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INTRODUCTION

nhanced production of high quality and 

healthy fry is a key target for a 

successful and competitive expansion 

of the aquaculture industry. Despite large 

quantities of fish larvae of many species being 

already produced, survival rates are often low 

or highly variable and growth potential is in 

 

most cases not fully utilized. In larval fish 

nutrition, even after production of micro-diets 

and enrichment methods, there is a gap / lack of 

knowledge for nutritional requirement and 

large-scale standardized larvae production. It is 

mainly because of the small larval size, and 

difficulties in acceptance of inert micro-diets 

causing high mortality and quality problems. 
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ABSTRACT 

Several novel methodologies, including tracer studies, genomics, proteomics, systems 
modelling, molecular genetics, among others, have contributed to significant progress in fish 
larval nutrition in recent years and some techniques are already incorporated into the 
present by slight modifications in the system and some might have future application for the 
larval nutrition.  

Under these, the tube-feeding and incorporation of 14C-amino acids and lipids into artemia, 
Diet selection of fish larvae by different natural stable isotope signatures or diets with 
different rare metal oxides by using Mechanistic modelling. 

Population genomics can be used in assessing genotype effects on nutritional requirements 
of fish larvae, by using progeny testing in fish reared in the same tanks, and also in identifying 
QTLs for larval stages. 
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Problems in larval nutrition: 

1) Quality larvae problems such as 

skeletal deformities due to malnutrition 

2) Sub-optimal nutrition 

3) Genetic variability 

4) digestibility and protein retention 

5) Lack of quality traits for fish culture 

Methodologies and contributions for an 

improvising knowledge on fish larvae 

nutrition 

Methodology  Contribution 

Tracer studies Digestibility of different nutrients, diet 

preferences, short-term nutritional 

effects, interaction between nutrients, 

screening of most promising graded 

levels and nutrient combinations 

Mechanistic 

Modelling 

Integration of knowledge, 

identification of gaps in knowledge, 

metabolism kinetics 

Population 

Genomics 

Selection and/or control of genetic 

diversity in nutritional studies, 

selection of best performing 

individuals / strains 

Functional 

Genomics 

Dietary regulation of metabolism, 

biomarkers for metabolic pathways, 

health status and quality traits 

Functional 

Proteomics 

Dietary regulation of metabolism, 

biomarkers for metabolic pathways, 

health status and quality traits 

Metabolic 

programming 

Identification of nutritional triggers, 

modulation of larval nutrition 

physiology, enhanced utilization of 

alternative ingredients in fish feeds, 

nutritional effects on health and 

quality 

Tracer studies 

i) Tube-feeding 

The in vivo method of controlled tube-feeding 

of radio-labelled nutrients allows to estimate 

the metabolic budgets of nutrients (unabsorbed, 

catabolized and retained fractions) in fish 

larvae. And refinements of this method allow 

studying the dynamics of nutrient absorption 

into the larvae, through time-course 

experiments and this technique can be applied 

to determine the bioavailability of individual 

AA in fish larvae. 

Here, the larvae are tube-fed with 14C-nutrients 

using a capillary and then transferred to single 

metabolic chambers containing seawater. At the 

end of the incubation period, it is possible to 

promote the diffusion of the CO2 out of the 

seawater and therefore distinguish between the 

unabsorbed and the catabolized nutrients. 

Using this methodology, it is evident that fish 

larvae absorb faster and retain more efficiently 

free amino acids (AA) than protein. 

Therefore, these studies indicate that fish larvae 

may have difficulties in digesting diets based on 

complex proteins such as fish meal and also 

these larvae have an ability to absorb, retain and 

catabolize individual dietary free AA, mainly 

has a preference over dispensable AA as an 

energy substrate, while indispensable AA are 

preferentially spared for growth. Further, it 

shows the AA profile of supplementation and 

levels of aromatic AA (phenylalanine and 

tyrosine) were preferentially retained during the 

accentuated metamorphosis of fish.  

Also, tube feeding of 14C labelled rotifers can 

be used for the determination of efficiency of 

dietary supplementation of AA and to 

determine the limiting AA for protein synthesis. 

This method can also be used for determination 

of fatty acid FA absorption and metabolism. 

Here, the chemical form in which the FA is 

supplied in the diet is (non-esterified, esterified 

into a phospholipid or to a triacylglycerol) has 

shown to affect its, absorption in larval gut 

decreases with lipid complexity and 

metabolism is higher in unsaturation condition 

of lipids. 

However, the handling stress imposed to the 

larvae when using the tube-feeding technique 

may alter rates of nutrient feeding ability, 

digestion, absorption, utilization and ammonia 

excretion. 

Other applications: 

For instance, the tube-feeding technique 

(without tracers) has been used as a tool to 

study the regulatory mechanisms of larval 

about:blank


www.vigyanvarta.com Vol-3, Issue-12 Dhinakaran and Antony (2022) 

 
 

December, 2022                                                                                                                       34 |P a g e  
 

        Vigyan Varta An International E-Magazine for Science Enthusiasts                                           E-ISSN: 2582-9467 

                      Popular Article

         

protein digestion. Recently, this approach was 

used in combination with 14C-labelled preys, in 

order to analyze the relation between 

cholecystokinin secretion and larval feed 

utilization. 

ii) Artemia labelling 

Live feed labelling has been used in several 

studies in order to quantify larval feed intake 

and to understand protein and lipid metabolism. 

Particularly, using a methodology based on 

radio-labelled Artemia protein combined with 

the use of metabolic chambers like tube 

feeding. It is used to determine the feed intake, 

and ingested trace nutrient is digested, retained 

and catabolized by fish larvae. 

It is observed in herring (Clupea harengus) that, 

larvae of (31 days after first-feeding), the 

Artemia absorption/ digestibility was around 

60%, with 39 % being catabolized and 20% 

retained by the larvae 

Therefore, tracer studies combined with 

different ingredients and feed types may be 

used in order to analyze how larvae cope at the 

metabolic level and related it to growth 

performance and how afterwards the resulting 

AA and FA are incorporated into protein or 

catabolized for energy, that would be a major 

breakthrough in the development of optimized 

larval inert diets. 

iii) Bioavailability studies 

It is used to study the qualitative AA 

requirements of fish larvae considering the 

differences in bioavailability of individual AA. 

These methods allow the simultaneous 

estimation of the relative bioavailability of 

several individual AA (i.e. a combined measure 

of absorption efficiency and rate of catabolism 

for each AA when compared with other AA) in 

fish larvae. 

The basic principle is to feed larvae with a diet 

labelled with stable or radioactive isotopes and 

then to analyze the relative isotopic activity for 

each AA in the larvae and in the diet. In this to 

estimate the relative bioavailability of several 

AA the use of 13C-labelled rotifers and 15N-

labelled rotifers along with 13C-NMR 

spectroscopy, Here, this 15N-labelled rotifers 

method is more sensitive than the former and 

the production of 15N-labelled microalgae to 

enrich the rotifers is much simpler than the 

production of 13C-labelled microalgae and also 

for increased accuracy a new method is 

developed which combines the use of the in 

vivo method of controlled tube-feeding of 14C-

labelled AA with a HPLC equipped with a 

fraction collector.  

From this, Estimation of the relative bio-

availabilities of individual AA can then be used 

to correct the larval a dietary deficiency AA 

profile of lysine, methionine and tyrosine, 

enabling an estimation of the ideal dietary AA 

profile. 

However, the relative bio-availabilities of AA 

are species specific and are likely to change 

throughout fish ontogenesis, due to changes in 

type and capacity of the gut transporters and in 

activities of enzymes involved in AA 

catabolism. 

Protein turnover rate 

The utilization of absorbed AA will depend not 

only on usage of AA (the net balance of the 

rates of protein synthesis and protein turnover). 

Protein deposition (or growth) is dependent on 

this balance, and may result from an increase in 

the rate of protein synthesis and/or from a lower 

rate of protein turnover. 

In this, fast growing fish larvae might be more 

efficient in depositing protein compared to 

slower growing larvae. Fish larvae seem to have 

found two strategies to increase efficiency of 

protein deposition:  

1. To decrease the rate of protein turnover  

2. or to reduce the energy requirement of 

protein synthesis 

However, as protein turnover is energy costly, 

any increase tends to bring a decrease in growth 

performance. It is proposed that, once protein 
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turnover is high, it increases the stress-

resistance/survival in fish larvae and also high 

protein turnover increases metabolic plasticity, 

which favors a rapid adaptation to 

environmental changes or stress. 

for example: blue mussel (Mytilus edulis) 

individuals with higher protein turnover 

showed a faster metabolic adaptation to 

temperature shock. This may result in larvae 

with higher viability and survival in case of 

environmental and stress resistance studies. 

iv) Diet selection  

Diet selection in fish larvae is determined by 

visual counting of ingested prey or particles of 

inert diet. Currently, Artemia replacement diets 

are a feeding strategy widely used in marine 

fish larviculture. In addition, the incorporation 

of a label in small particles of larval inert diets, 

in order to determine larval diet selection (i.e. 

feed intake) and nutrient utilization, is 

technically difficult, and protein and AA 

leaching problems can easily occur. 

And also, estimation of suitable diets is time 

consuming and often inaccurate. Therefore, 

new methodologies need to be used in order to 

determine larvae diet selection (live prey or 

inert diet) and how feed is being metabolized by 

the fish. 

Therefore, tools using tracer nutrients have 

been proposed to determine the impact of 

feeding regimes in fish larvae. Here, the use of 

stable (e.g. 13C or 15N) or radio tracer labelling 

molecules (e.g. 3H, 14C or 35S) has simplified 

the quantification of feed intake and nutrient 

utilization.  

And also, using a double isotope labelling 

method, 14C-labelled inert diet and 3H-labelled 

Artemia, it was possible to observe that gilthead 

seabream larvae increase the feed intake of inert 

diet in the presence of Artemia. 

These methods that use radio tracer molecules 

also have some drawbacks; the feed intake 

quantification is measured in small volumes 

quite different from standard larvae rearing 

conditions and produces radioactive waste. 

In such cases, Inert markers such as (e.g. 

yttrium oxide, cholestane or chromic oxide) are 

widely used in juvenile and adult fish nutrient 

utilization studies. However, in fish larvae, 

nutrient digestibility was not usually 

determined with such methodologies, due to 

technical constraints in feed manufacture. 

However, recent improvements in feed 

manufacture technologies and analytical 

methods allowed the incorporation of inert 

markers in larval feeds. 

In this, Johnson et al., (2009) were able to 

incorporate yttrium oxide in inert diet and 

Artemia and to assess that 58 DAH Atlantic cod 

(Gadus morhua) larvae had a feed intake 

between 0.57–0.79% and 0.67–0.84%. 

However, this method is quite time consuming, 

and its application is species specific and faecal 

collection procedure. Other methodologies, 

such as the use of alginate-based inert diet, 

which is to extract and measure chlorophyll, 

was an easy method in the direct assessment of 

larvae inert diet intake. 

2) Mechanistic modelling 

Mechanistic modelling is a holistic approach 

that integrates knowledge on growth and 

metabolism. Therefore, a dynamic mechanistic 

model simulates physiological processes in 

time, based on the underlying biochemical 

mechanisms. Such models are made of a set of 

equations that calculate the transfer of nutrients 

(e.g. AA, FA) between pools considered (e.g. 

liver lipids, muscle proteins). A mechanistic 

model is lies between an accurate 

representation of reality, and the knowledge 

available to define equations and quantify their 

parameters, where usually only the main 

processes are considered. Once the model is 

tested, improvements can be made, so 

modelling can be used for continuous process 

of experimentation and mathematical 

formulation. 
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Here, Conceicao et al., 1993 developed a 

mechanistic model that simulate growth and 

biochemical composition during fish larval 

ontogeny. The model is driven by feed intake, 

with absorbed nutrients being used either for 

energy production or biosynthesis, based on the 

stoichiometry of intermediary metabolism and 

based on simulations. 

Modelling can also be used to assist in the 

interpretation of the information from tracer 

studies, through the study of the nutrient flow 

kinetics such as AA intake, and the absorbed 

dietary AA are either deposited as protein or 

used in energy production corresponds to the 

composition of the free AA pool.  

Future use of modelling techniques may 

considerably accelerate the development of 

optimized diets and feeding strategies for 

several fish larvae species. 

3) Population genomics 

It is known some traits are inherited by 

progeny. Thus, tracing individuals is a useful 

approach when evaluating their performance 

growth rate by assigning individuals to families 

and identifying the crosses for betterment of 

progeny. 

Here, Molecular markers are used to 

monitoring the genetic diversity and it allows 

the inferring paternity and tracing individuals to 

their origin, and microsatellites are the marker 

of choice for paternity analysis. Usually about 

4–10 microsatellite loci can be used to assign 

more than 90% of individuals from a single pair 

of parents, but it depends on the variability and 

on the size of the breeding population and also 

some caution is needed for the consideration of 

microsatellite because the genotyping error 

such as null and drop out alleles may occur 

By this, Selective breeding program can be 

established based on a specific trait and 

evaluating the parental contribution thereby 

retaining the viable individuals to constitute the 

broodstock population. By targeting the traits of 

interest, which will increase the probability of 

traits inheritance by their offsprings that can be 

easily individually recorded and improved 

using mass selection (body weight, growth, 

etc.). However, traits that are difficult or 

express late in the life of the organism such as 

feed efficiency or condition factor, can be 

considered into perform marker-assisted 

selection (MAS). 

Another way of searching for variation among 

individuals linked to traits of interest is the gene 

approach is Suppression subtractive 

hybridisation (SSH) is currently the method 

frequently used to identify genes differentially 

expressed between individuals that might point 

out new genetic traits. 

Combining resources of populations and 

genomics will allow the use of population-

based studies to detect specific variation 

affecting complex traits making possible in a 

near future the implementation of MAS in 

several aquaculture species.  

4) Functional genomics 

In this microarrays and real time PCR are used 

to determine the gene expression of a given 

species or developmental stage at a quantified 

value. Here, the microarrays are arranged as 

clusters and c DNA is also obtained can be used 

for studying the larval development stages / 

reproductive dysfunction or the effects of 

nutritional trials and recent approaches using 

large-scale m - RNA sequencing are giving new 

insights into gene expression profiles 

In recent years, with the growing number of 

molecular tools available, the analysis of the 

transcriptome has increased and used for 

understanding how the alteration of gene 

expression contributes to metabolic processes, 

biological pathways and molecular 

mechanisms that regulate cell fate, 

development and diseases. 

The molecular cloning of important digestive 

enzymes in fish, such as the gastric pepsinogen, 

the pancreatic enzymes trypsin, amylase, bile 

salt-activated lipase, or the intestinal enzymes 
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leucine-alanine peptidase, aminopeptidase or 

alkaline phosphatase complementing the 

determination of digestive enzyme activity. 

By combining a quantitative real-time PCR 

approach together with the localization by in 

situ hybridization of the cell populations 

responsible for active gene expression it gives a 

response of how a cultured species can 

physiologically process the components of the 

nutritional formulations offered as feed. 

These molecular approaches allow the 

identification of new target genes/proteins 

involved in nutrient metabolism and a better 

prediction of a species response to different 

diets useful in future. 

6) Functional proteomics 

As a conventional protein analysis for a fish, 

requires the end product of gene expression and 

then the two-dimensional electrophoresis and 

mass spectroscopy are most commonly strategy 

used, which combines the separation of the 

proteins according both to their isoelectric point 

(by isoelectric focusing) and their molecular 

weight (by SDS–PAGE) followed by 

identification of the proteins of interest by mass 

spectrometry. 

This level of proteomics allows the detection of 

all the proteins present in a tissue or a cell and 

the assessment of changes. This technology 

provides some information about the regulation 

level of gene expression, such as potential post-

translational modifications (e.g. glycosylation, 

phosphorylation, acetylation, ubiquitination), 

thus being complementary to genomic studies. 

This use of proteomics in fish research is at a 

relatively early stage compared to terrestrial 

organisms. 

But, it has already been applied in the field of 

nutrition, enabling to point out metabolic 

changes occurring in response to dietary 

modification such as variation in energy content 

or the incorporation of plant protein sources. 

Concerning the larval stage, the application of 

the proteomic approach is more challenging due 

to the small size of the individuals and thereby 

the considerable amount of material needed for 

such an analysis, especially when the focus is a 

specific tissue.  

7) Metabolic programming 

The potential of nutritional or metabolic 

programming in fish remains unexplored and 

this concentrates on prenatal or early postnatal 

events (e.g. maternal nutrition, maternal 

vaccination, abiotic factors that influence the 

status of larval gene modification. Typically, 

fish ontogeny begins with a short period of 

carbohydrate use, soon switched to free amino 

acids (FAA) as the most important fuel. Lipid 

mobilization follows after hatching in response 

of increased energy demand. 

At the onset of first-feeding, lipids provide 

energy for swimming activity. The second peak 

of amino acid catabolism occurs after depletion 

of endogenous reserves, when body protein-

bound amino acids are mobilized (e.g. 

vitellogenin degradation). 

For the future of larval nutrition this metabolic 

programming, should undertake the integration 

of nutrigenomic tools and identification of 

nutritional triggers in early developmental 

phases of fish (e.g. protein retention, muscle 

fibre myogenesis, skeletal metabolism. 

CONCLUSION: 

All methodologies have been applied in studies 

on digestion, absorption and metabolic 

handling of proteins and lipids in several fish 

larval species. It has all been standardized and 

studied by using various feed ingredients and 

markers for the assessment of AA and FA 

usage. But future improvement of the larval 

nutrition by incorporating such methodologies 

is in the hands of researchers. 
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