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Introduction

Microdiets are being used to partially replace live feed in Gilthead seabream (Sparus aurata) larvae. However information 
on requirements of micronutrients for this species is scarce. Skeletal anomalies are highly present in seabream culture, and 
prevalence of severe anomalies ranges between 15-100% in commercial hatcheries. A wide range of factors are involved 
in the presence of skeletal anomalies including genetical, physical, chemical and nutritional. Zinc (Zn) and manganese 
(Mn) deficiencies have been related to reduced performance and higher prevalence of skeletal anomalies (Watanabe et al., 
1997). However microdiets employed in larval nutrition mean the feed is more exposed to leaching processes. This, added 
to the fact that the larval digestive system isn’t fully developed suggest that the source of Zn and Mn used may influence 
the bioavailability of the mineral.

Materials and Methods

Diets. Seven different isoenergetic and isonitrogenous practical diets were designed to contain Zn and Mn in either organic 
(Zn O and Mn O), inorganic (Zn I and Mn I) or encapsulated form (Zn E and Mn E) or none of these (Control -).

Fish and experimental conditions. Larvae from natural spawns from the broodstock of Aquaculture Research Group (GIA) 
(Las Palmas de Gran Canaria, Spain) with initial total length 6.4±0.3mm, dry body weight 0.22±0.01mg, mean ±SD 
previously fed rotifers (Brachinous plicatilis) enriched with DHA Protein Selco (INVE, Dendermond, Belgium) until 
20dph, were randomly distributed in 18 experimental tanks at a density of 2100 larvae tank-1 and were manually fed one 
of the experimental diets tested in triplicates for 24 days, at a water temperature of 18.1–0.1ºC. All tanks (200 L light grey 
color cylinder fibreglass tanks) were supplied with filtered seawater (37 g/L salinity) at an increasing rate of 0.4–1 L/
min along the feeding trials. Water entered the tank from the bottom and came out from the top; water quality was daily 
tested, and no deterioration was observed. Water was continuously aerated (125 mL/ min) attaining 5–8 g/L dissolved 
O2, and saturation ranged between 60 and 80%. At the end of the trial total survival rate was calculated. 30 larvae per 
tank were weight and measured and productive parameters recorded. 50 larvae per tank were sampled and stored at 10% 
formaldehyde for posterior osteological analyses.

Osteology. Larvae were double stained with Alcian blue and alizarin red according to Socorro, (2006 after Taylor and Van 
Dyke, 1985 and Dingerkus and Uhler, 1977) and skeletal anomalies were studied and classified according to Boglione et 
al., (2001). Frequencies of individuals with at least one anomaly, and frequencies of individuals with at least one serious 
anomaly (cranial anomalies, kyphosis, lordosis, vertebrae fusion or deformation) in each group were calculated.

Statistics. All data were tested for normality and homogeneity of variances with Levene′s test, not requiring any 
transformation and treated using one-way ANOVA. Means were compared by Duncan’s test (P < 0.05) using a SPSS 
software (SPSS for Windows 11.5; SPSS Inc., Chicago, IL, USA). Bone anomalies present in fish from the different diets 
were subjected to correspondence analysis in order to relate the role of each diet on the frequency of anomalies (Hammer 
et al 2001.) using a PAST software (version 2.14, available at: www.nhm.uio.no/norlex/past/ download.html).
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Results

At the end of the trial survival rate, weight and length were as follows:

Osteological analysis revealed only cartilage was stained. Every individual evaluated presented skeletal anomalies. 
Prevalence of severe anomalies almost reached 100% in every tank due to the presence of anomalies in the branchiostegal 
rays and lordosis. No significant differences were found between treatments for total prevalence of skeletal anomalies or 
severe anomalies.

Discussion and conclusion

Knowledge about marine fish species regarding mineral requirements is scarce (Hamre et al., 2013). On the other hand, 
information regarding mineral sources for seabream is almost inexistent (Antony Jesu Prabhu, 2015. PhD thesis)toxic 
chemical products formed as secondary metabolites by a few fungal species that readily colonise crops and contaminate 
them with toxins in the field or after harvest. Ochratoxins and Aflatoxins are mycotoxins of major significance and hence 
there has been significant research on broad range of analytical and detection techniques that could be useful and practical. 
Due to the variety of structures of these toxins, it is impossible to use one standard technique for analysis and/or detection. 
Practical requirements for high-sensitivity analysis and the need for a specialist laboratory setting create challenges for 
routine analysis. Several existing analytical techniques, which offer flexible and broad-based methods of analysis and in 
some cases detection, have been discussed in this manuscript. There are a number of methods used, of which many are 
lab-based, but to our knowledge there seems to be no single technique that stands out above the rest, although analytical 
liquid chromatography, commonly linked with mass spectroscopy is likely to be popular. This review manuscript discusses 
(a. A reduction in survival rate, length and weight of fish fed either Zn or Mn with any source compared to those fed a 
control diet was found. This results are similar to others obtained in similar studies and suggest a toxic effect of either Zn 
or Mn (Ghrab, 2014. Master thesis), however the previous study also included selenium and iron, thus suggesting these two 
minerals weren’t exerting a toxic effect. Amongst growth parameters fish fed inorganic Zn presented higher performance 
suggesting a better absorption.

Osteological analyses demonstrated a reduced skeletal development evidenced by the absence of mineralized bone. Seabream 
larvae as small as 5.7mm (Faustino and Power, 1998) show mineralized bone, however these, being at least 9.15mm 
long, didn’t. The background high prevalence of skeletal anomalies camouflaged the effects of mineral supplementation, 
however the high prevalence of anomalies may be due to both a toxic effect of Zn and Mn in the diets containing either 
mineral, or to deficiencies in other minerals in the control – diet.
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