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ABSTRACT: Postlarval (PL) Litopenaeus vannamei of 0.9 and 1.0 mg mean initial weight were reared for 
20 and 21 days in fiberglass tanks in experiments 1 and 2, respectively, to determine the optimal dietary 
crude protein level for this species and growth stage reared in recirculating systems. Six semi-purified diets 
formulated to contain crude protein levels of 10, 18, and 25 %, and crude lipid levels of 3 and 11 % were 
evaluated in experiment 1. In experiment 2 semi-purified diets formulated to contain crude protein levels of 
5, 10, 15, 20, and 25 %, and 8 % crude lipid were evaluated. Mean PL survival in experiment 1 was not 
significantly affected by protein level, but was significantly lower for feeds containing 11 % lipid. Mean PL 
survival in experiment 2 was above 90% for all treatments and no significant differences were detected. 
Diets with 18 and 20 % protein level were adequate to provide similar PL growth as higher protein levels in 
these culture conditions in experiments 1 and 2, respectively. Lipid level did not affect growth significantly 
in experiment 1. Quadratic regression analysis of weight gain data for experiments 1 and 2 indicated the 
optimal dietary crude protein level (Xmax) to be 21.4 % and 24.5 %, respectively, while broken-line analysis 
indicated to be 20.2 % and 21.5 %, respectively.  
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INTRODUCTION 
 
Pacific white shrimp, Litopenaeus vannamei Boone 1931 (Perez-Farfante and Kensley, 1997) adapts 
well to a wide range of culture conditions (Lawrence et al. 1985) and is the species of choice for culture 
in the western hemisphere (Weidner and Rosenberry, 1992; Rosenberry, 1997). As shrimp farming has 
increased over the years, culture methods are becoming more intensive. Intensification of the culture 
system means higher dependence on the use of manufactured dry feed that may represent an important 
part, or be the single greatest expense, of the variable cost of the operation (Wyban et al. 1988).  
Protein is typically the most expensive macronutrient in shrimp feeds, thus determination of the optimal 
protein level is important for formulation of cost-effective feeds. 
 
Dietary protein levels ranging from 30 to 60 % are recommended for various species and sizes of marine 
shrimp (Akiyama et al. 1992). A range of feeding habits, from carnivorous to herbivorous, has been 
suggested as one possible reason for the wide range in protein requirements among penaeid shrimp 
species (Deshimaru and Yone, 1978). Deshimaru and Shigeno (1972) showed that growth of Penaeus 
japonicus was positively correlated with the amount of protein in the diet and that squid meal was the 
best protein source. However, these authors recommended a mixture of protein sources to provide the 
required pattern of amino acids for shrimp. This recommendation was supported by Colvin (1976) who 
determined that a protein mixture of both fish meal and shrimp meal resulted in better growth of P. 
indicus juveniles than either fish or shrimp meal alone.  
                                                

1 Velasco, M., Lawrence, A.L., Castille, F.L., Obaldo, L.G., 2000. Dietary protein requirement for Litopenaeus vannamei. In: Cruz -Suárez, 
L.E., Ricque-Marie, D., Tapia-Salazar, M., Olvera-Novoa, M.A. y Civera-Cerecedo, R., (Eds.).  Avances en Nutrición Acuícola V. Memorias 

del V Simposium Internacional de Nutrición Acuícola. 19-22 Noviembre, 2000. Mérida, Yucatán, México. 
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The optimum level of dietary protein was determined to be within the range of 52-57 % for P. japonicus  
(Deshimaru and Yone, 1978) and later revised not to exceed 42 % (Koshio et al. 1993), 40-44 % for P. 
monodon  (Alava and Lim, 1983; Shiau et al. 1991), and 36 % or higher for P. vannamei  (Smith et al. 
1985) and later revised to 30 % (Cousin et al. 1993) and 15 % (Aranyakananda 1993).  It s generally 
believed that postlarval shrimp require a higher dietary protein level than older shrimp (Colvin and 
Brand, 1977; Chen et al. 1985; Goddard, 1996), and L. vannamei postlarvae are often fed feeds with 
protein levels of 35% when reared in nursery ponds with natural feed available (Villalón, 1991) whereas 
in intensive nursery systems they are fed diets with protein levels of 40-55% (Sturmer et al. 1992; 
Samocha et al. 1993; Treece and Fox, 1993). Velasco (1998) did not find significant differences 
between growth at 25 and 33% dietary protein levels with postlarvae.   
 
Estimation of nutrient requirements from growth data had been determined mainly by the broken-line 
method and recently by nonlinear models.  Robbins et al. (1979) compared these two methods and 
found that the broken-line method with its discontinuous first derivative is just a rough approximation.  
The consistently good fits obtained with the nonlinear models are generally preferable, despite the 
subjectivity that seems to enter the choice of the definition for requirement (Robbins et al. 1979). In a 
conservative approach we used both methods in the present study. 
 
There is little information about the protein requirement during the early postlarval stage of this shrimp, 
thus the objective of this study was to determine the optimal dietary protein level of Litopenaeus 
vannamei postlarvae held in a recirculating culture system. 
 
 
MATERIALS AND METHODS 
 
Experiment 1 
  
Hatchery reared L. vannamei postlarvae (PL7-PL10) of 0.95 ± 0.04 mg (mean ± SD) initial weight were 
stocked at a density of 1.5 PL L-1 (stocking density related to surface area was 444 PL m-2) in 20 L of 
water in fiberglass tanks. These tanks were part of a closed-recirculating culture system equipped with a 
water pump, a fine sand filter, a submerged and trickling biofilters, a heat exchanger, a 50 µm cartridge 
filter, and UV lights. Water exchange in each tank was approximately 125% h-1. Culture seawater 
salinity and temperature ranged from 25-27 g L-1 and 27-29 °C, respectively. Aeration was supplied via 
a single airstone within each tank and dissolved oxygen levels were maintained above 4.0 mg L-1. A 
photoperiod of 12 h light and 12 h dark was maintained with cool fluorescent tubes by an automatic 
timer. Water samples were taken weekly from the sump tank and immediately analyzed for total 
ammonia-nitrogen (Solorzano, 1969; Spotte, 1979), and nitrite-nitrogen (Spotte, 1979; Parsons et 
al.,1989). An spectrophotometer (Model spectronic 401, Milton-Roy Co., Rochester, New York) was 
used to read water samples. A pH meter (Model 701A\digital ionalyzer, Orion Research Inc., 
Cambridge, Massachusetts) was used to measure pH.  
 
PL were fed every 96 min with automatic feeders during the 20-day experimental period.  Feed 
allowance was calculated according to the following feed curve, where y = mg of feed PL-1 day-1 and x = 
day on growth trial: 
 

 day 1 to 16 y = 1.597 - 0.119x + 0.088x2 - 0.003x3 
 day 17 to 20 y = - 6.593 + 0.826x 
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This feed curve was derived from previous experiments (Velasco et al. 1998). Daily feed amount was 
accurately weighed on an analytical balance (Model AE240, Mettler-Toledo Inc., Highstown, New 
Jersey, USA). Six semi-purified diets were formulated to contain 10, 18 and 25 % dietary protein with 
either 3 or 11 % lipid level (Table 1). Graded levels of protein were achieved by replacing wheat starch 
with wheat gluten and soybean protein isolate. Lipid level in the feed was mainly modified by replacing 
acid-washed diatomaceous earth with fish oil. Experimental diets were prepared by mixing dry 
ingredients for 25 min in a twin shell dry V-blender (maximum capacity 4 kg, Patterson-Kelley Co., East 
Stroudsburg, Pennsylvania, USA), and the ingredients were then transferred to a food blender (Model 
C-100, Hobart Manufacturing Co., Troy, Ohio, USA) where menhaden oil added into the mixture and 
mixed for 10 min. Then, 400 ml boiling deionized water was added per kg of diet, a further 5 min mixing 
was undertaken and the moist mix was extruded through a 3-mm die with a food mixer (Hobart A-200, 
Hobart Manufacturing Co., Troy, Ohio, USA). The resulting pellets were oven-dried at 60 °C to a 
moisture content of 8-10 %, crumbled to 1.0-0.5 mm particle size, and stored at -10 °C until used. 
Proximate analyses of diets were performed by a commercial laboratory (Woodson-Tenent Laboratories 
Inc., Memphis, Tennessee, USA). 
 

Table 1 Ingredient composition and proximate analysis of test diets1 (% as-fed basis) used in Experiment 1. 
 

 Nominal Protein Level/Nominal Lipid Level 
 10/3 10/8 18/3 18/8 25/3 25/8 
Ingredient       

Wheat starch2 63.4 63.4 54.4 54.4 45.5 45.5 
Soybean protein isolate2 0 0 5.3 5.3 10.6 10.6 
Wheat gluten2 3.5 3.5 7.4 7.4 11.3 11.3 
Menhaden fish meal3 8.0 8.0 8.0 8.0 8.0 8.0 
Krill meal4 4.0 4.0 4.0 4.0 4.0 4.0 
Menhaden fish oil3 0 8.2 0 8.2 0 8.2 
Lecithin5 1.5 1.5 1.5 1.5 1.5 1.5 
Cholesterol2 0.5 0.5 0.5 0.5 0.5 0.5 
Carboxymethylcellulose6 4.0 4.0 4.0 4.0 4.0 4.0 
Diatomaceous earth2,7 8.2 0 8.2 0 8.2 0 
Na2HPO4 reagent8 1.9 1.9 1.7 1.7 1.4 1.4 
Mineral mixture AIN 
762,9 

42 4.2 4.2 4.2 42 4.2 

Vitamin mixture10 0.5 0.5 0.5 0.5 0.5 0.5 
Stay-C® (25% active) 11  0.3 0.3 0.3 0.3 0.3 0.3 

       
       
Proximate analysis       

Crude protein 10.9 11.1 18.9 20.0 26.1 26.6 
Crude lipid 2.7 8.2 2.6 12.3 2.9 11.1 
Ash 15.6 7.3 15.5 79 154 7.3 
Moisture 7.8 8.8 7.5 85 79 7.3 

       

 
1Each diet was formulated to contain 4.0 % fiber and 1.3 % total phosphorus (Ca:P of 1.0:1.3). 
2I.C.N. Biochemicals Inc., Cleveland, Ohio, USA. 
3Zapata Haynei Corp., Reedville, Virginia, USA. 
4Inual, Santiago, Chile. 
5Central Soya, Fort Wayne, Indiana, USA. 
6United States Biochemicals, Cleveland, Ohio, USA. 
7Acid washed. 
8Fisher Scientific, Houston, Texas, USA. 
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9Composition (g kg-1): calcium phosphate dibasic (500.0), chromium potassium sulfate (0.55), cupric carbonate (0.3), ferric 
citrate (6.0), magnesium oxide (24.0), manganous sulfate (3.5), potassium citrate monohydrate (220.0), potassium iodate 
(0.01), potassium sulfate (52.0), sodium chloride (74.0), sodium selenite (0.01), sucrose (118.0), zinc carbonate (1.6). 
10Dawes Laboratories, Arlington Heights, Illinois, USA. Composition (g kg-1): retinol (22.2), cholecalciferol (1.1), 
tocopherol (10.3), menadione (2.3), thiamine (5.0), riboflavin (5.7), pyridoxine (10.1), niacin (10.9), pantothenic acid 
(10.9), biotin (0.2), choline (0.8), folic acid (3.5), cyanocobalamine (0.02), dextrin (917.0). 
11L-Ascorbyl-2-Polyphosphate. Hoffman-LaRoche Inc., Nutley, New Jersey, USA. 
At the beginning and end of the growth trial PL were air blotted, weighed and counted. Survival, weight gain, relative 
growth rate [(mean wet weight increase/mean initial wet weight) x 100] (Hopkins 1992), and feed conversion ratio (weight 
of dry feed fed/mean wet weight increase) were calculated. 
 
The experiment was run as a completely randomized design with 6 replicates per treatment. Data were 
analyzed using two-way analysis of variance.  Tuckey-Kramer Honest Significant Difference test for 
mean separation was used to evaluate significant differences (P < 0.05) among treatment means (Lentner 
and Bishop 1993). All statistical analyses were performed using Statistical Analysis System procedures 
(SAS Institute, Inc., Cary, North Carolina, 1989-91.JMP version 2.0.5). PL weight gain results were 
fitted to quadratic and broken-line regression models (Robbins 1986) to estimate the optimal dietary 
protein level. 
 
 
 
Experiment 2 
 
In an attempt to validate and improve the results of the first experiment, we conducted a second 
experiment using a new group of postlarvae (PL7-PL10) stocked at an initial weight of 1.0 ± 0.05 mg 
(mean ± SD).  PL were stocked and managed as described for experiment 1, except culture seawater 
salinity and temperature ranged from 22-24 g L-1 and 29-31 °C, respectively. 
 
Diets were provided according to the following feed curve, where y = mg of feed PL-1 day-1 and x = day 
on growth trial: 
 

 day 1 to 21     y = 0.949 + 0.287x + 0.041x2 - 0.002x3 
 
Five semi-purified diets were formulated to contain 5, 10, 15, 20 and 25 % dietary protein, and 8 % lipid 
level (Table 2). Experimental conditions and procedures were the same as those described for 
experiment 1. Data obtained from this completely randomized design with 7 replicates per treatment 
were analyzed as described for experiment 1. 
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Table 2 Ingredient composition and proximate analysis of test diets1 (% as-fed basis) used in Experiment 2. 

 
 5 10 15 20 25 
Ingredient2      

Wheat starch 71.6 66.4 61.2 56.0 50.8 
Soybean protein isolate 0 5.3 10.7 16.0 21.4 
Menhaden fish meal 4.0 4.0 4.0 4.0 4.0 
Krill meal 4.0 4.0 4.0 4.0 4.0 
Menhaden fish oil 6.4 5.9 5.3 4.8 4.2 
Lecithin 1.5 1.5 1.5 1.5 1.5 
Cholesterol 0.5 0.5 0.5 0.5 0.5 
Carboxymethylcellulose 4.0 4.0 4.0 4.0 4.0 
Diatomaceous earth 3.0 3.3 3.6 3.9 4.2 
Mineral mixture AIN 76 4.2 4.2 4.2 4.2 4.2 
Vitamin mixture 0.5 0.5 0.5 0.5 0.5 
Stay-C® (25% active)  0.3 0.3 0.3 0.3 0.3 
Methionine3 0 0.08 0.16 0.24 0.32 
Arginine3 0 0.02 0.05 0.08 0.10 

      
Proximate analysis      

Crude protein 6.0 10.7 15.4 18.2 25.1 
Crude lipid 9.3 8.4 7.7 7.5 7.0 
Ash 7.9 8.3 8.9 9.4 9.9 
Moisture 6.0 6.0 7.3 7.4 6.0 

      

 
1Each diet was formulated to contain 4.0 % fiber and 0.8 % total phosphorus (Ca:P of 1.1:1.0). 
2See details in Table 1. 
3Crystalline form. 
 
RESULTS 
 
Experiment 1 
 
Average concentrations of total ammonia-nitrogen and nitrite-nitrogen throughout the trial were below 
0.1 (pH = 8.0) and 0.8 mg L-1, respectively.  Mean PL survival (Table 3) ranged from 66 to 92% and 
was not significantly affected by protein level (P = 0.0842), but was significantly lower for diets 
containing 11 % (P = 0.0158). The interaction between these two factors was not significant (P = 
0.6656). Mean PL weight gain (Table 3) tended, but was not significantly affected by protein (P = 
0.0539) or lipid level (P = 0.4584). The interaction between these two factors was not significant (P = 
0.6988). Because PL growth was not significantly affected by lipid level weight gain data was pooled by 
protein level and fitted to curvilinear and broken-line regression models. Quadratic regression analysis of 
weight gain data indicated the optimal protein level to be 21.4 %, while broken-line analysis indicated 
20.2 % (Fig. 1).  
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Table 3. Experiment 1: Biological performance of Litopenaeus vannamei postlarvae fed experimental diets for 20 days. 

Entries are sample mean ± SD. Number of replicates per treatment = 6. 
         

Lipid level (%) 3 11 
Nominal Protein level (%) 10 18 25 10 18 25 
       
Survival (%) 75.8 82.2 92.5 66.7 74.2 75.8 
 ±13.7 ±8.0 ±11.0 ±6.6 ±7.4 ±13.7 
Initial weight (mg)  0.95 0.95 0.95 0.95 0.95 0.95 
 ±0.04 ±0.04 ±0.04 ±0.04 ±0.04 ±0.04 
Weight gain (mg)  64.4 72.4 76.7 58.3 74.1 71.4 
 ±11.8 ±10.8 ±10.9 ±5.3 ±7.0 ±12.9 
Relative growth rate (%) 6776 7618 8078 6141 7797 7516 
 ±1246 ±1136 ±1145 ±557 ±735 ±1364 
Feed conversion ratio 2.4 1.9 1.6 3.0 2.1 2.1 
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Figure 1 Quadratic and broken-line plots of weight gain (mean ± SE) of Litopenaeus vannamei postlarvae fed graded levels 

of protein as determined by proximate analysis (Table 1) in Experient 1. 
 
Experiment 2 
 
Average concentrations of total ammonia-nitrogen and nitrite-nitrogen throughout the trial were below 
0.2 (pH = 8.2) and 0.8 mg L-1, respectively.  Mean PL survival (Table 4) ranged 93.3 to 98.9% and no 
significant differences were detected (P = 0.4666). Mean PL weight gain (Table 4) was significantly 
different (P = 0.0001). PL growth was significantly lower for diets containing 15 % or lower protein 
compared to diets with 20 and 25 % protein. Growth of PL fed diets with 20 and 25 % protein was not 
significantly different. Quadratic regression analysis of weight gain data indicated the optimal protein 
level to be 24.5 %, while broken-line analysis indicated 21.5 % (Fig. 2).  
 
Table 4 Experiment 2: Biological performance of Litopenaeus vannamei postlarvae fed experimental diets for 21 days. 
Entries are sample mean ± SD. Number of replicates per treatment = 7. Values in the same row with different letters 
indicate significant differences (P < 0.05). 
 
  

Nominal Protein level (%) 5 10 15 20 25 
Survival (%) 93.3 98.0 98.9 95.7 98.1 
 ±10.3 ±3.0 ±2.7 ±6.0 ±3.2 
Initial weight (mg)  1.0 1.0 1.0 1.0 1.0 
 ±0.05 ±0.05 ±0.05 ±0.05 ±0.05 
Weight gain (mg)  47.3 56.3 67.4 81.3 87.5 
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 ±6.3a ±2.9a,b ±3.7b ±9.7c ±9.2c 
Relative growth rate (%) 4730 5629 6740 8132 8747 
 ±634a ±296a,b ±367b ±974c ±920c 
Feed conversion ratio 2.7 2.2 1.8 1.5 1.4 

 
 
 
 

 
 
 
 

Figure 2 Quadratic and broken-line plots of weight gain (mean ± SE) of Litopenaeus vannamei postlarvae fed graded levels 
of protein as determined by proximate analysis (Table 2) in Experiment 2. 

 
DISCUSSION AND CONCLUSIONS 
 
During both growth trials total ammonia-nitrogen and nitrite-nitrogen concentrations in the water were 
below those reported as toxic for penaeid species (Wickins 1976). High postlarvae (PL) survival was 
obtained with these experimental conditions for both experiments. No significant differences were 
detected on PL weight gain for diets formulated to contain 18 % or higher protein levels in both 
experiments. PL growth was significantly decreased when fed diets containing 15 % protein indicating 
that essential amino acids were already limiting at this protein level. Only for comparison, Table 5 
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presents protein, intake energy, and amino acid values determined by a commercial laboratory 
(Woodson-Tenent Laboratories Inc., Memphis, Tennessee, USA) for diets formulated to contain 15 and 
20 % protein in experiment 2. Research to optimize dietary amino acid levels based on these values 
(Table 5) is warranted. 
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Table 5 Actual protein, intake energy, and amino acids except tryptophan, of two experimental diets fed in experiment 2. 
Weight gain of Litopenaeus vannamei postlarvae was significantly lower (Table 4) when fed the diet containing 15 % 

protein compared to the diet containing 20 %. 
 

Calculated protein level (%) 15 [limiting] 20 [adequate] 
Protein level (%) 15.4 18.2 
Intake energy level (kcal g-1) 3.8 4.0 
   
Essential amino acids (g kg-1)    

Arginine 9.7 13.0 
Histidine 3.0 4.0 
Isoleucine 6.2 8.2 
Leucine 10.5 13.8 
Lysine 9.7 12.3 
Methionine 4.3 5.4 
Phenylalanine 6.5 8.6 
Threonine 5.6 7.3 
Valine 6.6 8.6 

   
Non-essential amino acids (g kg-1)   

Alanine 6.6 8.2 
Aspartate 16.1 21.5 
Cystine 1.6 2.0 
Glutamate 19.8 26.7 
Glycine 6.6 8.3 
Proline 7.0 9.4 
Serine 6.7 9.0 
Tyrosine 3.0 4.0 

 
Fitting of PL weight gain data to curvilinear and broken-line models (Figs. 1 and 2) resulted in optimal 
dietary protein estimations of 21.4 (Xmax) and 20.2 % for experiment 1, and of 24.5 (Xmax) and 21.5 % 
for experiment 2, respectively. Calculation of the 90% of the upper asymptote of the quadratic fits as has 
been used by Baker et al. 1996 resulted in protein estimates of 19.3 and 22.0 % for experiments 1 and 2, 
respectively. These two protein estimates are in close agreement with those obtained with broken-line 
analysis especially for experiment 2, where more data points were available to fit the models. An optimal 
protein estimate of 22.0 % was obtained at 90% of Xmax with quadratic regression while an estimate of 
21.5 % was obtained with broken-line analysis in experiment 2. The optimum protein level estimates 
found in this study are lower than those previously reported for larger size shrimp of the same species 
(Smith et al. 1985; Cousin et al. 1993) and lower than those fed commercially (Villalón, 1991; Sturmer 
et al. 1992; Samocha et al. 1993; Treece and Fox, 1993), but higher than those reported by 
Aranyakananda (1993).  However, it is important to remember that determination of the optimum 
dietary protein level is also affected by the level of other components in the feed (Andrews et al. 1972; 
Sedgwick 1979), quality of the protein (Smith et al. 1985), water quality (Shiau et al. 1991; Robertson 
et al. 1993a; Wyban et al. 1995), and experimental factors such as stocking density, daily ration size, 
and feeding frequency (Teshima and Kanazawa 1984; Robertson et al. 1993b), which makes comparison 
of results difficult. 
 
Optimal protein level for Litopenaeus vannamei postlarvae was determined on the basis of growth 
response. Figures 1 and 2 show best-fit asymptotic and broken-line curves for weight gain as a function 
of protein level. Use of these curves and the equations describing them can be used as a basis for 
selection of protein level that will maximize economic returns. Further research to optimize the protein-
amino acid to energy ratio for this species should be conducted. 
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