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ppm Parts Per Million 
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W Wet Body Weight 
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< Less than 

> Greater than 

TL Total length 

FL Fork length 

SL Standard length 

ED Eye diameter 

HL Head length 
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HW Head width 

BD Body depth 

BG Body girth 

PelFL Pelvic fin length 

DFL Dorsal fin length 

AFL Anal fin length 

CFL Caudal fin length 

CFW Caudal fin width 

Ca Calcium 
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Na Sodium 
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Growth, external morphometry, proximate composition, and  heavy 

metals concentration level in grass carp (Cetnopharyngodon idella) were studied. 

Different aspects of growth were studied in response to laboratory-prepared fish 

feeds having different crude levels of proteins provided to grass carp fingerlings. 

To study external morphometry and proximate composition, 72 samples of grass 

carp were randomly collected from the pond in which grass carp had shown best 

growth response to the feed which had 20% crude protein level . Fifty samples 

out of the total 72 samples were taken for evaluating concentration levels of 

twelve selected heavy metals. 

 The study was conducted to assess the effect of three laboratory-prepared 

feeds having different levels of protein against control diet (containing rice polish 

only) on different aspects of growth of Ctenopharyngodon idella fingerlings.  

The trial period for this investigation was 90 days. Fingerlings were reared in 

four fish ponds, each having  one acre surface area . Stocking density of the 

fingelings was 2000/acre. The fingerlings were hand fed @4% of body weight in 

the morning and evening during the trial period, six days a week on various diets 

T1, T2 ,T3 and T4(control) containing 15%, 20%, 25% crude protein level and 

rice polishing (control), respectively. Standardized methods were used in the 

whole trial.  Average increase and percent increase in live weight and total length 

gain were monitored. Maximum daily growth rate, production, survival and 

specific growth rate were recorded in the fingerlings fed on a diet (T2) 

containing20% level of crude protein as compared to other diets having low or 

high crude protein levels. The lowest food conversion ratio (FCR) value of6.64 

revealed  T2 as the best feed composition. The diet having 20% crude protein 

showed maximum growth performance, specific growth rate, production, survival 
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rate, etc.; therefore, T2 was the best feed composition    for optimum growth of 

Ctenopharyngodon idella  fish. 

Various morphometric characters, such as  standard length (SL), head 

length (HL), head width (HW). body girth (BG), body depth (BD), dorsal fin 

length (DFL), forked length (FL), pectoral fin length (PtFL), pelvic fin length 

(PvFL), anal fin length (AFL), eye diameter (ED), tail length or caudal fin length 

(CFL), tail width (TW), wet body weight (W) with reference to total length (TL), 

condition factor (K) were studied to elucidate their correlations and types of 

growth. Correlation coefficient (r) value of 0.984 showed highly significant 

relationship between total length and wet body weight, while growth was 

negative allometric as 2.97 value of b  was less than ideal slope value (b = 3). 

Regression coefficient value of condition factor (K) was 1.20  0.10, and 

significant relationship was observed between K and total length and body weight. 

Highly significant correlation (P < 0.001) was also found between body weight 

and various morphometric characters except for condition factor (K). The 

interrelationships of total length to SL, HL, HW, BG, BD, HW, BG, BD, DFL, 

PtFL, PvFL, AFL, ED, TL, TW were highly significant (P < 0.001). 

 Proximate composition implies percent composition of water, protein, 

lipids, and carbohydrates. Standardized methods were used to find the proximate 

composition of  72 collected samples from a pond. Mean percent values for water 

were 80.76 %; ash 3.40 %; fat 4.31 %, and   protein 11.53% in wet weight. 

Percent water showed inverse relationship with protein (dry & wet body weight), 

ash and organic contents (wet body weight). Wet body weight showed negative 

correlation with percent water, Percent fat (dry & wet body weight) and positive 

correlation with percent protein and ash (wet & dry weight). Total length showed 

negative correlation with percent water and fat (dry and wet body weight), and 

positive correlation with percent protein (wet and dry weight), ash and organic 

contents (wet body weight). Grass carp is rich source of protein, i.e. 58.35% in 

dry body weight, additionally, the pioneer reference on to proximate composition. 

To assess the levels of Ca, Cd, Cr, Co, Cu, Fe, K, Mn, Ni, Na, Pb, Zn; and 

their relationships to body size and condition factor, 55 fish samples were 

randomly selected and their concentrations were determined  by ICP-OES after 

wet digestion method. Their concentrations were found to be within the normal 
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limits. Cd, Pb, Cu, K, Mn, Ni, Na, increased isometrically; Cr, Co, Zn, had 

negative allometry, while Fe, Ca showed positive allometry with body weight 

increase. Ni, Mn, Pb, Cd, showed isometric increase; Na, K, Zn, Fe, Ca had 

positive allometry; while Co, Cu, Cr had negative allometry with total length 

increase. Ca, Cu, Fe, K, Mn, Na, Zn had highly significant relationships with 

body weight and total length. Most of inter- elemental relationships were found to 

be positive. Multiple regressions showed that Fe, Cu, Zn, Mn, Pb, Na, K, Ca, and 

Ni had highly significant relationship with total length and body weight. Since 

concentration of all the studied metals  were within the  limits set by FAO and 

WHO, therefore, intake of the studied fish is safe.  
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1.1 Fish as a Specie 

It is a typical saying that “where there is water there is fish”; however, 

this may not be always correct. Where there is fish there must be water is a more 

proper saying in light of the fact that fishes cannot live without water (Jayram, 

1999). Fish normally alludes to any vertebrate that is not a tetrapod. Fish 

normally live in water, generally acquire oxygen through gills, are typically 

ectothermic (i.e. unfeeling), and (as a rule) have appendages as blades (Hastings, 

2014) 

Fisheries has been the wellspring of economy other than giving 

nourishment and jobs following the beginning of mankind's history. In genuine 

term "Fish" could be clarified as:  

F: for "Food": Provides proteinaeous sustenance for human well-being. It 

like-wise provides vitamins A and D alongwith different minerals, such as, 

calcium, phosphorus, iron and so forth.  

I: for "Income": It creates work.  

S: for "Sport": It gives a decent game to the anglers.  

H: for "Hobby": giving a decent pastime to the aquarium darlings and so 

forth. (Jha,  2010) 

Fishes occur in below 2oC of Antarctic locale to hot springs of 52oC of 

California, USA There are 143 species of fish found in freshwater in Pakistan, 

placed under 13 orders, 30 families and 86 genera (Rafique, 2012).  Fishes are 

most of the vertebrates (Lagler et al., 1977). Biodiversity investigation of fish by 

and large termed as Ichthyodiversity alludes to the number and kinds of fish 

species found in certain range (Shinde et al., 2009).  
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Fish meat is thought to be more beneficial than chicken and other 

different types of meat. Along these lines, fish utilization has expanded among an 

undeniably wellbeing cognizant populace. (Clarkson, 2002;). There are many 

varieties of fishes which are different from one another with reference to shape, 

feeding habit, length, weight and aquatic surroundings (Lapiniski and Tweed, 

2003). Fishes constitute a major portion of presently known species of vertebrates. 

Among 48,170 presently known vertebrate species, fishes constitute 

approximately 50% of the total known vertebrate species (Nelson, 1994). Among 

known total of living fish species, 95% are bony fishes that belong to Teleost 

group, whereas the number of cartilaginous fish species amount to 800, while 

around 50 fish species are jawless. At present, the fish base is typified to 28,600 

fish species (Boden et al., 2004).  

Physiologically, fish can be discovered living in water temperatures 

ranging between 1.8oC to about 40oC; water pH values between 4 to 10 pH 

units; dissolved oxygen levels ranging from near zero to immersion, salinity 

ranging from 0 to 90 ppt, and at profundities from 0 to 7,000 m (Davenport, 

1994).  Freshwater fishes constitute roughly 8,000 species, inhabiting lakes and 

streams. Of these 8,000 fish species, just four hundred species are thought to be 

industrially imperative which include refined and wild species (Nelson, 2006). 

Roughly 193 local fish species are accounted for in freshwaters of Pakistan, 

including some critical gatherings, for example, loaches, carps, catfishes (Zafar et 

al., 2013). Around 148 million tons of fish were supplied by the catch and 

aquaculture to the world populace in 2010, of which around 128 million tons was 

used as food (FAO, 2011). Pakistan is rich in fish fauna, however, just a few 

species of carp (7 warm water and 2 cold water) are raised at business scale 

(Pillay, 1990; Isani et al., 2013; Qi et al., 2013; Kousar and Javed, 2014). 

1.2 Uses of Fish 

Shockingly, just 58% of present fish species are marine, though 41% are 

freshwater tenants and 1% proceed between the two habitats (Cohen, 1970). Fish 

meat is a rich source of proteins making them a critical part of eating routine 

throughout the world (Brown, 1980). Fish are not only helpful by virtue of their 

use as a source of nourishment or their utilization in prescription or because of 
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their monetary yield, but also assume a crucial part in the second trophical level 

of the aquatic habitat (Dubey et al., 2012). Not only proteins, various vitamins 

along with fats and macronutrients are available to the body by using fish as food. 

Also, through fishes, certain by-products in the form of fish meal, oil, glue along 

with fish manure are produced. In addition, some fish species are of therapeutic 

significance as fish liver oil is utilized as a part of numerous prescriptions 

(Brasky et al., 2010). Fish have also earned fame for being brain food since a few 

people use fish against depression (Tanskanen et al., 2001).  

Fishes are of enormous significance as:  

i) The annnual world fish production (counting shell fish) has been 

assessed to be 140 million metric tons. Of this, 70% of fish are 

consumed for nourishment, and about 30% are utilized to form 

food and compost.  

ii) Fishing devotees get them for game.  

iii) People keep them as pets in aquaria.  

iv) One of the imperative by-product is fish meal incorporated in feed 

of poultry and other livestock animals. (Narejo, 2000).  

Fish assumes a critical part in the improvement of a country. Aside from 

being a shoddy wellspring of nutritive protein, it contains other fundamental 

elements required by the human body. Fishes are one of the critical animal 

species that had been serving mankind since ancient times. Fishes are most 

ingenious animals that can be used to uplift a country’s economy (Hamilton, 

1971). Fish consumption in Pakistan is near to ground and out of total fish 

catches 71% exports annually (Smeda, 1992). Fish is having note worthiness in 

various ways. It is a helpful area, boosting the economy of numerous nations 

(Ahmad and Hasan, 2011). It is additionally is a favorite food because of its 

nutritive and therapeutic qualities (Ullah and Ahmad, 2014). Fisheries field is 

additionally giving vocation to a great many individuals of the world in aquatic 

habitats. Fishes likewise assume a pivotal part as they are placed at second 

trophic level (Nagabhushan and Hosetti, 2010).  

Pakistan, being primarily a rural nation, is confronting an immense 

deficiency of proteins of high organic worth. Fish can yield a great deal more for 
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every section of land every year than different creatures without including a lot of 

capital inputs and experimental/specialized know-how (Pillay, 1990). In a review 

“The fish in organic exploration, Nigrelli (1953) gave a sequential outline of the 

utilization of fish as trial creatures and expressed the following: It is protected to 

say that for all intents and purposes each critical individual in the historical 

backdrop of science and pharmaceutical had, at some time, utilized fishes as a 

part of their studies, demonstrating how imperative experimentation with fish has 

been in the progression of science.  

1.3 Fish research 

Due to certain qualities, fishes are used as an experimental organism. 

Fishes are taxonomically and ecologically differing and furnish the scientist with 

an extensive diversity of animal varieties. As a rule, they adjust well under 

captivity and, can be held effort lessly in the research centers, can be sustained on 

feed which is commercially available, and a few species breed promptly. 

Subsequent to being anesthetized in water, their organs, tissues and blood can be 

promptly removed. Their gene pool is less demanding to control in light of the 

fact that a solitary male can fertilize various eggs from a solitary female. Fish, 

particularly small aquarium fish, are moderately easy to gain, handle, and keep up 

and do not require all things considered consideration as mammals. They 

ordinarily have numerous offsprings from a solitary mating and numerous fish 

can be kept in the same chamber. What is more, is that huge numbers can be 

utilized as a part of an examination with general ease, a noteworthy amount of 

fish can along these lines be occasionally tested, which reinforces factual 

correlations. In light of the fact that they are poikilothermic, their metabolism, 

reproduction, growth can be influenced and changed. In any case, they do not 

have a few organ systems including lungs, certain sex organs and sex-related 

glands as compared to mammals. Fish have capacities that are by and large not so 

much unpredictable but rather more effortlessly concentrated on. This can help in 

comprehension mechanisms for the same roles that are more complicated 

mammals. Fish are likewise very successful as sentinels for natural change, 

particularly ecological tainting, and can give an early cautioning of the arrival of 

dangerous materials in the watershed. Fish examines likewise can provide 
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information concerning ecological destiny and determination of chemicals and 

biomagnification capability of chemicals (Ostrander, 2000). In this manner, to 

overcome lack of proteinacious food, culture of fish in any country should be 

advanced.  
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The genus, Ctenopharyngodon (Family: Cyprinidae), is among the  

largest member of Cyprinidae  (Fig. 1). No subspecies have been reported for this 

species (Shireman and Smith, 1983). Ctenopharyngodon idella (grass carp) may 

grow up to 3050 Kg in body weight (Chiltan and Muneke, 1992). Grass carp is 

characterized by a wide head that is scaleless, barbles absent, mouth is terminal 

or subterminal and contains simple lips, short snout and slightly protracted upper 

jaw (Eeeles, 1992; Opuszynski and Shireman, 1995; Page and Paurr, 1991).  The 

body of grass carp is compressed and slender with round abdomen, a complete or 

partially curved lateral line extending up to middle of tail (Page and Burr, 1991; 

Opuszynski and Shiveman, 1995; Shiremen and Smith, 1983). Dorsal, caudal and 

anal fin rays are 7, 18 ,8 in number, respectively, while origin of pelvic fin is in 

front side of fish while origin of dorsal fin on fish back (Keith and Allardi, 2001). 

Spines are absent in both dorsal and anal fin. Gill rakers (about twelve) are not 

fused, lanceolate, small and widely set. (Shiremen and smith, 1983, Opuszynsli 

and shireman,1995). Cycloid scales, lateral count (3545), have dark edge with a 

base containing black spot (Page and Burr, 1991; Opuszynski and Shireman, 

1995; Shireman and Smith, 1983). Chromosomes number is diploid (n = 48) and 

biochemical analysis revealed a total number of 49 loci (Opuszynski and 

Shireman, 1995). It contains biserial pharyngeal teeth and 2.5  4.2, 2.4  4.2, 

2.45.2 or 1.4  5.2 (Shireman and Smith, 1983). Adult Grass carp contains gray 

brown fins. The colour of grass carp on dorsal side is dark brown while on 

ventral side is yellow to white. It gives partially golden shine shade (Page and 

Burr, 1991; Opuszynski and Shireman, 1995). The fish may exceed one meter in 

total length (Page and Burr, 1991; Nico and Fuller, 2001). 
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 Grass carp is a temperate to sub-tropical species, native to Asia. Its 

occurrence ranges from coastal waters inlands of Vitenam to southern Russia. In 

large rivers of China, it is widely distributed like the Amur, Yang Ize, grass carp 

exists only in the middle and lower level of the river (Opuszynski and Shireman, 

1995). 

 In the wild, grass carp may survive from 5 to 11 years, while study of 

grass carp scales revealed age of 15 years and one specimen from North Dakota, 

USA, was reported to be 33 years old. Under captivity, grass carp attains up to 1 

kg body weight in first year and gains up to 4.5 kg per year in tropical areas, and 

2-3 kg per year in temperate areas (Shireman and Smith, 1983). Growth of grass 

carp is intensely affected by the density. Average size of grass carp decreases 

with increasing population density, while maximum weight can be achieved in a 

pond having low population density. Grass carp requires proteins and cellulose in 

its diet. In young fishes, protein is essential for proper growth (Chilton and 

Muoneke, 1992). 

 Tolerable range of temperature for grass carp is between 033oC, while 

38oC or higher is lethal for adult (Fedorenko and Farser, 1978). Optimum 

temperature for yearling of grass carp ranges between 3536oC and for fry 

3341oC depending upon the season (Chilton and Mueneke, 1992). Survival of 

eggs is very low below 18oC.  In general, Dissolved oxygen levels of 3 mg/L or 

below creates stress among fishes, although grass carp can survive under low 

levels of oxygen up to 0.2 mg/L. The range of oxygen level in which fingerlings 

of this fish can survive is from 0.41 28 mg/L; pH of 5-9; salinity 0 - 3.8 ppm, 

alkalinity up to 620mg/L and sulphide as high as 5 ppm. The salinity levels in 

which adults and juvenile of grass carp can survive range from 1112 ppt up to 

19 parts per thousand for long period of time (Meyer et al.,1975). 

 Maturity age of grass carp depends directly on the quality of nutrition and 

water temperature (Stanely et al., 1978). Maturity occurs in smaller sizes and 

earlier ages in tropical climates. The grass carp requires 1500 to 2000 days for 

maturation and gonadal development (Shireman and Smith, 1983). At maturity, 

grass carp ranges between 5086 cm in length. Males attain sexual maturity one 

year prior to females; maturity in cultured grass carp occurs at the age of 18 

years. In different rivers, grass carp matures in different time durations, such as in 
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Pearl River (native range) China,becomes mature 3 to 4 years, Yangtze River 

China with population matures at the age of 34 years, while the population of 

Amur River  Chinamatures in 610 years (Shireman and Smith, 1983). Migration 

in the native region of grass carp starts when temperature reaches 1517oC 

(Chilton and Muoneke, 1992). Temperature plays vital role in spawning and vary 

with latitude. In spawning areas, male is followed by one to two females and in 

the spawning process each female may have one to two partners. They swim in 

strongest water current area usually midstream. Fishes start swimming and 

chasing and male fish lean to one side of female by pushing their body with their 

head. This is the time when milt and eggs are released and fertilization takes 

place. When grass carp is introduced in temperate areas, the timing of spawning 

condition becomes same as its native area; however, the ripening of gonads does 

not occur probably because of the absence of feeding, unsuitable temperature and 

appropriate photoperiod (Goodchild, 1999). 

 Fecundity is directly related to the age, length and weight of the female 

and ranges from 0.001 - 2 million eggs, but a brood stock of five kg yields 0.5 

million eggs (Shireman and Smith, 1983). Egg of grass carp is 2.0 mm in 

diameter when released and may swell up to 56 mm as it absorbs water. 

Incubation period ranges between 2040 hours (Chilton and Muoneke, 1992). 

During the first seven days after hatching, the survival of fingerling in fish ponds 

is generally low, ranging between 22.9% - 60.2%. Thereafter, the survival rate of 

yearling is 91%, and of 1 year and above 76% (Shireman and Smith, 1983). The 

eggs of this fish may drift downstream from 50 to 180 km. After 4 days of 

hatching, grass carp larvae start feeding on rotifers and protozoans, and after 15 

days or more after hatching on cladocerans. After 2 weeks of hatching at 1318 

mm length, the larvae start feeding on insect larvae and Daphnia. (Fedorenko and 

Fraser, 1978) After three weeks of hatching, they start feeding primarily on plant 

diet, such as algae. Feeding only on macrophytes begins after 45 days of hatching 

(Opuszynski and Shireman, 1995). Adult grass carp voraciously feed mostly on 

plant materials.   Under condition of scarce supply of macrophytes, adult grass 

carps consume zooplankton and benthic invertebrates, such as beetles (Nature 

Serve, 2003). Grass carp lose weight under insufficient supply of  food materials 

(Van zon et al., 1977) It has been reported that grass carp feed on everything 

including plant material, small fishes, insects and worms, but in pond culture they 

survive on pelleted feed (Lopinot, 1972) 
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TAXONOMIC CLASSIFICATION 

 

 

Kingdom: Animalia 

Phylum: Chordata 

  Class:  Actinopterygii 

   Order:  Cyprinoformes 

    Family: Cyprinidae 

     Genus: Ctenopharyngodon  

      Species:    Ctenopharyngodon idella 

       Shireman and Smith (1983)
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Fig.1. Ctenopharyngodon idella (grass carp) 
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STUDY AIMS AND OBJECTIVES 

 

i) Determine growth pattern of C. idella through relationship  between 

total length and wet body weight and  selected morphometrics. 

ii) Determine  locally-prepared best proteinacious diet for optimum growth 

of C. idella. 

iii) Determine economically the best and effective food for C. idella from 

locally available ingredients. 

iv) Determine the best feed formula for maximum production of the fish. 

v) To study external morphometry including length-weight, length-length 

relationship and condition factor. 

vi)  Use data obtained from length weight relationships to enhance fish 

production in terms of per capita consumption and income. 

vii)  Assess the proximate body composition of a C. idella and its 

relationship with body size and condition factor. 

viii) Determine nutriticious status of grass carp with reference to 

proteinacious value of fish useful for fishing industry,  food processors, 

marketers and nutritionists. 

ix) Elucidate fat, protein relationship with water in predictive use through 

proximate body composition of grass carp. 

x)  Help in selecting  the most suitable fish with highest protein value. 

xi) Determine mean concentration values of various metals, such as Ca,  Cd,  

Cr,  Co,  Cu,  Fe,  K,  Mn,  Ni,  Na,  Pb,  Zn, in meat of grass carp. 

xii)  Observe metals pollution in water. 

xiii) Study potential risks to humans due to  consumption of cultured fish as 

food. 



Chapter-1                                                                                                       Growth  Growth  Growth 
(12) 

 

 

 

 

 

 

 

 

 

 

 

 

Growth implies change in mass and the variables experiencing. This 

change might be in length or weight, volume or mass, either in animal’s entire 

body or in its different organs and tissues or it might be identified with the body 

parts, i.e., organs and tissues. Growth may likewise be identified with change in 

number of organisms in a populace (Weatherley and Gill, 1987). In fish, weight 

is thought to be an element of length. As indicated by Wootton (1988), if the fish 

holds the same shape, its particular gravity stays unaltered amid life time, then it 

is becoming isometric and the estimation of component "b" would be precisely 

3.0 (Ricker, 1975). A value under 3.0 demonstrates that the fish gets to be lighter 

for length, as it develops while an example more prominent than 3.0 shows that 

the fish gets to be heavier for its length as it increses in size. The grass carp 

generally attain body weight between 30-50 kg (Chiltan and Mouneke, 1992) and 

body length more than 1 meter. Protein is a standout segment amongst the most 

imperative segments in a fish diet (De Silva and Andersoni, 1995). In aquaculture, 

fish meal is the essential dietary protein source (Kissil et al., 2000;). Fish has a 

higher protein demand as compared to any land animals (Lovell, 1989).  

According to Dabrowski (1977) concentrates on the determination of 

ideal protein diet for fish are entangled, on the grounds that protein level is 

impressively influenced by the parts of the weight control plans and by the 

exploratory conditions. Demand for protein typical physiological capacities along 

with reproduction as well as growth are alike among all animals; however, fish 

has much higher protein need so feed blends with 25 to 45% of crude proteins are 

primarily utilized (Davies and Gouveia, 2010). Protein is major significant 

dietary supplement influencing execution of fish (Lovell, 1989).  
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Fish feed commonly used in intensive fish farming might be named wet 

or dry contingent on their dampness content (Hardy, 1989; Jobling, 1994;). The 

assessment of fish protein demand is the necessity of an exceptionally basic 

component in the production of aquaculture (Ajiboye and Yakubu, 2009). The 

gross dietary protein necessity is straight forwardly affected by the types and 

number of aminoacids. All studied fish species to date have been appeared to 

require ten basic Amino acids in their food for most extreme growth (Wilson, 

1985). Among generally utilized food component, fish meal is thought to be the 

best component because of its suitability with the protein necessity of fish (Alam 

et al., 1996). Supplanting of fish meal by less expensive elements of vegetable as 

well as animal inception in fish food is essential on account of increasing expense 

and indeterminate accessibility of fish meal (Higgs et al., 1995). Choice of food 

component and their expenses have proclaimed impact on aquaculture industry 

(Craig and Helfrich, 2002). Consolidating plant and animals origin proteins with 

complimentary Amino acids profiles has demonstrated guarantee (Webster et al., 

1999). Choice of components for the plan of fish food is extremely pivotal and it 

ought to be modest and accessible in the nearby market (Zamal et al., 2009). 

Distinctive animals as well as plant ingredients are utilized as a part for the 

formation of fish food. From the nutritious viewpoint, the ingredients which are 

animal in origin (basically fish meal) have the best healthful potential though 

most costly. Elements of plant origin, such as Soya meal, are much less costly 

and are ceaselessly cheaply available (Storebakken et al., 2000).  

Fish require sufficient nutrition for its survival and growth. Nature offers 

incredible food varieties to fishes including plants along with animals. Protein in 

diet of fish is the fundamental determinant of growth of fish, while lipids and 

carbohydrates are added to the diet to keep up the non-protein dependant 

metabolic reactions (Tacon and Cowey, 1985). Although protein is a source of 

energy, it adds nitrogenous wastes in aquatic environment (Tibbetts et al., 2000; 

Catacutan and Coloso, 1995).  

Feeding rate of fish is directly hindered by wind and by sudden 

temperature change (Hickling, 1966). Temperature straight forwardly impacts the 

ingestion of food in grass carp (Edwards, 1974). The rate of growth is slow at 

water temperatures below 10oC as feed utilization is low (Hickling, 1966; Colle 
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et al., 1978). At 20oC grass carp expends plants half of its body weight, at 22oC 

utilization peruses 100-200% of fish weight (Opuszynski, 1972). Variables, for 

example, size, age, temperature, amount of plant material and fish stocking 

density specifically impacts growth of grass carp  (Opuszynski and Shireman, 

1995). Grass carp’s feeding actively begins at 7-8oC, and feeding rate is 

maximum when temperature is not less than 20oC (Nature Serve, 2003). It is 

confirmed that fish growth is dietary energy prerequisites are interrelated and 

significance of proteinacous feed. Along these lines, fish nutritionists give careful 

consideration to decrease the expense of artificial feed by presenting elective 

protein sources from plant and animal sources (Das et al., 1991). Despite the fact 

components obtained from plants are being utilized as a part of fish feed, they 

cannot be supplanted absolutely by plant origin protein as it diminishes fish 

growth (Burel et al., 1998). To achieve maximum production of fish, it is the 

need of the time to research techniques of feeding that advance growth while 

simultaneously diminish the amount of discharged wastes (Singh et al., 2005). 

Cost of fish feed is about 60% of total cost of product and most expensive 

component of fish feed is proteins. Production of fish increases as protein 

component is increased up to a certain limit in fish feed, as its excessive level in 

feed is detrimental for fish culture economically (Erondu et al., 2006;). It 

provides Amino acids (both essential, non-essential) which are vital for muscle 

development and to some extent gives energy to support (Yang et al., 2002). 

A few studies have been undertaken to decide the careful dietary protein 

prerequisites of diverse fish species to boost growth (Santiago et al., 1982; El-

Sayed and Teshima, 1992). An extensive variety of 25-65% dietary crude protein 

levels has been accounted for to be the protein level accepting most extreme 

weight gain (Jauncey, 1982; Soltan et al., 2002). Variety in protein prerequisites 

is because of various reasons; fish size, rates of feeding, ecological conditions, 

protein and quality of energy and their focus in diet (Lovell, 1989). Several 

studies have been undertaken to determine the required  optimum protein level of 

fish (Mazid et al., 1979; De silva et al., 1989; Cowey, 1975; Garling and Wilson, 

1976). However, findings concerning one species are not applicable to all other 

species.  
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Fish growth depends upon feeding, digestion, absorption, assimilation, 

and metabolic processes of nourishment materials. The previous studies have 

revealed that the digestive, absorptive, and metabolic capacities of supplements 

are related to fish size (Beamish, 1972; Usmani and Jafri, 2002). With the 

increase in fish size , growth rate of fish and feed proficiency gradually diminish. 

(Jobling, 1983a,). One reason is associated with a higher body dry matter and 

lipid contents as fish growing, which leads to a decrease in feed protein and 

energy deposition rate (Azevedo et al., 2004). 

Fish hatchlings and adolescents have high growth rate. Numerous natural 

variables, such as temperature and presence of toxicants impact fish growth.  

Under ideal temperature and adequate food supply, body length and weight of 

fish increase. However, in water contaminated with toxicants, e.g. toxic heavy 

metals, fish growth might be restrained. Hindrance of growth is a standout 

amongst the most unmistakable indications of dangerous activity of metals on 

fish hatchlings. In this way, fish body length and mass are markers of condition 

of its aquatic habitat. Data concerning growth are accessible for nearly 5% of the 

27,000 known types of fish (Binohlan and Pauly, 2000). In fish, growth processes 

are not the same as those in higher vertebrates. It is positively a certainty that 

growth rates of fish can react delicately to variations in supplied food, populace 

density and temperature under natural as well as artificial conditions. The reasons 

why higher non-aquatic vertebrates do not more often than not show wide 

intraspecific development varieties under normal conditions might be due to the 

dynamic as well as structures of their populaces are the after effects of various 

environmental conditions along with evolutionary procedures compared tofish 

(Weatherley and Rogers, 1978).  Research related to fish nutrition has expanded 

in the past couple of years due to assembling of new balanced fish diet from 

economic point of view which promote specific fish growth and its wellbeing,  

Pillay, (1990), and El-Sayed and Teshmina, (1991) found dietary protein demand 

diminished as fish size increased  with age. For many fish species, there is an 

optimum requirement of dietary protein to supply adequate amino acids for 

maximizing growth (De-Borba, et al., 2003; Siddiqui and Khan, 2009). 

Determination of the ideal protein necessity result in such balanced diet that will 

give high growth rates at low cost (Lee et al., 2002). Herbivorous fishes do not 
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require high quantity of protein yet carnivorous fish dependably require high 

quantity of protein in their eating routine that reaches from 35-70% (Tacon and 

Cowey, 1985). Grass carp is viewed as appropriate for culture purpose, on 

account of its high resilience to contaminations, generally quick growth and 

breeding, immunity against various diseases, high meat quality and palatability 

for its consumers. Several research investigations have been undertaken to 

understand the prerequisite nutrients of grass carp (Du et al., 2006; Jana et al., 

2006;  Sa et al., 2008; Hossain et al., 2002). 
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1.1.1.  Study Site And Experimental Design  

This study was conducted in four fish ponds (Mushtaq Fish Farm) of one 

acre (surface) each located in Muzafargrah, Punjab, Pakistan, with 5 feet pond 

depth. Grass carp fingerlings were stocked (2000/acre) in these ponds in 

polyculture system.  Ten percent grass carp fingerlings of total stocking density 

were added in each pond with other major carps.  

1.1.2.  Preparation of Diet 

 Three test diets (T1, T2, T3 containing 15%, 20%, and 25% proteins, 

respectively) in three separate ponds and one control (containing rice polishing 

only) in 4th pond were used.  These laboratories formulated diets used in the study 

comprised of locally available various food ingredients, i.e., fish meal, gluten of 

maize, brawn of wheat, rice polishing, soya bean, and sunflower meal. Weighted 

amounts of diet ingedients were combined and put in a mixer machine operated 

for 40 minutes for complete mixing of the various food components. To obtain 

powder form of these mixed components, a grinding machine was used and there 

after to make pellets of the mixed food components, a pelleting machine was 

employed (Fig.2.1, 2.2). This formulated pelleted diet at three different rates in 

terms of protein value were fed to the grass carps in three treatment ponds.  The 

food was provided daily @ 4% of body weight during morning and evening time 

for 90 consecutive days (Table 1.1).  

1.1.3. Fish Growth Studies  

The fishes were observed separately for their total body weight (in grams) 

and total length (in cemtimeters) at regular intervals of 4 weeks for 90 days.  

Information, such as Protein efficiency Ratio (PER), Survival Rate (SR), Specific 

Growth Rate (SGR), Percent  Weight Gain (PWG), Average Daily Growth 

(ADG), Feed Conversion Ratio (FCR), Net Weight Gain (NWG), Protein 

Productivity Value (PPV), Feed per day, Production, Live Weight Gain, Length 

Gain, Total Weight Gain (TWG), Condition Factor (CF) were figured by using 

the following expressions:  

  

MMAATTEERRIIAALLSS  AANNDD  

MMEETTHHOODDSS  
((GGRROOWWTTHH))  
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NWG = Mean fish final weight (in grams)  Mean fish initial weight (in grams).  

P W G = Body weight (Final)  body weight (Initial)  100 

In body wt (final) of fish In body wt(Initial)
100

Total number experimental investigation days
SGR


   

Feed provided in grams

Gain in weight (wet) in grams
FCR   

No. of captured fishes
100

No. of loaded fishes
Percent SR    

Live weight gain in trial perod of 90 days in grams

Protein used in total period
PER   

Fish weight taken in grams
  100

Fish length taken in centimeter cube
CF    

Average Daily Growth 

Average Daily growth (ADG). 

ADG = 
Net gain in weigth (g)

Number of day
 

Feed per Day (in grams) 

Feed per day taken (in grams) = 
Total fish weight (g)

100
  % age of feed. 

Total Weight Gain  

Gain in Total weight = Fish initial weight  Number of taken samples. 

Production (P) 

P = 
2

Wt(kg)

m
 days  

Percent Gain of Live Weight 

Gain in live weight
Percent gain in live weight  100

Average initial weight

 
  

 
 

Percent Gain in Body Length 

Increase in the length in centimeter
Percent gain in Length 100

Average initial length taken in centimeter 
 

Total Weight Gain (TWG) 

Increase in the weigth (mean of definite wt. gain) mean of init. wt. gain 
TWG 

No. of samples taken 


  

1.1.4.  Physico-Chemical Parameters  
On daily basis during the trial period, water temperature, dissolved 

oxygen, and pH in all four experimental ponds were monitored and maintained 

within the required normal range with the help of standard techniques (Table 1.3). 
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Growth Performance 

 The results of influence of various experimental  proteinious diets on 

growth of C. idella  are presented in Table: 1.1. 

Live Weight Gain in Grams and Percent 

 Ctenopharyngodon idella gained more weight (598.153.36g) and 

(544.22%) in T2 (20 % protein) treatment, followed by T3 (525.75  146.17g) 

and (3.4363%) and T1  (431.56  47.29g) and (313.54%). 

 The average initial weight (grams) of T1, T2, T3 respectively were 137.64 

 43.01, 109.9  29.32, 153.0  24.3 grams, while average final weight of T1, T2, 

T3 were 569.2  90.3, 708.0  82.68, and 678.75  17.47 grams, respectively. 

Length Gain in Centimeters and Percent 

 T2 showed maximum increase in length (cm) by 17.97  0.44 (cm) and 

93.16 (%) as compared to T3 (15.02  1.07 cm and 68.8 (%) and T1 (14.4  

0.738, 68.7 %). The average initial length in cm for T1, T2, and T3 were 20.88 

2.38, 19.29  1.54, and 21.83  1.16, respectively, while their average final 

length in cm for T1, T2, T3 were 35.28  1.65, 37.26  1.98  36.85  2.23. 

Daily Growth Rate 

 The average daily growth rate for T1, T2, T3 was observed to be 0.77, 

1.04 and 0.76., showing that daily growth rate was maximum for T2 (20%), 

followed by T1,  and T3.  

Condition Factor 

 The average condition factor for T1 (15%), T2 (20%), T3 (25% crude 

protein) was 1.29  0.1, 1.37  0.14 and 1.33  0.14, respectively. 

 

RREESSUULLTTSS  
((GGRROOWWTTHH))  
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Feed Conversion Ratio (FCR) 

 At the end of 90 days experimental trial the least FCR value was 6.64 for 

T2 (20%). Whereas, the FCR value of 7.44 was maximum for T1 (15%) and 

intermediate value of 7.06 for T3 (25%). 

Protein Efficiency Ratio (PER) 

 The PER value was found to be highest 0.53 for T3 (25%) while for T2 

(20) 0.5 and 0.38 for T1 (15%). 

Specific Growth Rate (SGR) 

 Its value was 0.92 for T2 (20%), 0.68 for T1 (15%), and 0.72 for T3 

(25%). The SGR value of 0.92 for T2(20%) was the highest as compared to other 

SGR values (T1, T3). 

Production (Kg/m2)  in /90 Days 

  = 
(Weight galn in Kg/area)

Day
 

 Production was found to be the highest in T2 (20) during the trial period.  

Survival (%) 

 The highest survival rate (914.74  0.03) was recorded in T2 (20% dietary 

protein level) and minimum 86.84  0.06 in T3 (25% dietary protein level) at the 

end of experimental period. 
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 The impact of various experimental feeds containing different levels of 

proteins on different aspects of growth, such as average weight gain, length gain, 

specific growth rate (SGR), Feed conversion ratio (FCR), average daily growth 

with survival rate (%) on experimental fish was highly significant.  The optimum 

crude protein (cp) level, T2 (20%), in diet had profound impact on fish growth in 

terms of above-mentioned parameters. Cetenopharyngodon idella showed 

maximum growth on T2 (20%), i.e., 20% protein diet followed by T1 (15%) and 

T3 (25%) protein diets, respectively. It shows the significance of requirement of 

optimum digestible protein in fish feed to enhance the body weight along with 

length and trend towards the fish demand for optimum higher level of dietary 

protein. The probable reason for maximum growth on diet T2 (20%) is its 

optimum level of protein contents with essential amino acids. It is supported by 

the findings of Soltan et al.(2002) . However, many researchers have reported 

that optimum growth of C. idella occurred with 30% protein diets. Similar results 

have been reported for few other species of fishes requiring 30%35% protein 

level for their optimal growth (Siddique et al., 1988; Hossain, 1998; Soltan et al., 

2002; Opiyo, 2014; Narejo et al., 2002; Mohaptara and patra, 2014). Additionally, 

some researchers had also reported that some species of fishes required up to 

40% protein level in their diet for their optimum growth (Muthukumar and 

Kandeepan, 2009; Manivannan and Saravanan, 2012). The relevant published 

literature reveals that fishes need optimum protein level ranging between 30 and 

45% (Pandian, 1989) which is contrary to the findings of the present study and 

this probably is due to fish species difference, feed composition, culture system 

and environmental conditions, etc.  

DDIISSCCUUSSSS

IIOONN  
((GGRROOWWTTHH))  
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 The growth as well as survival (%) of C. idella increased successively 

with the increase of protein level in diet from 15% to 20% and then decreased in 

25% protein level. The possible reason behind it may be more production and 

excretion of Amino acids due to high level of protein in diet than optimum level 

or it may be due to production of excessive level of ammonia. This excess 

ammonia not only can affect the intake of food but also may affect food 

conversion efficiency along with switching over the excretion of urea which 

cause extra energy usage and demand. (Brett and Groves, 1979; Degani et al., 

1985). The low FCR value (6.64) for 20% dietary protein showed that 20% 

protein is well suited for optimal growth of grass carp. Similar results for low 

FCR value ware reported in Oreochromis niloticus, Red Tilapia fingerlings 

(Soltan et al., 2002). The value of PER and dietary protein level in fish feed show 

direct relation in the present work, i.e., high PER value (0.57) is seen at 25% 

protein level which is highest in the present study. Such type of relation was 

reported in grass carp, Tilapia (Sarotherodon mossambicus preters) and cat fish 

(Mystius nemurus) by (Dabrowski, 1977; Adewolu and Adoti, 2010). SGR was 

least in T1 (15%), and then T3 (25%). SGR was highest in T2 (20%). Condition 

factors values for T1 (15%), T2 (20%) T3 (25%) were found to be 1.29  0.01, 

1.37  0.14  1.33  0.14, respectively. its value was maximum 1.37   0.14 for 

T2 (20%) diet. It showed increase in weight was more than cube of length in diet 

T2 (20%) which is according to previous works. In present work least growth of 

grass carp was observed in feed having least protein value, i.e., T1 (15%) among 

three laboratory prepared diets. This finding is according to Opiyo et al. (2014).  

A comparison among different studies on the growth performance of various fish 

species by feeding different levels of protein diets, is given in Table 1.3-1.9).  

CONCLUSION 

 In conclusion, present study clearly shows that   C. idella fed upon diet 

containing 20% protein level consisting of locally available ingredients is best for 

its optimum growth. This information is very useful for fish feed concerned 

industrialists to prepare low cost fish feed that results in maximum survival and 

yields maximum growth of fish by using locally available fish feed ingredients 

instead of importing high cost components like fish meal. At the same time, it is 
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also economically beneficial for aquaculturists to obtain optimum fish yield in 

limited time by using cheap, locally prepared and proper feed.  
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Table 1.1. Percent composition of various laboratory-prepared diets used in 

90 days trial period. 

 

Ingredients 

Protein level  

25% 20% 15% T4 (Controlled) 

Fish Meal 10 10 4 0 

Soyabean meal 10 8 4 0 

Sunflower meal 5 5 4 0 

Canola meal 5 5 3 0 

Rice Polish 25 30 40 100 

Wheat bran 15 30 33 0 

Di-calcium phosphate 2 1 2 0 

Corn gluten 30% 10 6 4 0 

Corn gluten 60% 10 0 0 0 

Vitamin premix 1 1 2 0 

Sarson meal 5 2 0 0 

Soyabean oil 2 2 2 0 

CMC - - 2 0 

Total 100 100 100 100 
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Table 1.2: Growth performance, survival, production and feed utilization of 

grass carp (C. idella) reared on three different feeds (rates) for 90 days 

in 3 ponds (one-acre surface each) at Mushtaq Fish Farm Muzaffargarh, 

Punjab, Pakistan, under polyculture system.  

Parameters T1(15%) T2(20%) T3 (25%) Control 

Average initial weight (g) 137.64 43.01 109.9  29.32 153.0  24.3 133.38  16.51 

Average final weight (g) 569.2  90.2 708.0  82.68 678.75  170.47 632.83  128.35 

Live weight gain (g) 431.56  47.29 598.1  53.36 525.75  146.17 499.45  111.84 

Live weight gain (%) 313.54 544.22 343.63 374.46 

Average initial length (cm) 20.88  2.38 19.29 1.54 21.83  1.16 20.79  0.86 

Average final length (cm) 35.28  1.65 37.26  1.98 36.85  2.23 38.72  1.81 

Length gain (cm) 14.4  0.73 17.97  0.44 15.02  1.07 17.93  0.95 

Length gain (%) 68.97 93.16 68.8 86.24 

Daily Growth rate 0.77 1.04 0.76 0.96 

Survival (%) 92.11  0.01 94.74  0.03 86.84  0.06 89.47  0.1 

Condition Factor 1.29  0.11 1.37  0.14 1.33  0.14 1.08  0.12 

Feed conversion ratio 7.44 6.64 7.06 7.02 

Protein efficiency ratio 0.38 0.5 0.57 1.19 

Specific Growth rate 0.68 0.92 0.72 0.75 

Production Kg/m2/90days 9.11  105 1.26  104 1.11  104 1.05  104 

Table 1.3: Various physio-chemical parameters (Mean  S.D) of water 

quality in experimental ponds  

Sr. No. Parameters Mean  S.D Mean  S.D Mean  S.D 

  Pond 1 Pond 2 Pond 3 

1 Water temperature (oC) 27.45  0.66 27.45  0.66 27.45  0.66 

2 Dissolved Oxygen (mg/l) 5.875 0.57 5.875  0.57 5.875  0.57 

3 pH 7.525 7.525 7.525 

Table 1.4:  Growth performance, survival, production and feed utilization of 

(Oreochromis niloticus).  

Parameters T1  

25% CP 

T2  

30% CP 

T3  

35% CP 

T4 

40% CP 

Source 

Live weight gain (g) 2.80  2.5 380   2.7 470  3.2 480  3.0 Daucpota 

et al., 2014 

Average Condition 

factor  

3.5  0.03 3.5  0.01 3.5  0.1 3.6  0.01  

Feed conversion ratio  3.39  0.1 3.37  0.2 3.32  0.4 3.27  0.03  

Protein efficiency ratio 2.45  

0.02 

1.87  0.03 1.18  0.02 1.19  0.01  

Specific Growth rate 3.17  

0.02 

3.73  0.06 4.14  0.05 4.18  0.5  
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Table 1.5: Growth performance, survival, production and feed utilization of 

(Labeo rohita). 

Parameters T1  

25% CP 

T2  

30% CP 

T3  

35% CP 

T4 

40% CP 

Source 

Specific Growth rate 1.37  0.01 2.48  0.01 2.38  0.02 2.10  0.01 Singh. K. 

P et al., 

2016 

 

Table 1.6: Growth performance, survival, production and feed utilization of 

(Oreochromis niloticus). 

Parameters T1  

32% CP 

T2  

16% CP 

T3  

28% CP 

Source 

Average initial weight (g) 15.25  0.72 15.25  0.72 15.25  0.72 Opiyo. A. 

Mary et al., 

2014 

Average final weight (g) 122.47  2.54 84.09  2.09 104.95  2.20  

Live weight gain (g) 107.22  0.02 68.84  0.02 89.70  0.02  

Average initial length 

(cm) 

9.13  0.14 9.13  0.14 9.13  0.14  

Average final length (cm) 118.72  0.24 16.66  0.24 17.95  0.23  

Average Condition factor 1.81  0.02 1.72  0.02 1.76  0.02  

Feed conversion ratio 1.66  0.02 2.15  0.00 1.73  0.02  

Specific Growth rate 1.25  0.02 1.01  0.02 1.16  0.02  

Table 1.7: Growth performance, survival, production and feed utilization of 

(Oreochromis niloticus). 

Parameters T1  

17% CP 

T2  

25% CP 

T3  

30% CP 

T4 

35% CP 

Source 

Live weight gain (g) 32.7 39.8 46.53 47.3 Bahnasawy. H. 

M. 2009 

Survival (%) 95.7 95.6 97.5 96.3  

Feed conversion ratio  2.42 2.12 2.11 2.03  

Protein efficiency ratio 2.43 1.89 1.65 1.35  

Specific Growth rate 1.47 1.55 1.65 1.66  
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Table 1.8: Growth performance, survival, production and feed utilization of 

(Ompok pabda). 

Parameters T1  

28% CP 

T2  

33% CP 

T3  

38% CP 

Source 

Live weight gain (g) 1.59 1.91 1.69 Paul. N. B et al., 2012 

Feed conversion ratio 3.19 2.17 3.45  

Protein efficiency ratio 1.13 1.4 0.77  

Specific Growth rate 1.15 1.34 1.20  

 

Table 1.9: Growth performance, survival, production and feed utilization of 

(Cyprinus carpio). 

Parameters T1  

35% CP 

T2  

30% CP 

T3  

28% CP 

T4 

27% CP 

Source 

Average initial weight 

(g) 

1.62 1.51 1.51 7.33 Mohapatra B. S. 

And Patra. K. 

Ajay 2014 

Average final weight 

(g) 

8.4 7.7 6.2 5.68  

Live weight gain (g) 6.78 6.19 4.69 5.68  

Live weight gain % 425 413 313 356  

Survival (%) 75 80% 90% 86.66  

Specific Growth rate 0.056 0.051 0.039 0.047  

 

 

Table 1.10: Growth performance, survival, production and feed utilization 

of (Clarias gariepinus burchell). 

Parameters T1  

23% CP 

T2  

26.5% CP 

T3  

30% CP 

T4 

33.5% CP 

Source 

Live weight gain (g) 6.43 7.33 7.62 8.25 Hossain. A. 

M. et al., 

1998 

Feed conversion ratio  2.90 2.52 2.00 1.82/2.10  

Protein efficiency ratio 1.33 1.32 1.47 1.26/1.47  

Specific Growth rate 3.61 3.85 3.94 4.08  
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Fig. 2.1. Feed Pelleting Machine 
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Fig.2.2. Feed Ingredients Mixer Machine 
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Morphometry deals with study of variety and changes in the size and 

shape of organisms (Webster, 2006). Researchers are keenly interested to 

undertand design, shape, variety, etc., within collected samples as well as life 

stage, populaces, species, and so forth and framing and testing speculation with 

respect to origin of various growth patterns (Shearer, 1994). Identification of 

species is the essential part of biodiversity preservation and fisheries 

administration (Ibanez et al., 2007).   Various aspects of living beings, such as 

feeding efficiency, locomotive capability, defenselessness to predation, and 

reproduction performance can be observed by examining body shape (Guill et al., 

2003). Fishes can adjust to the environmental conditions by different adaptations 

to improve their suitability (Nacua et al., 2010). Fish growth is typically shown 

through length increase and relating weight (Jobling, 2002). External 

morphological estimation is still one of the principal research approaches utilized 

as a part of ichthyology and aquaculture, in all probability because of its long 

perspectivity and simplicity. Much of the time, it is an adequate required strategy 

for some reasons. Biometrical characters are typically utilized for correlation of 

various fish species or for depicting variability inside the species among various 

populaces, breeds, or genealogies. Meristic characters are characterized precisely, 

while morphometric characters are because of their high relationship with size 

shown for the most part in lists. The crude information is for the most part 

obtained by using measuring board, graph paper, ruler, and so on (Holcik, 1972). 

Morphometry deals with examining variety and change in the structure (size and 

shape) of life forms (Webster, 2006). Morphometrics empowers one to portray 

complex shapes in a thorough allowed numerical correlation between various 

structures (Webster, 2006).  

IINNTTRROODDUUCCTT
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Morphometric studies are fundamental to comprehend the systematics as 

well as the variety as its characters are most likely identified with the habit and its 

place of living among the variations in species (Cavalcanti, 1999). From a 

pragmatic perspective, it is vital to discover effectively noticeable morphological 

characters for use in recognizing species and other taxa (Bannikov and Tyler, 

2008). Morphometrics is the exact combination of geometry with life science 

(Bookstein, 1997). Morphological characters have been ordinarily utilized as a 

part of fisheries science to gauge discreteness and connections among different 

taxonomic classifications. There are numerous all around recorded morphometric 

studies about which give proof to stock discreteness (Avsar, 1994; Corti, 1988; 

Villaluz, 1988; Bembo, 1996). Morphometrics deal with observing variety and 

change in the structure (size and shape) of living beings (Anita, 2002).  

Fishes are exceptionally touchy to natural changes and rapidly adjust by 

changing fundamental morphometrics (Hossain et al., 2010). Data on the 

morphometric estimations of fishes and the investigation of factual relationship 

among them are keys for taxonomic work (Narejo, 2010). The different 

morphometric characters have been classified on the premise of difference into 

hereditarily (limit range), intermediate (range is moderate) and ecologically (vast 

range) controlled characters (Johal et al., 1994). Morphometric and meristic 

characters are useful in simple and right distinguishing proof of fish species in 

laboratory and additionally at natural spots (Jayaram, 1999).  

Fish morphometrics has been the difficulty of ichthyologic studies for a 

long time; however, the underlying strides go back to the season of Galileo 

Galilei (Froese, 2006). However, the investigative premise for morphometry in 

fishes, and particularly the scientific way that weight identifies with length, was 

set by Fulton (1906), who interestingly brought fisheries science into "allometry" 

(Froese, 2006). The use of phenotypic characters is especially imperative where 

the distinctions are credited to natural impacts as opposed to hereditary separation 

(Mir et al., 2013a). Morphometric estimations are for the most part displayed as 

an extent of total, fork length, standard and condition factor (K), body weight 

(Naeem et al., 2010 and 2011a, b). Talwar and Jhingran (1992) reported that 

morphometric can be portrayed as outer estimations of living being, a few 

scientists including Hoque, (1984), Gosh et al. (1988), Narejo, (2010) played out 
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their work on a few parts of morphometric characterization of different fish 

species from various water habitats of Asiatic region including Pakistan, India 

and Bangladesh (Senou, 1988). Morphometric trademark is the character 

concerned with the body shape, while meristic character tailed number, 

arrangement or structure. Both morphometric and meristic characters are for the 

most part used to distinguish assortment of fish species (Turan et al., 2006). 

Morphometric investigation comprehends the connection between body 

parts (Carpenter, 1996). Information on morphometric estimations can 

distinguish contrasts between fish populaces and used to portray the shape of 

every fish (Pollar, 2007). Conditions of morphometric variety in fishes 

demonstrate contrasts in growth along with rates of maturation with behavior 

since body structure is a result of ontogeny. Phenotypic pliancy of fish permits 

them to react adaptively to natural changes by alteration in their physiology 

which prompts reproduction, changes in their morphology and survival that 

moderate the impacts of ecological changes (Stearns, 1983). 

Measurement of length is easier under broad rang of circumstances than 

weight estimations; along these lines, measurement of weight of few samples of 

fish help to develop length weight relationships among fishes (Gerritsen and 

MacGrath, 2007). This relationship is very helpful in fisheries sector for 

management at fundamental (Pitcher and Hart 1982). Length weight relationships 

studies are vital in fisheries to observe  fish growth at comparative level (Mendes, 

2004; Moutopoulos, 2002). This relationship proved as a vital source in 

ichthyology; physiology and environmental biology and assessment of fishes. 

This relationship fills three needs: viz. (i): decides the kind of  numerical 

relationship between two variables so that in the event that one variable is known 

the other could be found; (ii): the relative condition can be evaluated to know the 

health condition of the fish and pattern of growth, i.e., whether isometric or 

allometric; and (iii): serves to the potential yield per initiate in the investigation 

of fish populace dynamics (Prasad, 2007). LWRs spell out and term condition 

factor (k) are the two most critical parameters of fish that provide data about 

growth and fish condition (Okgerman, 2005) as well as understanding into the 

condition of health of fish and its population growth. Condition factor index is 

utilized to find growth of fish and subsequently is an important estimation to 
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make an examination amongst the diverse population of the same species 

(Abowei et al., 2009).  

Length weight relationships uses are basic as well as applied in terms of 

utilization in management of fisheries science (Pitcher and Hart, 1982), such as 

(i) to find weight value from observed length, weight from length perceptions; (ii) 

to ascertain production with fish biomass populace; and/or (iii) provide data 

concerning stock and condition of an organism’s physical level (Moutopoulos 

and Stergiou, 2002). 

In Pakistan, rather limited information is available on the length-weight 

relationship, meristic and morphometric qualities of this valuable fish. In 

perspective of the significance of this fish, there is a need to study its biological 

execution in natural aquatic habitats of Pakistan. Present work was organized to 

find the growth profile by the length-weight relationship, morphometric attributes.  
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 Seventy two fish samples were randomly collected by using cast net from 

the pond in which grass carp showed maximum growth; the pond located at 

Mushtaq Fish Farm, Muzaffar Garh had received 20% crude protein (T2).  

These fishes were transported to the research laboratory of IP & AB, 

Bahauddin Zakariya University, Multan, for the study of external morphometry.  

EXTERNAL MORPHOMETERY  

Sixteen morphometric characters (fig 2.1) were measured by utilizing a wooden 

measuring board with scale measuring closest to 0.1m.  

1) Wet Body Weight (W)  

All the fish samples were weighed by using an advanced electronic digital 

balance with readings taken close to 0.1g. Before measuring wet body weight, the 

fish samples were smeared dry and flotsam and jetsam were expelled from the 

body surface.  

2) Total Length (TL)  

Total length was measured by utilizing wooden measuring board. The TL 

was measured from beginning of snout tip to the longest part of caudal blade.  

3) Forked Length (FL)  

Like total length, this length was measured from the snout tip to the point 

of bifurcation of caudal fin by using the wooden board.  

4) Standard Length (SL)  

Standard length of a fish was measured from the tip of the snout to the 

inception of caudal fin.  

5) Eye Diameter (ED)  

Eye diameter was measured as separation between the edges of the 

cartilaginous eye ball over the cornea.  

 

  

MMAATTEERRIIAALLSS  AANNDD  

MMEETTHHOODDSS  
((EEXXTTEERRNNAALL  MMOORRPPHHOOMMEETTRRYY))  
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6) Head Length (HL)  

Head length was measured starting from the nostril tip of nose to the back end 

of the opercular bone.  

7) Head Width (HW)  

Head width was determined by meauring the distance along the broadest 

part of the head in ventral position.  

8) Pectoral Fin Length (Pec FL)  

Pectoral fin length was determined by measuring the longest fin ray of the 

pectoral fin.  

9) Body Depth (BD)  

Body depth measurement was taken by measuring the most swollen bit of 

the body using the wooden measuring scale.  

10) Body Girth (BG)  

Body girth was determined by drawing a string around the fish at its 

widest point stamping where the string covers. After that the separation was 

measured between the overlapping points on a ruler.  

11) Pelvic Fin Length (PvFL)  

It is the length measurement from anterior purpose of intersection with 

body to the foremost tip of the blade.  

12) Dorsal Fin Length (DFL)  

It is the length measurement of the longest ray in the dorsal fin. 

13) Anal Fin Length (AFL)  

Anal fin length, the length of the longest fin ray of anal fin, was measured 

by using the measuring scale.  

14) Caudal (Tail Fin) Fin length (CFL)  

Caudal fin length was measured beginning from base of caudal blade to 

the tip of caudal balance of fish.  

15) Caudal/Tail Fin width  

Caudal tail fin width was the measurement of the greatest vertical height 

of the tail.  

16) Condition Factor (k)  

Condition factor (k) was figured for every collected sample by utilizing 

strategy of weatherley and Gill (1987) and Wooton (1990) as condition variable 

(k) = 
3

W

L
 100  
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Statistical Analysis  

With the help of Microsoft Excel project various statistical calculations 

along with graphics were computed and various correlation analysis of all 

sampled fish was done according to Zar (1996). Regression analysis and multiple 

Regression analysis were performed on various parameters of length-weight, 

length-length relationship and body composition of Grass carp. 
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A total of 72 specimens of C. idella were collected and analyzed. Their 

range of weight and total length were 67.00722 g and 19.00  240 cm, 

respectively. Their mean weight and mean total length values with standard 

deviation were 207.66  140.95 and 30.98  35.28, respectively (Table 2.1) 

2.3.1. Length-Weight Relationship (LWR) 

The body weight (wet) relation with its total length was found by using 

the following formula: 

   W = aLb   or  Y = a Xb 

 where Y and X are independent and dependent variables, respectively, 

and “a” and “b” are intercept and power, respectively. The log form of the above 

formula suggested by Le Cren (1951) is as follows: 

  Log W = log a + b log TL   

 Total length (TL) and body weight expressed as: 

  W = 1.8766 TL = 2.97 

  Log W = 1.8766 + 2.97 log TL (r = 0.984) 

 Correlation coefficient value of 0.984 was highly significant (P < 0.001) 

between weight and total length in both untransformed and log-transformed data. 

The b value (regression coefficient) was 2.966 which did not match with an ideal 

slope value (b = 3); therefore, growth seems to be negatively allometric (Tab. 2.2, 

2.3, 2.4, and 2.5). 

2.3.2. Relationships of Condition Factor (k) With Total Length and Wet 

Weight 

 Regression coefficient of K against W and TL is expressed as: 

   k = 1.239 + (0.002) TL   (r = 0.076)n.s 

   k = 1.190 + (0.00003) W  (r = 0.36)n.s 

RREESSUULLTTSS  
((EEXXTTEERRNNAALL  MMOORRPPHHOOMMEETTRRYY))  
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 The calculated mean value of k was 1.20  0.10 and range 0.981.50 as 

shown in Table 2.6. Insignificant relationship was observed when k is plotted 

versus TL and W as is evident from graphs 2.1 and 2.2, showing its least effect 

on morphological parameters. 

2.3.3.  Length Length Relationship (LLR) 

 The relationship of total length (TL) with standard length, head length, 

head width, body girth, body depth, dorsal fin length, pectoral fin length, pelvic 

fin length, anal fin length, eye diameter, tail length, tail width was found to be 

highly significant (P < 0.001). Their respective coefficient correlation (r) values 

and b values are shown in Table 2.2. 

2.3.4. Studied Morphometric Variables Versus Wet Body Weight  

Wet body weight showed highly significant relationship (P < 0.001) with 

all studied morphometric characters excluding condition factor (k). It showed 

non-significant relation. The values of r with regression coefficient (b) are shown 

in (Tables 2.4 and 2.7).  
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 The study of LWR is very helpful in knowing the wellbeing and growth 

of fish with their gonadal development (Le Cren, 1951; Pauly, 1993) along with 

comparative study of fish and their life histories belonging to various habitats 

(Petrakis and Stergion, 1995). Regression coefficient between total length and 

wet weight in LWR relationship helps to understand type of growth. Fish 

showing ideal growth have the value of ‘b’ in the range between 2 and 4, mostly 

lying close to 3. The value of b above or below 3 indicates positive and negative 

allometric growth, respectively. In case of positive allometric growth (b > 3) fish 

becomes heavier for its length as fish increase in size, while negative allometric 

growth (b < 3) reflects that fish becomes lighter as it it grows in length (Tesch, 

1968). In the present study, the value of b amounting to 2.97 shows negative 

allometric growth pattern.  

The calculated value of ‘b’  in present study closely matches the  already 

reported value of ‘b’ by other researchers (for example, Salam et al., 2005; 

Miranda, 2009; Naeem et al., 2010;  2011; Ahmed, 2011; Prasad et al., 2007; 

Hossain, 2013; Yoon, 2014; Lawson et al., 2013; Elahi et al., 2015; Radkhan and 

Feresti 2016; Naser Uddin et al., 2016). This reported value is usually in the 

range of 2.5 and 3.5 as described by Carlander (1969). 

 The b value of C. idella varied from the reported value of b for 

Oreochromis mosambicus (Naeem et al. 2011), and for various other fish species  

(Yoon, 2014) and for Terapon puta (Naeem et al. 2015). The reason for this 

variation is because b value is influenced by various factors, such as, sex, health, 

DDIISSCCUUSSSS

IIOONN  
((EEXXTTEERRNNAALL  MMOORRPPHHOOMMEETTRRYY))  
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seasons, salinity, maturity, geography, biological factors, food availability, pH, 

DO, etc. (Pauly, 1993; Froese, 2008; Muchlisin, 2010; Rajani et al., 2016). 

 Condition factor (k) or coefficient of condition is influenced by the same 

factors as for LWR, because in both cases total length and wet weight are 

involved.  Value of k expresses the wellbeing or condition of fish. Value of k 

around 1 shows poor health condition and also indicates that the fish is long, thin, 

while k values of 1.20 or 1.40 show that the condition of fish is moderate, and 

well proportioned, respectively (Barnham and Baxter 1998).  The calculated 

value of k (1.20  0.10) for C. idella shows it moderate condition which is 

acceptable by many ichthyologists, according to above-described criteria. The b = 

3 indicates that k would be constant. Fluctuation in k value indicates that fish 

weight increase is not according to increase in its L3 (Wootton. 1998; Abbas, 

2000; Naeem and Salam, 2004). Increases in k value is observed with greater 

increase of weight than cubic length, or  its value decreases when gain in weight 

is less as compared to L3 (Naeem and Salam, 2004; Naeem et al., 2000). The 

calculated k value in the present study was 1.20  0.10 which is similar to the 

findings of previous researchers (Lawson, et al., 2013); Nazeer et al., 2015). 

Many factors, such as growth, phase, availability and quality of fish feed, 

diversity (range) in size along with fish condition and their methods of 

preservation contribute. The correlation value of 0.983 between total length is 

similar to the previously reported r2 value of 0.990 by Sandoval (2015). In the 

same way, r2 values for TL with HL and ST are in good agreement with the 

finding of Mushahida (2013).  

 Morphometric study is fundamental tool for understanding ontogeny, 

growth, systematics, variation and demographic characteristics of fish. (Kov and 

Copp, 1999). Morphometric analysis plays a key role to estimate relationship 

between various parts of body (Carpenter, 1996); value of b = 1.0 shows 

isometric pattern growth between length to length of various parts of fish body, b 

> 1 shows positive allometric growth, while b < 1 indicates negative allometric 

growth (Alexender, 1971). Standard length also increases which is good 

agreement with study of Mehta and Bapat (1977).  

  Correlation coefficient (r) values indicate that all relationships of TL with 

SL, HL, HW, BG, BD, DFL, PtFL, PvFL, AFL, ED, TW, were highly 
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significance (P < 0.001) which shows that all lengthlength relationships were 

significantly correlated (Hussain, 2010) Anal fin length, eye diameter showed no 

significant change with reference to total length as their respective b values of 

0.148 and 0.30 were very small; similar to the findings of Hoque (1984). 

Approximately similar r2 values for body girth and body depth to total length 

showed that both increase at the same rate with increase in total length. 

CONCLUSION 

 One of the basic components of external morphometric study is LWR’s 

which have fundamental and applied utilization in fishery management. 

FURTHER SUGGESTIONS 

i) Internal morphometry of valuable commercial fishes and various 

organs should be studied.  

ii) Correlation should be observed between different internal organs 

of various cultured species.  
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Table 2.1: Mean values and ranges of weight and various external morphology 

chracteristics of C. idella    (n = 72)  

Parameters Mean ± S.D. Range 

Weight (W) 207.60±140.95 

 

67.00 to 722.00 

 

Total length (TL) 30.98±35.28 

 

19.00 to 240.00 

 

Standard length (SL) 20.75 ± 3.86 

 

15.50 to 32.90 

 

Head length (HL) 5.45 ± 1.06 

 

2.90 to 8.40 

 

Head Width (HW) 3.80 ± 0.70 

 

2.80 to 6.00 

 

Body girth (BG)  13.95 ± 2.64 

 

9.00 to 22.00 

 

Body Depth (BD) 6.98 ±   1.36 

 

4.50 to 11.00 

 

Dorsal fin length (DFL) 3.90 ± 0.97 

 

2.50 to 7.00 

 

Pectoral fin length (PtFL) 3.5 8 ± 0.90 

 

2.50 to 6.40 

 

Pelvicfin length (PvFL) 2.96 ± 0.83 

 

1.90 to 5.00 

 

Analfin length (AFL) 3.07 ± 0.80 

 

1.90 to 5.40 

 

Eye Diameter (ED) 0.99±0.18 

 

0.7 to 1.5 

 

Tail Length (TL) 4.64±0.90 

 

3.40 to 7.00 

 

Tail Width  (TW) 5.76±1.97 3.50 to 12.50 

S.D. = Standard Deviation 

   Y = a+bx 
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Table. 2.2: Descriptive statistics and regression analysis of C. idella: Total length against 

various morphoological characters 

 

Formula 

Relation Parameters 

_____________________ 

a                       b 

Confidence interval of a 

C onfidence  interval 

of b 

Correlation 

coefficient  

r 

Coefficient 

determination 

r2 

W = a + b TL -551.751 
 

30.290 
 

-593.559 to -509.943 28.648 to 
31.931 

0.975*** 
 

0.951 
 

K = a + b TL 1.239 
 

-0.002 
 

1.099 to 1.379 -0.007 to 0.004 0.076 ns 
 

0.006 
 

SL = a + b TL -0.387 
 

0.843 
 

0.843 to 0.292 0.817 to 0.870 0.991*** 
 

0.983 
 

HL = a + b TL  0.097 
 

0.213 
 

-0.469 to 0.664 
 

0.191 to 0.236 0.916*** 0.839 
 

HW = a + b TL 0.393 
 

0.136 
 

-0.042 to 0.828 
 

0.119 to 0.153 0.885*** 0.782 
 

BG = a + b TL 0.010 
 

0.556 
 

-1.038 to 1.059 
 

0.515 to 0.597 0.955*** 
 

0.912 
 

BD = a+ b TL -0.213 
 

0.287 
 

-0.743 to 0.318 
 

0.266 to 0.308 0.957*** 
 

0.915 
 

DFL = a + b TL -0.240 
 

0.165 
 

-1.066 to 0.586 
 

0.133 to 0.198 0.772*** 
 

0.596 
 

PtFL = a + b TL -0.874 
 

0.178 
 

-1.395 to -0.352 
 

0.157 to 0.198 0.901*** 0.811 
 

PvFL = a + b TL -0.761 
 

0.148 
 

-1.413 to -0.109 0.123 to 0.174 0.810*** 
 

0.656 
 

AFL = a + b TL -0.630 0.148 -1.216 to -0.044 0.125 to 0.171 0.837*** 
 

0.701 
 

ED = a+ b TL   0.224 
 

0.030 
 

0.071 to 0.378 
 

0.024 to 0.037 0.770*** 
 

0.593 
 

TL = a+ b TL 1.510 
 

0.125 
 

0.576 to 2.444 
 

0.088 to 0.161 0.630*** 
 

0.397 
 

TW= a+ b TL -4.104 
 

0.394 
 

-5.206 to -3.003 
 

0.350 to 0.437 
 

0.908*** 
 

0.825 
 

 

 a is intercept, b is regression coefficient while  *** P < 0.001, ** P < 0.01 
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Table 2.3: Descriptive statistics and regression analysis of C .idella: Log total length 

against log of various morphoological characters 

Formula 

 

Relation Parameters 

a                   b 

Confidence interval of (a) Confidence  interval (b) 

Correlation 

coefficient 

r 

Coefficient 

determination 

r2 

Log W = a + b Log TL -1.877 
 

2.966 
 

-2.053 T0 -1.700 2.840 T0 3.092 0.984*** 
 

0.969 
 

Log K = a + b Log TL 0.123 
 

-0.034 -0.053 T0 0.300 
 

-0.160 T0 0.092 0.064 ns 
 

0.004 
 

Log SL = a + b Log TL -0.104 
 

1.016 
 

-0.156 T0 -0.053 0.979 T0 1.053 0.989*** 
 

0.977 
 

Log HL = a + b Log TL  -0.705 
 

1.029 
 

-0.871 T0 -0.538 0.909 T0 1.148 0.899*** 
 

0.808 
 

Log HW = a + b Log TL -0.703 
 

0.915 
 

-0.884 T0 -0.521 0.785 T0 1.045 0.859*** 
 

0.738 
 

Log BG = a+b Log TL -0.292 
 

1.026 
 

-0.412 T0 -0.172 0.940 T0 1.112 0.943*** 
 

0.890 
 

Log BD = a+b Log  TL -0.625 
 

1.049 
 

-0.746 T0 -0.504 0.963 T0 1.136 0.945*** 
 

0.893 
 

Log DFL = a+Log b TL -0.910 
 

1.069 
 

-1.204 T0 -0.615 0.858 T0 1.280 0.770*** 
 

0.593 
 

Log PtFL = a+b Log TL -1.123 
 

1.196 
 

-1.348 T0 -0.898 1.035 T0 1.357 0.870*** 
 

0.758 
 

Log PvFL = a+b Log TL -1.342 
 

1.291 
 

-1.652 T0 -1.032 1.069 T0 1.513 0.811*** 0.657 
 

Log AFL = a+b Log TL -1.179 
 

1.187 
 

-1.469 T0 -0.890 0.980 T0 1.395 0.806*** 
 

0.650 
 

Log ED=a+b Log TL  -1.156 
 

0.821 
 

-1.395 T0 -0.917 0.650 T0 0.993 0.752*** 
 

0.566 
 

Log TL = a+b Log TL -0.317 
 

0.700 
 

-0.612 T0 -0.021 
 

0.488 T0 0.912 
 

0.619*** 
 

0.383 
 

Log TW= a+b Log TL -1.448 
 

1.571 
 

-1.726 T0 -1.171 
 

1.372  
T0 1.770 

 

0.883*** 
 

0.780 
 

  

a is intercept, b is regression coefficient while  *** P < 0.001, ** P < 0.01 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter-2                                                                              External Morphometry 
(45) 

Table 2.4 : Descriptive statistics and regression analysis of C. idella: Body weight against 

various morphoological characters 

 

Formula 

 

Relation Parameters 

a                   b 

Confidence interval  (a) 

Confidence of interval 

(b) 

Correlation 

coefficient  

r 

Coefficient 

determination 

r2 

K = a + bW 1.190 
 

0.00003 
 

1.145 to 1.234 
 

-0.0002 to 0.0002 0.036 n s 
 

0.001 
 

SL = a + bW 15.231 
 

0.027 
 

14.841 to 15.620 
 

0.025 to 0.028 
 

0.971*** 
 

0.943 
 

HL = a + bW  4.081 
 

0.007 
 

3.866 to 4.296 
 

0.006 to 0.007 
 

0.877*** 
 

0.769 
 

HW = a + b W 2.903 
 

0.004 
 

2.758 to 3.048 
 

0.004 to 0.005 
 

0.871*** 
 

0.758 
 

BG = a + b W 10.306 
 

0.018 
 

9.914 to 10.698 
 

0.016 to 0.019 
 

0.937*** 
 

0.877 
 

BD = a+ bW 0.734 
 

0.000 
 

0.719 to 0.748 
 

0.000 to 0.001 
 

0.897*** 
 

0.804 
 

DFL = a+bW 2.831 
 

0.005 
 

2.558 to 3.104 
 

0.004 to 0.006 
 

0.748*** 
 

0.560 
 

PtFL = a+bW 2.407 
 

0.006 
 

2.236 to 2.579 
 

0.005 to 0.006 
 

0.892*** 
 

0.796 
 

PvFL = a+bW 2.016 
 

0.005 
 

1.792 to 2.240 
 

0.004 to 0.005 
 

0.771*** 
 

0.594 
 

AFL = a+bW 2.097 
 

0.005 
 

1.906 to 2.287 
 

0.004 to 0.005 
 

0.827*** 
 

0.683 
 

ED = a+bW   0.794 
 

0.001 
 

0.743 to 0.846 
 

0.001 to 0.001 
 

0.736*** 
 

0.542 
 

TL = a+bW 3.879 
 

0.004 
 

3.567 to 4.191 
 

0.002 to 0.005 
 

0.573*** 
 

0.328 
 

TW= a+bW 3.152 
 

0.013 
 

2.791 to 3.514 
 

0.011 to 0.014 
 

0.901*** 
 

0.812 
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Table 2.5: Descriptive statistics and regression analysis of C. idella: Log Total length against 

log of various morphoological characters 

 

Formula 

 

Relation Parameters 

a                   b 

Confidence interval of (a) Confidence   interval (b) 

Correlation 

coefficient  

r 

Coefficient 

determination 

r2 

LogK = a + b LogW -0.365 
 

0.159 
 

-1.638 T0 0.907 
 

0.403 T0 0.721 
 

0.067ns 
 

0.005 
 

LogSL = a + b LogW 0.556 
 

0.335 
 

0.521 T0 0.592 
 

0.319 T0 0.350 
 

0.981*** 
 

0.963 
 

LogHL = a + b LogW  -0.031 
 

0.337 
 

-0.126 T0 0.064 
 

0.295 T0 0.379 
 

0.887*** 
 

0.786 
 

LogHW = a + b LogW -0.107 
 

0.301 
 

-0.207 T0 -0.007 
 

0.257 T0 0.346 
 

0.852*** 
 

0.726 
 

LogBG = a + b LogW 0.357 
 

0.346 
 

0.302 T0 0.413 
 

0.321 T0 0.371 
 

0.959*** 
 

0.919 
 

LogBD = a+ b LogW 0.041 
 

0.353 
 

-0.016 T0 0.098 
 

0.328 T0 0.378 
 

0.958*** 
 

0.917 
 

LogDFL = a + b LogW -0.191 
 

0.342 
 

-0.358 T0 -0.024 
 

0.268 T0 0.415 
 

0.742*** 
 

0.550 
 

LogPtFL = a + b LogW -0.326 
 

0.385 
 

-0.458 T0 -0.195 
 

0.327 T0 0.444 
 

0.845*** 
 

0.715 
 

LogPvFL = a + b LogW -0.474 0.413 -0.653 T0 -0.296 0.334 T0 0.491 0.781*** 0.610 

LogAFL = a + b Log W -0.402 
 

0.389 
 

-0.562 T0 -0.242 
 

0.318 T0 0.459 
 

0.795*** 
 

0.633 
 

Log ED = a+ b Log W    -0.616 
 

0.268 
 

-0.748 T0 -0.485 
 

0.210 T0 0.326 
 

0.740*** 
 

0.547 
 

Log TL = a+ b Log W 0.169 
 

0.217 
 

0.003 T0 0.334 
 

0.144 T0 0.290 
 

0.579*** 
 

0.335 
 

Log TW= a+ b Log W -0.415 
 

0.513 
 

-0.574 T0 -0.257 
 

0.443 T0 0.583 
 

0.868*** 
 

0.754 
 

 

Table 2.6: Body mean values and ranges of C. idella 

  Parameters Mean ± S.D Range 

Total length (TL) 25.07± 4.54 19-39.7 

Wet Body Weight (W) 207.60±140.95 67-722 

Condition Factor 1.20±0.10 0.98-1.50 

S.D. = Standard Deviation 

 
Table 2.7: Length-weight relationship for C. idella 

 

Equation n 

Relationship 

Parameters 

a              b 

95% Cl of a 95% Cl of b r r2 

W = a + b TL 72 -551.7506 
 

30.29 
 

-593.56 to -509.94 
 

28.65 to 31.93 
 

0.975 
 

0.951 
 

Log W = a + b Log TL 72 -1.8766 
 

2.97 
 

-2.0527 to -1.7005 
 

2.84 to 3.09 
 

0.984 
 

0.969 
 

r2: coefficient of determination; a: intercept; n:sample size; b: slope; Cl: confidence intervals 
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Table 2.8:  Reported relationship between total length and weight for various fish species 

with slope value “b”  

Reported Species Gender (Slope) b 

value 

Reference 

Puntius cola M 2.820 Salam et al. (2005) 

 

Oncorhynchus mykiss  2.98 Salam et al. (2005) 

Aristichthys nobilis  2.80 Salam et al. (2005) 

 

Oreochromis rnilotica (Males and 

Females) 

 2.99 Salam et al. (2005) 

Oreochrmis niloticus F 2.90 Olurin and Aderibigbe (2006) 

Oreochromis niloticus F 2.90 Olurin. and Aderibigbe (2006) 

Goodea atripinnis C 2.824 Miranda (2009) 

Herichthys cf. labridens C 

M 

F 

2.908 

2.553 

2.881 

Miranda (2009) 

Heteramdria jonesii C 

M 

F 

3.157 

2.772 

3.348 

Miranda (2009) 

Poeciliopsis gracilis C 

M 

F 

2.936 

2.834 

3.242 

Miranda (2009) 

Xiphophorus hellerii C 

M 

F 

2.873 

2.797 

2.843 

Miranda (2009) 

Notopterus notopterus M 

F 

C 

2.83 

3.44 

2.87 

Naeem et al. (2010) 

Oreochromis M 

F 

C 

2.66 

2.75 

2.72 

Naeem et al. (2010) 

Tor putitora wild M 2.76 Naeem et al. (2010) 

Tor putitora wild F 2.86 Naeem et al. (2010) 

Tor putitora wild C 2.85 Naeem et al. (2010) 

Tor putitora Farmed M 2.72 Naeem et al. (2010) 

Oreochromis mosambicus C 3.197 Naeem et al. (2011) 

Clarias Pazera C 2.78 Ahmed (2011) 

Ancistrus hoplogenys  2.790 Santos et al. (2011) 

T. putitora  2.5258 Naeem at el. (2011) 

Mystus bleekri M 2.62 Naeem  et al. (2012) 

Labeo rohita C 2.85 0.62 Prasad et al. (2012) 

Tormacrolepis  2.94 Pervaiz et al. (2012) 

Labeo calbaus  3.97 Naeem et al. (2012) 

Nandus nandus (Gangetic leaffish) M 

F 

C 

2.83 

2.95 

2.90 

Hossain (2013) 
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Puntius ticto (Ticto barb) M 

F 

C 

3.03 

2.88 

2.95 

Hossain (2013) 

Zacco platypus  2.928 Li et al. (2013) 

Tanakia lanceolate  2.97 Yoon (2013) 

Oxynoemacheilus angorae  2.81 Khani (2013) 

Squalius Lepidus  2.78 Khani (2013) 

Sarotherodon melanotheron  2.72 Lawson  et al. (2013) 

Liza falcipinnis  2.84 Lawson et al. (2013) 

O. mosambicus C 2.93 Naeem et al. (2013) 

Sardinella longiceps C 2.179 Elahi et al. (2015) 

Terapon puta C 3.00 Ahmad and Benzer (2015) 

T. putitora  2.7 Rawal (2013) 

Labeo dero.  2.9 Rawal (2013)  

Esox lucius  M  2.97 Mann (1976) 

Rita rita Immature M 2.87 Chatierji  et al. (1977) 

Rita rita Immature F 2.80 Lal and Dwivedi (1965) 

Catla catla  2.66 Jhingran (1968) 

Oreochromis nilotica  2.99 Naeem et al. (1992) 

Oncorhynchus mykiss  2.98 Salam et al. (1994) 

Ctenopharyngodon idella  2.97 Present study 

B = Slope;    M = Male;   F = Female;   C = Combined Sex  
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Figure 2.1. Length to weight relationship  
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Figure 2.2: Relationship between log TL and log W. in C. idella. 

 

 
 

Figure 2.3: Relationship between log TL and log K for C. idella. 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter-2                                                                              External Morphometry 
(51) 

 

 
 

Figure 2.4: Relationship between log TL and log SL in C. idella. 

 

 

 
 

Figure 2.5: Relationship between log TL and log HL in C. idella. 
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Figure 2.6: Relationship between log TL and log HW in C. idella. 

 

 

 
 

Figure 2.7: Relationship between log TL and log BG in C. idella. 
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Figure 2.8: Relationship between log TL and log BD in C. idella. 

 

 
 

Figure 2.9: Relationship between log TL and log DFL in C. idella. 
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Figure 2.10: Relationship between log TL and log PtFL in C. idella. 

 

 

 
 

Figure 2.11: Relationship between log TL and log AFL in C. idella. 
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Figure 2.12: Relationship between log TL and log ED in C. idella. 

 

 

 
 

Figure 2.13: Relationship between log TL and log Tail L in C. idella. 
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Figure 2.14: Relationship between log TL and log T Width in C. idella. 

 

 

 

 
Figure 2.15: Relationship between log TL and log PvFL in C. idella. 
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INTRODUCTION 

 

Fish are consumed throughout the world and have few medical 

advantages over other animal meat sources. Fish flesh contains top quality 

proteins that can be digested more easily than proteins obtained from other meats 

(Louka et al., 2004). Fish meat also reduces triglycerides in vital body fluid 

(blood) (Boberg, 1990) Hence, before the use of fish, understanding of its 

proximate composition is necessary (Fawole et al., 2007).  

Proximate composition implies percent composition of essential 

constituents, for example, water, proteins, lipids, carbohydrates and minerals. The 

energy yielding supplements, such as proteins, lipids, and sugars are considered 

as macronutrients and are available in relatively abundant amounts. Non-energy 

yielding supplements, such as vitamins and minerals are micronutrients and are 

available comparatively in little amounts (Ramakrishnan, et al., 1995).  

A vast majority of the nutritionists prescribe that people ought to eat fish 

regularly (Balk et al., 2004). Fish is known to be a source of least expensive 

animal proteins and other crucial supplements required in human eating regimen 

(Agusa, 2007). Fishes are being progressively advertised for their medical 

advantages to customers (Schmidt, 2006).  

Proximate composition of fish is a decent marker of its physiology as it is 

required for usual appraisal in fisheries biology (Cui and Wootton, 1988). 

Different species of fish have different nutritive profiles to their users (Takama et 

al., 1999). Variations in chemical composition among various species might be 

ascribed to fish feed composition, feeding types with its rate of feeding habitat of 

fish, sex, age, size, genetic attributes and season ( Ajah, 2009).  

The fish body composition shows its nutritious status (Pekkarinen, 1980; ). 

The learning of proximate composition of fish is of foremost significance to 

IINNTTRROODDUUCCTTII
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((PPRROOXXIIMMAATTEE  CCOOMMPPOOSSIITTIIOONN))  
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assess its feeding status and physiological condition (Chandrashekhar et al., 

2004). Fishes are the least expensive well spring of essential nutrients 

(Sanayaimadevi et al., 2015) which are the key of a sound country. Fish offers 

fundamental supplements that cannot be adequately satisfied by egg, milk, meat 

and cereals (Aberoumand, 2014). With the increase in the size of fish, a decrease 

in moisture occurs in its certain parts, while proteins and fat quantity increase 

(Naeem and Salam, 2010). Stansby (1954) has built up data on the chemical 

composition of fish in relation to its nutritive worth in contrast to other protein 

sources and nourishments; for example, meat and poultry items.  Fishes comprise 

about seventy to eighty percent water, and up to thirty percent proteins, while 

lipids in fish are in the least quantity, ranging from two to twelve percent (Das 

and Sahu, 2001).  

Fish is a standout amongst the most imperative animal proteins along with 

other sources of indispensable nutrients that are generally consumed by all races 

and classes of human (Andrew, 2011). Due to the presence of antimicrobial 

peptide in fish, fish promote immunity against the intrusion of various pathogens, 

if used normally (Ravichandran et al., 2010). The biochemical structure of a few 

cultured as well as wild shell and fin fishes of temperate and tropical wild and 

tropical blade and fishes have been documented (Ogibona et al., 2009; Udo, 

2012). Analysts have proven that fish and fisheries items, fish extracts, such as 

oil, etc., when expended appropriately can help to mitigate or even cure joint pain, 

blood pressure and weight issue and even heart problems (Udo, 2012). Chemical 

composition of fishes can be influenced by numerous variables, including species, 

ecological conditions, fish size and protein level in provided fish diet as well as 

rate of feeding (Ogata and Shearer, 2000). Past studies have discovered 

connection between dry mass substance and its various other components 

proximate composition (Pangle and Sutton, 2005; Hartman and Margraf, 2008). 

Size or age   appear to have distinct proximate composition effects (Marais, 1990; 

Salam and Davies, 1994). Feed composition, environment and hereditary 

characters are likewise known to affect fish chemical composition (Oni et al., 

1983). Additionally, the measurement of some proximate profiles such as protein 

contents, lipids and moisture contents is often necessary to ensure that they meet 
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the requirements of food regulations and commercial specifications (Watermann, 

2000).  

Fats provide a lot of essential fatty acids as well as energy (Gatlin, 2010), 

while the minerals are a noteworthy constituent of bones, blood, and 

osmoregulation (Watanabe et al., 1997). Lipids from fish are understood as a rich 

wellspring of polyunsaturated fats, i.e., docosahexaenoic acid, eicosapentaenoic 

acid, which our bodies cannot prepare naturally and normally, but are obtained 

only through food (Ismail, 2005). These polyunsaturated fats have corrective 

impacts for a few sicknesses, such as cancer, hypertension, as well as for diseases 

of inflammatory nature (Turkmen et al., 2005;). Fish meat is preferred over white 

meat and red meat as it contains altogether low lipids and more water (Nestel, 

2000). The lipid content (%) in fish tends to increase with body weight, size   and 

age, and decreases amid winter, migration, and spawning, and achieve its most 

extreme worth towards the end of the essential feeding time of the year. As a 

vitality stock, it has a tendency to be as neutral fats - triglycerides. phospholipids, 

free fatty acids, sterols and so on include just a little part of lipids (Weatherley 

and Gill, 1987). Another variable called genetic origin influences lipid content 

(Fauconneau et al., 1991). The fats and unsaturated fats of fish are exceptionally 

valuable and hard to acquire from other available sources of food (FAO, 2013). 

Acknowledgment of fishery items by customers rely on different characteristics 

of qualities of food among which emerge the taste, its texture, colour, appearance 

as well as nutrition (Cunha and Spers, 2010). Fishes are broadly acknowledged as 

a wellspring of low fat, great proteins and minerals source alongwith rich 

wellspring of poly-unsaturated fats (PUFA). PUFA are not just critical for 

support of the layers of cells but are additionally essential for the arrangement of 

prostaglandins formation in body which play a key role in blood coagulation and 

inflamation. These fats are additionally expected to ingest fat-solvent vitamins A, 

D, E and K from nourishment; and also manage cholesterol digestion system in 

body (Jabeen and Chaudhry, 2011). 

Proteins are not just vital for hormonal and biocatalysts advancement 

(Wilson, 1986), but are also an essential wellspring of energy (Halver and Hardy, 

2002). Protein of fish origin should be utilized to supplement valuable 

aminoacids; furthermore, quality of proteins containing mixed food is improved 
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(FAO, 2005). Cysteine, Methionine, lysine, Threonine and Tryptophan as 

essential aminoacids that are present in fish proteins (FAO, 2011). These 

essential aminoacids are important for human nourishment as well as 

improvement of health (Limin et al., 2006). 

Carbohydrates have by and large been overlooked, as they show up in a 

little percentage of body weight (roughly 0.5%), as glycogen (Weatherley and 

Gill, 1987). In some fish, some carbohydrates are available in such low amounts 

(wet weight) that they are normally thought to be irrelevant (Craig et al., 1978; 

Brett and Groves, 1979). 

With the help of water (%), energy contents along with lipids, protein can 

be assessed as water (%) is lower, content of lipids as well as protein will be high 

with greater fish energy density. (Aberoumad and Pourshafi, 2010).  Fish 

contains fats, proteins, water and lower amount of minerals. For the most 

part,fish contains almost no carbohydrates, while the water content is high. Fish 

is a basic wellspring of micronutrients, for example, iron, iodine, zinc, vitamin A 

and B (Haruna, 2003) 

A few studies on fish proximate composition have been conducted in 

different countries of the world, For example, De silva and Rangoda (1979) 

specified the data on some Tilapia mossambica from a Colombo Lake, Sri Lanka 

while dietary examination of fishes of fresh water habitats, particularly Koi, 

Shingi, Magur, Taki, Tangra, and Royna in Bangladesh was assessed by Kamal et 

al. (2007). Farhoudi et al. (2011) contemplated Cyprinus carpio proximate 

composition in the Caspian Sea. Various researchers have endeavored variations 

in proximate composition regular with reference to seasonal variations (Dawson 

and Grimm, 1980; Jarboe, and Grant, 1996). The information of fish composition 

is crucial for its greatest use.  

As indicated by Rodingo (1998) and others, water, protein, ash, lipids, 

fats and fiber are major fish body components (Ojikutu et al., 2009; Oparakwu 

and Mgbenka, 2012; Rahman et al., 2012; Sesugh et al., 2012;). There are 

numerous studies conducted on body composition of several fish species (Jobling, 

1980; Shearer, 1984; Watherley and Gill, 1987; Salam and Davies, 1994; Jonsson 

and Jonsson, 1998; Dempson et al., 2004). Halver (1980), AcKman and Takeuchi 

(1986), Grayton and Beamish (1997)) and Bieniarz et al. (2000) watched few 
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factors which bring about the changes in fatty acid composition among various 

fish species along with their general body composition.  

Breast-fed children of mothers having fish eating habit have better vision 

due to the omega-3 unsaturated fatty acids transmitted which is through lactation 

oil obtained from fish used to dys-lipidemia among diabetic patients (Friedberg et 

al., 1998). Fish eating habit amid pregnancy lessens the danger of premature and 

still birth (Olsen and Secher, 2002). Information concerning the chemical 

composition of freshwater fishes in general is valuable to nutritionists concerned 

with readily available sources of low-fat, high-protein foods such as most 

freshwater fishes (Sadiku and Oladimeji, 1991; Mozaffarian et al., 2003; Foran et 

al., 2005). The estimation of some proximate profiles (proteins carbohydrates 

with low lipids, and high moisture content, percentage ash, etc.) is frequently 

important to guarantee that they meet the prerequisites of nourishment directions 

and business particulars (Watermann, 2000). Freshwater fishes constitute 

extraordinary nourishment potential for human populace. The estimation of fish 

nutritive value clearly relies on body composition of fish (Prado et al., 2009). The 

information of fish composition is essential for its maximal utilization (Silva and 

Chamul, 2000). Proximate body composition influences numerous parts of fish 

science and its ecology of fish influences its growth and development and 

efficiency of food usefulness. Variation in fish craving along with reproduction 

and development cause differences in the body among fishes (Bull and Metcalfe, 

1997), development (Cui and Wootton, 1988; Shearer et al., 1997), (Henderson 

and Wong, 1998), and survival ( Sogard and Olla, 2000). Precise forecast of 

proximate composition of economically valuable cultured fishes at specific body 

weight of fish could lessen food waste and enhance efficiency as well as 

profitability. Few studies have been conducted to anticipate the body composition 

from live body weight (Salam and Davies 1994; Naeem et al., 2016).  

Grass carp is one of the major carps which is commonly consumed in 

Pakistan due to its good quality of meat and its taste therefore grass carp has 

received the attention of fish culturist throughout the world.  Other factors, such 

as refinement of grass carp meat along with high return have caught the attention 

of fish culturists world-wide for culture purpose (FAO, 2007). Analysis of 

proximate composition is by and large usually utilized by scientists to screen the 
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fish condition, and its health (Saliu et al., 2007; Aberoumad and Pourshafi, 2010).   

The major reason behind present research work was to generate information 

about amount of water, fat, other constituents, such as proteins and ash along 

with fluctuations in these four basic components with reference to fish body size 

and condition factor (K) in grass carp. Since no information concerning 

proximate composition of grass carp is presently available; this pioneer research 

on proximate composition of grass carp was undertaken for the assessment of its 

nutritious quality. 
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A total of 72 experimental samples of C. idella of different size as 

mentioned before were randomly collected by using cast net from the Muzaffar 

Garh pond in which the fish had shown maximum growth on feed T2. containing 

20% crude protein, These fish were taken to the laboratory where they were dried 

by using paper towel. 

3.2.1. Wet Body Weight and Total Length Measurement 

Wet body weight of the 72 collected C. idella were weighed by using the 

digital electrical balance and the weight of each sample was noted. Then total 

length of each sampled fish was measured closest to 0.01 cm by using the 

wooden measuring board. This length was taken from maxillary tip of fish 

samples to the longest part of the caudal blade. 

3.2.2. Assessment of Water 

To assess water mass in each fish that had been weighed and total length   

measured, was placed on an already weighed foil of aluminium plate for the 

purpose of drying in an electrically-operated furnace (Memmert ® 854) and dried 

at 60-70 oC until no change in weight was observed and then the dry weight was 

finally noted and computed by using the following formula:  

Dry weight in percent = 
Fish dry weight

100
Fish weight in wet condtiion

  

 With the help of the above-given equation, the total water quantity in each 

fish was also determined. 

Absolute (total) water quantity in fish sample = body weight in wet 

statebody weight in dry state. 
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Quantity of water substance in percentage in each fish sample was 

computed by using the following equation: 

Quantity of water substance (in percentage) in sample of fish = Absolute water quantity
100

Body weight in wet state
  

For further studies, every dry fish   was crushed to the powder form by 

using a pestle and mortar and was further homogenized with an electric blender 

of Moulinex company. 
 

3.2.3. Ash Content Assessment 
 

 To determine ash content in each fish sample, 0.50 g sample of the crushed fish 

was put in an already weighed china crucible. The clay crucible containing the 

sample to be ashed was placed in a Muffle furnace (Gallen Kamp, UK) at 

450500 oC for 24 hours and then cooled at 50 oC in an oven (Gallen Kamp, UK) 

and then weighed again to determine ash content in the fish dry mass for the 

purpose of ashing. Amount of ash and ash percentage present in wet and dry fish 

mass specimen were ascertained by utilizing the following formula: 

Ash content in a sample = Initial mass of sample  Mass lost due to heating. 

 Ash percentage in fish dry mass = 
Total quantity of ash in fish dry mass

100
Dry mass

  

      Ash Percentage in fish wet mass = 
Fish total ash mass

100
Wet fish mass

  

3.2.4.  Estimation of Fat Content  

Fat content in each sample was estimated with the help of dry extraction 

strategy of taking 1:2 mixture of methyl alcohol and chloroform and utilizing dry 

tissue (Cui and Wootton, 1988; Salam and Davies, 1994; Blight and Dyer, 1959). 

One gram of dry fish tissue in powdered form was poured and mixed with 

mixture of methyl alcohol and chloroform (10 ml volume) by stirring with the 

help of a glass rod. The stirred mixture was left overnight and was centrifuged the 

following day. Centrifugation was followed by the removal of supernatant into 

well-washed, dried, and already weighed little glass bottles. For the evaporation 

of solvent, these already weighed bottles were kept in an incubator at 40 oC to 50 

oC temperature range till dry state leaving behind lipid mass, then with the help of 
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electronic balance, weight of lipid mass close 0.001 g was noted. The following 

expressions were used to determine total content of fat (in the dry and wet 

weight) of the fish along with percentage of fat in all the samples: 

 Fat content = weight of bottle containing fat  weight of bottle prior to adding the fat. 

 Total quantity of fat present (dry mass) = Fat mass in sample
dry mass

Sample mass
  

% Fat  in dry mass  = 
Gross out fat in fish dry mass

100
Fish dry mass

  

Fat percentage in wet weight of the body of fish = 
All out fat quantity in fish

100
Fist wet weight

  

3.2.5. Estimation  of Protein Mass 

 By using difference technique, gross available quantity of proteins was 

measured in dry mass, in ash, fat, water mass, which are major constituents 

(Dawson and Grimm, 1980; Salam and Janjua, 1992; Pandian and Raghurman, 

1972). 

 All out (Total) protein weight present in a sample = Dry weight  Gross 

amount of ash + Gross weight of fat 

Protein percentage in fish dry weight = 
Total measured protein mass in a fish

100
Fish weight in dried state

  

Percentage of protein weight present in body weight in wet state was measured 

by following equation: 

Percentage of protein in wet weight of fish body = Total protein mass present in the fish
100

Fish weight in wet condition


 

3.2.6.  Carbohydrates  Estimation 

Carbohydrates do not constitute a noteworthy part of fish and 

consequently are for the most part disregarded (Caulton and Bursell, 1977; Elliott, 

1976; Salam and Davies, 1994; Janjua, 1990).  

3.2.7. Condition Factor Calculation (K) 

This factor was calculated by using formula suggested by Wootton (1990). 

Condition variable (K) = 
3

W

L
 100  
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3.2.8. Assessment of Multiple Regression 

 Various variables, such as TL, along with (K) are linked with differences 

in various body constituents; these were applied to undertand interconnections 

among above variables. 

   Y = a + b1 W + b2 X 

 Where W indicates wet body weight and Y various body constituents, 

while X indicates wet total length or body weight or condition factor K; a, b1, b2 

are known as constants.  

3.2.9.  Statistical Analysis  

With the help of Microsoft Excel project various statistical calculations 

along with graphics were computed and various correlation analysis of all 

sampled fish was done according to Zar (1996). Regression analysis and multiple 

Regression analysis were performed on body composition of Grass carp. 
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Mean  percentage composition values of various components of grass 

carp  after its proximate composition analysis amounted to 80.76%  4.40% for 

water, 3.40  0.98 for ash (wet weight ), 17.76  3.46 for ash (dry weight ), 4.31 

 1.48 and 23.89  10.14 for fat (% wet weight and % dry weight, respectively); 

and 11.53  4.18 for protein (wet weight), and 58.35  10.49 protein (dry 

weight) (Table 3.1, Figure 3.1, 3.2). 

3.3.1. Relationship Between % Water Constituent with Other 

Body Constituents  

 The relationship of % water constituent with other body constituents, both 

in wet and dry weight are shown in Table 3.2 and Figure 3.23.10. Percent water 

had inverse relationship with protein (wet and dry body weight), ash (wet weight), 

organic contents (wet body weight). Percent water had positive correlation with 

fat and ash (dry weight). All relationships were highly significant statistically 

except for percent water relation with fat (wet weight) and organic contents (dry 

weight), which were not related significantly.  

3.3.2. Relationship of Wet Body Weight to Other Body Constituents 

 Regression analysis showed highly significant relationship (P < 0.001) 

between body weight (wet and dry) of fish to all the various body constituents. 

Wet body weight showed negative relationship with percent water, percent fat 

(wet and dry state), and organic contents (wet wt.). Body weight showed non-

significant relationship to ash (dry wt.), while positive correlation was noted 

between fish body weight with protein (wet weight and dry weight) and ash (wet 

weight and dry weight) (Table 3.4; Figure 3.11  3.19). 
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3.3.3.  Relationship of Fish Total Length with Other Body 

Constituents 

 Total length showed negative relationships with % water, % fat (dry and 

wet weight), while it showed positive relationship with % protein (wet and dry 

weight) organic part but only to wet wt. and % ash (wet weight). Highly 

significant (P < 0.001) correlation was noted between total length with other 

body constituents (Table 3.5; Figure 3.11  2.28).  

3.3.4. Relationship of Condition Factor (K) With Other Body 

Constituents 

 The condition factor mean value was 1.20  0.09. Condition factor had 

negative correlation with % organic contents, % protein, % fat, % ash, while it 

had positive correlation with % water (Table 3.6; Figure 3.49  3.53). The 

significant relationships between condition factor and percent water and percent 

organic contents and non-significant relations to percent Fat, percent protein and 

percent ash were present. 

3.3.5.  Multiple Regression 

 Percent water along with protein, organic content and fat showed highly 

significant interconnected relationship to total length (TL), body weight (wet) as 

well as condition factor (Table 3.7 3.9). The calculated coefficient correlation 

(r) showed that highly significant (P < 0.001) relationship existed between % 

water and % protein, wet body weight along with condition factor. While % ash 

has significant relation (P < 0.01) to body weight (wet) and condition factor, % 

fat with wet weight and condition factor showed least significant relation. Same 

relationships were observed between body constituents versus wet body weight 

and total length; wet body weight and condition factor as shown in Table 3.8 and 

3.9. 
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Table 3.1:  Mean values and range of different components of C. idella 

n = 72  

Body components X S  R = Xmax  Xmin 

Water content (%) 80.76 ± 4.40 73.30 to 89.21 

Ash content (% Wet weight) 3.40 ± 0.98 1.34 to 5.91 

Ash content (% dry weight) 17.76 ± 3.46 8.99 to 25.01 

Fat content (% wet weight) 4.31 ± 1.48 1.39 to 7.52 

Fat content (%  dry weight) 23.89 ± 10.14 5.99 to 45.00 

Protein contents (%  wet weight) 11.53 ± 4.18 5.21 to 19.56 

Protein contents (% dry weight) 58.35 ± 10.49 35.00 to 76.00 
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Table 3.2:  Comparison of relationship between % body constituents and  % 

content of water in C. idella (n=72) 

Relationships R yintercept 

Regression 

coefficient 

(b) 

( )
X

S b

 

Calculated 

value of t 

statistics b = 0 

% Water (x) 

% Fat wet weight (y) 

0.180ns 

 

-0.578 

 

0.061 

 

0.040 

 

1.525ns 

 

% Water (x) 

% Fat dry weight (y) 

0.648*** 

 

-96.503 

 

1.491 

 

0.210 

 

7.1*** 

 

% Water (x) 

% Protein wet weight (y) 

0.939*** 

 

83.506 

 

-0.891 

 

0.039 

 

-22.84*** 

 

% Water (x) 

% Protein dry weight(y) 

0.648*** 

 

-96.503 

 

1.491 

 

0.210 

 

7.1*** 

 

% Water (x) 

% Ash wet weight (y) 

0.761*** 

 

17.072 

 

-0.169 

 

0.017 

 

-9.941*** 

 

% Water (x) 

% Ash dry weight (y) 

0.648*** 

 

-96.503 

 

1.491 

 

0.210 

 

7.1*** 

 

% Water (x) 

% Organic contents wet 

weight (y) 

0.985*** 

 

 

82.928 

 

 

-0.831 

 

 

0.017 

 

 

-48.882*** 

 

 

% Water (x) 

% Organic contents dry 

weight (y) 

0.105ns 

 

 

88.923 

 

 

-0.083 

 

 

0.093 

 

 

-0.892*** 
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Table 3.3:  Comparison of relationship between weight of body (grams), total 

length ( centimeters) and constituents (%) of body (wet, dry 

weight)  of C. idella (n = 72). 

Relationships r yintercept 

Regression 

coefficient 

(b) 

( )
X

S b

 

Calculate

d value 

of t 

statistics 

b = 0 

Body weight (x) 

% Water (y) 

0.300* 

 

82.703 

 

-0.009 

 

0.004 

 

-2.25* 

 

Body weight (x) 

% Fat wet wt. (y) 

0.234* 

 

4.823 

 

-0.002 

 

0.001 

 

-2* 

 

Body weight, (x) 

% Fat dry wt. (y) 

0.326** 

 

28.759 

 

-0.023 

 

0.008 

 

-2.875** 

Body weight (x) 

% Protein wet wt.  (y) 

0.329** 

 

9.507 

 

0.010 

 

0.003 

 

3.333** 

 

Body weight, (x) 

% Protein dry wt. (y) 

0.290* 

 

53.877 

 

0.022 

 

0.009 

 

2.444* 

Body weight (x) 

% Ash wet wt. (y) 

0.302** 

 

2.966 

 

0.002 

 

0.001 

 

2* 

Body weight (x) 

% Ash dry wt. (y) 

0.078ns 

 

17.365 

 

0.002 

 

0.003 

 

0.666ns 

Body weight (x) 

% Organic contents wet wt. (y) 

0.276* 

 

14.330 

 

0.007 

 

0.003 

 

2.333* 

Body weight (x) 

% Organic contents dry wt. (y) 

0.078ns 

 

82.635 

 

-0.002 

 

0.003 

 

-0.666ns 

Total length (x) 

% Water (y) 

0.360** 

 

89.508 

 

-0.349 

 

0.108 

 

-3.23** 

Total length (x) 

% Fat wet wt. (y) 

0.378** 

 

2.801 

 

0.348 

 

0.102 

 

3.411** 

Total length  (x) 

% Fat dry wt. (y) 

0.331** 

 

42.406 

 

-0.739 

 

0.252 

 

-2.932** 

 

Total length (x) 

% Protein wet wt. (y) 

0.378** 

 

2.801 

 

0.348 

 

0.102 

 

3.411** 

Total length (x) 

% Protein dry wt. (y) 

0.312** 

 

40.258 

 

0.722 

 

0.262 

 

2.755** 

Total length (x) 

% Ash wet wt. (y) 

0.311** 

 

1.717 

 

0.067 

 

0.025 

 

2.68** 

Total length (x) 

% Ash dry wt. (y) 

0.022ns 

 

17.336 

 

0.017 

 

0.091 

 

0.186ns 

 

Total length (x) 

% Organic contents wet wt. (y) 

0.345** 

 

8.775 

 

0.282 

 

0.092 

 

3.065** 

 

Total length (x) 

% Organic contents dry wt. (y) 

0.022ns 

 

82.664 

 

-0.017 

 

0.091 

 

-0.186ns 
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Table 3.4: Comparison of relationship between body weight (wet,  grams) 

and body ingredients (wet weight (grams) of C. idella (n = 72 ). 

Relationships r yintercept 

Regression 

coefficient 

(b) 

( )
X

S b

 

Calculated 

value of t 

statistics b = 1 

Body weight (x) 

Water content (y) 

0.998*** 

 

7.253 

 

0.764 

 

0.006 

 

-165.903*** 

 

Log body weight (x) 

Log water content (y) 

0.994*** 

 

-0.010 

 

0.963 

 

0.013 

 

-75.9601*** 

 

Body weight (x) 

Fat content (y) 

0.776*** 

 

2.766 

 

0.027 

 

0.003 

 

-333.306*** 

 

Log body weight, g (x) 

Log fat content (y) 

0.737*** 

 

-1.042 

 

0.844 

 

0.092 

 

-10.0256*** 

 

Body weight (x) 

Protein content (y) 

0.950*** 

 

-8.075 

 

0.163 

 

0.006 

 

-166.504*** 

 

Log body weight (x) 

Log protein content (y) 

0.862*** 

 

-1.591 

 

1.276 

 

0.090 

 

-9.83511*** 

 

Body weight (x) 

Ash content (y) 

0.960*** 

 

-1.944 

 

0.045 

 

0.002 

 

-499.955*** 

 

Log body weight (x) 

Log ash content (y) 

0.897*** 

 

-1.912 

 

1.189 

 

0.070 

 

-13.0967*** 

 

Body weight (x) 

Organic contents (y) 

0.973*** 

 

-5.309 

 

0.191 

 

0.005 

 

-199.809*** 

 

Log body weight (x) 

Log organic contents (y) 

0.925*** 

 

-1.185 

 

1.165 

 

0.057 

 

-16.3789*** 
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Table 3.5:  Comparison of relationship between total length (TL, cm) and 

various body ingredients (taken  grams) of C. idella (n = 72). 

Relationships R yintercept 

Regression 

coefficient 

(b) 

( )
X

S b

 

Calculated 

value of t 

statistics b = 3 

Total length (x) 

Water (y) 

0.971*** 

 

-412.807 

 

23.080 

 

0.684 

 

18.694*** 

 

Log total length (x) 

Log water content (y) 

0.973*** 

 

-1.795 

 

2.840 

 

0.080 

 

-34.66*** 

 

Total length (x) 

Fat content (y) 

0.797*** 

 

-13.522 

 

0.877 

 

0.079 

 

-37.09*** 

 

Log total length (x) 

Log fat content (y) 

0.731*** 

 

-2.648 

 

2.518 

 

0.281 

 

-8.158*** 

 

Total length (x) 

Protein content (y) 

0.931*** 

 

-98.886 

 

4.975 

 

4.975 

 

4.371*** 

 

Log total length (x) 

Log protein content (y) 

0.871*** 

 

-4.122 

 

3.882 

 

0.262 

 

-7.568*** 

 

Total length (x) 

Ash content (y) 

0.924*** 

 

-26.537 

 

1.357 

 

0.067 

 

-43.419*** 

 

Log total length (x) 

Log ash content (y) 

0.889*** 

 

-4.178 

 

3.551 

 

0.218 

 

-10.210*** 

 

Total length (x) 

Organic contents (y) 

0.960*** 

 

-112.407 

 

5.853 

 

0.204 

 

-8.852*** 

 

Log total length (x) 

Log organic contents (y) 

0.931*** 

 

-3.481 

 

3.534 

 

0.165 

 

-14.64*** 
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Table 3.6: Population variables: condition factor contrary to percent 

constituents of fish body (wet weight) in C. idella (n = 72). 

Relationships r yintercept 
Regression 

coefficient (b) 
( )

X
S b  

Calculated 

value of t 

statistics b = 0 

Condition factor (x) 

% Water (y) 

0.235* 

 

68.922 

 

9.900 

 

4.885 

 

2.026* 

 

Condition factor (x) 

% Fat (y) 

0.056ns 

 

5.256 

 

-0.790 

 

1.692 

 

-0.466 ns 

 

Condition factor (x) 

% Protein (y) 

0.214ns 

 

21.741 

 

-8.542 

 

4.659 

 

-1.83 ns 

 

Condition factor (x) 

% Ash (y) 

0.061ns 

 

4.081 

 

-0.568 

 

1.116 

 

-0.508 ns 

 

Condition factor (x) 

% Organic contents (y) 

0.263* 

 

26.997 

 

-9.332 

 

4.089 

 

-2.282** 

 

 

 

Table 3.7: Multiple regression analysis of percent water, fat, protein, as well 

as ash to condition factor, body weight in C. idella. 

   

Relationships R A 
1 1
ˆ ˆ. ( )b S E b  

2 2
ˆ ˆ. ( )b S E b  r2 

% Water = a+b1W+b2 K .389*** 70.368 -0.009±0.003 10.368±4.668 0.151 

% Fat = a+b1W+b2K .239* 5.622 -0.002±0.001 -0.672±1.659 0.057 

% Protein = a+b1W+b2 K .399*** 20.245 0.009±0.003 -9.026±4.408 0.159 

% Ash = a+b1W+b2K .310** 3.764 0.002± 0.0007 -0.671±1.071 0.096 

 

 

 

 

 

 

 



Chapter-3                                                                              Proximate composition 
(75) 

Table 3.8: Multiple regression analysiss of percent water, fat, as well as 

proteins and ash to body weight, total length of C. idella. 

 

 

Relationships 
R A 

1 1
ˆ ˆ. ( )b S E b  2 2

ˆ ˆ. ( )b S E b

 
R2 

% Water = a+b1W+b2 TL 0.425*** 107.221 0.032±0.015 -1.321±0.476 0.181 

%  Fat = a+b1W+b2 TL 0.261* 1.695 -0.007±0.005 0.168±0.171 0.068 

% Proteins = a+b1W+b2 TL 0.420*** -10.512 -0.024±0.014 1.079±0.454 0.176 

%  Ash = a+b1W+b2 TL 0.311** 1.596 -0.0002±0.003 0.073±0.111 0.097 

 

 

Table 3.9: Multiple regression analysis of percent water, fat, along with 

proteins and ash to condition factor; total length of C. idella. 

 

Relationships R A 
1 1
ˆ ˆ. ( )b S E b  

2 2
ˆ ˆ. ( )b S E b  R2 

% Water = a+b1W+b2 K .416*** 78.596 -0.333±0.106 8.807±4.617 0.173 

%  Fat = a + b1 TL + b2 K .214* 7.229 -0.068±0.038 -1.013±1.672 0.046 

% Proteins = a + b1 TL + b2 K .422*** 12.024 0.335±0.100 -7.444±4.369 0.178 

% Ash = a + b1 TL + b2 K .313** 2.151 0.066±0.024 -0.350±1.073 0.098 
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Table 3.10:  Observed quantities of water (in percent wet body wt. in diverse 

fish species in mixed). 

Fish species Water content Source 

Ospell out. nilotica 73.36 

(80.3  68.86) 

Javed et al. (1992) 

Ctenopharyngodon idella 78.79  1.89 Ammanulla (1992) 

Esoxlucius L. 72.7  79.1 Salam and Davies (1994) 

Amblypharyngodon mola 77. 19 (7080%) Kalay et al. (1999) 

Catla catla 78.84  8.18 Salam et al. (2000) 

Aspell out. coila 78.62  3.98 Mazumder et al. (2008) 

Aristichthysis nobilis 73.8684.54 Naeem et al. (2010) 

Aristocus nobilis 73.86 = 84.54 Naeem and Salam (2010) 

Wallago attu ♂ 76.19  1.95 

♀ 76.00  2.33 

Yousaf  et al. (2011) 

Oreochromus mossambicus 74.52 Naeem et al. (2011) 

Mystus bleekri 77.87% Naeem and Ishtiaq (2011) 

N.spell out notoptrus 75.18  2.44 Naeem et al. (2011) 

Oreo chromis mossambicus 74.52 Naeem et al. (2011) 

Labeo bata 72.41  81 Mahfuj et al.(2012) 

Tilapia zuli 75.8 0.40 Olagunju (2012) 

Noptrus notoprus 76.2  3.5 Abbas et al.(2013) 

C.mrigala 77.10%  0.225 Shakir,(2013) 

Labeo rohita 74.96%  225 Shakir (2013) 

Catla catla 77.25  0.225 Shakir (2013) 

Hypothalmicthyes molitix 75.690  6.784 Sanaullah et al.(2014) 

Hypothulmichthy molitrix (s/c) 75.690  6.784 Sanullah (2014) 

Espell out.japonica 80  1.3 Aberoumand (2014) 

Lspell out. pangusia 76.30  0.07 Sarojnalini (2014) 

Sspell out. manipurensis 75.48  0.59 Sarojnalini ( 2014) 

Ambly pharygondon mola 

78.16  0.64 Chakraborty(2015) 

Oreochromis niloticus (W) 80.90 Job et al. (2015) 

Oreochromis niloticus (Culture) 80.80 

(7890%) 

Job et al. (2015) 

Ospell out. niloticus 81.39  2.23 Olaniyi (2016) 

Hybrid tilapia 80.09  2.58 Olaniyi (2016) 

Bpell outs. docmuk 76.81  0.77 Teame (2016) 

Cspell out. carpio 77.24  0.32 Teame (2016) 

Cspell out. gariepinus  75.92  0.34 Teame (2016) 

L spell out. intermedius 78.18  0.13 Teame (2016) 
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Lspell out. nedgia 77.98  0.60 Teame (2016) 

Carp 81.20  0.87 Tenyang Noel et al. (2016) 

Mullet 81.64  1.789 Tenyang Noel et al. (2016) 

Cat fish 78.46  5.96 Tenyang Noel et al. (2016) 

Onchorhynchus mykiss 77.82  3.94 Naeem, Salam, et al. (2016) 

Ctenopharyngondon idella 80.76  4.40 Current work 
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Table 3.11: Observed ash quantity (% dry weight) in various fish species.  

Species Ash Source 

Ospell out. niloticus 18.54(26.6012.69) Javed  et al. (1992) 

Cirhinus mrigala 23.33  5.1604 Ammanullah et al. (1999) 

Hspell out. malitrix 16.662  0.577 Ali et al.(2006) 

Cspell out. mtigala 18.193  0.495 Ali et al. (2006) 

Catla catla 16.667  1.00 Ali et al. (2006) 

Nspell out. notop 21.63  0.63 Naeem et al. (2011) 

Labeo bata 16.63  0.20 Mahfuj et al. (2012) 

Hypothalmichthys molitrix 13.193  2.755 Sanaullah (2014) 

Oncorhynchus mykiss 12.77  3.29 Naeem et al. (2016) 

Ctenopharyngodon idella 17.76  3.46 Present Study 

 

 

Table  3.12:  Ash content values (% wet body weight) in different fish species. 

Species Ash content Source 

Tspell out. nilotica 4.14 (3.886.34) Salam et al. (1991) 

Ctenopharyngodon idella 2.23  0.36 Ammanullah et al. (1999) 

Aristichthys nobilis 2.65  50.52 Ali et al (2005) 

Aspell out. nobilius 2.655.52 Naeem and Salam et al. (2016) 

Lspell out.  rohita 3.220  0.190 Ali et al. (2006) 

Wallagu attu ♂ 3.36  0.38 

♀ 3.31  0.45 

Yousaf et al.(2011) 

Tilapia zilli 1.17  0.06 Olagunju et al(2012) 

Labeo bata 4.67  1.18 Mahfuj et al.(2012) 

Cspell out. catla 1.36  0.61 Shakir et al. (2013) 

Nspell out. stracheyi 1.98  0.01 Sarojnalini (2014) 

Tspell out. alalunga 3.27  1.2 Aberoumand,(2014) 

Ospell out. unicolor 2  0.06 Aberoumand,(2014) 

Espell out. affinis 3.27  1.2 Aberoumand (2014) 

Channa punctatus 2.01  0.13 Chakrabotry (2015) 

Ctenopharyngodon idella 3.40  0.98 Present study 
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Table 3.13:   Fat content (% wet body weight) values in various fish species. 

Species Fat content Source 

Tilapia nilottica 4.05 Salam et al. (1991) 

Ospell out. niloticus 5.04 Javed et al. (1992) 

Aspell out. Mola 5.4  Kalay et al. (1999) 

Ctenopharyngodon idella 3.25  0.46 Ammanullah et al. (1999) 

Cirhinus mrigala 6.57  0.850 Salam  et al. (2000) 

Cspell out. catla 6.860  0.381 Ali et al. (2006) 

Labeo rohita 5.330  0.00 Ali et al. (2006) 

Wallagu attu ♂ 4.03  0.91 

♀ 4.27  1.12 

Yousaf et al. (2011) 

♀ Oreochromis mosambicus 2.73  Naeem et al. (2011) 

Nspell out. notopterus 3.66  1.20 Naeem et al.,(2011) 

Mystus bleekri  3.26 Naeem and Ishtiaq (2011) 

Labeo bata 3.79  0.25 Mahfuj et al. (2012) 

Tilapia zilli 3.29  0.33 Olagunju et al. (2012) 

L.spell out rohita 2.71  0.11 Shakir et al.(2013) 

Cspell out. catla 2.16  0.11 Shakir  et al, (2013) 

Nspell out. stracheyi 2.78  0.02 Sarojnalini (2014) 

Sspell out. manipurensis 3.56  0.04 Sarojnalini  (2014) 

Oncorhynchus mykiss (formed) 3.51  0.18 Suat, (2015) 

Cspell out. quadrifilus 3.39 Daniel et al. (2015) 

Channa punctatus 2.85  0.08 Chakrabotry (2015) 

Bspell out. docmak 4.32  0.16 Teame, et al. (2016) 

Ctenopharyngodon idella 4.31  1.48 Current study 
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Table 3.14:  Quantity of Fat (% dry weight) in various fish species. 

Species Fat  Source 

Ctenopharyngodon idella 15.28  1.16 Ammanullah et al. (1999) 

Cpell out. catla 20.6631.149 Ali et al. (2006) 

Cspell out. mrigala 27.223 1.115 Ali et al. (2006) 

Hspell out malitrix 24.000 Ali et al. (2006) 

Rita rita 21.3  7.0% Naeem and Ishtiaq  (2011) 

Labeo bata 13.44  0.08 Mahfuj et al.  (2012) 

Cyprinus carpio 19.109  3.66 Sanaullah  (2014) 

Hypothalmichthys molitrix 19.109  3.66 Sanaullah (2014) 

Oncorhynchus mykiss 22.79  5.93 Naeem et al. (2016) 

Mullet 18.188  0.89 Tenyang et al. (2016) 

Carp  21.76  0.70 Tenyang et al. (2016) 

Catfish  30.34  2.16 Tenyang et al. (2016) 

Ctenopharyngodon idella 23.89  10.14 Present study 
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Table 3.15:  Reported quantities of proteins (% wet weight) in various fish 

species. 

Species Protein  Source 

Grass carp 15.71  1.33 Ammanullah et al. (1999) 

Lspell out. rohita 74.333  0.577 Ali et al. (2006) 

Aspell out.  nobilus 09.43  16.54 Naeem and Salam et al. (2010) 

Wallagu attu ♂ 15.69  1.91 

♀ 15.69  1.97 

Yousaf et al. (2011) 

Mystus bleekeri  15.01 Naeem and Ishtiaq(2011) 

Notoptrus notop 16.05  1.75 Naeem et al. (2011) 

Cspell out. mrigala 17.37  0.211 Shakir et al. (2013) 

Lspell out. rohita 19.30  0.211 Shakir et al. (2013) 

Cspell out. catla 16.86  0.211 Shakir et al. (2013) 

Notoptrus notop 74.8  0.6 Abbas et al. (2013) 

Rita rita 54  6.4 Abbas et al. (2013) 

Atlantic mackerel  18.50 Oladunni et al. (2013) 

Cat fish 11.5 Oladunni et al. (2013) 

Espell out.japonica 13.02  2.28 Aberoumand (2014) 

Oncorhynchus mykiss 64.52  3.88 Naeem et al. (2016) 

Ospell out. niloticus 13.66  2.19 Olopade (2016) 

Ctenopharyngodon idella 11.53  4.18 Current study 
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Table 3.16: Reported quantities of Protein (% dry weight) in different 

species of fishes. 

Species Protein  Source 

O. niloticus 62.69 (69.0056.00) Javed et al., (1992) 

Mullet 62.80  0.03  Naeem, (2010) 

Big head Carp 52.47  0.32 Naeem, (2010) 

Notoptrus notopo 63.80  5.69 Naeem et al., (2011) 

Hypoth. molitrix 66.660  0.231 Chakraborty, (2015) 

Cirrhinus mirgala 54.167  1.258 Ali et al., (2006) 

H. molitrix 59.333  0.5777 Ali et al., (2006) 

Ctenopharyngodon idella 58.35  10.49 Current study 

 

Table 3.17: Interrelation of percent to ash content (%) in various species of 

fish, expressed in the form y = a + bx, where y is present ash, x is 

present water, a and b are constants C.idella (n = 72). 

Relationships Weight  

(min-max) 

In grams 

n  r  a  b  . ( )S E b  Source 

Grass carp 

i) (Small size) 

11.48  281.87 54 0.381 9.78 0.095  Amanullah 

et al., 

(2000) 

ii) (Large size) 
287.90  1741.31 69 0.508 10.33 0.104   

Labeo rohita 
36.82 350.17 45 0.22 12.491 0.125  Ali et 

al.,(2004 

Oreochromis 

mossambicus 

40.70  149.50 52 0.483 15.912 0.144 0.036 

t = 4.000 

Naeem et 

al., (2011) 

Ctenopharyngondon 

idella (Grass Carp) 

67.00 to 722.00 72 0.761 17.072 0.169 9.94 Present 

study 
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Table 3.18: Percent water relation to percent quantity of fat, water content 

(%) and fat content (%) in various species of fish, expressed in 

the form y = a + bx, where y is present ash, x is present water, a 

and b are constants C. idella  (n = 72). 

Relationships 

Weight 

(min-max) 

In grams 

n  r  a  b  
. ( )S E b

 
Source 

Aristichthys nobilis 
 2 0.411 16.336 0.175 0.054 Naeem et 

al., (2013) 

Oreochromis mossambicus 
  0.5553 14.584 0.159 0.033 Naeem et 

al. (2011) 

Ctenopharyngondon idella 

(Grass Carp) 

67.00 to 

722.00 

72 0.180ns 0.578 0.061 0.040 

t=1.525 

Present 

study 

*** P<0.001 

Table 3.19: Relation of percent water quantity to water content (%) and 

protein content (%) in various species of fish, expressed in the 

form y = a + bx, where y is present ash, x is present water, a and 

b are constants C.idella (n = 72). 

Relationships Weight 

(min-max) 

In grams 

n  r  a  b  . ( )S E b  Source 

Salmo trutta 05  300 121 0.928 42.92 0.353  
Elliott, 

(1976) 

Esox lucius 28.5  615 64 0.968 74.40 0.745  
Salam, 

(1983) 

Ctenopharyngondon 

idealla (Small size) 

11.48  

281.87 
54 0.953 76.48 0.769  

Amanullah 

et al., (200) 

Ctenopharyngondon 

idealla (Large size ) 

287.90  

1741.31 
69 0.963 69.94 0.688  

Amanullah 

et al., (2000) 

Hypophthalmichthys 

molitrix (Large size) 

349.54  

2208.81 
76 0.948 64.99 0.666  

Amanullah 

et al., (2000) 

Mystus bleekeri 
 95 0.961 109.9104 1.2188 

0.0362 

t= 5.7486 

Naeem and 

Ishtiaq, 

(2011) 

Oreochromis 

mossambicus 

40.70  

149.50 
52 0.911 59.502 0.696 

0.044 

t= 15.818 

Naeem et 

al., (2011) 

Ctenopharyngondon 

idella (Grass Carp) 

67.00 to 

722.00 
72 0.939 83.506 0.891 

0.039 

t = 22.84 

Present 

study 

r =Co-rrelation Co-efficient 
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Fig. 3.1: Wet body weight proximate composition of grass carp. 

 

 

 

Protein, 58.35% Fat, 23.89%

Ash, 17.76%

 
Fig. 3.2: Dry body weight proximate composition of grass carp. 
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Fig. 3.3: Scatter diagram showing statistically significant positive  relationship 

between  percent water and percent fat (wet wt.) in grass carp. 

 

 

 
Fig. 3.4: Scatter diagram showing statistically significant positive relationship 

between  percent water and percent fat (dry wt.) in grass carp. 
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Fig. 3.5: Scatter diagram showing statistically significant negative relationship 

between percent water and percent proteins (wet wt.) in grass carp. 

 

 

 

 
Fig. 3.6: Scatter diagram showing statistically significant negative relationship 

between  percent water and percent proteins (dry weight) in grass carp. 
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Fig. 3.7: Scatter diagram showing statistically significant negative relationship 

between  percent water and percent ash (wet wt.) in grass carp. 

 

 

 
Fig. 3.8: Scatter diagram showing no statistically significant relationship between  

percent water and percent ash (dry weight) in grass carp. 
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Fig. 3.9: Scatter diagram showing statistically significant negative relationship 

between  percent water and percent organic content (wet wt.) in grass carp. 

 

 

 
Fig. 3.10: Scatter diagram showing no statistically significant relationship 

between  percent water and percent organic content (dry weight) in grass carp. 
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Fig. 3.11: Scatter diagram showing statistically significant negative  relationship 

between  body weight and percent water in grass carp. 

 

 

 
Fig. 3.12: Scatter diagram showing statistically significant negative  relationship 

between  body weight and percent fat (wet weight) in grass carp. 
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Fig 3.13: Scatter diagram showing statistically significant negative relationship 

between body weight and percent fat (dry weight) in grass carp. 

 

 

 
Fig. 3.14: Scatter diagram showing statistically significant positive relationship 

between body weight and percent proteins (wet weight) in grass carp. 
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Fig. 3.15: Scatter diagram showing statistically significant positive relationship 

between body weight and percent proteins (dry weight) in grass carp. 

 

 

 
Fig. 3.16: Scatter diagram showing statistically significant positive  relationship 

between  body weight and percent ash (wet weight) in grass carp. 
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Fig. 3.17: Scatter diagram showing statistically sighificant positive  relationship 

between  body weight and percent ash (dry weight) in grass carp. 

 

 

 
Fig. 3.18: Relationship between body weight and % organic contents (wet wt.) in 

grass carp. 
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Fig. 3.19: Relationship between Body weight and % Organic contents (dry wt.) in 

grass carp. 

 

 

 
Fig. 3.20: Relationship between body total length and % water in grass carp. 
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Fig. 3.21: Relationship between body total length and % fat (wet wt.) in grass 

carp. 

 

 

 
Fig. 3.22: Relationship between body total length and % fat (dry wt.) in grass 

carp. 
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Fig. 3.23: Scatter diagram showing statistically significant positive  relationship 

between  total length and percent proteins (wet wt.) in grass carp. 

 

 

 
Fig. 3.24: Relationship between body total length and % proteins (dry wt.)in 

grass carp 
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Fig. 3.25: Relationship between body total length and % ash (wet wt.) in grass 

carp 

 

 

 
Fig. 3.26: Relationship between body total length and % ash (dry wt.) in grass 

carp 
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Fig. 3.27: Relationship between body total length and % organic contents (wet 

wt.) in grass carp 

 

 

 

 
Fig. 3.28: Relationship between body total length and % organic contents (dry 

wt.) in grass carp 
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Fig. 3.29: Relationship between body weight and water content in grass carp 

 

 

 

 

 
Fig. 3.30: Relationship between log body weight and log water content in grass 

carp 
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Fig 3.31: Scatter diagram showing statistically significant positive  relationship 

between  body weight and fat content in grass carp. 

 

 

 
Fig. 3.32: Scatter diagram showing statistically significant positive  relationship 

between  log body weight and log fat content in grass carp. 
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Fig. 3.33: Scatter diagram showing statistically significant positive  relationship 

between  body weight and proteins content in grass carp. 

 

 

 

 
Fig. 3.34: Scatter diagram showing statistically significant positive relationship 

between log body weight and log proteins content in grass carp. 
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Fig. 3.35: Scatter diagram showing statistically significant positive  relationship 

between  body weight and ash content in grass carp. 

 

 

 
Fig. 3.36: Scatter diagram showing statistically significant positive relationship 

between  log body weight and log ash content in grass carp. 
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Fig. 3.37: Scatter diagram showing statistically significant positive  relationship 

between body weight and organic content in grass carp. 

 

 

 
Fig. 3.38: Scatter diagram showing statistically significant positive relationship 

between log body weight and log organic content in grass carp. 
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Fig. 3.39: Scatter diagram showing statistically significant positive relationship 

between total length and water content in grass carp. 

 
Fig. 3.40: Scatter diagram showing statistically significant positive  

relationship between  log total length and log water content in grass carp. 
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Fig. 3.41: Scatter diagram showing statistically significant positive relationship 

between total length and fat content in grass carp. 

 

 
Fig. 3.42: Scatter diagram showing statistically significant positive relationship 

between log total length and log fat content in grass carp. 
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Fig. 3.43: Scatter diagram showing statistically significant positive relationship 

between total length and proteins content in grass carp. 

 

 

 

 
Fig. 3.44: Scatter diagram showing statistically significant positive relationship 

between log total length and log proteins content in grass carp. 

 

  

 

 

 

 

 

 

 

 

 



Chapter-3                                                                              Proximate composition 
(106) 

 

 
Fig 3.45: Scatter diagram showing statistically significant positive relationships 

between total length and total ash content in grass carp. 

 

 

 
Fig. 3.46: Scatter diagram showing statistically significant positive relationship 

between log total Length and water content in grass carp. 
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Fig. 3.47: Scatter diagram showing statistically significant positive  relationship 

between total length and total organic content in grass carp. 

 

 
 

 
Fig. 3.48: Scatter diagram showing statistically significant positive relationship 

between log total length and log organic content in grass carp. 
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Fig. 3.49: Scatter diagram showing statistically significant positive relationship 

between condition Factor and % water in grass carp. 

 

 

 
Fig. 3.50: Scatter diagram showing statistically significant negative relationship 

between condition factor and % fat in grass carp. 
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Fig. 3.51: Scatter diagram showing statistically significant negative relationship 

between condition factor and % Proteins in grass carp. 

 

 
Fig. 3.52: Scatter diagram showing statistically significant negative relationship 

between condition factor and % ash in grass carp. 
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Fig. 3.53: Scatter diagram showing statistically significant negative relationship 

between condition Factor and % organic content in grass carp. 
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3.4.1. Impact of Water Constituent on Other Body Constituents 

a) Water Content 

 The major constituent of C. idella body was water with mean percent 

value of 80.76  4.40 and range 73.30 to 89.21. These values were similar to the 

ones concluded by , Naeem et al. (2010), Naeem and Salam (2010), Yousaf  et al. 

(2011), Naeem et al. (2011), Naeem and Ishtiaq (2011), Mahfuj et al. (2012),  

Sanaullah et al. (2014), Chakraborty (2015), Job et al. (2015), Olaniyi (2016), 

Teame (2016), Noel (2016), Naeem et al. (2016).  

 Water content showed highly significant (P < 0.001) negative correlation 

with ash and organic content only in wet body weight condition, this finding is 

general agreement with findings of different investigators. 

b) Ash content  

  The % wet weight value of ash content (3.40  0.98) and its range 

(1.34 to 5.91) was very small as compared to other body constituent present in C. 

idella. Its % dry weight value was 17.76  3.46 with range extending from 8.99 

to 25.01. The % wet weight values of ash were very similar to the  values 

observed by Yousaf et al. (2012), Suat (2015); Job et al. (2015); Chakraborty 

(2015); Naeem et al. (2016), Olopade et al. (2016), whereas, the % dry weight 

value of ash and range were similar to the findings of Naeem et al. (2011);, 

Sanullah et al. (2014); Tenyang (2016); Naeem et al. (2016), as shown in Table 

3.11. 

 Percent water and percent ash (wet wt.) showed strong negative 

relationship which, this is in agreement with that of Ammanullah et al. (2000) 

and Naeem et al. (2011).  
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C) Fat Content 

 The value of fat content (% wet weight) was 4.3  1.48 ranging from 1.39 

to 7.52 which is similar to the finding of Salam et al. (1991); Yousaf et al. 

(2011); Olangungu et al. (2012), Shakir et al. (2013); Naeem et al. (2011), 

Naeem and Ishtiaq (2011); Suat (2015), Mustafa (2015), Teame et al. (2016), 

Olopade et al. (2016), as given in Table 3.13. The value of fat content (% dry 

weight is 23.9  10.14 range (5.99  45.00) which is similar to the finding of 

previous works by Naeem and Ishtiaq (2011), Sanaullah (2014), Naeem et al. 

(2016) and Tenyang (2016). Also, shown in the Table 3.14.  

 Non-significant relationship was found between % water and % fat wet 

weight in current work. Percent water and percent fat (dry weight) showed overly 

positive interrelationship. It is correlated with findings of other researchers 

Naeem et al. (2011) and Naeem et al. (2013). 

D) Protein Content  

 The calculated value of protein (% wet weight) in the studied fish was 

11.53  4.18, a value similar to those reported by Yousaf et al. (2011), Naeem 

and Ishtiaq (2011), Taeme et al. (2016) and Olopade (2016).  

 The protein content (% dry weight) was 58.35  10.49 which is similar to 

the finding reported by Naeem et al. (2010,2011); Chakraborty (2015). There was 

highly significant (P < .001) inverse relationship between water and % protein 

wet weight; this finding is in agreement with the findings of Elliot (1976), Naeem 

and Ishtiaq (2001), as given in Table (3.15, 3.16).  

3.4.2. Relationship of Body Weight and Total Length Versus 

Observed Body Ingredients 

 Positive impact of fish body weight has been observed on percent protein 

(dry and wet wt.) and % ash (wet wt.). Negative impact was observed with % 

water along with % fat (dry and wet weight) and non-significant relation was 

observed with ash and organic contents (dry weight) (Table 3.3). Total length 

indicative inverse relationship to % water, fat and organic content (dry weight) 

although its directly proportional relationship was observed with % fat (wet wt. 

exclusively), percent protein (wet wt. along with dry wt.) and organic contents, 



Chapter-3                                                                              Proximate composition 
(113) 

ash (wet with only) and a significant correlation with ash (dry weight) as in Table 

3.3. This all proved that during the growth fish both in weight and length quantity 

of protein was deposited and water decreases, as reported by Salam et al., 2001. 

 Huxley (1932) and Weatherley and Gill (1987) were here for the use of 

‘b’ value to show the type of growth with reference to total length and body 

weight. In it to know the type of growth calculated value is compared with b = 1 

or b = 3 for body weight and total length respectively. The value of ‘b’ for is 

above the value of ‘1’ in protein, ash organic content shows positive allometric 

condition. Its mean these are increasing with increase in the weight of fish, 

although its value is less than 1 with water and fat content showing the negative 

allometry i.e. these are decrease with the gain in weight of fish (Table 3.4). The 

value for log total length with the log of other body constituent shows that the 

value b is greater than 3 for protein, ash, and organic contents showing its 

positive relation with these constituent although it shows inverse relation with 

water and fat content as their value of b is lesser than 3 (Table 3.5). This 

technique has also been used by Shearer (1984) and Salam and Davies (1994).  

3.4.3.  Influence of Condition Factor on Fish Body Constituents  

 The condition factor mean value along with range for C. idella was 1.20  

0.09 and 0.98  1.50. One of factors that effects fish body composition is 

condition factor (K), (Love, 1970; Caulton and Bursell, 1977). Identification of 

fish species with reference to its nutriticious significance is a key step for its use 

as a food (Roos et al., 2007). In C. idella, significant negative relation was 

present between condition factor and % organic content, while non-significant 

relationship was found between condition factor and fat, protein, and % ash. Such 

non-significant relationship among various species of fish has also been 

previously reported by Naeem et al. (2010, 2010e); Yousaf et al. (2011). Inverse 

correlation between condition factor, % water and ash has previously reported by 

Costopoulos and Fronds (1989). 
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CONCLUSION 

With the help of developed predictive regression equations and models as 

a result of this study, body composition of C. idella can be determined accurately 

if just wet body weight or total length of fish is known.  

Suggestions for Further Studies 

Suggestions for further studies are as followed: 

i) Comparative biochemical composition among different fish 

species. 

ii) Determination of chemical composition of various individual body 

organs. 

iii) Effect of size, starvation on body composition. 

iv) Impact of seasonal changes on body composition. 

v) Impact of age on body composition. 

 

 



Chapter-4                                                                             Elemental Composition 
(115) 

  

 

 

 

 

 

 

 

 

 

 

Fishes are perfect pointers of overwhelming metal tainting in aquatic 

habitats as they are the last link in the aquatic food-chain of a vital marker of 

tainting by various substances, such as heavy metals in aquatic habitats. Some 

metals accumulate in fish tissue in such quantities that may endanger health of  

individuals who frequently consume  fish. Assessment of these adverse impacts is 

essential from  toxicological, biological, human wellbeing, and rearing points of 

view (Svobodova et al., 1996).  

The eight most basic substantially contaminant  metals recorded by the 

US Environment Protection Agency are Cu, Pb, Ni, Zn, Cd, As, Cr and Hg 

(Athar, 2001). Fish is an essential sustenance source because of its high dietary 

qualities and several medical advantages (Morgano et al., 2011). However,  

despite the perceived advantages, fish can aggregate the unimportant components 

through natural way of life exchange and may pose potential threat to wellbeing 

of humans  when harmful component levels become profoundly high. Fishes are 

more sensitive to metal pollution than other co-habiting aquatic biota.  Thus, 

fishes are considered as a superior example for examination of contamination 

burdens compared to water test in view of the critical levels of metals they 

bioaccumulate (Atuma and Egborge, 1986). Trace metals through food-chain of 

aquatic habitat,  specifically via alimentary canal due to consumption of polluted 

water for nourishment or through non-dietary courses cross over permeable 

membrane ( Tapia et al., 2012; Hashmi et al., 2013). Large quantities of metals 

absorbed by living beings can tie to cell parts (proteins, nucleic acids, and so on) 

and can disturb  normal roles of the life forms (Nordberg, 2007). These 

accumulated metals are not only  dangerous  to fish  but also to fish predators as 

well as consumers like human beings. Obviously, fish form the connection for the 

exchange of dangerous overwhelming metals from water to people (Ashraf et al., 

IINNTTRROODDUUCCTT

IIOONN  
((EELLEEMMEENNTTAALL  CCOOMMPPOOSSIITTIIOONN))  
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2010). Metals are considered as chief natural contaminants creating mutagenic, 

cytotoxic and cancer-causing impact on animals (More et al., 2003). Numerous 

variables including physical, seasonal and physiochemical properties of water can 

be assumed as critical part in metal aggregation in various tissues of fish (Kargin, 

1996). Fish assumes a vital part to meet the requirements of human nourishment.  

Fish can accumulate metals in their tissues (Javed and Usmani, 2011). Due to this 

reason, assessment of these metals in the tissue of fishes is essential to guarantee 

that the accumulated metals in fish are not passed on to fish consumers like 

humans (Rahman et al., 2012). The observing of a few metals like Cu, Pb, Cd, Zn, 

Fe in nourishment along with water required, though checking of some others 

(e.g., Sb, Al, Cr, Ni, F) (CAC/FAO, 1999; WHO,1996; European Commission, 

2000;). Fishes are helpful animal to study metal pollution due to their explosive 

nature at the diverse trophic level of aquatic environment (Vives et al., 2006). 

Unlike natural contaminan,  metals are overwhelmingly high-thickness non-

biodegradable metallic components with dependable poisonous impacts (Ukoha 

et al., 2014; Sthanadar et al., 2015). Pakistan, like many other nations, is 

confronting an extreme problem of freshwater contamination as nearly 99% of 

modern waste water is released into waterways and streams without any 

treatment, which is unpleasantly upsetting the common assets of the nation (Rauf 

et al., 2009). On the other hand, fish gets of industrially essential carps are 

relentlessly decreasing in the freshwaters of Punjab, Pakistan, because of 

contamination and other human activities, while then again the nature of fiery 

debris is progressively brought down by overwhelming metal tainting. Metals 

gathering in fish relies upon contamination of aquatic habitat, and contrast for 

different species of fishes existing in alike watery habitat (Jezierska and Witeska, 

2001).  

Environmental factors also influence uptake of various metals among 

fishes. Higher temperatures advance collection of cadmium particularly in 

kidneys of well as in liver (Yang and Chen, 1996). Kidwell et al. (1995) reported 

higher levels of mercury in predatory fish while benthivorous biota had higher 

zinc and cadmium levels.  Accumulation of metals besides Hg generally shows 

inverse relationship with the size and age of fish(De Wet et al., 1994). The 

poisonous impacts of heavy metals influence individual rates of growth, 
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physiological roles, mortality and reproduction in fish (Amundsen, 1997). Few 

trace  elements, for example, As, Pb, Hg, Cd, have no part in toxicity however, 

they are dangerous to human and aquatic organisms, such as fish (Visnjic-Jeftic 

et al., 2010; Medeiros et al., 2012). 

 Trace elements contaminated  food  declared as a worldwide problem 

(Cui et al., 2011) Regardless of the perceived advantages, fish can fold  by slight 

shifting  food chain shifting these posture probable  dangers to human’s 

wellbeing when the levels of these poisonous elements are profoundly raised. 

(Kalyoncu et al., 2012; Visnjic-Jeftic et al., 2010).Keeping in view the general 

wellbeing, there should be decent checks over quality of fish as well as fish 

products with the end goal to secure human wellbeing. The impacts of harmful 

metals, introduced in aquatic food items upon human wellbeing and environment 

are of awesome intrigue today (Stancheva et al., 2013a, b; Ozden et al., 2013). 

The exact determination of mineral components in fish meat is consequently 

critical in nourishment studies, especially on the grounds that meat, as an organic 

material, displays regular varieties in the measures of supplements contained 

(Greenfield and Southgate, 2003). The nearness of overwhelming metal in 

business fish can posture potential wellbeing dangers to human (Moiseenko, 

2001; Castro-gonzalez, 2008). Thus, it is vital to recognize the level of 

overwhelming metal substances in fish keeping in mind the end goal to guarantee 

that they do not open any peril to  humans and keep up focus under reasonable 

level (Palaniappan, 2009).  

Overwhelming contamination of metals is of an extraordinary concern 

because of their long and steady bioaccumulation and biomagnification in the 

food chain (Sankar et al., 2006; Sun et al., 2001; Sharma et al., 2007; Rahman et 

al., 2013; Zhou et al., 2004) eventually harmful to humans and aquatic fauna 

( Tuzen 2003). The expanding example of overwhelming concentration of metals 

has antagonistic  impact on well being of spineless creatures, fish, and people 

(Islam et al., 2015a; Ahmed et al., 2015a). Numerous metals are vital health, all 

metals are lethal at high concentrations on the grounds that they pose oxidative 

stress by producing  free radicals. Another reason behind why metals might be 

harmful is that they can supplant crucial metals in pigments and enzymes, 
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disturbing their roles. Consequently, metals demolish the biodiversity (Ghosh and 

Singh, 2005).  

Certain natural water characteristics, such as pH, water hardness, salinity 

play a key role in deposition of metals in the living beings to harmful levels and 

also cause environmental disturbance (Guven et al., 1999). The body parts of fish 

that take up heavy metals are the gills, body surface, digestive tract, muscles and 

liver (Bashir et al., 2012; Kamaruzzaman et al., 2011). There are five potential 

courses for heavy metals to enter fish: (i) by means of nourishment, (ii) non-

sustenance particles, (iii) gills, (iv) oral utilization of water, and (v) the skin 

(Nussey, 2000). A significant issue with heavy metals is their long natural half-

life in living beings (Antonijevic et al., 2013). Since it is realized that fish 

presents proteins for nourishment all around the globe, adverse impacts of heavy 

metals in their body can bring about risky consequences for humans (Akan, 2012). 

There is no keratin layer on fish epidermis which makes it powerless against 

scraped areas or irresistible specialists (Fernandes et al., 2003); along these lines 

the essential obstruction amongst fish and its surroundings is through the bodily 

fluid layer (mucus) which covers its whole body (Hancock and Lehrer, 1998). 

Bodily fluids not only serve as a mechanical defensive capacity against the 

connection of parasites and colonization of pathogens (Fletcher, 1978 and Ellis, 

2001) but also have an assortment of organically dynamic resistant segments 

which work together as a synthetic shield (Fernandes et al., 2002). Significant 

segments of fish muscles are proteins and unsaturated fats (Bergsson et al., 2005). 

The heavy metals are considered as basic poisonous contaminants of aquatic 

ecosystem, because of their high potential to enter and aggregate in the aquatic 

food chain (Olojo et al., 2005). Metals contamination in aquatic environments is 

indicated through fish (Lamas et al., 2007; Ahmad and Shuhaimi-Othman, 2010; 

Alibabic et al., 2007; Dorea, 2008). The particular points of interest of fish as 

bioindicators can be:  

(1) Fishes are long living., coordinate changes of poison after some time, 

(2) Fishes live in aquatic habitat making a constant checking of nearness 

conceivable  toxins  furthermore permitting a spatial incorporation of 

contamination data; (3) Fishes are sampled securely.  Muscle tissue typically 

aggregates the   minimal level of elements in contrast with different other tissues; 
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for example, liver, kidney and gills. These are metabolically dynamic places 

(Mashroofeh et al., 2013). The lethal toxic contaminants cause insalubrious 

consequences for fish and are moved into human digestion system through 

utilization of defiled food fish that prompts serious disintegration of human 

wellbeing status (Raja; 2009, Alinnor, 2010). The levels of poisonous 

contaminants in fish are of great concern because of their potential impact on the 

fish themselves, as well as on the health of every other life form (especially 

humans) that devour them as nourishment assets (Burger, 2004). Fish age, lipid 

content in the tissue and method of feeding are huge variables that influence the 

aggregation of heavy metals in fishes.  

4.1.1.  Magnesium (Mg) 

More than three hundred structures of enzymes have Magnesium and also 

act as a co-factor (Wacker and Parisi, 1968).  

4.1.2.  Copper (Cu) 

Copper is a key metal as a biological catalyst (enzymes) and vital for the 

synthesis of hemoglobin (Sivaperumal, 2007). Debilitated conveyance of Cu can 

bring about diminished cuproenzyme action, the skeletal and vascular system 

(Failla, 2001); furthermore, it can cause neutropenia, osteoporosis and anemia 

(Angelova, 2011). Excessive intake of Cu could bring about kidney failure and 

even demise (U.S. Division of Health and Human Services. 2004). Copper 

secures blood corpuscles against destruction by oxidation (Hogstrand and Haux, 

2001). Copper is a crucial substantial metal. It assumes an imperative part in 

different living processes like oxidative phosphorylation, gene regulation and free 

radical homeostasis as fundamental co-factor (Singer et al., 2005). 

4.1.3.  Zinc (Zn) 

Zinc (Zn) is known to be a co-factor of   more than 300 proteins that are 

required in RNA, DNA metabolic reactions. Zinc is likewise imperative in the 

structure adjustment of a lot of proteins (Chasapis, 2012; Song, 2009; Song 2010).  

When zinc is present in greater amounts than normal, it gets to be poisonous  

(Krishna, 2014), however, an insufficiency of Zn can prompt a few issues (Scherz, 

2006); for example,  poor pregnancy results (King, 2000; Uriu-adams, 2010) and 

cardiovascular infection (Messner, 2009; Afridi, 2010); furthermore, it can also 
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cause cancer (Kazi, 2010).  Zinc focuses in fish tissue diminish greatly with 

expanding length of the fish, is viewed as a dubious subject (Toth et al., 1997). 

Zinc also have toxicant potential (Vosylien, 2006), which causes unsettling 

influences of corrosive base and ion regulation, disturbance of gill tissue and 

hypoxia (Murugan, 2008). Hurtful impacts of zinc are essentially limited to 

internal organs (Wepener et al., 2004).  

4.1.4.  Manganese (Mn) 

Manganese is of lesser danger that has impressive natural importance due 

to its capacity to forestall heart assault, stroke and heart failure. Insufficiency of 

Mn may cause congenital mutations in offsprings, poor development execution 

and low proficiency of the system related to reproduction (Goldhaber, 2003). 

Nevertheless, it is risky and harmful at high focuses and normally may cause 

eurologic and psychologic issues (Saha and Zaman, 2013).  

4.1.5.  Cadmium (Cd) 

Cadmium is regularly considered as a fish neurotoxic substance and a 

blood vascular system disruptor because of its opposition with intracellular 

calcium (Fraysse et al., 2006). Cadmium causes kidney issues (Rao, 2014). 

Cadmium acts as endocrine irritating substance and it is very much archived that 

Cd can bring about to create bosom growth and prostate disease in people (Saha 

et al., 2013).  

4.1.6 . Calcium (Ca) 

 Calcium intake additionally happens mostly through alimentary canal, 

however, its least recurrence when contrasted with intake through the branchial 

passages (Mayer-Gostasn et al., 1983). Cadmium is a vital component for  bone 

advancement (Erkan and Ozden, 2007).  

4.1.7.  Lead (Pb) 

Lead harmfulness has to be essential because of its consideration toward 

human wellbeing (Rossi, 2008; Healey, 2009). Fish are top consumers (Bunton, 

1987). People and fishes are for the utmost part taken lead by breathing and 

ingesting it in sustenance water, soil or tides. 
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4.1.8.  Nickel (Ni) 

Typically, Nickel is a crucial metal and present in low levels in nature. In 

any case, lack of Ni in people has not been reported (Barceloux, 1999). Nickel is 

known as cancer-causing (Salnikow and Kasprzak, 2005). In addition, fibrosis, 

tumors, lung irritation and emphysema can be brought on by Ni (Forti, 2011). In 

living life forms, Ni is crucial component, and is necessary for regular growth of 

fishes (Eisler, 1998). Nickel in small amount is utilized as a part of generation of 

the red platelets but in vast amount, it is lethal. (Rao, 2014). 

4.1.9.  Chromium (Cr) 

Chromium is a fundamental element in a few animals as well as humans. 

Chromium may decrease body fat furthermore enhance incline body mass (Tulasi, 

2014). Absence of Cr can influence the development and unsettling influences in 

glucose, lipid and protein metabolism (Akoto et al., 2014).  

4.1.10.  Iron (Fe) 

Iron is a mineral crucial for each living cell and vital for the preparation of 

myoglobin, hemoglobin and certain chemicals. Inadequacy of Fe results in 

shortcoming, weakness and failure to concentrate (Akoto et al., 2014). Anderson 

and Fitzgerald, 2010 studied that a standout amongst the most widely recognized 

supplement insufficiencies on the planet is Fe lack in anemia for example, 

malaria fever. Anemia results in poor execution in circulatory transport and 

furthermore lessens oxygen supply to muscles, less productivity because of the 

diminishing of myoglobin substance and disabling continuance limit (Erdman, 

2012).  

4.1.11.  Potassium (K) 

Due to its maintenance role entire body fluid, harmony of electrolyte and 

regulatory role at the cell level, K is declared as a fundamental nutrient (Young, 

2001).  
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4.1.12.  Cobalt (Co) 

Cobalt, a vital supplement, is an essential piece of vitamin B12. It has a 

vital key function in blood pressure control and is important for legitimate 

thyroid capacity. Cobalt can be utilized as a marker to recognize fish and meat 

because of the reason that its amount is significantly higher in fish than in meat 

(Carvalho, 2005).  

 

The principal goals of this study were  

(i)  Guide the wellbeing hazard appraisal to nearby inhabitants by 

means of fish utilization. 

(ii)  Show possible bioaccumulation link between grass carp and 

provided food.  

(iii)  Gather baseline data of different trace metals in grass carp. 
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Fifty five samples of C. idella  were gathered by using cast net from the 

pond where they had shown maximum growth  (T2, receiving 20% crude protein) 

and were used during the trial period at Mushtaq Fish Farm, Muzaffar Garh. The 

collected fish were carried to the laboratory of IP & AB of BZU, Multan, in 

plastic bottles. In the laboratory, the field-collected fish were dried by paper 

towel after removing from plastic bags,  total length (TL) and wet weight of each 

collected fish was measured. Every dead fish sample was placed onto a pre- 

weighed aluminum foil plate and dried to a consistent weight in oven (Memmert, 

W. Germany) and then powdered. To get sample solution, one gram of dried fish 

powder of each sample was placed in muffle furnace at 500oC for 12 hours. The 

obtained ash  was dissolved in 70% nitric acid, diluted it up to 25 milliliter by 

utilizing deionized water. , these were placed in polyethylene bottles with 

marking for the examination of elemental components. These fish samples 

solutions were examined with the help of ICP-OES 6500 (Evisa 2016) at The 

Pakistan Institute of Nuclear Science and Technology (PINSTECH), Islamabad, 

Pakistan.  

Completely unadulterated chemicals from originally tightly bottled were 

used with no further filtration. All through, deionized water was used in this 

examination provided by Pak-Arab Fertilizers Limited, Multan. All pyrex glass 

products (test tubes, porcelain cauldrons, volumetric flagons, wash bottles, watch 

glasses, etc.) were utilized during the whole process. Prior to their utilization,  these 

glass products were washed completely with cleanser arrangement (once available 

tap then by distilled water (three times). After that these washed glass apparatus were 

soaked by solution containing HNO3 (10%) and then flushed in distilled water again. 

At that point these glass products were kept in stove for around 6 hours in 150oC for 

preceding to their next utilization.  

Descriptive Statistics for each studied element were expressed as: mean ± 

S.E, regression analysis, test of significance (i.e., t-test), correlation coefficient.  

  

MMAATTEERRIIAALLSS  AANNDD  

MMEETTHHOODDSS  
((EELLEEMMEENNTTAALL  CCOOMMPPOOSSIITTIIOONN))  
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All statistical analyses were performed with the help of the computer package, 

Lotus 1,2-3, Microsoft Excel, Minitab. The values of correlation coefficient were 

significant at P < 0.001, at P < 0.01, and also at P < 0.05 levels (Zar, 1999). With 

the help of Microsoft-Excel, the interdependency of the elements were analyzed 

by Karl Pearson's coefficient of correlation. Kostecki (2000) reported that 

concentration of metals depended on the body size. Body size is obviously 

consideration of length and weight. If 'Y' denotes concentration of metals, 'W' 

denotes net weight, 'X' denotes total length/condition factor. 21 ,bb  regression 

coefficients and 'a' is y-intercept, then the dependency of concentration of metals 

on body size may be expressed by multiple regression model: 1 2y a bW b X   . 

Multiple correlation coefficients, coefficient of determination ( 2R ) and 

proportion of variances were found. Variance Inflation factor (VIF) shows 

Multicollinearity; 'VIF' should be less than '10' for every independent variable. 
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Fifty five samples of C. idella  were used for the analysis of Chromium 

(Cr), Cadmium (Cd),  Cobalt (Co), Sodium (Na), Calcium (Ca), Lead (Pb), 

Copper (Cu), Potassium (K), Manganese (Mn), Nickel (Ni), Zinc (Zn) and Iron 

(Fe). The mean values of these metals in ug/g and standard deviation  within dry 

and wet body weight are shown in Table 4.1. 

4.3.1.  Conjunction of concentration of elements with wet body weight 

Regression analysis of log wet body weight in grams against log 

concentration of studied elements (g) for C. idella  is shown in Table 4.3. 

Concentration of Fe, Mn, Zn, Na, Ca, Cu, K were observed to be highly 

significant (P < 0.001) with wet body weight, while Cr, Co, and Ni showed 

significant relationship (P < 0.01) with wet body weight. Sodium (Na), Ni, Mn, K, 

Cu, and Ca showed isometric increase, while Cd, Cr, Co, Pb, Zn showed negative 

allometry, whereas Fe showed positive allometry with body weight. Cadmium 

and Pb showed non-significant correlation (P > 0.05) with wet body weight.  

4.3.2.  Body length relationship with  concentration of various  

The individual relationship of Zn, Mn, Fe, Ca, Cu, K, Na and total length 

of grass carp was highly significant (P < 0.001). Chromium and Ni also showed 

statistically significant relationship whereas, Pb, Cd, Co showed non-significant 

(P > 0.05) relationship with total fish length. Copper showed isometric growth. 

(b=3); Mn, K, Fe, Ca, Na had positive allometric (b > 3), while Zn, Ni, Cr, 

showed negative allometric (b < 3). relationship with total length of grass carp 

(Table 4.5)  

 

 

RREESSUULLTTSS  
((EELLEEMMEENNTTAALL  CCOOMMPPOOSSIITTIIOONN))  
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4.3.3.  Relationship between elemental concentration and condition factor 

Non-significant relationship was observed between codition factor and 

concentrations of Cd, Cr, Cu, Fe, Pb, Na, Ni, Mn, K, whereas Co, Ca, Zn showed 

statistically significant relationship with condition factor. Their regression 

analysis data are presented in Table 4.6. 

4.3.4.  Inter-elemental regression results  

Calcium had highly significant relationship (P < 0.001) with other 

elements except for Cd, Cu and Ni (Table 4.7), whereas Cd showed non-

significant (P > 0.05) relationship with all elements except for  Ni which was 

significant (P < 0.05)  (Table 4.8). Chromium showed highly significant 

correlation (P < 0.001) with Ni, while  Fe, Mn Ca were  significantly related 

(Table 4.9). Cobalt showed non-significant relationship with most of the elements 

except for Fe, K, Mn, Pb, Zn of which K, Mn, Pb, Zn relationships were highly 

significant  (Table 4.10). Copper showed non-significant relation with all studied 

elements (Table 4.11). Iron had highly significant correlation (P < 0.001) with Ca, 

K, Mn, Pb, Zn, but was negatively correlated with Cr (Table 4.12). All elements 

showed highly significant positive correlation with K, whereas Cr and Cu showed 

non-significant relationship (Table 4.13). Most of Mn correlations with other 

elements were positive and highly significant as can be seen in Table 4.14; Ni 

showed insignificant correlation with all elements except with Cr which was 

positive and highly significant (P < 0.001) (Table 4.15). Sodium and Pb showed 

highly significant correlation with all elements except for Cd and Cr. Zinc 

relationship with Ca, Cd, Cr, Cu, Ni was non-significant (Tables 4.16, 4.17,  

4.18). 

4.3.5.  Multiple regression analysis 

As fluctuations in concentrations of elements are linked with body weight, 

total length and condition factor, hence multiple regression was used to evaluate 

their relationships by using the following expression:  

Y = a + b1 W + b2X 

where b1, b2 are constant, wet body weighed is W,  X is for total length, k is 

condition factor, while Y denotes concentration of metals. 
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Multiple regression analysis between various variables and wet body 

weight, total length showed that Fe, Cu, Zn, Mn, Pb, Na, K, Ca, and Ni had 

highly significant relationship (P < 0.001), and Co also had significant 

relationship (P < 0.01), whereas Cr and Cd showed non-significant relationship 

(P < 0.05). Similar relationships (as above) were also observed between various 

variables and body weight (wet) and K (condition factor) as shown in Tables 4.19 

and 4.20. Their VIF values were below ten.    

Health risks and maximum permissible limits of metals 

The observed concentrations (g/g) of various elements in the studied 

grass carp were within the permissible range for the various metals recommended 

by various international health organizations. 
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The values of grand mean, standard error in C. idella  concerning 

different elemental concentrations (dry and wet weight) are given in Table 4.1. 

The observed accumulated concentrations of various  elements in grass carp in 

the decending order were as follows: Ca > K > Na > Fe > Zn > Mn > Cu > Cr > 

Ni > Pb > Cd. A similar trend has been previously observed in Oncorhynchus 

mykiss and Aristichthys nobilis fihes by Naeem et al. (2010, 2011).  

Effect of total length on metal concentration  

Copper showed isometric growth (b = 3), while Mn, K, Fe, Ca, Zn, and 

Na showed positive ( b > 3), and Co, Ni, and Cr negative allometric  ( b < 3) 

relationship. Positive allometric correlation between Mn and Fe with total fish 

length has also been previously reported by Naeem et al. (2011). Copper 

isometric is similar to the report of Naeem et al. (2010).  Non-significant 

correlation between fish length and Cd was also reported by Naeem et al. (2012).  

Positive allometric relation between Fe and  total length has also been previously 

reported by Yousaf et al. (2012).  

Effect of wet weight on metal concentration 

Calcium (Ca), K, Fe, showed positive allometric growth with increase in 

wet body weight. Sodium ,  Ni,  Mn,  K, and Cu, showed isometric increase;  

whereas Cr, Co, and Zn, indicated negative allometric trend.  Cadmium showed 

non-significant correlation with wet body weight increase. Isometric increases of 

the above-mentioned elements is in an agreement with the report of Naeem et al. 

(2011). Ansari et al. (2006) had reported that only Cu showed increase with body 

DDIISSCCUUSSSS

IIOONN  
((EELLEEMMEENNTTAALL  CCOOMMPPOOSSIITTIIOONN))  

  



Chapter-4                                                                             Elemental Composition 
(129) 

weight increase in the fish  Puntius cola. Naeem et al. (2010) reported isometric 

trend in Oncorhynchus mykiss similar to the present study result, while Fe and 

Mn concentration is contrary to the reported work of Naeem et al. (2012). The 

reason for contrary situation may be due to variation in foraging technique, fish 

size difference and rate of metabolism. Positive allometric correlation of Fe has 

been reported by Fatima and Naeem (2016) against body weight. Naeem et al. 

(2012) had reported non-significant relationship of various elements with body 

weight, similar to the observations in the present work. 

Effect of condition factor on the concentration of various elements 

 Effect of condition factor on the concentration of elements is given in 

Table 4.6. Manganese, Pb, Cr, Fe, K, Cd, Ni, Na, Cu, showed non-significant 

relationship with condition factor as reported by Naeem et al. (2012) in Mystus 

bleekri and Naeem et al. (2011) in Oreochromus niloticus and Fatima and Naeem 

(2011) in Calisa lalia, Shrewood et al. (2000); Farkas et al. (2002).  

Multiple Regressions  

Iron, Cu, Zn, Mn, Pb, Na, K, Ca, and Ni showed highly significant (P < 

0.001) correlation with wet body weight along with total length; body weight 

along with condition factor which is in good agreement with the previous report 

of Naeem et al. (2010,2011). Non-significant correlation was observed (P > 0.05) 

for Cd and Cr in all multiple regression cases which is similar to the findings of 

Fatima and Naeem (2016). All VIF values were less than 10 as reported by 

Naeem et al. (2011). 

Interelemental regression  

Correlation of Ca with Mn, Zn, Fe, K, Co, Na  and Pb; Cr, with Ni, and 

Co with K, Mn, Pb, and Zn; Fe with Ca, K, Mn, Pb, and Zn, and K with Ca, Cd, 

Co, Fe, Mn, Ni, Na, Pb, and Zn; Mn with Ca, Fe, K, Na, Pb, Zn; Ni with  Cr;Na 

with Ca, K, Pb, Zn;, Pb with Ca, Co, Fe, K, Mn, Na, Zn, with Co, Fe, K, Mn, Na, 

Pb were highly significant (P< 0.001), while Ca, Fe, with Cr, Co were significant 

(P < 0.0.1),RE-WRITE although all remaining relationship were non-significant. 

Few such relationships were also reported by Naeem et al.(2012) in Mystus 

bleekeri. 

A comparison of values of various elements in grass carp with already 

reported information on different fresh water fish species showed that inter-
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specific relationship exists which might be due to their habitat diversity, quality 

of their flesh and entry of various pollutant in their habitat. Raja et al. (2009) and 

Burger and Gochefeld (2010) had reported inter-elemental relationship and 

stressed on the necessity of Inter-elemental regression to find correlation with 

similar research on fishes. 

Concentration of Calcium 

The mean concentrations of Ca in grass carp were 48094.17±1101.00 

µg/g (dry weight) and 9808.90 ± 317.7 µg/g (wet body weight).  Concentration of 

Ca was the highest ccompared to all studied trace elements. Maximum 

concentration of Ca has also been reported in Aristichthys nobilis and 

oncorhynchus mykiss (Naeem et al., 2010). The present data on Ca are 

compatible with already reported data by Salam et al. (1993, 1996, 1998, and 

2002) and (Ansari et al., 2000).  

For the body of fish Ca is the most important cation as it is required in 

construction of structure and in many physiological and metabolic processes in 

the fish body. The increase of Ca in the aquatic environment enhances tolerance 

of aquatic fauna to toxicity of ammonia (Tomasso et al., 1980).  

Concentration of Cadmium 

 The mean concentrations of Cd in grass carp were 0.02±0.01 and 0.004± 

0.003 in dry and wet weight, respectively  These observed concentrations are well 

below the maximum permissible limit of Cd according to FAO/WHO (1984). 

This implies that heavy elements, such as Cd may not be taken up above the 

higher limit in aquatic environments and thus may be non-toxic for consumers to 

utilize from environment. The Cd concentration in grass carp 0.004±0.003 (wet 

body weight) in the present study is close to the reported values in silver carp, 

common carp, and grass carp by Sobhanardakani and Jafri (2014), and Ardakani 

and Jafri (2015). 

Concentration of Copper     

The mean concentration of Cu in grass carp was 8.91±1.17µg/g (dry 

weight) and 1.81±0.23 (wet weight). These observed values are under the 

maximum permissible limit by FAO/WHO (1984, 1989).  The observed values of 

Cu concentration are similar to those already reported by Yousaf et al. (2012); 

Salam et al. (1994); Naeem et al. (2012); and Shearer (1984). 
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Concentration of Iron  

Iron is an important element for physiological reactions in humans and 

animals although its accumulation at higher than optimum level, it becomes 

injurious to living creatures (Davies, 1991; Misra and Mani, 1992). 

The mean concentrations of Fe in grass carp specimens were 232.45 µg/g 

(dry weight) and 49.16±4.18 (wet weight). Already reported concentrations of Fe 

in dry and wet weight in Wallago attu and Aristicthys nobilis were 

94.017±42.688 and 21.672±7.133; and 311.23±30.04 and 61.64±6.21 by Yousaf 

et al. (2012) and Naeem et al. (2010). Fatima and Naeem (2016) also reported Fe 

concentrations in Colisa lalia, which were 139.09±28.4578 in wet weight and 

489.38±92.2079 in dry weight. Concentration of Fe, 538±238 and 133.6±75.2 in 

dry and wet weight, respectively, in Puntius cola was reported by Ansari (2006). 

Maximum permissible limit for Fe according to WHO/FAO (1989) is 100 µg/g 

which indicates that the Fe values in the present study were higher than the 

permissible value by WHO/FAO. 

Concentration of Potassium 

The mean concentration µg/g of K was 9465.82± 215.63 (dry weight) and 

1965.18±75.35 (wet weight) (WHO/FAO, 1989). Naeem et al. (2010) analyzed K 

in Onchorynchus mykiss and reported its concentration to be  6877.20±282.145 

µg/g (dry weight) and 147.07 ±38.893 µg/g (wet weight) in Onchorynchus mykiss 

Naeem et al., (2011)  In Aristicthys nobilis the reported mean concentration (µg/g) 

of K was 8503.91±319.88 µg/g (dry weight) (Naeem et al., 2011);  whereas 

Mashaii et al. (2011) reported 12272.75 µg/g to 13715.25 µg/g K (wet weight) in 

Oncorhynchus mykiss.   In Catla catla, concentration of K dry and wet weight 

were 9636±913.5 µg/g and 2046±470 µg/g, respectively (Salam et al., 1998). The 

recommended level of normal concentration of K in fish has not been determined 

by any relevant international organization as yet.    

Concentration of Manganese 

The mean concentrations of Mn in grass carp were 9.98±0.80 (dry weight) 

and 2.15±0.22 (wet weight). These Mn Concentrations recorded in the present 

study are within the permissible range as recommended by FAO/WHO (1989). 

The present study results concerning Mn are compatible to the findings of Naeem 

et al. (2011) and Ansari et al. (2006) in various fish species. However, Naeem et 
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al. (2010); Naeem et al. (2012); and Fatima and Naeem (2016) had reported  

higher concentration of Mn in various fish species compared to the 

concentrations recorded in the present study. These high values might be due to 

difference in the investigated fish species as well as their feeding habits and 

behaviour  (Olatunde, 1978).  

Concentration of Nickel  

The mean concentration of Ni analyzed in grass carp was 2.80± 0.16 µg/g 

(dry weight) and this result  is similar to the report of Emeka and Bibian (2014). 

However,  the observed concentration of Ni in grass carp wet weight 0.56±0.04 in 

the present study was higher than the reported values of  2.96 µg/g in E.niloticus 

and 1.35 µg/g in C. citharus by Ere et al. (2014) Present study shows that  that 

these elements in fishes were under the maximum permissible limit reported by 

FAO/WHO, 1984; FAO,1983;WHO, 1985.  

Concentration of Sodium 

The mean value of Na in grass carp was 4427.08±119.61 and 904.04 ± 904.04 

µg/g in dry and wet weight, respectively. Previously, the mean concentration of 

Na reported in µg/g in Puntius sophore, bele, tengra, Tara baim and in Taki 

respectively were:3335 µg/g, 2995 µg/g, 2693 µg/g, 3746 µg/g, 3103 µg/g  

Rashid  et al. (2012).The permissible range of  Na byFAO/WHO (2001)  is 300-

1340 µg/g   showing that  concentration of Na in the present study was within the 

normal range.   

Concentration of Lead 

The mean accumulations  of Pb observed in grass carp were 1.88±0.13 

µg/g (dry weight) and 0.25±0.33 µg/g (wet weight). These concentration values 

are below the maximum permissible limit. Yousaf et al. (2011) and Naeem et al. 

(2010) had reported higher levels of Pb in Aristicthys nobilis, Wallago attu and 

Onchorynchus mykiss  which implied  unfitness of these fish for human 

consumption. However, Chatta et al. (2016) had reported similar concentration of 

Pb  in Labeo rohita, Cirrhinus mrigala, and C. idella (wet body weight) as 

recorded in the present study.    

Concentration of Zinc 

The analyzed mean concentrations (µg/g) of Zn in grass carp were 

108.25±3.01 (wet weight) and 22.29±0.94 (dry weight). The observed values are 
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in agreement with those of Naeem et al. (2011) in Oreochromis niloticus, Naeem 

et al. (2011) in Aristicthys nobilis, Naeem et al. (2012) in Mystus bleekri, Salam 

et al. (1998) in Catla catla, Salam et al. (1993) in Tor putitora, Shearer, (1984) in 

Oreochromis mykiss, and Yousaf  et al. (2012) in Wallago attu. Ansari et al. 

(2012) reported rather high level of Zn in Puntius cola which may have been due 

to pollution of its habitat. The concentration of Zn in the present study was found 

to be within the normal range as described by FAO/WHO (1989).  

Concentration of Chromium 

The mean accumulation values of Cr in grass carp were 4.35±0.30 (dry 

weight) and 0.85±0.06 (wet weight); these values are within the the permissible 

range according to the USFDA (1993). The mean wet weight value of Cr 

(0.85±0.06) in the present study  is closely matched with that reported by Shearer 

(1984). However, Naeem et al. (2010); Shabanda and Itodo, (2012);  and Emeka 

and Bibian, (2014) had reported higher levels of Cr  than observed in the present 

study and this might have been due to difference in fish species, habitats and the 

prevailing pollution levels in the studied aquatic habitats.         

Concentration of Cobalt  

The concentration of Cobalt was found to be 0.09±0.02 and 0.02± 0.01 

µg/g in dry and wet weight, respectively, which concentrations are within the 

permissible limit (0.10) (WYSE et al. 2003). Present study shows that fish were 

under permissible limit reported by FAO/WHO, 1984; FAO,1983; WHO, 1985. 

Cobalt concentration (µg/g) in various fish species have been reported 

repectively in both dry and wet weight:  in Aristichthys nobilis 3.52±0.024 and 

0.67±0.04, Wallago attu 1.048±0.026 and 0.241±0.015, Colisa lalia 42.32±20.69 

and 39.31±5.733, Oncorhynchus mykiss 435±3.37 and11.47±8.60 (Naeem et al., 

2011; Yousaf et al., 2012; Fatima and Naeem, 2016; Naeem et al., 2010).  The 

reported concentrations of Cobalt were much higher than the permissible limit 

and this might have been due to the presence of pollutants in the investigated 

aquatic environments as well as due to variation in fish species and their habitats. 
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Further suggestions 

1. Further research is needed to determine concentration(s) of heavy 

metals, such as mercury, phosphorous, magnesium, selenium, 

antimony, arsenic, aluminum, etc. that would have adverse impact 

on human health.  

2. Effects of studied elements at organ and tissue levels should be 

studied in the fish. 
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Table 4.1: Elemental composition of C. idella; mean values and standard 

error of the mean (n = 55). 

   

S.E. = Standard Error 

 

 

 

Elements 

Concentration Permissible Limit Reference 

µg/g (dry weight) µg/g (wet 

weight) 

  

Mean ± S.E. Mean ± S.E.   

Ca 48094.17±1101.00 808.90±317.7 190 8810 WHO  (1985) 

Cd 0.02 ±0.01 0.004±0.003 2 WHO  (1985) 

Cr 4.35 ±0.30 0.85±0.06 2,20 WHO  (1984,1985) 

Co 0.09±0.02 0.02±0.01 0.10 WYSE et al. (2003) 

Cu 8.91±1.17 1.81±0.23 30 WHO  (1989) 

Fe 232.45±19.43 49.16±4.81 100 FAO;WHO  (1989) 

K 9465.82±215.63 1965.18±75.35 Not reported yet Not reported yet 

Mn 9.98±0.80 2.15±0.22 20 Dural et al.  (2007) 

Ni 2.80±0.16 0.56±0.04 7.67 FAO  (1984) 

Na 4427.08±119.61 904.04±904.04 300 1340 WHO  (1985) 

Pb 1.18±0.13 0.25±0.03 2 WHO  (1985) 

Zn 108.25±3.01 22.29±0.94 100 WHO  (1989) 

TTAABBLLEESS  
((EELLEEMMEENNTTAALL  CCOOMMPPOOSSIITTIIOONN))  
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Table 4.2: Regression analysis of grass carp elemental composition (n = 55) 

wet body weight (g) versus  body burden element (µg) 

      [body burden element (µg) = a + b wet body weight (gram)] 

Body 

weight 

in gram 

(wet) 

 Element 
Correlation 

coefficient 
Intercept Slope 

Standard 

error 

t value 

(b = 1) 

 

87.00      
          

T0  
             

722.00  
 

Ca 0.964*** 
 

-408675.024 
 

11857.153 
 

450.364 
 

11857.15*** 
 

Cd 0.006ns 
 

0.875 
 

0.000 
 

0.004 
 

-34.4858*** 

Cr 0.154ns 
 

148.916 
 

0.084 
 

0.074 
 

-1.29299ns 

Co 0.231ns 
 

6.155 
 

-0.011 
 

0.074 
 

-15.775*** 

Cu 0.570*** 
 

97.117 
 

1.288 
 

0.258 
 

-2.05033* 

Fe 0.816*** 
 

-10102.689 
 

100.137 
 

9.841 
 

8.77209*** 

K 0.947*** 
 

-66506.343 
 

2317.466 
 

108.784 
 

-1045.64*** 

Mn 0.784*** 
 

-133.657 
 

2.778 
 

0.305 
 

-1.73012ns 

Ni 0.786*** 
 

-12.8582 
 

0.6256 
 

0.0681 
 

-1.71199ns 

Na 0.959*** 
 

-15350.395 
 

984.030 
 

40.281 
 

-278.09*** 

Pb 0.671*** 
 

-16.324 
 

0.330 
 

0.050 
 

-3.17398** 

Zn 0.930*** 
 

597.717 
 

597.717 
 

1.036 
 

-23.1882*** 

      

*** = P < 0.001; n.s. (not significant) = P > 0.05 
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Table 4.3: Regression analysis of elemental composition of C. idella (n = 55) log 

wet body weight in gram against log body burden element µg/g   

              [log body burden element (g/g) = a + b log wet body weight (gram)] 

Body 

weight in 

gram 

(wet) 

Element 
Correlation 

coefficient 
Intercept Slope 

Standard 

error 

t value 

(b = 1) 

 

87.00      
 

to 

722.00 

Ca 0.919*** 
 

3.799 
 

1.078 
 

0.064 
 

-14.547*** 

Cd 0.006ns 
 

0.047 
 

0.007 
 

0.172 
 

-5.80695*** 

Cr 0.298* 
 

1.266 
 

0.386 0.171 -5.46195*** 

Co 0.284* 
 

1.784 
 

-0.649 
 

0.304 
 

-3.93847*** 

Cu 0.670*** 
 

0.196 
 

0.989 
 

0.152 
 

-5.58995*** 

Fe 0.770*** 
 

0.840 
 

1.334 
 

0.153 
 

-5.20195*** 

K 0.876*** 
 

2.993 
 

1.122 
 

0.086 
 

-10.5059*** 

Mn 0.653*** 
 

-0.021 
 

1.112 
 

0.179 
 

-4.47459*** 

Ni 0.346* 
 

-0.330 
 

0.970 
 

0.365 
 

-1.76973ns 

Na 0.896*** 
 

2.809 
 

1.058 
 

0.073 
 

-12.6406*** 

Pb 0.200ns 
 

-0.312 
 

0.728 
 

0.494 
 

-1.29629ns 

Zn 0.845*** 
 

1.545 
 

0.907 
 

0.079 
 

-11.7512*** 

 

*** = P < 0.001;   

  n.s.(not significant) = P > 0.05 
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Table 4.4: Regression analysis of elemental composition of C. idella (n = 55) 

length in cm against elements in µg/g.  

[body burden element (µg) = a + b total length (cm)] 

Total length 

in 

centimeter 

Element 
Correlation 

coefficient 
Intercept Slope 

Standard 

error 

t value 

(b = 3) 

            
 

19.60 
      
 

To 

39.70 
 
 

Ca 0.904*** 
 

-15777149.949 
 

7866734.134 
 

515331.982 
 

7866734*** 

Cd 0.052ns 
 

-1.645 
 

1.112 
 

2.939 
 

0.091245ns 

Cr 0.287* 
 

-86.472 
 

110.546 
 

51.074 
 

110.4873*** 

Co 0.223ns 
 

20.482 
 

-7.299 
 

4.429 
 

-7.97635*** 

Cu 0.558*** 
 

-1661.019 
 

892.948 
 

184.086 
 

892.9317*** 

Fe 0.755*** 
 

-64464.116 
 

2984.977 
 

359.021 
 

2984.969*** 

K 0.934*** 
 

-1440680.593 
 

73533.281 
 

3915.175 
 

73533.28*** 

Mn 0.729*** 
 

-1651.113 
 

83.166 
 

10.839 
 

82.88922*** 

Ni 0.733*** 
 

-355.442 
 

18.762 
 

2.416 
 

17.52028*** 

Na 0.944*** 
 

-597988.110 
 

31190.448 
 

1507.810 
 

31190.45*** 

Pb 0.624*** 
 

-196.214 
 

9.862 
 

1.714 
 

8.111708*** 

Zn 0.917*** 
 

-10637.947 
 

601.063 
 

36.149 
 

600.98*** 

 
*** = P < 0.001; n.s (non-significant) = P > 0.05 
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Table 4.5: Regression analysis of elemental composition of C. idella ( n = 55)  

log  total length (cm) against log  body burden elements (µg/g)   

               log body burden element in µg/g = a + b log of total length in cm 

Total 

Length in 

centimeter 

Element 
Correlation 

coefficient 
Intercept Slope 

Standard 

error 

t value 

(b = 3) 

 

19.60 
      
 

To 

39.70 
 

Ca 0.927*** 
 

1.679 
 

3.268 
 

0.184 
 

-13.0363*** 

Cd 0.011ns 
 

0.004 
 

0.042 
 

0.516 
 

-5.77195*** 

Cr 0.267* 0.693 1.038 0.520 
 

-4.73123*** 

Co 0.240ns 
 

2.608 
 

-1.648 
 

0.926 
  

-4.88774*** 

Cu 0.676*** 
 

-1.748 
 

2.997 
 

0.454 
 

-3.61093*** 

Fe 0.762*** 
 

-1.674 
 

3.966 
 

0.468 
 

-2.44426* 

K 0.880*** 
 

0.806 
 

3.387 
 

0.254 
 

-8.42402*** 

Mn 0.649*** 
 

-2.143 
 

3.325 
 

0.540 
 

-2.23056* 

Ni 0.294* 
 

-1.582 
 

2.474 
 

1.116 
 

-0.21417ns 

Na 0.895*** 
 

0.771 
 

3.176 
 

0.220 
 

-10.4604*** 

Pb 0.208ns 
 

-1.843 
 

2.277 
 

1.483 
 

0.254073ns 

Zn 0.860*** 
 

-0.271 
 

2.771 
 

0.228 
 

-10.3869*** 

 
*** = P < 0.001; n.s (non-significant) = P > 0.05 
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Table 4.6: Regression analysis of elemental composition of C. idella (n = 55) 

of condition factor against concentrations of elements (wet body 

weight, µg/g). Metal concentration (wet weight, µgg-1) = a + b 

condition factor 

 
Cond. 

Factor (K) 
 Element 

Correlation 

coefficient 
Intercept Slope 

Standard 

error 

t value 

(b = 0) 

 

1.05 
 

to 

1.41 
 

Ca 0.279* 
 

18694.751 
 

-7420.963 
 

3541.041 
 

-2.0957* 

Cd 0.013ns 
 

0.007 
 

-0.003 
 

0.029 
 

-0.10345ns 

Cr 0.034ns 
 

0.646 
 

0.169 
 

0.684 
 

0.247076ns 

Co 0.310* 
 

0.202 
 

-0.150 
 

0.064 
 

-2.34375* 

Cu 0.086ns 
 

3.817 
 

-1.679 
 

2.693 
 

-0.62347ns 

Fe 0.022ns 
 

38.637 
 

8.790 
 

55.835 
 

0.157428ns 

K 0.166ns 
 

3217.228 
 

-1045.636 
 

862.281 
 

-1.21264ns 

Mn 0.074ns 
 

3.743 
 

-1.329 
 

2.493 
 

-0.53309ns 

Ni 0.241ns 
 

-0.315 
 

0.733 
 

0.409 
 

1.792176ns 

Na 0.113ns 
 

1237.022 
 

-278.087 
 

339.045 
 

-0.82021ns 

Pb 0.101ns 
 

0.553 
 

-0.250 
 

0.342 
 

-0.73099ns 

Zn 0.294* 
 

49.944 
 

-23.092 
 

10.398 
 

-2.22081* 
 

          

*** = P < 0.001,  
                  n.s.(not significant) = P > 0.05 

 

 

 

 

 

 

 

 

 



Chapter-4                                                                             Elemental Composition 
(141) 

Table 4.7: Inter-elemental regression analysis of Ca µg/g against various 

metals in µg/g in body weight (wet).  

*** = P < 0.001; n.s (non-significant) = P > 0.05 

Table 4.8: Inter-elemental regression analysis of Cd (µg/g) against various 

metals (µg/g) in body weight (wet) for C. idella (n = 55) 

      *** = P < 0.001; n.s (non-significant) = P > 0.05 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Cd 0.155ns 
 

0.016 
 

0.000 
 

0.000 
 

Cr 0.371** 
 

1.524 
 

0.000 
 

0.000 
 

Co 0.493*** -0.065 8.959 2.194 

Cu 0.077ns 1.255 0.000 0.000 

Fe 0.525*** 
 

-28.786 
 

0.008 
 

0.002 
 

K 0.808*** 
 

85.301 
 

0.192 
 

0.019 
 

Mn 0.722*** 
 

-2.647 
 

0.000 
 

0.000 
 

Ni 0.253ns 
 

0.846 
 

0.000 
 

0.000 
 

Na 0.711*** 
 

258.719 
 

0.066 
 

0.009 
 

Pb 0.516*** -0.219 0.000 0.000 

Zn 0.764*** 
 

0.182 
 

0.002 
 

0.000 
 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.155ns 
 

9890.326 -19504.312 
 

17264.667 

Cr 0.221ns 
 

0.828 
 

5.159 
 

3.164 
 

Co 0.100ns 
 

0.022 
 

0.229 
 

0.316 
 

Cu 0.032ns 
 

1.819 
 

-2.985 
 

12.803 
 

Fe 0.093ns 
 

49.903 
 

-177.426 
 

263.519 
 

K 0.058ns 
 

1957.986 
 

1724.154 
 

4136.809 

Mn 0.060ns 
 

2.173 
 

-5.110 
 

11.826 
 

Ni 0.268* 
 

0.547 
 

3.856 
 

1.925 
 

Na 0.060ns 
 

901.098 704.877 
 

1614.134 

Pb 0.122ns 
 

0.259 
 

-1.440 
 

1.619 
 

Zn 0.020ns 
 

22.325 
 

-7.401 
 

51.551 
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Table 4.9: Inter-elemental regression analysis of Cr in µg/g against various 

metals (µg/g) in body weight (wet) of C. idella (n = 55). 

 
 

      *** = P < 0.001; n.s (non-significant) = P > 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.371** 
 

11505.227 
 

-1997.930 693.703 
 

Cd 0.221ns 
 

-0.004 
 

0.009 
 

0.006 
 

Co 0.083ns 
 

0.016 
 

0.008 
 

0.014 
 

Cu 0.177ns 
 

2.401 
 

-0.700 
 

0.539 
 

Fe 0.386** 
 

75.899 
 

-31.491 
 

10.436 
 

K 0.171ns 
 

2150.402 
 

2150.402 
 

-218.150 
 

Mn 0.325* 
 

3.159 
 

-1.187 
 

0.479 
 

Ni 0.539*** 
 

0.281 
 

0.332 
 

0.072 
 

Na 0.036ns 
 

919.186 
 

-17.838 
 

69.079 
 

Pb 0.087ns 
 

0.290 
 

-0.044 
 

0.069 
 

Zn 0.038ns 
 

22.812 
 

-0.610 
 

2.202 
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Table 4.10: Inter-elemental regression analysis of Co in µg/g against various 

metals (µg/g) in body weight (wet) for C. idella (n = 55) 

 

                   *** = P < 0.001; n.s (non-significant) = P > 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.131ns 
 

2502880.040 
 

-5832168.699 6132040.649 
 

Cd 0.100ns 
 

0.003 
 

0.044 
 

0.060 
 

Cr 0.083ns 
 

0.830 
 

0.843 
 

1.411 
 

Cu 0.110ns 
 

1.707 
 

4.418 
 

5.558 
 

Fe 0.407** 
 

41.492 
 

339.051 
 

105.530 
 

K 0.493*** 
 

1819.728 
 

6430.065 
 

1573.738 

Mn 0.661*** 
 

1.594 
 

24.665 
 

3.879 
 

Ni 0.045ns 
 

0.569 
 

-0.285 
 

0.871 
 

Na 0.262* 
 

873.847 
 

1334.730 
 

681.188 
 

Pb 0.477*** 
 

0.198 
 

2.450 
 

0.626 
 

Zn 0.776*** 
 

19.447 
 

125.873 
 

14.209 
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Table 4.11: Inter-elemental regression analysis of Cu in µg/g contrary non- 

identical metals in µg/g in body weight (wet) of C. idella (n = 55) 
 

      

Table 4.12: Inter-elemental regression analysis of Fe in µg/g in position to 

dissimilar metals in µg/g in body weight (wet) of C. idella  
 

          ns (not significant P = > 0.05;  

    ** = P < 0.01; *** = P < 0.001 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.077ns 
 

9619.639 
 

104.742 
 

188.627 
 

Cd 0.032ns 
 

0.005 
 

0.000 
 

0.002 
 

Cr 0.177ns 
 

0.930 
 

-0.045 
 

0.035 
 

Co 0.110ns 
 

0.018 
 

0.003 
 

0.003 
 

Fe 0.153ns 
 

43.443 
 

3.165 
 

2.831 
 

K 0.076ns 
 

1920.887 
 

24.516 
 

44.730 
 

Mn 0.104ns 
 

1.977 
 

0.097 
 

0.128 
 

Ni 0.232ns 
 

0.628 
 

-0.036 
 

0.021 
 

Na 0.032ns 
 

911.369 
 

-4.056 
 

17.497 
 

Pb 0.030ns 
 

0.246 
 

0.004 
 

0.018 
 

Z n 0.158ns 21.146 0.635 0.551 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.525*** 
 

8105.672 
 

34.645 
 

7.795 
 

Cd 0.092ns 0.006 -0.000 0.001 

Cr 0.386** 
 

1.081 
 

-0.004 0.001 

Co 0.407** 
 

0.001 
 

0.000 0.000 

Cu   0.153ns 
 

1.442 
 

0.007 0.006 

K 0.459*** 
 

1611.961 
 

7.185 
 

1.929 
 

Mn 0.851*** 
 

0.279 
 

0.038 
 

0.003 
 

Ni 0.067ns 
 

0.538 
 

0.001 
 

0.001 
 

Na 0.266* 
 

824.211 
 

1.624 
 

0.817 
 

Pb 0.487*** 
 

0.106 
 

0.003 
 

0.001 
 

Zn 0.483*** 
 

17.667 
 

0.007 0.024 
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Table 4.13: Inter-elemental regression analysis of C. idella (n = 55) of K in 

µg/g across various metals in µg/g in body weight (wet). 

 

          ns (not significant( = P > 0.05;  

    ** = P < 0.01; *** = P < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.808*** 
 

3110.34 3.409 0.344 

Cd .0493*** 
 

-0.052 
 

0.000 9.250 

Cr 0.171ns 
 

1.112 
 

-0.000 0.000 

Co 0.493*** 
 

-0.052 
 

0.000 9.250 

Cu 0.076ns 
 

1.346 0.000 0.000 

Fe 0.459*** 
 

-8.440 
 

0.029 0.008 

Mn 0.493*** 
 

-0.052 
 

0.000 9.250 

Ni 0.915*** 
 

0.476 
 

  0.000 0.000 

Na 0.874*** 
 

233.462 
 

0.341 0.262 

Pb .0482*** 
 

-0.129 
 

-0.000 -0.000 

Zn 0.766*** 
 

3.564 
 

0.009 0.001 
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Table4.14: Inter-elemental regression analysis of C. idella (n = 55) of Mn 

(µg/g) against various metals in µg/g body weight (wet).    

 

        ns (not significant)  P = > 0.05;  

                  ** = P < 0.01; *** = P < 0.001 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.722*** 
 

7518.758 
 

1064.401 
 

141.608 
 

Cd 0.060ns 
 

0.006 
 

-0.001 
 

0.002 
 

Cr 0.325* 
 

1.041 
 

-0.089 
 

0.036 
 

Co 0.661*** 
 

-0.016 
 

0.018 
 

0.003 
 

Cu 0.104ns 
 

1.564 
 

0.113 
 

0.149 
 

Fe 0.851*** 
 

8.257 
 

19.012 
 

1.627 
 

K 0.598*** 
 

1515.436 
 

209.032 
 

38.887 
 

Ni 0.099ns 
 

0.599 
 

-0.017 
 

0.023 
 

Na 0.391** 
 

789.334 
 

53.313 
 

17.425 
 

Pb 0.565*** 
 

0.086 
 

0.078 
 

0.016 
 

Zn 0.767*** 
 

15.109 
 

3.340 
 

0.387 
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Table 4.15: Inter-elemental regression of C. idella (n = 55) of Ni in µg/g 

against various  metals (µg/g) in body weight (wet). 

  
 

     ns (not significant) P = > 0.05;  

                          ** = P < 0.01; *** = P < 0.001 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.253ns 
 

11052.969 
 

-2210.495 1173.715 

Cd 0.268* 
 

-0.006 
 

0.019 
 

0.019 
 

Cr 0.539*** 
 

0.356 
 

0.875 
 

0.190 
 

Co 0.045ns 
 

0.027 
 

-0.007 
 

0.022 
 

Cu 0.232ns 
 

2.644 
 

-1.488 
 

0.865 
 

Fe 0.067ns 
 

44.168 
 

8.874 
 

18.331 
 

K 0.092ns 
 

1858.350 
 

189.825 
 

286.438 
 

Mn 0.099ns 
 

2.480 
 

-0.584 
 

0.818 
 

Na 0.192ns 
 

816.568 
 

155.422 
 

110.166 
 

Pb 0.143ns 
 

0.187 
 

0.117 
 

0.112 
 

Zn 0.024ns 
 

22.639 
 

-0.612 
 

3.578 
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Table 4.16: Inter-elemental regression analysis of Na in µg/g against metals 

(µg/g) in body weight (wet) of C. idella (n = 55) 

 
 

          ns (not significant) = P > 0.05;  

    ** = P < 0.01; *** = P < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.711*** 
 

2863.106 
 

7.683 
 

1.054 
 

Cd 0.064ns 
 

-0.000 
 

5.184 -0.000 

Cr   0.036ns 
 

0.914 
 

-0.000 0.000 

Co 0.262* 
 

-0.024 
 

0.000 0.000 

Cu 0.032ns 
 

2.037 
 

0.000 
 

0.001 
 

Fe 0.266* 
 

9.839 
 

0.043 
 

0.022 
 

K 0.874*** 
 

-60.373 
 

2.241 
 

0.172 
 

Mn 0.391** 
 

-0.435 
 

0.003 
 

0.001 
 

Ni 0.192ns 
 

0.348 
 

0.000 
 

0.000 
 

Pb 0.495*** 
 

-0.198 
 

0.000 
 

0.000 
 

Zn 0.604*** 
 

4.894 
 

0.019 0.003 
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Table 4.17: Inter-elemental regression analysis of C. idella (n = 55) of Pb in 

µg/g in contrast to various metals in µg/g in body weight (wet). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         ns (not significant) P = > 0.05;  

    ** = P < 0.01; *** = P < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.516*** 
 

8407.417 
 

5533.697 
 

1272.23 
 

Cd 0.122ns 
 

0.007 
 

-0.010 
 

0.012 
 

Cr 0.087ns 
 

0.893 
 

-0.173 
 

0.275 
 

Co 0.477*** 
 

-0.001 
 

0.093 
 

0.024 
 

Cu 0.030ns 
 

1.747 
 

0.238 
 

1.089 
 

Fe 0.487*** 
 

29.136 
 

79.071 
 

19.649 
 

K 0.482*** 
 

1654.781 
 

1225.616 
 

308.590 
 

Mn 0.565*** 
 

1.113 
 

4.101 
 

0.831 
 

Ni 0.143ns 
 

0.518 0.175 0.168 

Na 0.495*** 
 

779.744 
 

490.780 
 

119.458 
 

Zn 0.532*** 
 

18.037 
 

16.808 
 

3.713 
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Table 4.18: Inter-elemental regression analysis of C. idella (n = 55) of Zn in 

µg/g against dissimilar metals in µg/g in body weight (wet). 

 
 

           ns (not significant) = P > 0.05;  

    ** = P < 0.01; *** = P < 0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Element Correlation 

coefficient 
Intercept Slope 

Standard 

error 

Ca 0.764ns 
 

4036.077 
 

258.940 
 

30.324 
 

Cd 0.019ns 
 

0.005 -0.000 0.000 

Cr 0.038ns 
 

0.903 
 

-0.002 
 

0.009 
 

Co 0.776*** 
 

-0.084 
 

0.005 
 

0.000 

Cu 0.158ns 
 

0.933 
 

0.039 
 

0.034 
 

Fe 0.483*** 
 

-6.126 
 

2.480 
 

0.623 
 

K 0.766*** 
 

592.877 
 

61.555 
 

7.165 
 

Mn 0.767*** 
 

-1.779 
 

0.176 
 

0.020 
 

Ni 0.024ns 
 

0.583 
 

-0.001 
 

0.005 
 

Na 0.604*** 
 

481.981 
 

18.931 
 

3.467 
 

Pb 0.532*** 
 

-0.122 
 

0.017 
 

0.004 
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Table 4.19: Multiple regression analysis relationships in C. idella for body weight, 

condition factor and body burden element. 

 

Multiple regression 

relationships 

Multiple 

correlation 

coefficient 

Intercept b1 ± S. E b2 ± S. E R2 V I F 

 Fe = a + b1 W + b2 K 0.816*** 
 

-15241 
 

100.06±9.93 
 

4306±17426 
 

0.666 
 

0.334 
 

 Cu = a + b1 W + b2 K 0.580*** 

 

615.6 1.2953±0.25 

 

-434.5±452.5 

 

0.336 

 

0.664 

 

 Zn = a + b1 W + b2 K 0.937*** 

 

5388 

 

19.00±0.99 

 

-4015±1747 

 

0.878 

 

0.122 

 
 Cr= a + b1 W + b2 K 0.184 ns 

 

35.5 

 

0.082±0.07 

 

95.0±131.2 

 

0.034 

 

0.966 

 

 Co = a + b1 W + b2  K o.363** 
 

33.24 
 

-o.010±0.006 
 

-22.70±10.60 
 

0.132 
 

0.868 
 

 Cd = a + b1 W + b2  K o.045 ns 

 

-1.782 

 

o.0001± 0.004 

 

2.227±7.362 

 

0.002 

 

0.998 

 
 Mn = a + b1 W + b2  K 0.784*** 

 

-88.4 

 

2.778±0.30 

 

-37.9±541.2 

 

0.614 

 

0.386 

 

 Pb= a + b1 W + b2 K o.672*** 

 

18.4 

 

o.33±0.05 

 

-29.08 ± 89.34 

 

0.452 

 

0.548 

 
 Na = a + b1 W + b2 K 0.960*** 

 

86480 

 

985.54±40.12 

 

-85339±70361 

 

0.922 

 

0.078 

 

 K = a + b1 W + b2 K 0.949*** 
 

228073 
 

2321.8±108.1 
 

-246871±189612 
 

0.901 
 

0.099 
 

 Ca = a + b1 W + b2 K 0.969*** 

 

1887887 

 

11891.2±428.2 

 

-1924628±751043 

 

0.938 

 

0.062 

 
Ni = a +b1 W + b2  K 0.797*** 

 

-233.6 

 

o.62236±o.06719 

 

185.0±117.8 

 

0.636 

 

0.364 

 

b1 ± S.E. and b2 ± S.E. = regression coefficient;  R2 = proportion of variance due to regression;  

VIF = Variance inflation factor, *** P < 0.001; N.S. (Not Significant) P > 0.05 

Table 4.20: Multiple regression analysis of C. idella for body weight (wet), total 

length (TL) and body burden element. 

 

Relationships 
Multiple 

correlation 

coefficient 

Intercept b1 ± S.E b2 ± S.E R2 VIF 

 Fe = a + b1 W + b2 T L 0.846*** 

 

74900 

 

236.81±46.35 

 

-4489±1492 

 

0.716 

 

0.284 

 

 Cu = a + b1 W + b2 T L 0.580*** 

 

-834.6 

 

-0.210±1.299 

 

49.20±41.83 

 

0.336 

 

0.664 

 

 Zn = a + b1 W + b2 TL 0.937*** 
 

-1176 
 

16.078±5.278 
 

93.6±169.9 
 

0.878 
 

0.122 
 

 Cr= a + b1 W + b2 TL 0.184ns 

 

-494.0 

 

-0.9500±0.3506 

 

33.95±11.29 

 

0.034 

 

0.966 

 
 Co = a + b1 W + b2 T L 0.363** 

 

-17.00 

 

-0.047±0.03 

 

1.223±1.01 

 

0.132 

 

0.868 

 

 C d = a + b1W + b2  TL 0.045 ns 
 

-9.90 
 

-0.017±0.02 
 

0.56±0.67 
 

0.002 
 

0.998 
 

 M n = a + b1W + b2 TL 0.784*** 

 

2047.3 

 

6.28±1.47 

 

-115.16±47.60 

 

0.614 

 

0.386 

 
 Pb= a + b1 W +b2 T L 0.672*** 

 

246.1 

 

0.75±0.25 

 

-13.85±8.07 

 

0.452 

 

0.548 

 

 Na = a + b1 W + b2 TL 0.960*** 
 

-80930 
 

878.6±205.3 
 

3463±6609 
 

0.922 
 

0.078 
 

 K = a + b1 W + b2 TL 0.949*** 

 

-258477 

 

2008.8±554.1 

 

10137±17840 

 

0.901 

 

0.099 

 
 Ca = a + b1 W + b2 TL 0.969*** 

 

161287 

 

12774±2298 

 

-30096±73972 

 

0.938 

 

0.062 

 

Ni = a + b1W + b2 T L 0.797*** 
 

463.4 
 

1.3914±0.33 
 

-25.15±10.63 
 

0.636 
 

0.364 
 

b1 ± S.E. and b2 ± S. E.= regression coefficient;  R2 = proportion of variance due to regression;  

V I F = Variance inflation factor, *** P < 0.001; N.S. (Not Significant) P > 0.05 
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Fig. 4.1: Relationship between concentration (µgg-1) of Ca and wet body wt. (g) 

of C. idella. 

 

 
Fig. 4.2: Relationship between concentration (µgg-1) of Cd and wet body wt. (g) 

of C. idella. 
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Fig. 4.3: Relationship between concentration (µgg-1) of Cr and wet body wt. (g) 

of C. idella. 

 
Fig. 4.4: Relationship between concentration (µgg-1) of Co and wet body wt. (g) 

of C. idella. 

 

 
Fig. 4.5: Relationship between concentration (µgg-1) of Cu and wet body wt. (g) 

of C. idella. 
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Fig. 4.6: Relationship between concentration (µgg-1) of Fe and wet body wt. (g) 

of C. idella. 

 
Fig. 4.7: Relationship between concentration (µgg-1) of K and wet Body wt. (g) 

of C. idella. 

 
Fig. 4.8: Relationship between concentration (µgg-1) of Mn and wet body wt. (g) 

of C. idella. 
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Fig. 4.9: Relationship between concentration (µgg-1) of Ni and wet body wt. (g) 

of C. idella. 

 
Fig. 4.10: Relationship between concentration (µgg-1) of Na and wet body wt. (g) 

of C. idella. 

 

 
Fig. 4.11: Relationship between concentration (µgg-1) of Pb and wet body wt. (g) 

of C. idella. 
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Fig 4.12: Relationship between concentration (µgg-1) of Zn and wet body wt. (g) 

of C. idella. 

 
Fig. 4.13: Relationship between concentration (µgg-1) of Ca and total length (cm) 

of C. idella. 

 

 
Fig. 4.14: Relationship between concentration (µgg-1) of Cd and total length (cm) 

of C. idella. 
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Fig. 4.15: Relationship between concentration (µgg-1) of Cr and total length (cm) 

of C. idella. 

 
Fig. 4.16: Relationship between concentration (µgg-1) of Co and total length (cm) 

of C. idella. 

 
Fig. 4.17: Relationship between concentration (µgg-1) of Cu and total length (cm) 

of C. idella. 
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Fig. 4.18: Relationship between concentration (µgg-1) of Fe and total length (cm) 

of C. idella. 

 
Fig. 4.19: Relationship between concentration (µgg-1) of K and total length (cm) 

of C. idella. 

 
Fig. 4.20: Relationship between concentration (µgg-1) of Mn and total length (cm) 

of C. idella. 
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Fig. 4.21: Relationship between concentration (µgg-1) of Ni and total length (cm) 

of C. idella. 

 

 
Fig. 4.22: Relationship between concentration (µgg-1) of Na and total length (cm) 

of C. idella. 

 
Fig. 4.23: Relationship between concentration (µgg-1) of Pb and total length (cm) 

of C. idella. 
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Fig. 4.24: Relationship between concentration (µgg-1) of Zn and total length (cm) 

of C. idella. 
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