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Methodology to trace the nitrogen pathway in shrimp culture 

Introduction 

Aquaculture is fast becoming a major industry with continuously growing demand as 

supply from natural resources indicate a declining trend and demand for fisheries products 

are increasing. Shrimp is one of the major export commodities in India. It accounts for 

around 50% of the value of seafood exports and earned around $ 1,740 million in valuable 

foreign exchange in 2012-2013. Nutrients are important for growth and survival of shrimp. 

The main sources of food are from natural resources (soil, water, planktons) and 

manufactured feed. Farmers have the tendency to increase the feed to increase the body 

weight of shrimp, keeping in mind higher rates for large sized shrimp in the export market.  

Nitrogen plays a key role in shrimp culture as it acts as a building block of amino 

acids in proteins. However, much of the nitrogen input in the form of feed does not get finally 

incorporated into the shrimp tissue and majority of it enters the water column, sediment and 

is deposited on the pond bottom as uneaten feed or faeces. Mass balance of nitrogen in 

Penaeus monodon culture under zero water exchange system indicated that 34.2 - 43.6% of 

nitrogen from feed was converted to nitrogen in shrimp tissue, nitrogen in sediment and water 

accounted for 16.5-27.3% and 11.2-14% respectively. While the link between feed inputs, 

nutrients and waste loads is well established, little is known about the nitrogen pathway in 

pond environment, especially the contribution of nitrogen from feed to the shrimp tissue. This 

information will provide a valuable insight into the optimal requirement of feed, which will 

provide dual benefits of reducing the input costs as well as protecting the pond environment.  

A differentiator is required to determine the nitrogen contribution in shrimp tissue 

from feed alone and to trace the nitrogen pathway from feed.  Stable nitrogen isotope (15N) 

can be used in the shrimp feed to trace the nitrogen pathway. Feed with 15N is not 

commercially available and a methodology needs to be developed to prepare 15N enriched 

feed.  
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15N stable isotope and its applications 

Isotopes are different forms of a single element, with same number of protons in each 

atom, but differing numbers of neutrons. There are two types of isotopes, stable and radio 

active. Isotopes that are stable do not emit radiation. Nitrogen has two natural stable isotopes, 
14N and 15N. While 14N is commonly available (99.64%), 15N is a rare stable isotope of nitrogen 

(0.36%). Physical, chemical, and biological processes discriminate between the two isotopes, 

leading to subtle but measurable differences in the ratio of 15N to 14N. 

15N isotopes are used in a variety of applications in diverse fields. It is extensively 

used to trace the mineral nitrogen compounds in the environment and also for describing the 

fate of nitrogenous organic pollutants. The ratio of 15N/14N in an organism can give clues 

about its diet in the food chain. In recent times, 15N is used for taxonomic identification of 

microorganisms without the need for culture isolation and to label protein in quantitative 

proteomics.  

Generally in agriculture, 15N is used to trace the contribution of nitrogen from soil and 

fertilizer into economic portions of the plant. It is easy to trace the N pathway in soil-plant 

ecosystem by tagging N in fertilizers like urea. In aquaculture tracing the N pathway is a very 

difficult task as the sources of N are many such as feed, water, soil, plankton etc., and it is 

possible to tag only one source of N. As feed is the major source of N for shrimp, it is 

planned to tag 15N in one of the feed ingredients.  Tracer study using 15N in feed to ascertain 

the nitrogen pathway in shrimp culture is unique and novel attempt in aquaculture. 

 

Enrichment of 15N in soybean 
15N should be supplemented into the feed through feed ingredients to trace the feed 

nitrogen pathway in shrimp culture. Soybean meal was chosen as the ingredient to 

incorporate 15N. To enrich soybean meal with 15N, soybean CO-3 variety was sown in 5 plots 

of 2m x2 m size each. The seeds pre-treated with fungicide (Trichoderma viride), biofertilizer 

(Rhizobium) and phosphobacteria were planted with proper spacing. Fertilizers were applied 

in the ratio of 20:80:40 kg of N:P2O5:K2O/ha as urea, super phosphate and murate of potash. 
15N enriched urea of 30 atoms percent excess (APE) obtained from Rashtriya Chemicals and 

Fertilizers Limited (RCFL), Mumbai was applied in split doses (16 times) in four plots except 

the control plot, where normal urea was applied. Based on the requirement gypsum and zinc 
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Sample for 15N analysis 

were applied as per the crop production guide. Recommended package of practices were 

followed to protect the crop and obtain good yield. The crop was harvested at 130 days. 

                

       Soybean cultivation                                  Soya pod                        15N enriched and control soya seed       

Soybean meal preparation 

Different methods were tested to standardize soybean meal preparation, and the best 

method was assessed based on the crude protein content. Soybean meal was prepared with 

and without grinding the samples (soya seed, husk and skin), using different extractants 

(ether and hexane) and with and without stirring. Best results were obtained when samples 

were ground using 30 ml hexane extractant and stirred. The extracted samples were filtered 

and the oven dried residue was used as 15N enriched ingredient in the feed. Proximate 

analysis of soybean meal was done using standard methods and 15N content was measured 

using Mass Spectrometer. The soybean meal contains 10.46% of 15N nitrogen (equivalent to 

3.14 APE), which has come from 30 atom percent excess urea.  

Sample preparation for 15N assay 

The samples were digested by adopting Kjeldahl digestion procedure to convert 

nitrogen into ammonia. The digested samples were distilled in 2 per cent boric acid solution 

containing double indicators (Bromo cresol green and 

Methyl red) and titrated with 0.1N H2SO4 to obtain 

nitrogen in the form of ammonium sulphate. The 

acidified boric acid solution containing 15N as 

ammonium sulphate was evaporated at 90°C on a sand 

bath to reduce the volume to about 3 ml. The contents 

were then evaporated at room temperature until it dried 

to flakes, a suitable material for 15 N analysis. The 

flakes were transferred to screw capped vials for 15N 

assay. 
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15N enriched shrimp feeds 

15N/14N ratio analysis 

The ammonium sulphate samples were allowed to react with sodium hypobromite 

solution to evolve N2 in different ionic ratios of 15N/14N in the inlet system of Mass 

Spectrometer.  Ratio measurement analysis was performed as per the standard procedure.  

Preparation of tagged shrimp feeds 

The major ingredients used in the preparation of shrimp feeds were fish meal, acetes, 

squid, soybean meal and wheat. Five different types of shrimp feeds were prepared by 

incorporating 15N enriched soybean meal at various 

levels (0, 15, 20, 30 and 45%) by altering the fish meal 

and other protein sources in the feed. 15N assay was 

done for all feed types and confirmed that there was an 

increase in 15N concentration in feed with increasing 
15N soybean meal content. The 15N values ranged 

between 15.8% and 33.89%, equivalent to 0.496 and 

1.064 APE for different types of feed. 

Tracing the nitrogen pathway in shrimp culture  

Yard experiment was conducted for 17 days to trace the feed nitrogen in the shrimp 

under different combinations of 15N enriched shrimp feed. Ten animals of Tiger shrimp 

Penaeus monodon (average body weight - 4.2 g) were stocked in 100 l FRP tank and each 

feed treatment was replicated. Water exchange was done once in four days.  Survival rate was 

around 99% and the shrimps attained a weight of around 7g. Water samples were collected at 

each water exchange and soil & shrimp samples were collected at the end of the experiment. 

The samples were analyzed for 15N content using Mass Spectrometer. 15N contribution from 

soybean meal component of feed towards shrimp ranged from 32.04% to 36.7%, equivalent 

to 0.233 to 0.80 APE under different 15N enriched shrimp feed treatments.  
                                    

Conclusion 
15N enriched shrimp feeds prepared by incorporating 15N enriched soybean meal were 

used to trace the nitrogen pathway from soybean meal ingredient into shrimp. However, 

based on the relative proportion of 14N and 15N, this methodology quantified the nitrogen 

contribution from fertilizer to soybean meal; soybean meal to feed and from feed to shrimp. 

These studies are useful for the calculation of optimal requirement for feeds for different 
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species. This methodology could be easily adapted for nitrogen budgeting studies in other 

cultivable aquatic species also. 
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