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ABSTRACT The present study aimed to assess the potential impact of pollution on total lipid levels as 
well as the response of a lipid peroxidation biomarker, malondialdehyde (MDA) in a sentinel 
and edible species, Donax trunculus Linnaeus, 1758  (Bivalvia Donacidae). The samples were 
collected during the major spawning phase (spring) over three months (March, April, May) 
in year 2021 from two selected sites in the Gulf of Annaba: El Battah (reference site), and 
Sidi Salem (polluted site). Biochemical analyses showed a significant increase in total lipid 
levels determined in the mantle of D. trunculus in individuals from El Battah compared to 
those from Sidi Salem. The highest values are observed during the first two months (March, 
April), which corresponds to the accumulation of reserves at the beginning of reproduction. 
The lowest rates are recorded at the end of the breeding season (May) corresponding to the 
period of emission of gametes which is privileged by the increase in temperature. Sex differ-
ences reveal an accumulation of reserves and a greater energy allocation in females compared 
to males during reproduction. Measurement of MDA indicates an increase in rates recorded 
in individuals from Sidi Salem compared to those from El Battah. Moreover, sex differences 
demonstrate a greater response in females compared to males. Overall, the results obtained 
demonstrated that the Gulf of Annaba is subjected to stress conditions from anthropogenic 
origin that are more pronounced in the populations of D. trunculus from Sidi Salem, linked 
to the level of pollution of this site. Thus, D. trunculus appears to be an appropriate sentinel 
species for the assessment of ecotoxicological risk in the Gulf of Annaba.

INTRODUCTION 
 

The Gulf of Annaba is continuously affected by 
various contaminants from urban, agricultural, harbor 
and industrial activities (Belabed et al., 2017), notably 

by heavy metals (Rabei et al., 2018). In addition, 
heavy metals were detected in tissues from a sentinel 
and edible species, Donax trunculus Linnaeus, 1758 
(Bivalvia Donacidae) (Beldi et al., 2006) and in sed-
iments from the Gulf of Annaba (Amira et al., 2018). 
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2017; Amira et al., 2018; Rabei et al., 2018; Sifi 
& Soltani, 2019; Amamra et al., 2019; Hamdani 
et al., 2020). Thus, Hamdani et al. (2020) reported 
that in D. trunculus from the Gulf of Annaba the 
gametogenesis takes place from December to Au-
gust in both sites, with an autumnal resting phase, 
while the spawning occurred between March and 
August with two major spawning phases: April 
and August in El Battah vs May and August in 
Sidi Salem.  

The present study investigated the potential im-
pact of pollution on total lipid levels as well as the 
response of a lipid peroxidation biomarker, malon-
dialdehyde (MDA) in a sentinel and edible species, 
D. trunculus (Bivalvia, Donacidae) collected during 
the major spawning phase (spring) in year 2021, 
from two selected sites in the Gulf of Annaba, one 
being exposed to different sources of pollutants 
(Sidi Salem) and the other being relatively clean (El 
Battah). 
 
 
MATERIAL AND METHODS 
 
Presentation of sampling sites  
 

The samples were collected at two sites from the 
gulf of Annaba (Fig. 1). El Battah site (36 ° 50 ’N, 
8 ° 50’ E), located to the west of Mafrag Estuary, 
between Chatt beach and Cape Rosa, is far from 
any human activities and is expected as a relatively 
clean site (Rabei et al., 2018). This site, also char-
acterized by higher hydrodynamic conditions that 
may contribute to the dilution of pollutants, is ex-
ploited by fishermen (Hamdani et al., 2020). Sidi 
Salem (36 ° 50 ’N, 7 ° 47’ E) located to the east side 
of the Seybouse Estuary is a contaminated site. It is 
exposed to various discharges from urban, agricul-
tural and industrial sources (Rabei et al., 2018; 
Amira et al., 2018). 
 
Physicochemical parameters 
 

The physico-chemical parameters of seawater 
were recorded using a multiparameter (Multi 340 
i, Germany) during the study period at the two 
sites, El Battah and Sidi Salem. The following pa-
rameters were considered: temperature (°C), pH, 
salinity (PSU) and dissolved oxygen (%) (Table 
1). 

Donax trunculus is widely used as a sentinel 
species in the environmental assessment of marine 
pollution (Tlili & Mouneyrac, 2019; Amamra et al., 
2019; Tlili et al., 2020, Lamine et al., 2021). In Al-
geria, this clam is abundant in sand beaches from 
the Gulf of Annaba (Beldi et al., 2006; Hafsaoui et 
al., 2016) and the most consumed bivalve by the 
local population for its nutritional value (Merad et 
al., 2017). Moreover, this edible species was also 
successfully used as a bioindicator to monitor water 
quality in the Gulf of Annaba (Soltani et al., 2012; 
Merad et al., 2016; Amira et al., 2018; Amamra et 
al., 2019).  

The quality of the marine ecosystem was evalu-
ated based on biomarker measures in sentinel 
species, especially marine bivalves (Signa et al., 
2015). Biomarkers include a variety of molecular, 
cellular, or physiological alterations measurable in 
organisms in response to pollutants or other envi-
ronmental stress factors (Birnstiel et al., 2019; 
Cortez et al., 2019). Thus, D. trunculus was used as 
bioindicator species for the assessment of marine 
pollution in the Gulf of Annaba through the meas-
urement of several biomarkers like glutathione S-
transferase (GST), acetylcholinesterase (AChE), 
catalase (CAT) or metallothioneins (MTs) rates 
(Soltani et al., 2012; Amira et al., 2018; Rabei et al., 
2018; Sifi & Soltani, 2019).  

Energy reserves can be used as good biomarkers 
of the health of the body and its environment 
(Yeung et al., 2016; Moreira et al., 2017; Boukari 
et al., 2021). Among these reserves, lipids have par-
ticularly two fundamental roles in metabolism: en-
ergy storage in the form of triacylglycerols and 
distribution as membrane components in the form 
of phospholipids (Delgado et al., 2004; Nie et al., 
2016). Malondialdehyde (MDA) formed during the 
action of free radicals on polyunsaturated fatty acids 
is largely used as a biomarker of lipid peroxidation 
and more generally of oxidative stress (Viarengo et 
al., 2007; Maurya et al., 2021). 

Chemical contaminants exposure was found to 
affect the reproductive cycle of bivalves (Lintel-
mann et al., 2003; Hafsaoui et al., 2016; Hamdani 
et al., 2020). D. trunculus has been the subject of 
several studies on growth, population dynamic 
and reproductive biology in the Annaba Gulf 
(Sifi, 2009; Hamdani & Soltani-Mazouni, 2011; 
Soltani et al. 2012; Belabed, 2013; Hamdani et 
al., 2014; Benradia et al., 2016; Merad et al., 
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Donax trunculus as bioindicator for monitoring of the Annaba gulf (Algeria) during the reproduction (Spring 2021)

 Samples collection 
 

The sampling of D. trunculus is carried out by 
the artisanal fishing process during March, April 
and May of the year 2021 corresponding to the 
spring reproduction period (Hamdani et al., 2020). 
The gender distinction is made only during the pe-
riod of sexual activity (Merad & Soltani, 2017) and 
is based on the color of the gonad. When mature, 
the reproductive system of males appears as a white 
or yellowish gland and the sex products are white 
and viscous (dense) while females show an  intense 

blue (deep) blue gonad with blue and granular sex 
products (Hafsaoui et al., 2016; Merad & Soltani, 
2017). The gonadal cycle is synchronous in both 
males and females. (Mouëza & Frenkiel-Renault, 
1973; Hamdani & Soltani-Mazouni, 2011). Living 
individuals of this species with an average size of 
27 ± 1 mm, are dissected with their mantle being 
removed and cleared of the siphons then separated 
vertically into two halves where, each half will be 
used for a different biochemical dosage.  
 
Extraction and dosage of lipids  
 

Specimens of standardized shell size (length 27 
± 1 mm) were dissected and the mantles (weight 
40–45 mg) removed for biochemical analysis. 
Lipids from mantles were extracted according to 
Shibko et al. (1966) as previously described 
(Boukari et al., 2021). Each mantle sample was in-
dividually homogenized with ultrasound (Sonifier 
B-30) in 1 ml of trichloroacetic acid (20%) and then 
centrifuged (5000 g, 10 min). The supernatant II re-
covered will be used for the determination of the 
total lipids. The pellet added with a mixture of ether 
and chloroform (1V/1V) was subjected to a second 
centrifugation (5000 g for 10 min). The resulted su-
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Figure 1. Location of sampling sites of D. trunculus in the Gulf of Annaba: the reference site  
(El Battah) and the polluted site (Sidi Salem). 

Table 1. Physicochemical parameters of water at the two 
sampling sites. For each parameter, mean values followed 
by the same letter are not significantly different (p> 0.05).



pernatant was used to quantify the lipids based on 
the vanillin method of Goldsworthy et al. (1972) 
and absorbance of the samples was measured at 532 
nm. wavelength.  
 
Malondialdehyde assay 
 

Lipid peroxidation was estimated by quantifying 
MDA levels in mantles, according to the method of 
Draper & Hadley (1990) based on the colorimetric 
measurement of the reaction between Thiobarbi-
turic Acid (TBA) and malondialdehyde (MDA) giv-
ing a reddish-brown product whose intensity is 
measured at a wavelength of 532 nm. The frag-
ments of mantles are ground with ultrasound in 1 
ml of tris-HCL buffer (50 mM, pH 7.5) and cen-
trifuged for 10 min at 10,000  rpm, this being fol-
lowed by adding 2.5 ml of TCA (TCA 0.1 g/mL) to 
0.5 mL homogenate and placed in a boiling water 
bath for 15 min. After cooling in tap water, centrifu-
gation is carried out again at 10,000 rpm for 10 min. 
Two ml of the supernatant is then taken, to which 
is added 1 ml of TBA solution. After a second heat-
ing (100 °C., 15 min) and cooling, 1.5 ml of butanol 
is added. After agitation, a final centrifugation 
(10,000 rpm, 10 min) is carried out with the super-
natant being recovered, as well as an absorbance 
measurement at 532 nm. The rate of MDA was ex-
pressed as μmol.mg−1 protein. 
 
Protein quantification 
 

The proteins were quantified according to the 
method of Bradford (1976), which consists in meas-
uring protein concentrations in the supernatants by 
using bovine serum albumin (Sigma) as standard 
and Coomassie Brilliant Blue (BBC) as a reactant. 
Absorbances are read at a wavelength of 595 nm.  
 
Statistics   
 

The results obtained are expressed as mean ± 
standard deviation (m ± SD) and various statistical 
tests are carried out using Prism version 9 software 
(GraphPad software, La Jolla California, United 
States, www. Graphpad.com). Different tests were 
carried out:  

-Student’s t test to compare the two-by-two 
mean values of the physicochemical parameters of 
seawater;  

- Three-way analysis of variance (ANOVA) 
(month, site and sex) was used.  

- Finally, the Tukey’s test was applied allowing 
to rank the different mean values and determining 
the differences between the studied groups. 
 

 
RESULTS 
 
       Biochemical analyzes reveal that the lipid levels 
of individuals from El Battah were higher compared 
to those from Sidi Salem during the three months 
of the study (Table 2). Maximum values   were 
recorded in females from the El Battah site (21.84 
± 0.64 μg / mg of tissue) in April against a mini-
mum values   in males from the Sidi Salem site (7.35 
± 0.48 μg / mg tissue) in May. The comparison of 
total lipid levels for each sex by Tukey’s test (Table 
3) indicates a significant difference (p <0.0001) be-
tween the two sites during the three months. Three-
way ANOVA shows significant effects (p <0.0001) 
of both month (F 2, 48 = 467), site (F 1, 48 = 3594) 
and sex (F 1, 48 = 524.2). In addition, a month / site 
(F 2, 48 = 67.07) and site / sex (F 1, 48 = 109.1) in-
teraction at p <0.0001 as well as a month / sex in-
teraction (F 2, 48 = 9.022) and month / site / sex (F 
2.48 = 8.845) at p = 0.0005 were recorded, respec-
tively. 

The results obtained concerning the MDA rates 
are summarized in Table 4; they reveal that the 
MDA rates of individuals from El Battah were 
lower compared to those from Sidi Salem during 
the three studied months. Maximum values   were 
recorded in females from the Sidi Salem site with 
an average of 33.95 ± 0.47 μM / mg of protein in 
May against minimum values   in males from the El 
Battah site with an average rate of 15.28 ± 0.17 μM 
/ mg protein in March. Comparison of MDA rates 
for each sex by Tukey’s test, presented in Table 5, 
reveals significant differences between sites during 
the three months (p <0.0001). Three-way ANOVA 
(month, site and sex) of MDA levels (μM /mg pro-
tein) at the two study sites during the spring breed-
ing season of D. trunculus reveals significant 
effects (p <0.0001) of both month (F 2, 48 = 
1436.46), site (F 1.48 = 1269.96) and sex (F 1.48 = 
1468.34). As well as a month / sex (F 2.48 = 46.57), 
site / sex (F 1, 48 = 23.81) and month / site / sex (F 
2.48 = 34.82) significant interactions (p <0.0001) 
were recorded (Tables 4, 5) 
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tained show higher levels in individuals from the 
El Battah site compared to those from Sidi Salem 
confirming previous studies (Hamdani & Soltani-
Mazouni, 2011; Soltani et al., 2012; Sifi et al., 
2013; Hamdani et al., 2014; Bensouda-Talbi & 
Soltani- Mazouni, 2014; Sifi & Soltani, 2019). 
Moreover, biochemical analysis performed in the 
flesh of an edible fish, Liza aurata from the gulf of 
Annaba, revealed a significant decrease in protein, 
lipid and carbohydrate amounts in Sidi Salem com-
paratively to El Hnaya (Bouzenda et al., 2021). 
This difference between the two sites may be due 
to their pollution level. 

The sexual activity of Bivalves is influenced by 
several factors, such as temperature, availability of 
nutrients (Boukadida et al., 2019), as well as con-
taminants (Bonnefille et al., 2018; Ke & Wang, 
2018) Most organisms, under normal conditions, 
use their reserves and sources of energy for general 

DISCUSSION 
 

Bivalves are among the most consumed and 
traded molluscs in the world (Tacon & Metian, 
2013). They are associated with a high nutritional 
value, holding high contents of proteins, fats, car-
bohydrates, essential amino acids and fatty acids, 
vitamins, minerals and trace elements (Larsen et al., 
2011; Tacon & Metian, 2013). Bivalve body con-
stituents represent energy reserves that are used as 
an indicator of pollutant stress (Telahigue et al., 
2019). Among these reserves, lipids are the most ef-
ficient source of energy. In Bivalve Molluscs, en-
ergy is stored in the form of lipids and glycogen, 
and is used, among other things, during gametoge-
nesis (Nie et al., 2016).  

In the present study, total lipid rates were quan-
tified in the mantle of D. trunculus during the 
spring breeding season of 2021. The results ob-
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Table 2. Total lipid levels (m ± SD, n = 5; µg/mg tissue) in the mantle of females and males D. trunculus from the Gulf of 
Annaba collected during the spring breeding season of 2021. Mean values followed by the same lowercase letter are not si-
gnificantly different (p> 0.05) between sexes for the same month at each site, while those followed by the same uppercase 
letter are not significantly different (p> 0.05) between months for the same gender at each site. 

Table 3. Total lipid levels (m ± SD, n = 5; µg / mg tissue) in the mantle of females and males of D. trunculus from the Gulf 
of Annaba collected during the spring breeding season of the year 2021. Mean values followed by the same lowercase letter 
are not significantly different (p> 0.05) between sites for the same month and the same sex. 



metabolism, growth and reproduction (Gonçalves 
et al., 2020; Silva et al., 2021). The energy alloca-
tion of organisms can be altered by an exposure to 
contaminants. This stress leads to the depletion of 
reserves because the synthesis, mobilization and 
use of antitoxic defenses (Jeon et al., 2013; Yeung 
et al., 2017). Lipid levels decrease in D. trunculus 
exposed to cadmium with more marked effects in 
females (Merad & Soltani, 2017). Smolders et al. 
(2004) and Guerlet et al. (2007) also noted a reduc-
tion in lipid levels in the mussel Dreissena poly-
morpha. The same results are observed in D. 
trunculus transplanted into an environment con-
taminated by heavy metals (Rabei et al., 2018; 
Boukari et al., 2021). The high rates observed in 
March and April would correspond to gonadal ma-
turity and gametogenesis, while the low rates in 
May correspond to the period of gamete emission 
(Borkovic et al., 2005; Hamdani & Soltani-Ma-

zouni, 2011) favored by the increase in tempera-
ture. Sex differences were also demonstrated at the 
two studied sites with relatively high rates in fe-
males than in males. This could be due to a differ-
ence in energy demand between male and female 
gametes (Beninger et al., 2003). In fact, males pro-
duce small spermatozoa with little energy reserves 
compared to females which develop vitelline re-
serves for the development of oocytes (Beninger & 
Le Pennec, 1997) and have high energy require-
ments for the oogenesis process. 

The environmental stress induced by pollution 
causes toxicity through oxidative stress which 
manifests itself in an increase in the production of 
oxygen-derived species (ROS) (Chiarelli & Roc-
cherri, 2014; Deidda et al., 2021). The fragmenta-
tion of membrane lipids and the lipid peroxidation 
of polyunsaturated fatty acids due to oxygen radi-
cals cause an alteration of the structure, fluidity, 
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Table 4. Malondialdehyde rates (m ± SD, n = 5; µM / mg protein) in the mantle of females and males of D. trunculus from 
the Gulf of Annaba collected during spring breeding in 2021. For the same sex and month, mean values followed by the 
same lowercase letter are not significantly different (p> 0.05) between sites.  

Table 5. Malondialdehyde rates (m ± SD, n = 5; µM / mg protein) in the mantle of females and males of D. trunculus from 
the Gulf of Annaba collected during spring breeding in 2021. Means followed by the same lowercase letter are not signifi-
cantly different (p> 0.05) between sexes for the same month at each site. The means followed by the same capital letter are 
not significantly different (p> 0.05) between times (months) for the same sex at each site. 



ACKNOWLEDGEMENTS 
 
This work was supported by the National Fund for 
Scientific Research to Pr. N. Soltani (Laboratory of 
Applied Animal Biology) and the Ministry of High 
Education and Scientific Research of Algeria 
(PRFU Project to Pr. N. Soltani). 
 
 
REFERENCES 
 
Abdennour C., Drif, F., Boulakoud M.S. & Ounissi M., 

2010. Trace metals in mussel Donax trunculus of 
Annaba estuaries, Algeria. Oceanography, 3: 15–20. 

Amamra F., Sifi K., Kouachi N. & Soltani N., 2019. 
Evaluation of the impact of pollution in the gulf of 
Annaba (Algeria) by measurement of environmental 
stress biomarkers in an edible mollusk bivalve Donax 
trunculus. Fresenius Environmental Bulletin, 28: 
908–915. 

Amira A., Merad I., Almeida C.M.R., Laura Guimara L. 
& Soltani N., 2018. Seasonal variation in biomarker 
responses of Donax trunculus from the Gulf of 
Annaba (Algeria): Implication of metal accumulation 
in sediments. Comptes Rendus Géosciences, 350: 
173–179. https://doi.org/10.1016/j.crte.2018.02.002  

Belabed B., Laffray X., Dhib A., Fertouna-Belakhal M., 
Souad Turki S. & Aleya L., 2013. Factors contribut-
ing to heavy metal accumulation in sediments and in 
the intertidal mussel Perna perna in the Gulf of 
Annaba (Algeria). Marine Pollution Bulletin, 74: 
477–489. 

Belabed B., Meddour A., Samraoui B. & Chenchouni H., 
2017. Modeling seasonal and spatial contamination 
of surface waters and upper sediments with trace 
metal elements across industrialized urban areas of 
the Seybouse watershed in North Africa. Environ-
mental Monitoring and Assessment, 189: 1–19. 
https://doi.org/10.1007/s10661-017-5968-5  

Beldi H., Gimbert F., Maas S., Scheifler R. & Soltani N., 
2006. Seasonal variations of Cd, Cu, Pb and Zn in the 
edible mollusc Donax trunculus (Mollusca, Bivalvia) 
from the gulf of. Annaba, Algeria. African Journal of 
Agricultural Research, 1: 85–90. 

Beninger P.G. & Le Pennec M., 1997. Reproductive 
characteristics of a primitive bivalve from a deep-sea 
reducing environment: giant gametes and their sig-
nificance in Acharaxaline (Cryptodonta: Solemyi-
dae). Marine Ecology Progress Series, 157: 195–206. 

Beninger P.G., Le Pennec G. & Le Pennec M., 2003. 
Demonstration of nutrient pathway from the digestive 
system to oocytes in the gonad intestinal loop of the 
scallop Pecten maximus L. Biology Bulletin, 205: 
83–92. https://doi.org/10.2307/1543448  

transport and antigenic properties of the cell mem-
brane inducing the formation of lesions in tissues 
and organs (Valavanidis et al., 2006). Malondialde-
hyde (MDA) is closely related to cell membrane 
degradation. It is therefore an early indicator of ox-
idative stress (Lykkesfeldt, 2007). High rates of 
MDA are recorded in individuals from the site of 
Sidi Salem compared to those of El Battah. Our re-
sults are in agreement with those reported by Tlili 
et al. (2010) in Tunisia and Soltani et al. (2012) in 
the Gulf of Annaba (Algeria). Similar observations 
have been reported by Bergayou et al. (2009) in 
Scrobicularia plan and Cerastoderma edule in Mo-
rocco. This suggests that D. trunculus individuals 
from Sidi Salem are subjected to more marked 
stress causing physiological damage (Sifi & 
Soltani, 2019). This stress is caused by exposure to 
various chemicals (Yeung et al., 2016) or metal el-
ements. Indeed, the site of Sidi Salem is exposed 
to various pollutants from domestic, agricultural 
and industrial sources (Ounissi et al. 2016; Rabei 
et al., 2018; Kheroufi et al., 2021; Kroini et al., 
2021). Significantly elevated levels of MDA in 
May have been observed. This is due to pollution 
and seasonal climate changes with low hydrody-
namics (Ounissi et al., 2016). On the other hand, 
the increase in temperature promotes the evapora-
tion of water and the rise in salinity, leading to an 
increase in the concentration of pollutants (Soucek, 
2007). MDA data also indicate a sex effect since 
MDA levels are relatively high in females com-
pared to males. This is probably due to their sensi-
tivity to pollution during physiological processes 
such as reproduction as suggested by Drif et al. 
(2019). 
 
 
CONCLUSIONS 
 

The results of this investigation showed a de-
crease in lipid levels and an increase in MDA rates 
in specimens from the Sidi Salem site compared to 
those from El Battah. This suggests that specimens 
of D. trunculus from Sidi Salem are subjected to 
oxidative stress related to the different sources of 
pollution of the site. A more pronounced rise in 
MDA levels is recorded in females, due to their sen-
sitivity to pollution during reproduction. This con-
cludes that this species is worth being used as a 
bioindicator in ecotoxicological studies. 

Donax trunculus as bioindicator for monitoring of the Annaba gulf (Algeria) during the reproduction (Spring 2021) 593



Benradia H., Berghiche H. & Soltani N., 2016. Measure 
of environmental stress biomarkers in the shrimp 
Palaemon adspersus from the Mellah lagoon (Alge-
ria): spatial and temporal variations. Fresenius Envi-
ronmental Bulletin, 25: 2563–2566. 

Bensouda-Talbi L. & Soltani-Mazouni N., 2014. Meas-
ure of oxidative stress and neurotoxicity biomarkers 
in Donax trunculus from the gulf of Annaba (Alge-
ria): case of the year 2012. Ann. Rev. Res. Biol., 
4(12): 1902–1914. 
https://doi.org/10.9734/ARRB/2014/7318  

Bergayou H., Mouneyrac C., Pellerin J. & Moukrim A., 
2009. Oxidative stress responses in bivalves (Scro-
bicularia plana, Cerastoderma edule) from the Oued 
Souss estuary Morocco. Ecotoxicology and Environ-
mental Safety, 72: 765–769. 
https://doi.org/10.1016/j.ecoenv.2008.09.012  

Birnstiel S., Soares-Gomes A. & da Gama B.A.P., 2019. 
Depuration reduces microplastic content in wild and 
farmed mussels. Marine Pollution Bulletin, 140: 241–
247.  
https://doi.org/10.1016/j.marpolbul.2019.01.044  

Bonnefille B., Gomez E., Alali M., Rosain D., Fenet H. 
& Courant F., 2018. Metabolomics assessment of the 
effects of diclofenac exposure on Mytilus gallo-
provincialis: potential effects on osmoregulation and 
reproduction. Science of The Total Environment, 
611–618. 
https://doi.org/10.1016/j.scitotenv.2017.09.146 

Borkovic S.S., Saponjic J.S., Pavlovic S.Z., Blagojevic 
D.P., Milosevic S.M., Kovacevic T.B., Radojijic 
R.M., Spasic M.B., Zikic R.V. & Saicic Z.S., 2005. 
The activity of antioxidant defense enzymes in the 
mussel Mytilus galloprovincialis from the Adriatic 
Sea. Comparative Biochemistry and Physiology Part 
C: Toxicology and Pharmacology, 141: 366–374. 
https://doi.org/10.1016/j.cbpc.2005.08.001  

Boukadida K., Cachot J., Morin B., Cler Andeau C. & 
Banni M., 2019. Moderate temperature elevation in-
crease susceptibility of early-life stage of the 
Mediterranean mussel Mytilus galloprovincialis to 
metal-induced genotoxicity. Science of the Total En-
vironment, 663: 351–360. 
https://doi.org/10.1016/j.scitotenv.2019.01.215   

Boukari A., Hamoudi F.S. & Soltani N., 2021. Biochem-
ical modification in an edible Mollusk (Donax trun-
culus) during transplantation into polluted 
environment. Fresenius Environmental Bulletin, 30: 
2416–2422. 

Bouzenda R., Soltani N. & Khebbeb M.E.H., 2021. Spa-
tio-temporal variation in biomarker responses and 
biochemical composition in the fish Liza aurata from 
the gulf of Annaba (Algeria): relation with the envi-
ronmental pollution. Fresenius Environmental Bul-
letin, 30: 12749–12758. 

Bradford M., 1976. A Rapid and Sensitive Method for 
the Quantitation of Microgram Quantities of Protein 
Utilizing the Principle of Protein-Dye Binding. 
Analytical Biochemistry, 72: 248–254. 
https://doi.org/10.1016/0003-2697(76)90527-90523  

Chiarelli R. & Roccheri M.C., 2014. Marine Inverte-
brates as Bioindicators of Heavy Metal Pollution. 
Open Journal of Metal, 4: 93–106. 
http://dx.doi.org/10.4236/ojmetal.2014.44011 

Cortez F. S., da Silva Souza L., Guimarães L. L., Almeida 
J. E., Pusceddu F. H., Maranho L. A., Fontes M.K., 
Moreno B.B., Nobre C.R., de Souza Abessa D.M., 
Cesar A. & Pereira, C. D. S., 2019. Marine contami-
nation and cytogenotoxic effects of fluoxetine in the 
tropical brown mussel Perna perna. Marine Pollution 
Bulletin, 141: 366–372. 
https://doi.org/10.1016/j.marpolbul.2019.02.065  

Deidda I., Russo R., Bonaventura R., Costa C., Zito F. & 
Lampiasi N., 2021. Neurotoxicity in Marine Inverte-
brates: An Update. MDPI Biology, 10, 161. 
https://doi.org/10.3390/biology10020161 

Delgado M., Perez Camacho A., Labarta U. & Fernan-
dez-Reiriz M.J, 2004. The role of lipids in the go-
nadal development of the clam Ruditapes decussatus 
(L.). Aquaculture, 241: 395–411. 
https://doi.org/10.1016/j.aquaculture.2004.07.018  

Draper H.H. & Hadley M., 1990. Malondialdehyde de-
termination as index of lipid peroxidation. Methods 
in Enzymology, 186: 421–431. 
https://doi.org/10.1016/0076-6879(90)86135-I  

Drif F., Abdennour C., Ciğerci I.H. & Muddassir Ali M., 
2019. Preliminary assessment of stress and genotox-
icity biomarkers in bivalve molluscs from the gulf of 
Annaba, Algeria. Bulletin of Environmental Contam-
ination and Toxicology, 102: 1–3. 
https://doi.org/10.1007/s00128-019-02583-4  

Goldsworthy J., Mordue W. & Guthkelch J., 1972. Stud-
ies on insect adipokinetic hormones. General and 
Comparative Endocrinology, 18: 545–551. 

Gonçalves A.M.M., Rocha C. P., Marques J.C. & 
Gonçalves F.J.M., 2020. Fatty acids as suitable bio-
markers to assess pesticide impacts in freshwater bi-
ological scales – A review. Ecological Indicators, 
122: 107299. 
https://doi.org/10.1016/j.ecolind.2020.107299 

Guerlet E., Ledy K., Meyer A. & Giamberini L., 2007. 
Towards a validation of a cellular biomarker suite in 
native and transplanted zebra mussels: A 2-year inte-
grative field study of seasonal and pollution-induced 
variations. Aquatic Toxicology, 81: 377–388. 
https://doi.org/10.1016/j.aquatox.2006.12.016  

Hafsaoui I., Bouaziz R., Draredja B. & Beldi H., 2016. 
Reproduction cycle of Donax trunculus (Mollusca, 
Bivalvia) in the gulf of Annaba (Northeast Algeria). 
Environmental Biology, 10: 82–95.  

NESMA ABIR DAAS ET ALII594



Lykkesfeldt J., 2007. Malondialdehyde as biomarker of 
oxidative damage to lipids caused by smoking. Cli-
nica Chimica Acta, 380: 50–58.  
https://doi.org/10.1016/j.cca.2007.01.028  

Maurya R.P., Prajapat M.K., Singh V.P., Roy M., Todi R., 
Bosak S., Singh S.K., Chaudhary S., Kumar A. & 
Morekar S.R., 2021. Serum Malondialdehyde as a Bio-
marker of Oxidative Stress in Patients with Primary Oc-
ular Carcinoma: Impact on Response to Chemotherapy. 
Clinical Ophthalmology (Auckland, NZ), 15: 871. 
https://doi.org/10.2147/OPTH.S287747  

Merad I., Bairi Y., Sifi K. & Soltani N., 2016. Protein 
carbonyls as biomarkers of oxidative stress induced 
by cadmium in Donax trunculus: gonad contents dur-
ing exposure and recovery. Fresenius Environmental 
Bulletin, 25: 5889–5895. 

Merad I., Bellenger S., Hichami A., Akhtar Khan N. & 
Soltani N., 2017. Effect of cadmium exposure on es-
sential omega-3 fatty acids in the edible bivalve 
Donax trunculus. Environmental Science and Pollu-
tion Research, 25: 18242–18250. 
https://doi.org/10.1007/s11356-017-9031-4  

Merad I. & Soltani N., 2017. Sublethal effects of cad-
mium on energy reserves in the edible Mollusk 
Donax trunculus. Journal of entomology and zoology 
studies, 1: 100–105. 

Moreira A., Figueira E., Pecora I.L., Soares A.M. & Freitas 
R., 2017. Biochemical alterations in native and exotic 
oyster species in Brazil in response to increasing tem-
perature. Comparative Biochemistry and Physiology 
Part C: Toxicology and Pharmacology, 191: 183–193. 
https://doi.org/10.1016/j.cbpc.2016.10.008  

Mouëza M. & Frenkiel-Renault L., 1973. Contribution à 
l’étude de la biologie de Donax trunculus L. (Mol-
lusques: Lamellibranches) dans l’Algérois : la repro-
duction. Cahiers de Biologie Marine, 14: 261–283. 

Nie H., Lu Y., Liu H., Yan H., Zhao L., Yang F. & Yan 
X., 2016. Seasonal variations in biochemical compo-
sition of the clam Dosinia corrugate in relation to the 
reproductive cycle and environmental conditions. 
Journal of Shellfish Research, 35: 369–377. 
https://doi.org/10.2983/035.035.0211  

Ounissi M., Laskri H. & Khelifi-Touhami M., 2016. Net-
zooplankton abundance and biomass from Annaba 
Bay (SW Mediterranean Sea) under estuarine influ-
ences. Mediterranean Marine Science, 17: 519–532.  
https://doi.org/10.12681/mms.1474  

Rabei A., Hichami A., Beldi H., Bellenger S., Khan A.N. 
& Soltani N., 2018. Fatty acid composition, enzyme 
activities and metallothioneins in Donax trunculus 
(Mollusca, Bivalvia) from polluted and reference 
sites in the Gulf of Annaba (Algeria): Pattern of re-
covery during transplantation. Environmental Pollu-
tion, 237: 900–907. 
https://doi.org/10.1016/j.envpol.2018.01.041  

Hamdani A., Soltani N. & Zaidi N., 2020. Growth and 
reproduction of Donax trunculus from the Gulf of 
Annaba (Northeast Algeria) in relation to environ-
mental conditions. Environmental Science and Pol-
lution Research, 27: 41656–41667. 
https://doi.org/10.1007/s11356-020-10103-9 

Hamdani A. & Soltani-Mazouni N., 2011. Changes in 
biochemical composition of the gonads of Donax 
trunculus L. (Mollusca, Bivalvia) from the gulf of 
Annaba (Algeria) in relation to reproductive events 
and pollution. International Journal of Biological Sci-
ences, 4: 149–156. 

Hamdani A., Soltani-Mazouni N. & Soltani N., 2014. 
Quantitative and qualitative analysis of proteins in 
gonads of Donax trunculus from the Annaba Bay: ef-
fects of site, season and sex. Advances in Environ-
mental Biology, 8: 740–749. 

Jeon J., Kretschmann A., Escher B.I. & Hollender J., 
2013. Characterization of acetylcholinesterase inhi-
bition and energy allocation in Daphnia magna ex-
posed to carbaryl. Ecotoxicology and Environmental 
Safety, 98: 28–35.  
https://doi.org/10.1016/j. ecoenv.2013.09.033 

Ke Y. & Wang W.X., 2018. Metal accumulation, growth 
and reproduction of razor clam Sinonovacula constricta 
transplanted in a multi-metal contaminated estuary. Sci-
ence of The Total Environment, 636: 829–837.  
https://doi.org/10.1016/j.scitotenv.2018.04.338 

Kheroufi N., Hamdani A. & Soltani N., 2021. Acute ex-
posure of cadmium on Donax trunculus Linnaeus, 
1758 (Mollusca Bivalvia) during the vitellogenesis 
process: histological and biochemical aspects.  Bio-
diversity Journal, 12: 865–873. 
https://doi.org/10.31396/Biodiv.Jour.2021.12.4.865.873 

Kroini H.,  Hamdani A., Soltani N., Zaidi N. & Sleimi 
N., 2021. Effects of cadmium exposure on proximate 
analysis and metallic element contents of wedge clam 
Donax trunculus). Applied Ecology And Environ-
mental Research, 19: 5103–5128. 
http://dx.doi.org/10.15666/aeer/1906_51035128 

Lamine I., Ait Alla A., Elazzaoui A., Meryam N. & Mou-
krim A., 2021. Assessment of reproductive cycle, 
parasitism and biological indices of the wedge clam 
Donax trunculus along the Taghazout coastline (on 
the Moroccan Atlantic Coast). Regional Studies in 
Marine Science, 47: 101971. 

Larsen R., Eilertsen K.E. & Elvevoll E.O., 2011. Health 
benefits of marine foods and ingredients. Biotechno-
logy Advances, 29: 508–518. 
https://doi.org/10.1016/j.biotechadv.2011.05.017  

Lintelmann J., Katayama A., Kurihara N., Shore L. & 
Wenzel A., 2003. Endocrine disruptors in the envi-
ronment (IUPAC Technical Report). Pure and Ap-
plied Chemistry, 75: 631–681. 
https://doi.org/10.1351/pac200375050631  

Donax trunculus as bioindicator for monitoring of the Annaba gulf (Algeria) during the reproduction (Spring 2021) 595



Shibko S., Koivistoinen P., Tratnyek C.A., Newhall A.R. 
& Friedman L., 1966. A method for sequential quan-
titative separation and determination of protein, 
RNA, DNA, lipid, and glycogen from a single rat 
liver homogenate or from a subcellular fraction. Ana-
lytical Bio-chemistry, 19: 514–528.  
https://doi.org/10.1016/0003-2697(67)90242-4  

Sifi K., 2009. Biosurveillance de la qualité des eaux du 
golfe d‘Annaba : croissance, composition biochi-
mique et dosage de biomarqueurs du stress environ-
nemental chez Donax trunculus (Mollusque, 
Bivalve). Thèse de Doctorat en Ecotoxicologie. Uni-
versité d‘Annaba, 229 pp. 

Sifi K., Amira A. & Soltani N., 2013. Oxidative stress and 
biochemical composition in Donax trunculus (Mol-
lusca, Bivalvia) from the gulf of Annaba (Algeria). 
Advances in Environmental Biology, 7: 595–604. 

Sifi K. & Soltani N., 2019. Seasonal changes of two bio-
markers of oxidative stress (LDH, MDA) in the edi-
ble mollusc Donax trunculus (Mollusca: Bivalvia) 
from the Gulf of Annaba (Algeria): correlation with 
carbohydrate and lipid contents, Molluscan Research,  
39: 44–52. 
https://doi.org/10.1080/13235818.2018.1499389  

Signa G., Di Leonardo R., Vaccaro A., Tra-mati C.D., 
Mazzola A. & Vizzini S., 2015. Lipid and fatty acid 
biomarkers as proxies for environmental contamina-
tion in caged mussels Mytilus galloprovincialis. Eco-
logical Indicators, 57: 384–394.  
https://doi.org/10.1016/j.ecolind.2015.05.002  

Silva D.C.C., Neto J.M., Nunes C., Gonçalves F.J.M., 
Coimbra M.A., Marques J.C. & Gonçalves A.M.M., 
2021. Assessment of seasonal and spatial variations 
in the nutritional content of six edible marine bivalve 
species by the response of a set of integrated bio-
markers. Ecological Indicators, 124: 107378. 
https://doi.org/10.1016/j.ecolind.2021.107378 

Smolders R., Bervoets L., De Coen W. & Blust R., 2004. 
Cellular energy allocation in zebra mussels exposed 
along a pollution gradient: linking cellular effects to 
higher levels of biological organization. Environmen-
tal Pollution, 129: 99–112. 
https://doi.org/10.1016/j.envpol.2003.09.027  

Soltani N., Amira A., Sifi K. & Beldi H., 2012. Environ-
mental monitoring of Annaba Gulf (Algeria): Meas-
urement of biomarkers in Donax trunculus and 
metallic pollution. Bulletin of the Zoological Society 
of France, 137: 47–56. 

Soucek D.J., 2007. Sodium sulfate impacts feeding, spe-
cific dynamic action and growth rate in the freshwa-
ter bivalve Corbicula fluminea. Aquatic Toxicology, 
83: 315–322. 

Tacon A.G. & Metian M., 2013. Fish matters: importance 
of aquatic foods in human nutrition and global food 
supply. Reviews in Fisheries Science & Aquaculture, 
21: 22–38. 
https://doi.org/10.1080/10641262.2012.753405  

Telahigue K., Rabeh I., Hajji T., Trabelsi W., Bejaoui S., 
Chouba L., El Cafsi M. & Soudani N., 2019. Effects 
of acute mercury exposure on fatty acid composition 
and oxidative stress biomarkers in Holothuria 
forskali body wall. Ecotoxicology and Environmental 
Safety, 169: 516–522. 

Tlili S. & Mouneyrac C., 2019. The wedge clam Donax 
trunculus as sentinel organism for Mediterranean 
coastal monitoring in a global change context. Regio-
nal Environmental Change, 19: 995–1007. 
https://doi.org/10.1007/s10113-018-1449-9 

Tlili S., Métais I., Boussetta H., Mouneyrac C., 2010. 
Linking changes at sub-individual and population 
levels in Donax trunculus: assessment of marine 
stress. Chemosphere, 81: 692–700. 
https://doi.org/10.1016/j.chemosphere.2010.07.064  

Tlili S., Jemai D., Brinis S., & Regaya I., 2020. Mi-
croplastics mixture exposure at environmentally rel-
evant conditions induce oxidative stress and 
neurotoxicity in the wedge clam Donax trunculus. 
Chemosphere, 258: 127344.  
https://doi.org/10.1016/j.chemosphere.2020.127344 

Valavanidis A., Vlahogianni T., Dassenakis M. & Scoul-
los M., 2006. Molecular biomarkers of oxidative 
stress in aquatic organisms in relation to toxic envi-
ronmental pollutants. Ecotoxicology and Environ-
mental Safety, 64: 178–189. 

Viarengo A., Lowe D., Bolognesi C., Fabbri E. & 
Koehler A., 2007. The use of biomarkers in biomon-
itoring: a 2-tier approach assessing the level of pol-
lutant-induced stress syndrome in sentinel organisms. 
Comparative Biochemistry and Physiology, 146 C: 
281–300.  
https://doi.org/10.1016/j.cbpc.2007.04.011  

Yeung J.W.Y., Zhou G.J. & Leung K.M., 2016. Sub-
lethal effects of cadmium and copper on RNA/DNA 
ratio and energy reserves in the green-lipped mussel 
Perna viridis. Ecotoxicology and Environmental 
Safety, 132: 59–67.  
https://doi.org/10.1016/j.ecoenv.2016.05.023  

Yeung J.W.Y., Zhou G.J. & Leung K.M.Y., 2017. Spa-
tio-temporal variations in metal accumulation, 
RNA/DNA ratio and energy reserve in Perna 
viridis transplanted along a marine pollution gradi-
ent in Hong Kong. Marine Pollution Bulletin, 124: 
736–742.  
https://doi.org/10.1016/j.marpolbul.2017.01.024 

596 NESMA ABIR DAAS ET ALII




