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Materials with dimensions between 0.1 and 100 nm are called nanoparticle (NP) 

materials. In recent years, the usage areas and quantities of NP materials have 

increased in parallel with the development of the industry. The need and usage areas 

of heavy metals such as Cu have also expanded in NP sizes. All these developments 

have led to problems on the ecosystem that are becoming more difficult to 

compensate. In this study, Zebra Mussel (Dreissena polymorpha) was chosen as a 

model to investigate the effect of probiotics on CuNP heavy metal accumulation. 

The model organism was exposed to three different concentrations of CuNP (5, 10, 

50 mg/L) with probiotics and directly for 24 and 96 hours. CuNP accumulation 

amounts in D. polymorpha tissues treated directly and with probiotics were 

compared. The amount of accumulation in the test organism directly exposed to 

CuNP was higher compared to the groups administered with probiotics, but a 

statistically significant difference (p<0.05) was found only in the treatment group 

with the highest 24-hour concentration (50 mg/L). As a result, according to the 

findings obtained from the study, it has been determined that probiotics have 

positive developmental effects on aquatic organisms, as well as beneficial in the 

elimination of their accumulation in the organism. 
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Probiyotiğin Dreissena polymorpha'da Bakır Nanopartikül Birikimi Üzerine Etkisi 

Öz: Boyutları 0,1-100 nm arasında olan materyaller nanopartikül (NP) malzemeler olarak adlandırılmaktadır. Son yıllarda endüstrinin 

gelişmesine paralel olarak NP materyallerin kullanım alanları ve miktarları da artmıştır. Cu gibi ağır metallerin de NP boyutlarında 

gereksinimi ve kullanım alanları genişlemiştir. Tüm bu gelişmeler beraberinde ekosistem üzerinde telafisi zorlaşan sorunları 

doğurmuştur. Yapılan bu çalışmada probiyotiklerin CuNP ağır metal birikimi üzerine etkisini araştırmak için model canlı olarak Zebra 

Midye (Dreissena polymorpha) seçilmiştir. Model organizma probiyotikli ve doğrudan olmak üzere CuNP’ün üç farklı 

konsantrasyonuna (5, 10, 50 mg/L) 24 ve 96 saat süreyle maruz bırakılmıştır. Doğrudan ve probiyotik ile muamele edilen D. polymorpha 

dokularındaki CuNP birikim miktarları kıyaslanmıştır. CuNP'ye doğrudan maruz bırakılan test organizmasındaki birikim miktarı 

probiyotik uygulanan gruplara kıyasla daha fazla olduğu, ancak yalnızca 24 saatlik en yüksek konsantrasyon (50 mg/L) olan uygulama 

grubunda istatistiksel açıdan anlamlı (p < 0,05) fark bulunmuştur. Sonuç olarak çalışmadan elde edilen bulgulara göre, probiyotiklerin 

sucul canlılar üzerinde olumlu gelişimsel etkilerinin yanısıra organizmada birikim miktarlarının eliminasyonunda faydalı olduğu tespit 

edilmiştir. 

Anahtar kelimeler: Dreissena polymorpha, bakır nanopartikül, probiyotik, biyobirikim 
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Introduction 

Copper (Cu), which is one of the basic nutrients 

for humans and other living things, also forms an 

important part of the oxidation-reducing enzyme 

system (Muralisankar et al. 2016). Cu has an 

important role in connective tissue, iron metabolism 

and the central nervous system (Turnlund 1994; 

Watanabe et al. 1997; Lall 2002). Some studies have 

revealed Cu requirements in various aquatic 

organisms (Lorentzen et al. 1998; Lee and Shiau 

2002; Wang et al. 2013; Shao et al. 2012). However, 
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it has been reported that high Cu levels can be toxic 

to aquatic organisms as they increase reactive oxygen 

species (ROS) and oxidative stress (Clearwater et al. 

2002). The effects of nano-based products may differ 

due to the nature of nanoparticles (NP), the 

characteristics of the environment, the way NPs are 

administered and the immune system of the living 

organism, and the production of aquatic organisms in 

different environments (for example, freshwater and 

saltwater or tropical and temperate regions) (Katuli et 

al., 2017). Considering the widespread use of NPs, 

attention should be paid to the environment and 

human health (Çimen et al. 2020). A product that is 

harmless on a larger scale can create a reactive and 

toxic state at the nanoscale. Problems with NPs have 

emerged with the use of NPs in human life (Dagani 

2003; Dreher 2004; Hoet et al. 2004). The mixing of 

NPs in the aquatic environment leads to the 

accumulation of metals in organisms and produces 

long-lasting effects (Yu et al. 2020). It occurs when 

NPs enter the body through permeable membranes 

(such as gills) and interfere with different reactions 

by differentiating the natural metal ions of metabolic 

enzymes, causing disruption of protein structures and 

forming DNA cross-links that can disrupt the cell 

cycle (Garai et al. 2021). As a result of human 

consumption of NPs in aquatic organisms, similar 

effects such as neuronal, hepatic, renal and 

reproductive damage and cardiovascular and 

peripheral vascular diseases occur in humans (Azeh 

et al. 2019). 

Feed additives such as prebiotics and probiotics 

are effective against NPs and pathogens by 

maintaining intestinal barriers and healthy intestinal 

bacterial count (Yukgehnaish et al. 2020; Arun et al. 

2021; Yaqoob et al. 2021). Prebiotics and probiotics 

are used in fish, shrimp, etc. to improve growth 

performance, increase utilization of feed, strengthen 

the immune system, produce inhibitory compounds 

against pathogens, suppress virulence genes and 

reduce the expression of proinflammatory cytokines 

such as interleukin (IL). It is widely applied 

 in the cultivation of aquatic organisms (Kakade et al. 

2023).  

The zebra mussel (Dreissena polymorpha) 

(Figure 1) is a reference species for ecotoxicological 

studies in aquatic ecosystems. These mussels are 

mainly distributed in lakes and reservoirs in Turkey. 

As a species that is not endangered and can be 

encountered continuously in nature, has stable 

behavior and sufficient body size, it is easier to 

sample than other species (Binelli 2015; Serdar 2021; 

Erguven et al. 2022) and has been preferred because 

it is not selective in food intake (Serdar 2021).

 

Figure 1. Dreissena polymorpha 

In this study, it was aimed to investigate the effect of 

CuNP heavy metal on the accumulation amount with 

probiotic supplementation in the aquatic organism D. 

polymorpha. 

Materials and Methods 

Model Organism Supply and Adaptation 

D. polymorpha individuals were collected from 

the Euphrates River (38º48'25” N, 38º43'51” E) 

(Figure 2) and quickly brought to the laboratory in 

plastic bottles. The temperature was set at 18 °C for 

30days before using it in the experiments. Then, it 

was adjusted to laboratory conditions, which were  

 

similar to the natural living conditions, using 200 L 

oxygen-supplemented tanks. The aquatic 

environment was also refreshed by the addition of 

rested tap water. During the adaptation, a 

photoperiod of 12:12 light:dark cycle was applied 

and the organisms were fed with microalgae. 

Organisms at similar developmental stages were 

selected for the study and were not fed during the 

experimental study. 

 

CuO Nanoparticles 

The metal-based Cu-NP (60-80nm) chemical 

(Sigma-Aldrich) was purchased, and CuO-NP 
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(40nm) was purchased from SkySpring (Houston, 

TX, USA). No purification or analytical  

reagent classification has been done for Cu-CuO NP

chemicals. In the bioassay studies, the shape and size 

data declared by the manufacturer were taken as a 

reference. 

 

 

Figure 2. The area where living material is collected, Euphrates River (38º48'25” N, 38º43'51”)

Probiotic Supply 

The probiotic utilized in the study was acquired 

from Uğur Aqua Aquaculture Food Industry Trade. 

Bacteria species in probiotic content: Lactobacillus 

plantarum, Lactobacillus casei, Enterococcus 

faecium, Bacillus subtilis, Pediococcus spp. Bacterial 

colony count (CFU/ml): 2.2 x 1011. 

Acute Toxicity Tests (LC50) 

Acute toxicity tests were not performed since the 

damage caused by pollutants to the environment was 

taken into account. Subacute values were determined 

by a literature review (Cimen and Serdar, 2022). 

Experiment Design 

After a 30-day adaptation period, 100 individuals 

with similar development and body size were 

selected from D. polymorpha individuals obtained 

from the Euphrates River and placed in 80-liter 

aquariums. Metric meristic data of the mussels used 

in the trial design (weight; 1.005+-0.29 g, length; 

20.28+-2.09 mm, width; 10.04+-0.96 mm, height 

9.74+-1 It was recorded as .07 mm). Dried 

microalgae was fed twice a day during the adaptation 

period. The stock aquarium/tanks were supplied with 

oxygen by aquarium air motors. Physico-chemical 

parameters of the ambient water during the 

experimental application; ambient water temperature 

18 ± 1 °C; dissolved oxygen: 11.04 ± 0.15 mg/L; 

pH:8.12 ±0.45; electrical conductivity: 461 ± 43 µS 

cm-1; salinity: 0.11 ± 0.01 g/L were measured and 

recorded regularly daily. 

 

 

Two different experimental design groups were 

created to investigate the effect of CuNp 

accumulation on probiotic use. In the first 

experimental group created, CuNp was applied at the 

determined concentrations without using probiotics 

(Figure 3). 

CuNp was applied to D. polymorpha organisms 

in the 2nd experimental group at the determined 

concentrations of 3% of the water volume for 21 

days. After the probiotic application, CuNp 

application and Probiotic + CuNp applications were 

applied simultaneously and in triplicate in both 

experimental groups.  

As in all toxicological studies, application 

concentrations were determined by considering the 

application concentrations determined in CuNp 

application study, the rates of release to the 

environment and the values in this range. CuNP 

concentrations of 5, 10, 50 mg/L were established as 

sublethal concentrations.  

After 21 days of probiotic application; 

Groups of 8 organisms were formed in 1000 ml 

aquariums at 5, 10, 50 mg/L direct and CuNP and 

probiotic applied concentrations, and each 

concentration was repeated 3 times. 8 animals were 

used for each experimental group and hour (24 and 

96). No changes were made in the water environment 

and the number of living things during the trial period 

(96 hours).  A certain number of samples were taken 

from the application groups at 24 and 96 hours, 

labeled and stored at -860C until the accumulation 

amounts were measured.  
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C1: CuNP 5 mg/L 

C2: CuNP 10 mg/L 

C3: CuNP 50 mg/L 

C4: Probiotic (30 ml) + CuNP 5 mg/L 

C5: Probiotic (30 ml) + CuNP 10 mg/L 

C6: Probiotic (30 ml) + CuNP 50 mg/L 

 

Figure 3. Experiment design 

Dissolving Process 

For the dissolution process, a microwave 

dissolution treatment system (Berghof, Germany) 

was used to thaw D. polymorpha samples. 

Approximately 0.15 g of D. polymorpha sample was 

taken into the digestion vessel and 4 mL of 

concentrated nitric acid (HNO3) and 1 mL of 

hydrogen peroxide (H2O2) were added (Table 1). The 

mixture was shaken carefully and after waiting for at 

least 20 minutes, the container was closed and the  

 

disintegration program was applied (Serdar et al. 

2019). After centrifugation, the clear solutions were 

diluted to 15 mL (Pala et al. 2019). It was mixed with 

ultrapure water and CuNP ion concentrations in 

solution were measured by electrothermal atomic 

absorption spectrophotometer (ETAAS).  

The amount of D. polymorpha CuNP 

measurement values, which is a living material, was 

calculated with the calibration curve obtained from 

known standard solutions (Figure 4). 

 
Table 1. D. polymorpha Sample Digestion Method 

 
Biological 

Sample  

Weight (gr) Solvent Volume(ml) Temp.(°C) Pressure 

(Atm) 

Time(Min) 

D.Polymorpha 0,15 HNO3 

H2O2 

4 

1 

150 

180 

15 

25 

4 

5 

 

Results 

In treatment groups directly exposed to CuNP 

heavy metal (5, 10 and 50 mg/L), D. polymorpha. 

The amount of accumulation in D. polymorha 

tissues was measured at 24 and 96 hours. It was 

found that there was a linear increase between 

increasing concentration and application time, but 

the calculated increase was statistically insignificant 

(P < 0.05) (Figure 5). 

CuNP accumulation amounts were measured in 

D. polymorha tissues treated with probiotics for 

 

 

 

 

24 and 96 times. It was found that there was a linear 

increase between increasing concentration and 

application time, but the calculated increase was 

statistically insignificant (P < 0.05) (Figure 5). 

When the amount of CuNP accumulation in D. 

polymorha tissues treated directly and with 

probioticswas compared 24 and 96 hours, it was 

found that there was a statistically significant (P < 

0.05) difference only in the 24-hour highest 

concentration (50 mg/L) application group (P < 

0.05) (Figure 5).
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Figure 4. Calibration curve of Cu-Np 

Figure 5. Cu accumulation in D. Polymorpha

Discussion 

Çimen et al. (2020) investigated the 

accumulation rates of Cu (60–80 nm) and CuO (40 

nm) nanoparticles in Artemia salina, and as a result, 

there was a difference in the accumulation and 

elimination rates of both NPs in parallel with the 

increase in concentration and at each application 

time they indicated. Dağlıoğlu and Öztürk (2016) 

evaluated single-celled freshwater algae 

(Desmodesmus multivariabilis) test organism for 

the bioaccumulation of boron nanoparticles. As a 

result, they observed that nano and micro boron 

particles accumulated in different amounts in algae. 

Le et al. 2021 investigated Cu accumulations under 

chronic exposure at various pH and sodium (Na) 

concentrations in D. polymorpha and stated that pH 

and Na have a significant effect on Cu uptake and 

accumulation rates in the body. According to 

Clayton et al. (2000), D. polymorpha showed a high 

tendency to accumulate copper and tributyltin 

(TBT) contaminants. When pooled, the replicated 

samples exhibited significant differences from the 

controls, despite the presence of relatively high 

inter-individual variability. Mersch et al. (1993) 

evaluated the potential of the freshwater organisms 

D. polymorpha and Rhynchostegium riparioides as 
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indicators of heavy metal contamination, 

consequently, exposure of both metals to Cu and Cd 

over a 27-day period resulted in the accumulation of 

both metals in R. riparioides. They stated that it was 

fast and it was not observed that it was slower for D. 

polymorpha. It has also been observed that D. 

polymorha individuals exposed to CuO NP 

accumulate in the model organism depending on 

time and concentration. 

Sandeva et al. (2016) observed a slight 

improvement in some parameters (nitrates, nitrites, 

permanganate) by applying probiotics for 4 weeks 

in Cyprinus carpio. Sharifuzzaman et al. (2011) 

evaluated the efficacy of the cellular components of 

probiotics Kocuria SM1 and Rhodococcus SM2 to 

protect rainbow trout (Oncorhynchus mykiss) 

against vibriosis and stated that probiotics provide 

significant protection. Sami et al. (2020) evaluated 

the growth performance and survival rates of the 

examined species by adding probiotics to fresh 

algae, yeast and bacteria in Ruditapes decussatus. 

They reported that the highest specific growth rate 

and growth gain in total weight of test organisms 

were in mixed algae-probiotic feeding, and the 

highest in wet weight and dry weight was in the 

group fed with bacteria-probiotics. Giri et al. (2018) 

investigated the protective effects of the probiotic 

Lactobacillus reuteri P16 against the toxicity 

caused by Pb exposure in Cyprinus carpio and 

stated that L. reuteri P16 reduced the accumulation 

of Pb in tissues. Daisley et al. (2019) stated that 

Lactobacillus rhamnosus GR-1 probiotic reduces 

the separation of Pb and Cd and their absorption 

through the intestinal epithelium. Tawwab et al. 

(2010) aimed to evaluate the growth response and 

resistance to water-borne copper toxicity of 

Sarotherodon galilaeus probiotic in Galilee tilapia, 

and as a result, it reduced Cu absorption; indicated 

that it had a positive effect on growth and feed 

utilization. Yu et al. (2020) examined the copper-

induced accumulation and histopathological-

biochemical parameters of dietary microbial flox in 

Rhynchocypris lagowski dybowski, and stated that 

their diet reduced Cu accumulation. Madreseh et al. 

(2018) investigated the accumulation and some 

parameters of some heavy metals (cadmium, lead, 

nickel, zinc) in Oncorhynchus mykiss tissues of 

feeding with encapsulated Lactobacillus fermentum 

and Lactulose; As a result of the examination, they 

stated that L. fermentum prevented the absorption 

and accumulation of heavy metals in the liver and 

gills of rainbow trout. Kargar and Shirazi (2020) 

examined the removal rates of Cu and Zn ions from 

the aquatic environment of L. fermentum and 

Lactobacillus plantarum probiotics for Cu and Zn 

in their study; indicating that both metals and both 

species showed rapid biosorption. Bhakta et al. 

(2012) examined water samples of Cd and Pb 

resistant lactic acid bacteria from some regions 

where aquaculture is used as probiotics, and as a 

result, these probiotics have the potential to remove 

heavy metals from the fish intestinal environment to 

control the progressive bioaccumulation of heavy 

metals in fish. They stated that they can be used as 

probiotic strains. 

The data obtained from this study show 

parallelism with the information in the literature. It 

was determined that there was less Cu-Np 

accumulation in the groups treated with probiotics 

compared to the groups not given probiotics. In this 

respect, the study is similar to the information in the 

literature. 

With this study, the effect of probiotics on 

heavy metal accumulation in the body was 

investigated and it was observed that they play an 

important role in positive excretion and elimination 

from the body, preventing or reducing the amount 

of accumulation. According to these results, the 

study is consistent with previous research in this 

field and is expected to lead the studies to be done 

in the future. It is believed that probiotics have an 

impact on the excretory system of the body and they 

are resistant to heavy metal accumulation in the 

body in this respect.  D. polymorha is a suitable 

biomonitor to quantify the bioavailable of Cu-Np in 

freshwaters besides a continuous biomonitoring 

system as part of ecological risk assessment. 

Furthermore, this model can be used as a predictive 

tool to evaluate the quality of the environment.  

Acknowledgement 

Contributing to the study by providing probiotic 

material, Uğur Aqua Su Ürünleri Gıda San.Tic. 

Thank you to your company. 

References 

ABdel‐Tawwab M, Mousa MAA, Mohammed MA. 

2010. Use of live baker's yeast, Saccharomyces 

cerevisiae, in practical diet to enhance the growth 

performance of Galilee tilapia, Sarotherodon 

galilaeus (L.), and its resistance to environmental 

copper toxicity. Journal of the World Aquaculture 

Society.      

41(2), 214-223. 

 doi: 10.1111/j.1749-7345.2010.00361.x 

Arun KB, Madhavan A, Sindhu R, Emmanual S, Binod 

P, Pugazhendhi A, Sirohi R, Reshmy R, Awasthi 

MK, Gnansounou E,  Pandey A. 2021. Probiotics and 

gut microbiome− Prospects and challenges in 

remediating heavy metal toxicity. Journal of 

Hazardous Materials. 420, 126676. 

https://doi.org/10.1111/j.1749-7345.2010.00361.x


 

 
 

 
  

 

 

Aydın & Serdar 2024- LimnoFish 10(1): 39-46 45 

  

 

 

doi: 10.1016/j.jhazmat.2021.126676 

Binelli A, Della Torre C, Magni, S, Parolini M. 2015. 

Does zebra mussel (Dreissena polymorpha) 

represent the freshwater counterpart of Mytilus in 

ecotoxicological studies? A critical review. 

Environmental pollution. 196, 386-403. 

doi:10.1016/j.envpol.2014.10.023 

Bhakta JN, Munekage Y, Ohnishi K, Jana BB. 2012. 

Isolation and identification of cadmium-and lead-

resistant lactic acid bacteria for application as metal 

removing probiotic. International Journal of 

Environmental Science and Technology. 9, 433-440.  

doi: 10.1007/s13762-012-0049-3 

Clayton ME, Steinmann R, Fent K. 2000. Different 

expression patterns of heat shock proteins hsp 60 and 

hsp 70 in zebra mussels (Dreissena polymorpha) 

exposed to copper and tributyltin. Aquatic 

Toxicology. 47(3-4), 213-226.  

doi: 10.1016/S0166-445X(99)00022-3 

Cimen ICC, Danabas D, Ates M. 2020. Comparative 

effects of Cu (60–80 nm) and CuO (40 nm) 

nanoparticles in Artemia salina: Accumulation, 

elimination and oxidative stress. Science of the Total 

Environment. 717, 137230.  

doi: 10.1016/j.scitotenv.2020.137230 

Çimen  ICÇ, Serdar O. 2022. Effect Of Metallothıoneın 

Levels In Gammarus Pulex Exposed To Copper And 

Copperoxıde Nanopartıcles. Ecological Life 

Sciences. 17(2), 59-67. 

doi: 10.12739/NWSA.2022.17.2.5A0166 

Clearwater S.J.  Farag A.M. 2022 Meyer Bioavailability 

and toxicity of diet borne copper and zinc to fish 

Comp. Biochem. Physiol. 132C, 269-313.  

doi: 10.1016/S1532-0456(02)00078-9 

Dagani R. 2023. Nanomaterials: safe or unsafe? Chem. 

Eng. News. 81 (17), 30-33. 

doi: 10.1021/cen-v081n017.p030 

Dağlıoğlu Y, Öztürk BY. 2016. Desmodesmus 

multivariabilis’ in bor partiküllerine maruz kalmada 

biyolojik birikiminin değerlendirilmesi. Biyolojik 

Çeşitlilik ve Koruma. 9(3), 204-209. 

Daisley BA, Monachese M, Trinder M, Bisanz JE, 

Chmiel JA, Burton JP, Reid G. 2019. Immobilization 

of cadmium and lead by Lactobacillus rhamnosus 

GR-1 mitigates apical-to-basolateral heavy metal 

translocation in a Caco-2 model of the intestinal 

epithelium. Gut microbes. 10(3), 321-333.  

doi: 10.1080/19490976.2018.1526581 

Dreher KL. 2004. Health and environmental impact of 

nanotechnology: toxicological assessment of 

manufactured nanoparticles. Toxicol. Sci. 77(1), 3-5.  

doi: 10.1093/toxsci/kfh041 

Erguven GÖ, Serdar O, Tanyol M, Yildirim NC, Yildirim 

N, Durmus B. 2022. The Bioremediation Capacity of 

Sphingomonas melonis for Methomyl‐Contaminated 

Soil Media: RSM Optimization and Biochemical 

Assessment by Dreissena polymorpha. 

ChemistrySelect,.7(27), e202202105. 

doi: 10.1002/slct.202202105 

Garai P, Banerjee P, Mondal P, Saha NC. 2021. Effect of 

heavy metals on fishes: Toxicity and 

bioaccumulation. J Clin Toxicol. 11(S18): 001. 

doi: 10.35248/2161-0495.21.s18.001 

Giri SS, Yun S, Jun JW, Kim HJ, Kim SG, Kang JW, 

Kim SW, Han SJ, Sukumaran V, Park SC.  2018. 

Therapeutic effect of intestinal autochthonous 

Lactobacillus reuteri P16 against waterborne lead 

toxicity in Cyprinus carpio. Frontiers in 

Immunology. 9:1824. 

doi: 10.3389/fimmu.2018.01824 

Hoet P.H.M. Nemmar A.B. 2004. Nemery. Health impact 

of nanomaterials Nat. Biotechnol. 22(1), 19. 

doi: 10.1038/nbt0104-19 

Kakade A, Sharma M, Salama E, Zhang P, Zhang, L, 

Xing X, Yue J, Song Z, Nan L, Su Y, et al. 2023. 

Heavy metals (HMs) pollution in the aquatic 

environment: Role of probiotics and gut microbiota 

in HMs remediation. Environ. Res. 223, 115186. 

doi: 10.1016/j.envres.2022.115186 

Kargar SHM, Shirazi NH. 2020. Lactobacillus 

fermentum and Lactobacillus plantarum 

bioremediation ability assessment for copper and 

zinc. Archives of Microbiology. 202(7), 1957-1963. 

doi: 10.1007/s00203-020-01916-w  

Khosravi-Katuli K, Prato E, Lofrano G, Guida M, Vale 

G, Libralato G. 2017. Effects of nanoparticles in 

species of aquaculture interest. Environ. Sci. Pollut. 

Res. 24(21), 17326-17346.  

doi: 10.1007/s11356-017-9360-3  

Lall SP. 2002. The minerals. In Halver JE, Hardy RW, 

editors. Fish Nutrition, New York, Academic Press. 

p. 259-308. 

Le TY, Grabner D, Nachev M, Peijnenburg WJ, Hendriks 

AJ, Sures B. 2021. Modelling copper toxicokinetics 

in the zebra mussel, Dreissena polymorpha, under 

chronic exposures at various pH and sodium 

concentrations. Chemosphere. 267, 129278.  

doi.org/10.1016/j.chemosphere.2020.129278 

Lee M, Shiau S. 2002. Dietary copper requirement of 

juvenile grass shrimp Penaeus monodon and effects 

on non-specific immune response. Fish Shellfish 

Immunol. 13 (4), p. 259-270. 

doi.org/10.1006/fsim.2001.0401 

Lorentzen M, Maage A, Julshamn K. 1998. 

Supplementing copper to a fish meal based diet fed 

to Atlantic salmon parr affects liver copper and 

selenium concentrations. Aquac. Nutr. 4(1), p. 67-

72. 

doi: 10.1046/j.1365-2095.1998.00046.x 

Madreseh S, Ghaisari HR, Hosseinzadeh S. 2019. Effect 

of lyophilized, encapsulated Lactobacillus        

fermentum and lactulose feeding on growth 

performance, heavy metals, and trace element 

residues in rainbow trout (Oncorhynchus mykiss) 

tissues. Probiotics and antimicrobial proteins. 11(4), 

1257-1263. 

doi: 10.1007/s12602-018-9487-7  

Mersch J, Morhain E, Mouvet C. 1993. Laboratory 

 

http://dx.doi.org/10.12739/NWSA.2022.17.2.5A0166
http://dx.doi.org/10.1021/cen-v081n017.p030
https://doi.org/10.1002/slct.202202105
https://doi.org/10.1007/s00203-020-01916-w
https://doi.org/10.1007/s11356-017-9360-3
https://doi.org/10.1007/s12602-018-9487-7


 

 
 

 
  

 

 

 46  Aydın & Serdar 2024- LimnoFish 10(1): 39-46 

 
accumulation and depuration of copper and cadmium 

in the freshwater mussel Dreissena polymorpha and 

the aquatic moss Rhynchostegium riparioides. 

Chemosphere. 27(8), 1475-1485.  

doi: 10.1016/0045-6535(93)90242-W 

Muralisankar T,  Bhavan PS, Radhakrishnan S, 

Seenivasan C, Srinivasan V. 2016. The effect of 

copper nanoparticles supplementation on freshwater 

prawn Macrobrachium rosenbergii post larvae. J. 

Trace Elem. Med. Biol. 34, 39-49. 

doi: 10.1016/j.jtemb.2015.12.003 

Pala A, Serdar O, Ince M, Önal A. 2019. Modeling 

approach with Box-Behnken design for optimization 

of Pb bioaccumulation parameters in Gammarus 

pulex (L., 1758). Atomic Spectroscopy. 40(3), 98-

103. 

doi: 10.46770/AS.2019.03.004 

Saliu OD, Olatunji GA, Olosho AI, Adeniyi AG, Azeh 

Y, Samo FT, Ajetomobi OO. 2019. Barrier property 

enhancement of starch citrate bioplastic film by an 

ammonium-thiourea complex modification. Journal 

of Saudi Chemical Society. 23(2), 141-149.  

doi: 10.1016/j.jscs.2018.06.004 

Sandeva G, Atanasoff A, Nikolov G, Zapryanova D. A. 

2016. Preliminary Study On Some Chemical 

Parameters Of Water From Probiotic Treated 

Common Carp (Cyprinus Carpio L.) Enclosures. 

Paper presented at:   2nd International Congress on 

Applied Ichthyology & Aquatic Environment 10 - 12 

November 2016, Messolonghi, Greece. 

Sami M, Ibrahim NK,  Mohammad DA. 2020. Effect of 

probiotics on the growth performance and survival 

rate of the grooved carpet shell clam seeds, 

Ruditapes decussatus,(Linnaeus, 1758) from the 

Suez Canal. Egyptian Journal of Aquatic Biology 

and Fisheries. 24(7), 531-551.  

doi: 10.21608/ejabf.2020.122311 

Serdar O, Pala A, Ince M, Onal A. 2019. Modelling 

cadmium bioaccumulation in Gammarus pulex by 

using experimental design approach. Chemistry and 

Ecology. 35(10), 922-936.  

doi: 10.1080/02757540.2019.1670814 

Serdar O. 2021. Determination of the effect of cyfluthrin 

pesticide on zebra mussel (Dreissena polymorpha) 

by Some Antioxidant Enzyme Activities. Journal of 

Anatolian Environmental and Animal Sciences. 6(1), 

77-83.                                    

doi: 10.35229/jaes.804479 

Sharifuzzaman SM, Abbass A, Tinsley JW, Austin B. 

2011. Subcellular components of probiotics 

KocuriaSM1 and Rhodococcus SM2 induce 

protective immunity in rainbow trout (Oncorhynchus 

mykiss, Walbaum) against Vibrio anguillarum. Fish 

& shellfish immunology. 30(1), 347-353.  

doi: 10.1016/j.fsi.2010.11.005 

Shao XP, Liu WB, Lu KL, Xu WN, Zhang WW, Wang 

Y, Zhu J. 2012. Effects of tribasic copper chloride on 

growth copper status antioxidant activities immune 

responses and intestinal micro flora of blunt snout 

bream (Megalobrama amblycephala) fed practical 

diets. Aquaculture. 338, pp. 154-159.  

doi: 10.1016/j.aquaculture.2012.01.018 

Turnlund JR. 1994. Copper. In Shils ME, Olson JA, 

Shike M, editors. Modern Nutrition in Health and 

Disease. 8th edn.  vol. 1, USA (1994), Lea & Febiger 

Malvern, p. 231-241. 

Wang P, Nie X, WangY, Li Y, Zhang L, Wang L, Bai Z, 

Chen Z, Zhao Y, Chen C. 2013. Multiwall carbon 

nanotubes mediate macrophage activation and 

promote pulmonary fibrosis through TGF-beta/Smad 

signaling pathway. Small. 9 (22), p. 3799-3811.  

       doi: 10.1002/smll.201300607 

Watanabe T, Kiron V, Satoh S. 1997. Trace minerals in 

fish nutrition. Aquaculture. 151(1-4), p. 185-207.  

       doi: 10.1016/S0044-8486(96)01503-7 

Yaqoob MU, AbdEl-Hack ME, Hassan F, El-Saadony 

MT, Khafaga AF, Batiha GE, Yehia N, Elnesr SS, 

Alagawany M, El-Tarabily KA, Wang M. 2021.The 

potential mechanistic insights and future 

implications for the effect of prebiotics on poultry 

performance, gut microbiome, and intestinal 

morphology. Poultry science. 100(7), 101143. 

doi: 10.1016/j.psj.2021.101143 

Yu B, Wang X, Dong KF, Xiao G, Ma D. 2020. Heavy 

metal concentrations in aquatic organisms (fishes, 

shrimp and crabs) and health risk assessment in 

China. Marine Pollution Bulletin. 159, 111505. 

doi: 10.1016/j.marpolbul.2020.111505 

Yu Z, Dai ZY, Qin GX, Li MY, Wu LF. 2020. Alleviative 

effects of dietary microbial floc on copper-induced 

inflammation, oxidative stress, intestinal apoptosis 

and barrier dysfunction in Rhynchocypris lagowski 

Dybowski. Fish & Shellfish Immunology, 106, 120-

132.  

       doi: 10.1016/j.fsi.2020.07.070 

Yukgehnaish K, Kumar P, Sivachandran P, Marimuthu 

K, Arshad A, Paray BA, Arockiaraj J. 2020. Gut 

microbiota metagenomics in aquaculture: Factors 

influencing gut microbiome and its physiological 

role in fish. Reviews in Aquaculture, 12(3), 1903-

1927. 

doi: 10.1111/raq.12416

 

http://dx.doi.org/10.46770/AS.2019.03.004

