
 
Copyright © 2017 Gomathi Jeyam. M and Ramanibai Ravichandran. This is an open access article distributed under the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Scientific World, 5 (1) (2017) 87-92 
 

International Journal of Scientific World 
 

Website: www.sciencepubco.com/index.php/IJSW  
doi: 10.14419/ijsw.v5i1.7607 

Research paper 
 

 

 

 

Comparison of fatty acids profile and antioxidant enzyme level 

of cladoceran Moina brachiata (jurine, 1820) from  
freshwater bodies of Chennai 

 

Gomathi Jeyam. M and Ramanibai Ravichandran * 

 
Unit of Aquatic biodiversity, Department of Zoology, University of Madras, Guindy Campus, Chennai-25, Tamil Nadu, India 

*Corresponding author E-mail: gomes.jeyam@gmail.com 

 

 

Abstract 
 

Omega-3 family (ω-3) of polyunsaturated fatty acids (PUFA) was considered as an important biochemical for the physiological function 

of all trophic level animals. In this study, we demonstrated the effect of algal diet on fatty acids composition (FA), antioxidant enzymes 

and DNA damage of Moina brachiata from Adyar River and Kolavoi Lake. 8 different fatty acids were identified in M. brachiata 

through GC-MS analysis and we noticed two PUFA (Eicosapentaenoic acid, EPA 20:5 (ω-3); Linoleic acid 18:2 (ω-6)). The dietary fatty 

acid accumulation and bioconversion capacity of M. brachiata have differed in two lakes fed with algal diet. The high amount of ω-3 

PUFA was observed in M. brachiata fed with Scenedesmus sp. in Kolavoi Lake (35.84%) followed by Adyar River (33.78%). PUFA 

content was significantly declined in wild M. brachiata of Adyar River (17.44%) followed by Kolavoi lake (25.78%). On the other hand, 

high level of Malondialdehyde (MDA) and decreasing level of key antioxidant enzymes likes Superoxide dismutase (SOD), Catalase 

(CAT), Glutathione peroxidase (GSH) and DNA damage were observed in wild M. brachiata of Adyar River. Hence, the algal diet could 

enhance the level of antioxidant enzyme activity by decreasing the level of MDA and it does not show DNA damage on M. brachiata. 

Overall, the results obtained in this study explored that Scenedesmus sp., has the ability to enhance the PUFA content, antioxidant en-

zyme activity and prevent the DNA damage in M. brachiata which was declined in the wild animal due to the environmental stress con-

ditions. 
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1. Introduction 

Zooplankton plays a key role in the transfer of PUFA to or-

ganisms such as fish [1]. The accumulation of PUFA an inverte-

brate prey then influences fish production significantly [2]. The 

PUFAs EPA and DHA are hardly synthesized by most crustaceans 

and in general, can be regarded as an essential in the diet [3]. The 

accumulation of PUFA in aquatic invertebrates depends on an 

ordinal of environmental factors, such as water temperature [2] 

food type [4] and pollution [5]. In addition to such factors, phy-

logeny is a key determinant of the FA composition of animals [6]. 

For instance, two of the most significant large taxa of planktonic 

freshwater invertebrates, Cladocera and Copepoda, vary signifi-

cantly in EPA and DHA percentages [7]. Fatty acids (FA) are one 

of the vital compounds transferred between plants to an animal in 

the aquatic food chain [8]. In addition, the significant compounds 

like highly unsaturated fatty acids (HUFA) particularly Eicosapen-

taenoic acid (20:5n-3,EPA) and Docosahexaenoic acid (22:6n-

3,DHA) play a vital role in the health and other functions of all 

animals (Plankton, invertebrates, Fish and human) at any type of 

trophic levels [9]. On the other hand, lipid components are very 

sensitive to environmental changes and stress conditions. Thus the 

water pollution, Eutrophication and another environmental factor 

can affect and diverse the overall production of HUFA in the 

aquatic ecosystem [9].  

The similarity between FA composition of Daphnia and their 

diets were determined by (Brett et al. 2006). Tough correlations 

among seston FA profiles in polar lipids and those in Daphnia 

have been shown in the field study [4].Moreover, Moreover, few 

authors have been reported a mismatch between FA composition 

of zooplankton and its food in natural water bodies [10], [1]. 

Antioxidant enzymes are important defensive mechanisms 

against ROS and like many other biochemical systems, their re-

sponses and effectiveness may vary across contaminants and spe-

cies [11]. In Daphnia species, recent studies were reported on 

antioxidant enzyme responses, including CAT, SOD, GST and 

oxidative tissue damage (lipid peroxidation) to UV radiation to be 

dissimilar in oxygen concentration [12] but information on antiox-

idant protective system against pro-oxidant contaminants is ab-

sent.  

In environmental monitoring, biomarkers grant an integrated 

detection system to identify environmental stressors [13]. Stress 

response biomarkers such as DNA damage reflect the physiologi-

cal as well as the genetic susceptibility of organisms to environ-

mental pollutants [14].DNA DNA is the carrier of hereditary in-

formation in successive generations, and any modification to its 

structures can cause a serious modulation in genetic traits [15], 

[16]. One technique for estimating DNA damage in aquatic organ-

isms is the use of single-cell gel electrophoresis or comet assay 

[17]. 

Thus, the aim of our present work is to study the comparisons 

of FA Profile, antioxidant enzyme level and DNA damage of cla-

doceran (M. brachiata) from Adyar River and Kolavoi Lake along 

with algal diet. 

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
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2. Methods 

Study Sites 

2.1. Adyar river 

Adyar River (80º16’ E; 12º49’ N) runs its way through 

the southern part of the Chennai city, Tamil Nadu, India and en-

ters the sea near Adyar (Fig.1 A).  

2.2. Kolavoi lake 

Kolavoi Lake has placed in the Chengalpet 58 Km away 

from the Chennai city. It is one of the biggest lakes situated about 

200m on the northeast of Chengalpet and close to Pulipakkam 

village, running parallel to the national highway (Fig. 1B). This 

lake receives water from 12 tanks, and the surplus flows into 

Palar, Neenjal and Madura rivers. It is one of the largest water 

bodies with 894 hectares and a maximum depth of 4. 5meters. At 

present, 17 villages are benefiting from this lake. It has various 

species of plants and animals. The total ability of the tank is 

476.69 Mct, with one filling. Lake water has been used for agri-

culture, recreation and fishing behavior. 

 
A) Adyar River 

 
 

B) Kolavoi Lake 

 
Fig. 1: Study areas. 

2.3. Collection and maintenance of cladoceran 

Cladoceran (M. brachiata) was collected using 60 μm 

mesh size plankton net and identified using the authenticated 

monograph [18]. Cladoceran had been maintained at 28°C to 31°C 

and under 12D: 12L photoperiod cycle for 30 days. The culture 

water was 0.45 µm Millipore filtered freshwater (cellulose filter 

paper), with 7 to 7.9 mg L-1 dissolve oxygen and a pH ranging 

from 7.90 to 8.25. Cladoceran was fed with an algal diet of 

Scenedesmus sp.  

2.4. Fatty acid analysis 

Lipids were extracted by chloroform–methanol (2: 1, 

v/v). After evaporation of the solvent, the total lipid extracts was 

methylated. Methyl ethers of fatty acids (FAMEs) were analyzed 

and identified using a Gas Chromato Graph–Mass Spectrometer 

(JEOL GCMATE II GC-MS, Agilent Technologies 6890N Net-

work GC system for Gas Chromatography, SAIF, IIT- Madras, 

Chennai). The conditions are described in detail elsewhere 

[19].Peaks of FAMEs were identified by their retention time and 

mass spectra in comparison to those in the database (Agilent 

Technologies, IIT Madras) and to those of available authentic 

standards (Sigma, United States). The quantification of fatty acids 

was calculated according to the peak area of an internal standard.  

2.5. Assay of lipid per oxidation and antioxidant enzyme 

activity 

Lipid per oxidation as a measure of thiobarbituric acid 

reactive substances (TBARS) was measured by following the 

standard procedure (Carlos Barata et al. 2005). Malondialdehyde 

(MDA) forms as an intermediate product of the peroxidation of 

lipids and serves as an index of the intensity of oxidative stress. 

The intensity of the pink color formed during the reaction was 

read on a spectrophotometer at 532 nm. The activity of Superox-

ide Dismutase (SOD) in cladoceran homogenate was assayed ac-

cording to the method of [20].The unit of enzyme activity is de-

fined as the enzyme required for 50% inhibition of pyrogallol 

auto-oxidation. The results have been expressed as unit/min/mg 

protein. The activity of Catalase (CAT) in cladoceran homogenate 

was assayed following the standard protocol [21] using Hydrogen 

Peroxide (H2O2) as substrate. The activity of Catalase was meas-

ured on a spectrophotometer and has been expressed in 

μmole/min/mg protein.  

2.6. DNA damage analysis 

DNA damage on M. brachiata was analyzed by DNA 

Fragmentation. DNA fragmentation was measured directly on 

recovered DNA by loading samples of extracted DNA onto Aga-

rose gel [22]. DNA was extracted with a mixture of phenol and 

chloroform, precipitated with ethanol, dried and dissolved in TE 

buffer. DNA samples were analyzed by electrophoresis on 1 % 

Agarose gel containing ethidium bromide (0.5 µg/mL) and then 

visualized under UV illumination and visualized using a gel doc-

umentation system (GELSTON 1312, Medicare, India). 

2.7. Statistical analysis 

All data are presented as means ± SD. All analyses were done 

using Prism statistical software (Graph Pad, San Diego, CA). A p-

value < 0.05 were considered significant. 

3. Results 

3.1. Fatty acid composition of M. brachiata fed with al-

gal diet from both lakes 

The fatty acid composition of M. brachiata fed with al-

gal diet Scenedesmus sp. in Adyar River and Kolavoi Lake are 

presented in Table 1. Totally, 8 different fatty acids were identi-

fied. The major fatty acids of Cladoceran Tetradecaphonic acid 

(C14:0),Tridecanoic acid (C13:1) , Heptadecanoic acid (C17:0), 

Palmitic acid (C16:0) belonging to Saturated Fatty acids (SFA); 

Oleic acid(C18:1 ), Palmitoleic acid(C16:1 ) belonging to Mono-

unsaturated Fatty acid (MUFA) and Eicosapentaenoic acid 

(C20:5) and Linoleic acid (C18:2) (PUFA) were observed (Table 
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1). The Scenedesmus sp., has a large amount of Eicosapentaenoic 

acid C20:5 (35.84%) and Linoleic acid C18:2 (12.92%) in Kolavoi 

lake than in Adyar River (33.78% & 13.05). Moreover, a sharp 

increase in FA concentration of (26.69%) was observed in cul-

tured animal than in the wild animal. Cladoceran fed with 

Scenedesmus sp., contained C14:0;C13:1;C20:5;C17:0 ; C16:0; 

C18:1;C16:1 and C18:2 fatty acids (Table 1).  

In general, saturated and unsaturated fatty acids are predominant 

in freshwater Cladoceran than in the marine Cladoceran species. 

The only exception to this finding was M. brachiata which 

showed a large amount of PUFA (35.84%) in Kolavoi Lake (Table 

1). Furthermore, the SFA was mainly composed of mixtures of 

13:1; 14:0; 16:0 and 17:0 and represented about 35.84% of the 

total lipid composition.  

 

 

Table 1 Presence of different types and total fatty acids content in M. brachiata at Adyar and Kolavoi Lake (Wild and fed 

with Scenedesmus sp)  

S.    RT   Name of the Molecular   Adyar wild     Adyar fed with      Kolavoi   Kolavoi 

No   Compound formula     M. brachiata   Scenedesmus sp     wild (%) Fed with (%) 

      (%)  (%)    Scenedesmus sp.  

                                

1         14.67      Tetradecanoic  C15H30O2           3.09          2.42             2.87           2.07 

            Acid (S) C14:0 

 

2         14.95      Tridecanoic acid     C13H26O2          1.20          2.61               2.54            3.85 

(S) C13:1 

3         16.95      Eicosapentaenoic  C20H30O2          17.44   33.78  25.78                35.84 

                          acid C20:5(PU) 

4         17.22      Heptadecanoic  C17H34O2          10.47        13.38  12.58            13.77          

  Acid C17:0 (S) 

5         18.23      Palmitic acid  C16H32O2           6.34         9.50 8.94                   11.76 

 C16:0 (S) 

6        19.0        Oleic acid C18:1 C18H34O2           39.40         20.67               27.34             15.94 

  (MU) 

7        19.7 Palmitoleic acid      C16H30O2               10.90          4.57  7.65              3.85 

  C16:1 (MU) 

8      20.45 Linoleic acid  C18H32O2 11.16                 13.05                          12.27 12.92 

 C18:2 (PU) 

 
In Adyar River the monounsaturated fatty acid (MUFA) content 

C18:1 (39.40%), and C16:1 (10.90) was found to be higher in wild 

M. brachiata than in cultured animal C18:1 (20.67%) and C16:1 

(4.57%), whereas the polyunsaturated fatty acid Eicosapentaenoic 

acid recorded the highest value in Fed with Scenedesmus Sp., diet 

(35.84%) than in MUFA. The polyunsaturated fatty acids 20:5, 

18:2, Linoleic acid and EPA were found high concentration than 

in a wild animal at Kolavoi Lake.  

3.2. Level of lipid per oxidation and another antioxidant 

enzyme of M. brachiata fed with algal diets 

In the present study, the level of lipid peroxidation and 

other antioxidant enzymes (SOD, CAT, and GSH) were analyzed 

in M. brachiata from Adyar River and Kolavoi Lake. Whole-body 

lipid peroxides level was analyzed by the formation of MDA. 

MDA is formed by oxidation of polyunsaturated fatty acids in the 

presence of lipid peroxidation and reacts with two molecules of 

thiobarbituric acid to produce a pinkish red chromogen. The M. 

brachiata fed with algal diet Scenedesmus sp. supplementation 

was significantly decreased (25.13±1.77, 11.65 ± 1.55 Unit/mg-1) 

in Kolavoi Lake and Adyar River. The level of lipid peroxidation, 

which was increased in wild M. brachiata of Adyar River 

(38.7±1.5, 19.70 ± 1.50 Unit/mg-1) (Fig. 2). Fig.3 shows the SOD, 

CAT and GSH activities of M. brachiata fed with algal diets. A 

small but significantly decrease in the level of SOD was observed 

in M. brachiata fed with Scenedesmus sp, in Adyar River 

(5.97±0.252 Unit/mg-1) than in Kolavoi lake (9.747 ± 0.828 

Unit/mg-1). Significant differences were observed for total GSH 

and CAT activities (GSH 68.4± 3.10, 74.0± 1.388 and 37.1± 

1.414, 41.1± 1.564 Unit/mg-1 were respectively) being maximum 

in the Kolavoi Lake than in the Adyar River. The lower level of 

SOD, CAT, and GSH activities was observed in Adyar River be-

cause of the high level of lipid peroxidation production. In addi-

tion to that the level of SOD, CAT and GSH were enhanced in M. 

brachiata diet with Scenedesmus sp. Hence, the level of antioxi-

dant enzyme level was significantly decreased in Adyar River 

(Fig. 3A, B & C).  

 

 
Fig. 2: The Level of Lipid Peroxide in Whole Body of Wild M. brachiata 
and Fed with Scenedesmus Sp., in Adyar River and Kolavoi Lake. Values 

Are Expressed As Mean ± S.D (Number of Pools N=3). Level of Signifi-

cance: Mean Above the Bars of Each Parameters with Different Letters at 
Significantly Different At (P<0.5). 
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(A) 

 
 

(B) 

 
 

(C) 

 
Fig. 3: The Level of Antioxidant Enzyme Activity Changes in Wild M. 

brachiata and Fed with Scenedesmus Sp., In Adyar And Kolavoi Lake (A) 
Superoxide Dismutase (SOD) Activity (B) Reduced Glutathione (GSH) 

Activity (C) Catalase (CAT) Activity. Values are Expressed as Mean ± 

S.D (Number of Pools N=3). Level of Significance: Mean Above the Bars 
of Each Parameters with Different Letters at Significantly Different at 

(P<0.5). 

 

 

3.3. Level of DNA damage in M. brachiata fed with algal 

diet 

The results shown in Figure 4 indicated that wild M. 

brachiata collected from Adyar River showed fragmented DNA 

due to severe DNA damage when compared to Kolavoi Lake. 

Hence the algal diet with M. brachiata does not show any DNA 

damage in Adyar River and Kolavoi Lake. 

 

 

. 
Fig. 4: DNA Damage (DNA Fragmentation) of M. brachiata (1) Ladder 
(2) Wild Individual of Adyar River (3) Fed with Scenedesmus Sp M. Bra-

chiata From Adyar River (4). Wild Individual of Kolavoi Lake (5) Fed 

with Scenedesmus Sp. From Kolavoi Lake 

4. Discussion 

In the past few decades, the biochemical composition of zoo-

plankton from different trophic levels has received much attention 

from the aquatic ecologists, since it contain Omega-3 family of the 

long-chain highly unsaturated fatty acids, such as Eicosapentae-

noic acid (EPA) and Docosahexaenoic acid (DHA) and its well-

known for essential physiological importance for all animals, in-

cluding humans [23]. 

 

We found significant differences in Fatty acid percent level of 

M.brachiata from Adyar River and Kolavoi Lake. It appeared that, 

the dietary supplementation plays a vital role in the alteration of a 

polyunsaturated profile of Cladoceran. Obviously, cladocerans in 

all environments had comparatively invariant taxon- specific Fatty 

acid composition. Our data on the moderately low variability of 

FA composition in Cladoceran are in good agreement with the 

findings of [24]. Likewise, Masclaux et al. [24] observed that 

differences among the polyunsaturated fatty acids six composi-

tions of different Cladocerans species of Daphniidae supplement-

ed with different kinds of diet as Cryptomonas sp.,  and 

Scenedesmus obliques. There are a lot of comparisons of the FA 

composition of Cladocerans [9]. 

 

The FA composition establishes for full body M.brachiata was 

also characterized by a high concentration of PUFAs including 

Eicosapentaenoic acid C20:5 (35.84%) and Linoleic acid C18:2 

(12.92%) and low concentration of MUFAs i.e., Oleic acid 

C18:1(15.94%), Palmitoleic acid C16:1 (3.85%) in Kolavoi lake. 

The earlier results are in concord with results found by [25]. Lau 

et al. [6] also described the Adult Daphnia magna showed the 

lower level of MUFA, but rather high level of PUFA. Although, 

the Cladoceran M. brachiata diet with Scenedesmus sp., showed 

increasing amount of EPA and decreasing amount of AlA and LIN 

at Kolavoi Lake. Fascinatingly we noticed the small amount of 

Arachidonic acid (Ann) in M. brachiata diet with Scenedesmus sp. 

at both lakes. It may be owing to the cause that, the green micro-
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algae Scenedesmus sp., contains high amount of Alpha-linoleic 

acid (ALA) and Linoleic acid (LIN) [26]. The Cladoceran M. bra-

chiata have the capacity to synthesis ARA and EPA through the 

bioconvert process of dietary precursors like LIN and ALA re-

spectively present in the Scenedesmus sp. In this difference, the 

previous information on different species of Daphnia does not 

show ARA as well as an exhibited very low amount of EPA in 

wild-type [27]. In addition, its diet with microalgae Cryptomonas 

sp showed the little amount of Docosahexaenoic acid (DHA) and 

diet with Scenedesmus sp., showed the little amount of ARA and 

high amount of EPA [2]. 

FA composition diverse with Adyar River and Kolavoi Lake 

in wild animal with Adyar River having less PUFA substance i.e., 

Eicosapentaenoic acid C20:5 (17.44%) and Linoleic acid C18:2 

(11.16%) and elevated amount of monounsaturated fatty acids like 

Oleic acid C18:1(39.40%), Palmitoleic acid C16:1(10.90%) than 

algal diet. On the other hand, it is important to point out that 

Daphnia fatty acid composition like another freshwater crustacean 

was characterized by having lower levels of polyunsaturated fatty 

acids when compared with marine species, which may result in a 

minor risk for lipid peroxidation [28]. 

 

Naturally, all cladocerans are able to bioconvert the dietary 

FA into EPA. It indicates that the Cladocerans are able to synthe-

sizing EPA, a significant PUFA necessary for Cladocerans using a 

cheap food source like phytoplankton [29]. 

 

Lipid peroxidation is a chain reaction initiated by free radical 

through the oxidation of polyunsaturated fatty acid. A number of 

studies have reported that exposure to stress increased the produc-

tion of free radical generation and cause oxidative damage to the 

biological membrane through increased levels of lipid peroxida-

tion, protein carbonyl contents followed by decreased antioxidant 

defense system [30], [31]. In the current study, the level of an 

antioxidant enzyme was considerably decreased in Adyar Lake 

because of a high level of lipid peroxidation production when 

compared to Kolavoi Lake.  

 

M. brachiata was found to possess key antioxidant enzyme ac-

tivities like CAT, SOD, and GSH parallel to another Daphnia sp 

[32]. In our study, Adyar River has the declining level of GSH, 

CAT and SOD then the Kolavoi Lake. Distinction of antioxidant 

enzyme activities between species is difficult due to a scarcity of 

existing data on invertebrate’s species and the use of different 

units and methods. 

 

Ramanibai & Shanthi [33] reported that Adyar river sediment 

sample exhibited highest accumulation of heavy metals Pb, Zn, 

Co, Ni, Cr, and Cu. According to Silambarasan et al. (2012) Adyar 

River has the high level of heavy metals such as Zinc (Zn), Cad-

mium (Cd), Copper (Cu), Iron (Fe) and Lead (Pb) in the sediment 

and water sample. In this relation Aboul-Ela et al. [34] reported 

that iron, and coppers were the main influencing factor that caused 

the clear rise of both DNA damage and lipid peroxidation level 

and decrease the enzymatic antioxidant activity in fish individuals 

of M. cephalic collected from Abu-Qir Bay and Sidi-Barrani, 

Egypt. Likewise, in the Present study results showed M. brachiata 

has severed DNA damage and greater level of lipid peroxidation 

due to the oxidative stress caused by high level of heavy metals 

accumulation in the Adyar River. The elevated amount of toxic 

heavy metals in the aquatic ecosystem can induce oxidative stress 

at the subcellular level to the aquatic organism and be leading to 

oxidative damage to DNA and proteins as well as alteration on 

lipid peroxidation and other antioxidant enzymes responses [34]. 

 

In the present study, M. brachiata collected from Adyar River 

and Kolavoi Lake. The results showed the low amount of fatty 

acids contents, high level of lipid peroxidation activity and de-

creasing level of antioxidant enzyme activity like GSH, SOD, and 

CAT and also it showed severe DNA damage in Adyar River 

when compared to Kolavoi Lake. According to the available lit-

erature and the collected data, the present study concluded that 

over-accumulation of heavy metals in the Adyar River leads to 

oxidative stress to the aquatic organism like phytoplankton, zoo-

plankton, and fishes and it ultimately affected the human popula-

tion. Thus, the necessity of continuous biomonitoring of this river 

is higher required to reduce the pollutant contents and ease the risk 

to an aquatic organism.  

Acknowledgement 

We are grateful thank to DST New Delhi (SR/SO/As-28/2012 DT 

11.1.2013) for financial support. 

References  

[1] P. M. Smyntek , M. A. Teece , K. L. Schulz & A.J. Storch, “Taxo-

nomic differences in the essential fatty acid composition of groups 
of freshwater zooplankton relate to reproductive demands and gen-

eration time”, Freshwater Biology, Vol 53, (2008), pp., 1768- 1782. 

[2] H. Masclaux, A. Bec, M.J. Kainz, F. Perrier, C. Desvilettes & G. 
Bourdier, “Accumulation of polyunsaturated fatty acids by cladoc-

erans: effects of taxonomy, temperature, and food”, Freshwater Bi-

ology,Vol 57, (2012), pp., 696–703. 
[3] M.T. Brett, D.C. Muller-Navarra, A.P. Ballantyne, J.L. Ravet & 

C.R. Goldman Daphnia fatty acid compositionreflects that of their 

diet”, Limnology and Oceanography, Vol 51, (2006), pp., 2428–
2437. 

[4] S. Taipale, P. Kankaala, H. Hamalainen & R.I. Jones, “Seasonal 

shifts in the diet of Lake Zooplankton revealed by phospholipid fat-
ty acid analysis”, Freshwater Biology,Vol 54, (2009), pp.,90–104. 

[5] M.I. Gladyshev, E.V. Lepskaya, N.N. Sushchik, O.N. Makhutova, 

G.S. Kalachova & K.K. Malyshevskaya, “Comparison of polyun-

saturated fatty acids content infilets of anadromous and landlocked 

sockeye salmon Oncorhynchus nerka”, Journal of Food Science, 

Vol 77, (2012a), pp., C1306–C1310. 
[6] D.C.P. Lau, T. Vrede, J. Pickova & W. Goedkoop, “Fatty acid 

composition of consumers in boreal lakes –variation across species, 

space and time”, Freshwater Biology. Vol 57, (2012) pp., 24–38. 
[7] C.W. Burns, M.T. Brett,& M. Schallenberg, “A comparison of the 

trophic transfer of fatty acids in freshwater plankton by cladocerans 

and calanoid copepods”. Freshwater Biology. Vol 56, (2011), pp., 
889–903. 

[8] E.L. Allan, S.T. Ambrose, N.B. Richoux & P.W. Froneman “De-

termining spatial changes in the diet of nearshore suspension-
feeders along the South African coastline: stable isotope and fatty 

acid signatures”, Estuarine, Coastal Shelf Science, Vol 87, (2010), 

pp., 463-471. 
[9] M.T. Arts, M.T. Brett & M.J. Kainz, “ Lipids in Aquatic Ecosys-

tems. Springer, New York. (2009). 

[10] K. Gutseit, O. Berglund & W. Graneli, “Essential fatty acids and 
phosphorus in seston from lakes with contrast-ing terrestrial dis-

solved organic carbon content”, Freshwater Biology, Vol 52, 
(2007), pp., 28–38. 

[11] D.R. Livingstone, “Contaminated-stimulated reactive oxygen spe-

cies production and oxidative damage in aquatic organisms”, Ma-
rine Pollution and Bulletin, Vol 42, (2001), pp., 656 – 666. 

[12] J. Borgeraas & D.O. Hessen, “Variations of antioxidant enzymes in 

Daphnia species and populations as related to UV exposure”, Hy-
drobiologia,Vol 477, (2002b), pp., 15–30. 

[13] A.M. Osman, H. van den Heuvel & P.C.M. van Noort, “Differential 

responses of biomarkers in tissues of a freshwater mussel, Dreis-
sena polymorpha, to the exposure of sediment, extracts with differ-

ent levels of contamination”, Journal of Applied Toxicology, Vol 

27, (2007), pp., 51–59. 
[14] M.P. Cajaraville, M.J. Bebianno, J. Blasco, C. Porte, C. & A. 

Sarasquete Viarengo, “The use of biomarkers to assess the impact 

of pollution in coastal environments of the Iberian Peninsula: a 
practical approach”, Science of the Total Environment, Vol 247, 

(2000),pp., 295–311. 

[15] J. Barsiene & A. Rybakovas, “Cytogenetic and cytotoxic effects in 
gill cells of blue mussels (Mytilus edulis) from the Baltic coast after 

1–3-day maintenance in laboratory conditions”, Acta zoologica 

lituanica, Vol 16, (2002), pp., 191–197. 
[16] OSPAR “Commission Survey on Genotoxicity Test Methods for 

the Evaluation of Wastewater within Whole Effluent Assessment”, 

(2002) 



92 International Journal of Scientific World 

 
[17] R.F. Lee, G.B. Kim, K.A. Maruya, S.A. Steinert & Y. Oshima, 

“DNA strand breaks (Comet assay) and embryo development ef-

fects in grass shrimp (Palaemonetes pugio) embryos after exposure 

to genotoxicants”, Marine Environmental Research, Vol 50, (2003), 

pp., 553–557. 
[18] S.K. Battish, “Freshwater Zooplankton of India”, Oxford and IBH 

Publishing Co.Ltd, New Delhi, (1992), pp., 1-194. 

[19] O.N. Makhutova, N.N. Sushchik, M.I. Gladyshev, A.V. Ageev, E.G. 
Pryanichnikova & G.S. Kalachova, “Is the fatty acid composition of 

freshwater zoobenthic invertebrates controlled by phylogenetic or 
trophic factors”? Lipids, Vol 46, (2011), 709–721. 

https://doi.org/10.1007/s11745-011-3566-9. 

[20] H. P. Misra, & Y. Fridovich, “The role of superoxide anion in the 
autooxidation of epinephrine and a simple assay for superoxide 

dismutase”, Journal of Biological Chemistry, Vol 247, (1972), pp., 

3170–3175. 
[21] R.F. Beers & I.W. Sizer, “A spectrophotometric method for meas-

uring the breakdown of hydrogen peroxide by catalase”, Journal of 

Bilogical Chemistry, Vol 195, (1952), pp., 133-140. 

[22] O. Kalinina, H. Norder, S. Mukomolov & L.O. Magnus, “A natural 

intergenotypic recombinant of hepatitis C virus identified in St Pe-

tersburg”. Journal of Virology, Vol 76, (2002), 4034–4043. 
https://doi.org/10.1128/JVI.76.8.4034-4043.2002. 

[23] M.I. Gladyshev, N.N. Sushchik, O.P. Dubovskay , O.N. Makhutova 

& G.S. Kalachova, “The growth rate of Daphnia feeding on seston 
in a Siberian reservoir: the role of essential fatty acid”, Aquatic 

Ecology, Vol 42, (2008), pp., 617–627. 

[24] H. Masclaux , A. Bec , M.J. Kainz, C. Desvilettes, L. Jouve & G. 
Bourdier, “Combined effects of food quality and temperature on 

somatic growth and reproduction of two freshwater cladocerans”, 

Limnology and Oceanography, Vol 54, (2008), pp., 1323–1332. 
[25] J.L. Raven, M.T. Brett & G.B. Arhonditsis, “The effects of seston 

lipids on zooplankton fatty acid composition in Lake Washington”, 

Washington, USA. Ecology, Vol 91(1), (2010), pp., 180-90. 
[26] A.A. Kennari , N. Ahmadi Farid, A.J. Seyfabadi & M. F. Kapour-

chali, “Comparison of growth and fatty acids composition of fresh-

water rotifer, Brachionus calciferous Pallas, fed with two types of 
microalgae at different concentrations”, Journal of the World Aq-

uaculture Society, Vol 39, (2008), 235–242. 

https://doi.org/10.1111/j.1749-7345.2008.00150.x. 
[27] A. Bec, C. Desvilettes , A.Vera, D. Fontvieille & G. Bourdier, “Nu-

tritional value of different food sources for the benthic Daphnidae 

Simocephaius vetulus: the role of fatty acids”, archive fur hydrobi-
ology, 156, (2003), pp., 145–163. 

[28] A.D. Correia, D.R. Livingstone, “Costa Effects of water-born cop-

per on metallothionein and lipid peroxidation in the marine amphi-
pod Gammarus locusta”, Marine Environmental Research, Vol 54, 

(2002), pp., 357 – 360. 

[29] E. Von Elert, “Determination of limiting polyunsaturated fatty acids 
in Daphnia galeata using a new method to enrich food algae with 

single fatty acids”, Limnology and Oceanography, Vol 47, (2012), 

pp., 1764–1773. 

[30] A.T. Valavanidis, M. Vlahogianni & M. Dassenakis Scoullos, “Mo-

lecular biomarkers of oxidative stress in aquatic organisms in rela-

tion to toxic environmental pollutants”, Ecotoxicol. Environment 
and Safety, Vol 64, (2006), pp., 178–189. 

[31] J.Yngo, J. Garcia Antonio, Rodríguez-Malavera & Nancy Peñaloz-

aa, “Lipid peroxidation measurement by thiobarbituric acid assay in 
rat cerebellar slices”, Jouranl of Neuroscience Methods, Vol 144 

(10); (2005), pp., 127–135. 

[32] T. Carlos Barata, Inma Varon Juan Carlos Navarrob, Solayan 
Arunc & Cinta Porte, “Antioxidant enzyme activities and lipid pe-

roxidation in the freshwater cladoceran Daphnia magna exposed to 
redox cycling compounds”, Comparative Biochemistry and Physi-

ology, Part C Vol 140; (2005), pp., 175 – 186. 

[33] Ramanibai Ravichandran & Shanthi Manickam, “Heavy Metal Dis-
tribution in the Coastal sediment of Chennai Coast”, Int. Omics 

Applied Biotechnology, Vol 3(2), (2012), pp., 12–18. 

[34] H.M. Aboul-Ela, A.A. Saad, M.A. Amany, E.I. Sikaily & I. Taha 

Zaghloul, Oxidative stress and DNA damage in relation to transi-

tion metals overload in Abu-Qir Bay”, Egyptian Journal of Genetic 

Engineering and Biotechnology, Vol 9, (2011), pp., 51–58. 

https://doi.org/10.1007/s11745-011-3566-9
https://doi.org/10.1128/JVI.76.8.4034-4043.2002
https://doi.org/10.1111/j.1749-7345.2008.00150.x

