbances of 

integrated functions such as behavior, growth, 

reproduction and survival (Waldichuk, 1979). 

 Analysis of chemical substances in tissues and 

body fluids, toxic metabolites, enzymes activities and 

other biochemical variables have frequently been used 

in documenting the toxin interaction with biological 

systems. Plasma and serum reflect the physiologic state 

of an animal because they are the products of 

intermediate metabolism (Artacho et al., 2007). The 

levels of glucose, serum protein, albumin, globulin and 

activity of enzyme in blood plasma are considered to be 

specific indicators of sympathetic activation under 

stress conditions (Lermen et al., 2004; Velisek et al., 

2009). Levels of blood or plasma ions and enzymes 

with important metabolic functions generally indicate 

the health status of fish (Hrubec and Smith,1999). 

 

 Analysis of chemical substances in tissues and 

body fluids, toxic metabolites, enzymes activities and 

other biochemical variables have frequently been used 

in documenting the toxin interaction with biological 

systems. Components like carbohydrate, protein and 

lipid play a vital role as energy precursors for fish under 

stress conditions (Umminger, 1970). Glucose is a 

carbohydrate that has a major role in the bioenergetics 

of animals, being transformed to chemical energy 

(ATP), which in turn can be expressed as mechanical 

energy (Lucas, 1996). Changes in carbohydrate 

metabolism measured as plasma glucose (energy 

substrate whose production is thought to metabolically 

assist the animal to  cope with an increased energy 

demand caused by stress) used as general stress 

indicators in fish (Teles et al., 2007). Glucose (or 

glucose 6-phosphate) is released through the 

degradation of glycogen by glycogen phosphorylase 

(GP) and energy is mainly supplied by the oxidation of 

glucose and lactate as a result of carbohydrate 

metabolism (Morgan et al., 1997). The glucose 

concentration was proposed to be mediated by 

endocrine release such as cortisol (Hontela et al., 1996). 

Silbergeld (1974) stated that assay of this important 

parameter can serve as an indicator of environmental 

stress. 

 In a stress situation, glucose production 

provides energy substrates to tissues, in order to cope 

with the increased energy demand. Regardless of the 

wide use of glucose as an indicator of stress, some 

authors (Mommsen et al., 1999) emphasized that care 

has to be taken when using plasma glucose as the only 

indicator. It has been reported that glucose content is a 

less precise indicator of stress than cortisol (Pottinger, 

1998). The storage or mobilization of metabolic 

substrates such as glucose, glycogen, lactate, lipid, and 

protein are disrupted by exposure to several trace 

metals, including cadmium (Rosen et al., 2003), 

manganese (Barnhoorn et al., 1999), nickel (Sreedevi et 

al., 1992), and metal mixtures in a polluted habitat 

(Levesque et al., 2002). Many investigators have 

reported blood glucose levels under various toxicant 

exposure conditions; cadmium in Oncorhynchus 

mykiss, Salmo salar Ctenopharyngodon idellus 

Cyprinus carpio, copper in Oncorhynchus mykiss 

endosulfan in Salmo salar (Petri et al., 2006) and 

cyfluthrin in Cyprinus carpio (Sepici-Dincel et al., 

2009). 

 Proteins are important organic substance 

required by organisms in tissue building. They are 

intimately related with almost all physiological 

processes, which maintain a simple biochemical system 

in ‗living condition‘ (Joshi and Kulkarni, 2011). 
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Proteins are mainly involved in the architecture of the 

cell. Proteins occupy a unique position in the 

metabolism of cell because of the proteinaceous nature 

of all the enzymes which mediate at various metabolic 

pathways. During stress conditions fish need more 

energy to detoxify the toxicant and to overcome stress. 

Since fish have fewer amounts of carbohydrates so next 

alternative source of energy is protein and lipids to 

meet the increased energy demand (Singh et al., 2010). 

Elements in fresh water fish and sea water fish  

 The elements are separate entities from the 

other essential nutrients like proteins, fats, 

carbohydrates, and vitamins. Animal husbandry had 

demonstrated the need for minerals in the diet.  In this 

century, biological assay methods clarified the 

significance and importance of mineral elements for 

human and animal nutrition and modern analytical 

techniques led to the detection of trace elements as 

essential nutrients and this is still an active area of 

current research. Micronutrient deficiencies are a major 

public health problem in many developing countries, 

with infants and pregnant women especially at risk.  

Infants deserve extra concern because they need 

adequate micronutrients to maintain normal growth and 

development (Rush, 2000). The micronutrient 

deficiencies which are of greatest public health 

significance are iron deficiency, causing varying 

degrees of impairment in cognitive performance, 

lowered work capacity, lowered immunity to infections, 

pregnancy complications e.g. babies with low birth 

weight, poor learning capacity and reduced 

psychomotor skills. In the present study all the elements 

present in sea water fish as compared to fresh water 

fish. 

 

 The current examination on the proximate 

profile of normal and infected fish, bringing to our 

attention the richness of healthy nutrients present in the 

eatable portion such as muscle. The protein content was 

lower in infected fish as compared to normal fish. The 

Amino acid content was lower in infected fish as 

compared to normal fish. The carbohydrate content was 

lower in infected fish as compared to normal fish. The 

lipid content was lower in infected fish as compared to 

normal fish. The study concludes that locally obtainable 

infected fish shows nutritionally deficient and 

suggested that this type of fish is cannot be consider for 

eatable.  

 

REFERENCES 

AdebayoTayo A.C., Odu, N.N., Michael, M.U. and 

Okonko, I.O. 2012a. MultiDrug Resistant 

(MDR) Organisms isolated from Seafoods in 

Uyo, SouthSouthern Nigeria. Nature and 

Science 10: 6170. 

Albion Research Notes  (1996). A compilation of vital  

research updates on human nutrition, 5: 2, 

Albion Laboratories, Inc. May, 1996. 

Artacho, P., Soto-Gamboa, M., Verdugo, C., Nespolo, 

RF., 2007.  Blood biochemistry reveals 

malnutrition  in  black-necked  swans  (Cygnus 

melanocoryphus)  living in a conservation 

priority area. Comp. Biochem. Physiol. A 146, 

283-290. 

Barnhoorn,  I.,  Van  Vuren,  J.H.J.,  Du  Preez,  H.H.,  

1999.  Sub  lethal  effects  of manganese  on  

the  carbohydrate  metabolism  of  

Oreochromis  mossambicus   after acute and 

chronic exposure. S. Afr. J. Zool. 34, 102-107. 

EEC. 1992. Opinion of the scientific committee on 

veterinary measures relating to public health 

on Vibrio vulnificus and Vibrio 

parahaemolyticus (in raw and undercooked 

seafood) (adopted on 1920 September 2001). 

Emikpe, B.O., Adebisi, T. and Adedeji, O.B. 2011. 

Bacteria load on the skin and stomach of 

Clarias Gariepinus and Oreochromis Niloticus 

from Ibadan, South West Nigeria: Public 

health implications. Journal of Microbiology 

and Biotechnology Research 1: 5259. 

Eruvbetine D (2003). Canine Nutrition and Health. A 

paper presented at the  seminar    organized  by  

Kensington  Pharmaceuticals  Nig.  Ltd., 

Lagos on August 21, 2003. 

Folch J, Lees M, Bloane-Stanley GH (1957) A simple 

method for the isolation and purification 0'1‗ 

total lipids from animal tissues. J Biol Chem 

266149"/-509 

Hontela, A., Daniel, C., Ricard, A.C., 1996. Effects of 

acute and sub acute exposures to  cadmium  on  

the  interrenal and  thyroid  function  in  

rainbow  trout,   Oncorhynchus mykiss. Aquat 

Toxicol. 35, 171-182. 

Hrubec, T.C., Smith, S.A., 1999. Differences between 

plasma and serum samples for the evaluation  

of  blood  chemistry  values  in  rainbow  trout,  

channel  catfish,hybrid tilapias, and hybrid 

striped bass. J. Aquat. Anim. Health 11, 116-

122. 

Joshi P.P.,  Kulkarni,  G.K.,  2011.  Cypermethrin  and  

fenvalerate  induced  protein alterations  in  

freshwater  crab  Barytelphusa  cunicularis 

(Westwood). Recent Res. Sci. Tech., 3(12), 7-

10. 

Khandelwal KR. (2006) Practical Pharmacognosy (16th 

ed.,) Nirali Prakashan, Pune, 98-106 

Lermen, C.L., Lappe, R., Crestani, M., Vieira, V.P., 

Gioda, C.R., Schetinger, M.R.C.,Baldisserotto,  

B.,  Moraes,  G.,  Morsch,  V.,  2004.  Effecct  

of  different  Please purchase PDF Split-Merge 

on www.verypdf.com to remove this 



Asian Journal of Innovative Research 2(1) 08-14 (2017) 

13 

 

watermark.162  temperature  regimes  on  

metabolic  and  blood  parameters  of  silver  

catfish  Rhamdia quelen. Aquaculture 239, 

497-507. 

Levesque HM, Moon TW, Campbell PGC. Hontela A 

(2002) Seasonal variation incarbohydrate and 

lipid metabolism of yellow perch (Perm 

_/Iavesc-enchronically exposed to metals in 

the field. Aquat Toxicol 60:257— 267 

Lopez-Barea, J., and Pueyo, C. 1998. Mutagen content 

and metabolic activation of promutagens by 

molluscs as biomarkers of marine pollution. 

Mut. Res., 399: 3-15. 

Lowry O.H. Rosenbrough N.J. Farr A.L. Randall R.J 

(1951). Protein measurement with the Folin‘s 

reagent. Journal of Biological Chemistry 193, 

265-276.  

Lucas DTand Szweda LI., 1996 Decline in 

mitochondrial respiration during   cardiac 

reperfusion: age dependent inactivation of 

alpha ketoglutarate dehydrogenase. 

Proceedings of the National Academy of 

Sciences. USA 96: 6689-6693. 

Machala, M., Dusek, L., Hilscherova, K., Kubinova, R., 

Jurajda, P., Neca, J., Ulrich, R.,  Gelna,  M.,  

Studnichova,  Z.,  Holoubek,  I.,  2001.  

Determination  and multivariate  statistical  

analysis  of  biochemical  responses  to  

environmental contaminants in feral fresh 

water fish Leucis cuscephalus L. Environ. 

Toxicol. Chem. 20(5), 1141-1148. 

Mommsen, T.P., Vijayan, M.M., Moon,  T.W.,  1999. 

Cortisol  in  teleost:  dynamics, mechanism of 

action, and metabolic  regulation. Rev. Fish 

Biol. Fish. 9, 211-268 

Morgan, Ettinger JR., Burns, W. H.; Messier, R.;  

Applegate, S. P.; Rejeski, W. J.; T.Shumaker, 

S.; Berry, M. J., (1997). The journal of the 

American MedicalAssociation, 277 (1): 25–31. 

Murray RK, Granner DK,  Mayes  PA,  Rodwell  VW  

(2000).  Harper‘s Biochemistry,  25th Edition, 

McGraw-Hill,  Health  Profession  Division, 

USA. 

Oner, M., Atli, G., Canli, M., 2009. Effects of metal 

(Ag, Cd, Cr, Cu, Zn) exposures on some 

enzymatic and non-enzymatic indicators in the 

liver of Oreochromis niloticus. Bull. Environ. 

Contam. Toxicol. 82, 317-321. 

Ozcan M (2003). Mineral Contents of some Plants used 

as condiments in Turkey. Food Chemistry 84: 

437-440. 

Pal, M. 2010. Fish hygiene. MSc Lecture Notes. Addis 

Ababa University, Faculty of Veterinary 

Medicine, Debre Zeit, Ethiopia. Pp.111. 

Pal, M., Girzaw, F., Abera, F., Shukla, P.K. and 

Hazarika, R. A. 2015. Mycotoxicosis: A 

growing concern to human and animal health. 

Beverage and Food World 42: 4246,50. 

Petri, D., Glover, C.N., Ylving, S., Kolås, K., 

Fremmersvik, G., Waagbø, R., Berntssen, 

M.H., 2006. Sensitivity of Atlantic salmon 

(Salmo salar) to dietary endosulfan as assessed 

by haematology, blood biochemistry, and 

growth  parameters. Aquat. Toxicol. 80(3), 

207-216. 

Petrivalsky, M., Machala, M., Nezveda, K.,  Piaka, V.,  

Svobodova,  Z., Drabek,  P., 1997.  

Glutathione-dependent  detoxifying  enzymes  

in  rainbow  trout  liver: search  for  specific 

biochemical markers of  chemical  stress. 

Environ.Toxicol. Chem. 16, 1419-1421. 

Pottinger, T.G., 1998. Changes  in blood cortisol, 

glucose and lactate in carp retained in anglers‘ 

keepnets. J. Fish Biol. 53, 728-742. 

Ramos CL Pauk S Brittigan BE Cohen MS and Rosen 

GM, (1957) Spin trapping evidence for myelo-

peroxidase-dependent, hydroxyl radica 

formation by human neutrophills and 

monocutes. The Journal of Biological 

Chemistry. 267, 8307-8312.  

Rhea, F. 2009. Microbiology handbook: Fish and 

seafood. Leatherhead Food International Ltd. 

Surrey, UK. 

Rush, (2000).  Trace  elements  in  water,  fish  and 

sediment  from  Tuskegee  lake,  south- eastern  

U.S.A.  Water,  Air  and  Soil Pollution, 149, 

51-75. 

Sepici-Dinçel,  A.,  Benli,  A.Ç.K.,  Selvi,  M.,  

Sarıkaya,  R.,  Sahin,  D.,  Ozkul,  I.A.,Erkoç,  

F.,  2009.  Sublethal  cyfluthrin  toxicity  to  

carp  (Cyprinus  carpio L.) ingerlings:  

Biochemical,  hematological,  

histopathological  alterations. Ecotoxicol. 

Environ. Saf. 72, 1433-1439. 

Silbergeld, E. K., 1974. Blood glucose: A sensitive 

indicator of environmental stress in fish.  Bull. 

Environ. Contam. Toxicol. 11, 20-25. 

Singh, K.S., Singh, S.K.S., Yadav, R.P., 2010. 

Toxicological and biochemical alteration of 

cypermethrin (synthetic Pyrethroids) against 

freshwater teleost Colisa fasciatus at different 

Seasons. World J. Zool. 5(7), 25-32. 

Sreedevi, P., Sivaramakrishna, B., Suresh, A., 

Radhakrishnaiah, K., 1992. Effect of nickel  

on  some  aspects  of  protein metabolism  in  

the  gill  and  kidney  of  thefreshwater fish, 

Cyprinus carpio L. Environ. Pollut. 77, 59-63 

Teles M, Pacheco M, Anguillaanguilla L, Santos MA 

2007 Liver ethoxyresorufintemperature. J Exp 

Zool 173:l59 -174 

Toguyeni,  A.,  Fauconneau,  B.,  Boujard,  T.,  Fostier,  

A.,  Kuhn,  E.R.,  Mol,  K.A., Baroiller,  J.F.,  



Asian Journal of Innovative Research 2(1) 08-14 (2017) 

14 

 

1997.  Feeding  behaviour  and  food  

utilization  in  tilapia, Oreochromis niloticus, 

effect of sex ratio and  relationship with  the 

endocrine status. Physiol. Beh. 62, 273-279. 

Umminger, B.L.,  1970.  Physiological  studies  on  

super  cooled  kill  fish,  Fundulus heteroclitus-

III. Carbohydrate metabolism and survival at 

subzero temperature.  J. Exp. Zool. 173, 159-

174. 

Velisek, J, Svobodova, Z., Piackova, V., Sudova, E., 

2009. Effects of acute exposure of  metribuzin  

on  some  haematological,  biochemical  and   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

histopathological parameters  of  common  carp 

(Cyprinus  carpio  L.).  Bull.  Environ.  

Contam. Toxicol. 82, 492- 495. 

Waldichuk, M., 1979.  Review of the problems.  H.A.  

Cole, editor.  The assessment of the sub lethal 

effect of pollutant in the sea. 399-424 

 

Source of support: Nil;  

Conflict of interest: None declared 

 

 

 


