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ABSTRACT. The replacement of fishmeal with plant protein sources has been studied in Penaeus vannamei. 

However, it has only been studied from the point of view of protein replacement, forgetting the integral role that 

fishmeal plays in the nutrition of shrimp. This study aimed to determine if a supplement of dietary phosphorus 

can sustain the fishmeal replacement by a blend of plant protein feedstuffs, with betaine and tauren as attractants 

and still supporting homeostasis, growth, digestive enzymes, and lipid-soluble antioxidant systems at normal 

levels in juveniles of P. vannamei. A standard feed (25% fishmeal) for juvenile P. vannamei was partially 

replaced with a mix of plant ingredients (soybean and canola paste, soy protein concentrate, and wheat meal). 

These feedstuffs were supplemented with amino acids (MET, LYS, TAU) plus microencapsulated exogenous 

phytase, betaine, and dicalphosphate. P. vannamei juveniles (2.56 g) were maintained in 100 L fiber tanks for 

70 days. Biomass was significantly affected by the treatments (P < 0.05), being better as the fishmeal was 

replaced in the diet and comparable to commercial feed. No significant changes were observed in blood 

parameters. Muscle superoxide dismutase activity was significantly affected by the diets (P < 0.05). There were 

adaptive changes in digestive enzymes, and homeostasis remained stable. Fishmeal replacement may depend on 

supplementation with taurine and soluble phosphorus, not only for performance but flesh quality, and here, the 

shear strength of the shrimp muscle remained within the acceptable value (69-81 mJ). 
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INTRODUCTION 

Fishmeal (FM) has been a major component in feed for 

juveniles of Penaeus vannamei but is scarce and 

expensive (Azaza et al. 2023). Finding alternative 

protein sources is complex (Tacon 2008, Hardy 2010). 

Moreover, an “unknown growth factor” has been 

suspected of profoundly influencing the physiology of 

many farmed animals, including crustaceans; in the 

case of shrimp, there is a requirement for a high mineral 

content of up to 20% (Lemos et al. 2021, Truong et al. 

2022).  

_________________ 

Corresponding editor: Carlos Alvarez  

FM has an integral blend of additives, including 

taurine. Deshimaru & Yone (1978) proposed that 

taurine was one of the best palatable molecules when it 

was included in diet shrimp. Shi-wei et al. (2016) 

measured the taurine content of FM and different plant 

protein ingredients, and the highest concentration was 

obtained in FM (0.67%), soybean meal (0.17%), soybean 

protein concentrate (0.21%); wheat meal (0.03%). 

In considering plant proteins to replace FM in grow-

out feed (Colvin & Brand 1977, Cruz-Suarez et al. 

2001, Suárez et al. 2009), the focus has been not only  
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on taurine but also on minerals from phosphates and 

trace minerals (Koss 1979, Troung et al. 2022), as well 

as salmon, phagostimulating substances as betaine plus 

vitamins (Hemre 2014).  

Huynh et al. (2018) have described betaine as a 

chemoattractant. Also, a combination of taurine and 

betaine was attractive in a 10-6 M concentration for 

Peneaus monodon (Comman et al. 1996).   

Regarding mineral requirements, shrimp need 

phosphorus concerning molting (Civera & Guillaume 

1989, Davis et al. 1993, Vijayan & Diwan 1996), but 

little is known about the influence of its form (soluble 

or not) upon digestibility (Civera & Guillaume 1989), 

and hence on its effects for growth and molting 

frequency (Lemos et al. 2021, Truong et al. 2022). An 

almost doubling of the mineral content of feed for 

juveniles of Marsupenaeus japonicus can enhance their 

growth and molting frequency compared with their 

performance on formulated feeds with a 10-12% 

mineral content (Aquacop 1989). However, there needs 

to be more study of this or the form of phosphates 

included in experimental diets. During the 1970s, there 

were disturbing occurrences of disorders such as molt 

death syndrome or black death disease at the laboratory 

level (Gallagher et al. 1978, Baticados et al. 1986); 

these may also have been occurring in the wild, but 

detection would have been less easy, and natural 

productivity (worms, copepods, mysids) may have 

averted a lack of dietary phosphorus.  

The present study aimed to determine the extent to 

which the supply of dietary phosphorus to P. vannamei 

could be capable of sustaining the FM replacement by 

a blend of plant protein feedstuffs in feed in which 

betaine and taurine were added and still supporting 

homeostasis, maintaining survival, growth, digestive 

proteolytic enzymatic activity (Casillas-Hernández et 

al. 2006), and sodium dismutase activity at normal 

levels. Also, it included two postmortem measure-

ments: shear texture and caloric content of the shrimp. 

MATERIALS AND METHODS 

Experimental dispositive and water quality 

Penaeus vannamei juveniles (2.56 ± 0.31 g) were 

obtained from Aquaculture Farm 2000, Campeche 

(Mexico). Under controlled conditions, juveniles were 

maintained for 70 days (10 days acclimatization and 60 

days experimental period) in a recirculating system. 

The quality water parameters were salinity: 36 

measured with a refractometer; temperature: 28 ± 1°C 

(controlled in the recirculation system with a cooler 

brand Acuabone); dissolved oxygen: (6.5 ± 0.5 mg L-1), 

monitored using a Hach oximeter (model hqd40) twice 

daily (07:00 and 19:00 h), with a photoperiod of 12:12 

(day:night). Seawater was passed on a sand filter, 5 µ 

cartridge filter, UV, and inside a recirculation system 

equipped with a 20 µm cartridge filter and a skimmer. 

The 36 rectangular fiberglass tanks of 100 L capacity 

received 20 ind tank-1 (stocking density of 66 ind m-2 

(Venkateswarlu 2019, Araneda et al. 2020, Suwoyo & 

Hendrajat 2021). 

Experimental design and diets composition 

The completely randomized design was used with six 

treatments with six replicates per treatment: T1, T2, T3, 

T4, and T5, with an animal:vegetal proteic ratio of 

50:40, 40:49, 30:53, 20:63, and 10:86, respectively, 

plus a commercial diet: T6. Diets were prepared at the 

Nutrition Laboratory of UMDI Sisal, Sciences Faculty. 

The raw materials were ground, sifted, homogenized at 

250 μm, and mixed, and then the oils mix was mixed 

with a binder to form a paste, passed through a meat 

mincer, and the pellets were dried at 60°C for 12 h. 

Microencapsulated phytase (RonozymeTM CT P5000) 

was added (5000 U kg-1 feed) to the dry ingredients in 

diets T1 to T5 (the Ronozyme was derived from 

Peniophora lycii, produced by fermentation with 

Aspergillus oryzae (range of activity pH 4-7) (Table 1). 

Diets were analyzed in triplicate following AOAC 

(1995) procedure for moisture (60°C, 24 h), crude 

protein (micro Kjeldahl), ether extract (Soxhlet), crude 

fiber (successive acid-base hydrolysis), and ash (muffle 

at 550°C, 24 h). Shrimp were fed thrice daily at 7:00, 

13:00, and 19:00 h with a ration calculated on 3% 

biomass d-1 (Zainuddin et al. 2019, Suwoyo & 

Hendrajat 2021) while monitoring and adjusting for any 

feed excess. 

Zootechnical parameters 

Weight gain was calculated from the difference 

between final mean wet weight and the initial mean wet 

weight for each treatment. 

Survival rate was calculated as (final / initial) × 100, 

and weight gain as specific growth rate = 100 (ln final-

ln initial mean weight) / days. Also recorded for each 

treatment was biomass, using the final weight and the 

number of survivors in each tank. 

Texture (shear strength, mJ) of body muscle (2nd 

abdominal segment) was measured in 12 shrimp from 

each treatment at intermolt stage C (Bourgeois & 

Cuzon 1975); a Brookfield press with a 1 mm knife 

blade in the form of a guillotine, and at a speed of 25 

mm min-1, allowed penetration of 3 mm.
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Table 1. Diet formulation of experimental diets. Results expressed in g kg-1. 1Soy proteic concentrate: Profine, Central Soya 

Inc. (70%CP), 2cod liver oil Cedrosa, 3Rovimix®Roche, 4DSM Ronozyme 5000 U kg-1. **Commercial feed (Api camarón, 

35% of crude protein, Malta Cleyton).  

 

AP:VP ratio 
T1 T2 T3 T4 T5 T6** 

50:60 40:49 30:53 20:63 10:86  

Menhaden FM 250 200 150 100 50  

Canola meal 80 110 110 140 220  

Soybean meal 120 160 170 190 250  
1SPC 10 30 50 80 80  

Wheat meal 430 349.2 339.2 294.2 149.2  

L-Lys 9 9 9 9 9  

DL-Met 7 7 7 7 7  

Taurine - 10 10 10 20  

Fish oil2 20 30 50 40 60  

Soy lecithin 20 20 20 20 20  

Cholesterol 1 1 1 1 1  

Stay-C 0.3 0.3 0.3 0.3 0.3  

Vitamin mix 5 5 5 5 5  

Mineral mix3 5 11 16 18 24  
CaHPO4 22 32 32 50 64  

Betaine - 5 10 15 20  

CMC 20 20 20 20 20  

Phytase ronozyme4 0.5 0.5 0.5 0.5 0.5  

Total 1000 1000 1000 1000 1000  

 

 

Biochemical parameters 

Trypsin and chymotrypsin (60% of the protease activity 

of the hepatopancreas) were assayed at intermolt stages 

C or D0; protease activity at those stages coincided with 

an 18% increase in food intake in P. vannamei, so in 

the present study the enzymatic activity in shrimp 

hepatopancreas extracts was measured at those stages 

(12 extracts/treatment) and tissue was kept in 

Ependorff microtubes in liquid nitrogen (-70°C). 

Each extract was placed in a microtube with 500 μL 

distilled water, homogenized on ice for 30 s at 4000 g, 

and then centrifuged for 20 min at 14,000 g and 4°C. 

The supernatant (raw extract) was decanted to measure 

soluble protein concentration and trypsin and chymo-

trypsin activity. Samples remained at a low temperature 

to avoid enzyme denaturation and raw extracts were 

diluted immediately for analysis.  

Soluble protein concentration was measured with a 

Sigma micro protein determination kit (Bio-Rad 500-

0006) (Bradford 1976). Trypsin (benzoyl-arginine-p-

nitroanilide (Sigma B7632) in Tris buffer 0.1 M, pH 8 

(Geiger & Fritz 1988). The rate of hydrolysis coincided 

with an increase in absorbance (Spectronic model 21D) 

at 405 nm during 2 min; to read a difference in 

absorbance between the 1st and 2nd minutes required at 

extinction coefficient ε405 = 1.02l mol-1 cm-1 (Geiger 

1988). Chymotrypsin activity was measured with 

succinyl-alanine-2-proline-phenyl-p-nitroanilide as 

substrate (Geiger 1988) expressed in units (U) per g dry 

weight of tissue or milli-units (mU) per mg soluble 

protein in the extract (1 unit represents the conversion 

of 1 µM of substrate per minute under test conditions). 

Superoxide dismutase (SOD) activity was measured 

in shrimp muscle at intermolt stages (C-D0) from 10 

individuals per treatment. 100 mg frozen shrimp muscle 

was placed in the homogenizer containing 0.5 mL 

phosphate buffer solution (50 mM, pH 7.8) centrifuged 

at 5724 g, 5 min at 4°C, and the supernatant heated 5 

min at 65°C. The supernatant was centrifuged and 

stored at -20°C (samples were kept on ice throughout 

the extraction process). Enzyme-substrate reaction and 

tetrazolium dye xanthine oxidase (SOD assay kit 

Sigma, 19160) led to an absorbance measured in a 

Spectronic 21D at 450 nm after 20 min reaction time at 

37°C. Inhibition percentage was normalized in mg of 

protein units of SOD, and a one-way ANOVA pro-

cessed results (SAS Program 2006) at P < 0.05 (Zar 

1999). 

Blood parameters 

For total hemocyte count and measurement of osmotic 

pressure in hemolymph from 20 individuals per 
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treatment at intermolt stage C or D0, 20 μL were 

collected by puncture from the first abdominal segment 

with a 1 mL syringe in an isotonic solution SIC-EDTA 

(NaCl 450 mM, KCl 10 mM, HEPES 10 mM and 

EDTA 20 mM, pH 7.3) at 8°C, and equal proportions 

of anticoagulant andhemolymph (Rosas et al. 2002) to 

obtain plasma. Twenty five microliters were centri-

fuged for 10 min at 800 g and 4ºC, placed in a 

hemocytometer, automatic cell counter TC10 (Bio-

Rad, Hercules, CA, USA), and 20 µL for osmotic 

pressure, in a micro-osmometer (3 MO-Plus Advanced 

Instruments, USA). 

Statistical analysis 

For the survival and final wet weight, parameters of 

energetic balance, enzymatic activity, hemocyte count, 

and osmotic pressure, one-way ANOVA was used to 

determine the significant differences between the 

treatments after corroborating normality and homoge-

neity of variances. Due to the presence of a control 

treatment (T6) when significant differences were 

detected, the Dunnett range test was used. A confidence 

level of 0.05 was used (Zar 1999). The Statistical 

program version 10 was employed. All statistical data 

analyses and graphic visualizations were performed in 

R software 4.2.2 (R Core Team 2022). Significance was 

assigned at P < 0.05. A regression model was used to 

estimate the relationship among response variables: 

survival and calorimetry measurement of the organism 

with ratio animal:vegetal protein of experimental diet. 

Commercial diet was excluded from regression 

analysis because the animal:vegetal protein ratio was 

unknown. 

RESULTS 

The proximate composition of experimental diets and 

commercial feed (Table 2), did give a uniform response 

in terms of stability in seawater for at least 1 h after 

feeding (P > 0.05). Therefore, the hardness or pellet 

compression grade did not differ significantly between 

the commercial feed and T1, T2, T4, and T5. T3 had a 

range of values like the one of feed. 

Zootechnical parameters 

Survival percentages differed significantly among 

treatments (P < 0.05), and the highest values were 

obtained in T4 and T6 (Table 3). As shown in Figure 1, 

it was observed that survival has a reduction associated 

with the proportion of animal:vegetal protein in the diet 

(F[1, 28], P  0.01). Biomass was significantly affected 

by diets. The best results for biomass were achieved 

with T6 and T4 (P < 0.05, Table 3).  

Digestive enzymatic activity 

No significant effects were observed between dietary 

treatments for the digestive enzymatic activity of both 

endoproteinases (trypsin and chymotrypsin) (Table 4). 

Muscle parameters 

Concerning the muscle parameters, there were 

significant differences between treatments in terms of 

SOD activity, being the lowest values observed for T3 

and T4. In contrast, the other treatments were not 

different from the control. The texture of muscle tissue 

showed no significant difference (P > 0.05, Table 5). 

The gross energy content of shrimp fed in function 

proportion animal: vegetal protein in diet there a 

significant increment was observed (F[1,18] = 14.25, P 

 0.01, Fig. 2). 

Blood parameters 

For the blood parameters measured, there were no 

significant differences between treatments in total 

hemocyte count or osmotic pressure (mOsm kg-1), did 

not reflect any change in relation with dietary 

treatments on one side, and no effect of confinement at 

such stocking density on the other (Table 6). 

DISCUSSION 

The results of this study showed that FM replacement 

by a blend of plant feedstuffs and the addition of the 

mix of additives as amino acids, attractants, and 

appetizers (betaine and taurine), phytase and phos-

phorous was very successful for the survival and final 

biomass of the juveniles of Peneaus vannamei. Since 

usually the traditional diet for raising P. vannamei 

juveniles contained 25% FM (diet T1) in the present 

study could be considered as a control even though 

several papers have indicated a total replacement 

(Suárez et al. 2009, Glencross et al. 2014). However, in 

the present study, the five experimental diets were 

formulated with the first limiting factor of protein mix 

supported by threonine. Since plant ingredients such as 

soybean meal contain an adequate amino acid profile 

(Shigeno 1975, Lawrence et al. 1986) and wheat 

protein is a highly digestible, partial replacement of FM 

was feasible. On the other hand, the present 

physiological data provide useful information on 

mineral requirements. Although calcium can be 

retrieved from seawater (Li & Cheng 2012), phos-

phorus cannot, and any feed formulation must ensure a 

balance between those two essential minerals. 

Whatever the partial replacement of FM, the diet must 

contain an adequate source of minerals, considering  
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Table 2. Proximate composition of experimental diets (results expressed in g kg-1) and analytical data in %; leaching (mean 

± standard deviation, SD). Values on the hardness of diets expressed in mJ (mean ± SD). The same letters indicate no 

significant difference between treatments (P < 0.05). Analytitical data in %; leaching (mean ± SD). The same letters indicate 

no significant difference between treatments (P < 0.05). *g 100 g-1. THR indicate threonine as a limitant aminoacid, that 

means lower content related to the shrimp content. EE: ether extract, NFE: nitrogen free extract, DE: digestible energy,       

P. sol. intake: dissolved phosphorus intake. 

 

 T1 T2 T3 T4 T5 T6** 

Moisture* 5.6 6.4 4.9 6.3 5.8  

Protein* 33.8 35.2 34.6 35.7 36.1 36 

Limiting factor THR THR THR THR THR  

EE* 6.9 6.9 7.8 6.1 7.8 8 

Fiber* 3.1 2.9 2.5 3.3 4.7 4 

NFE 40 40 40 39 34 37 

Ash* 8.6 9.0 8.6 10.3 11.18 9 

DE kJ g-1 calculated 16 16 17 17 16 17 
Ptotal* 1.5 1.6 1.5 1.7 1.8 - 

Pavailable* 0.9 0.8 0.7 0.6 0.5 - 

Phytate (by #) 0.6 0.8 0.8 1.1 1.3 - 

Ca/P 1.3 1.3 1.2 1.2 1.3  

P. sol. intake (mg d-1) 30   15 15 19 20  

DM recovered% 87.3 ± 10. 88.9 ± 12.3 89.2 ± 9.1 88.1 ± 10.2 84.9 ± 8.6 92 ± 6 

 
Table 3. Zootechnical parameters by treatment. SGR: specific growth rate, FCR: feed conversion ratio. Same letters indicate 

no significant difference between treatments (P < 0.05). Initial weight 2.56 ± 0.31 g. Initial weight 2.56 ± 0.31 g. *Different 

letters in superscript in the same row indicate significant differences between treatments (P < 0.05).   
 

Zootechnical parameters T1 T2 T3 T4 T5 T6 

Final wet weight (g)  7.47 ± 1.9a* 7.18 ± 1.5a 7.31 ± 1.6a   7.33 ± 1.5a 6.97 ± 1.6a   7.31 ± 1.3a 
Biomass (g)  89.6 ± 10.2c 89.7 ± 9.9c 99.9 ± 9.4b 119.7 ± 8.4ab  106 ± 13ab 126.6 ± 17.5a 

Survival (%)  70.8 ±  4.9c 77.5 ± 8.8bc 85.0 ± 4.5ab   92.5 ± 6.9a 82.5 ± 9.4abc   91.7 ± 6.8a 

Weight gain (g week-1) 0.48 0.46 0.47 0.47 0.44 0.47 

SGR (% d-1)  1.78 ± 0.1a  1.71 ± 0.1a 1.75 ± 0.1a   1.75 ± 0.07a 1.67 ± 0.1a   1.73 ± 0.1a 

FCR    7.8 ± 1.3a    8.3 ± 1.6a   4.7 ± 0.6ab     3.2 ± 0.2bc   4.2 ± 0.8ac   2.25 ± 0.4c 

Protein efficiency ratio    0.4 ± 0.06c    0.3 ± 0.07c   0.6 ± 0.07bc     0.8 ± 0.07ab   0.7 ± 0.09bc   1.12 ± 0.2a 

 

 

that not all added phosphates have the same digesti-

bility and plant protein sources can cause concern due 

presence of antinutritional factors. 

Survival, weight gain, and hemocyte count all 

remained stable, perhaps partly because leaching was 

controlled to avoid any artifact, such as a loss of 

phosphorus supplied in soluble form, which is more 

digestible than regular dicalphos (Cuzon & Aquacop 

1982). Phosphorus was incorporated in two main 

forms: soluble, such as monopotassium phosphate 

(Deshimaru 1981), or low solubility dicalphos, and 

ensured sufficient weight gain (0.4 g week-1) and 

survival. 

Molt stages (Bourgeois & Cuzon 1975, Vijayan & 

Diwan 1996) have rarely been considered, and 

reference to a thick skeleton (Drach & Jacques 1976) 

did not coincide necessarily with the denomination for 

a soft-shell species (Baticados et al. 1986). In 

microcosm tests (Gaxiola & Cuzon 2015), the number 

of exuvia per tank per month with the Japanese feed 

Nippaï was higher than with the standard FM diet (150 

vs. 60 molts respectively for four weeks in triplicate). 

Part of the reason derived from some formulations for 

P. japonicus contained up to 19% minerals in the 

1970s. The molt results in a waste of minerals even 

though part of the calcium is retrieved prior to 

exuviation (Li & Cheng 2012). At present, the feed 

industry proposed a ready-made pre-mixed formula 

that tends to decrease the attention on critical nutrients 

such as trace elements. For example, in Farfan-

tepenaeus californiensis, a severe mineral imbalance 

has led to a “molt death syndrome” and a strong 

cannibalism trend at molt (Gallagher et al. 1978).
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Figure 1. Survival of juvenile Penaeus vannamei in the function of ratio animal:vegetal protein in the diet. The solid line 

represents the prediction of the regression equation calculated: y = 91.52-18.29x. The points indicated the survival of each 

tank in the experiment. 

 

Table 4. Digestive enzymes (U per g hepatopancreas tissue). Same letters indicate no significant difference between 

treatments (P < 0.05). Initial weight 2.56 ± 0.31g. The same letters in the same row indicate no significant difference 

between treatments (P < 0.05). 

 

Digestive enzymatic 

activity 
T1 T2 T3 T4 T5 T6 

Soluble protein 15.4 ± 1.1a 14.2 ± 4.4a 15.0 ± 3.2a 15.49 ± 7.3a 13.1 ± 9.3a 11.6 ± 4.3a 

Trypsin   5.3 ± 2.0a   6.2 ± 2.0a   6.3 ± 1.0a     5.3 ± 1.6a 12.6 ± 4.8a   7.4 ± 0.9a 
Chymotrypsin 16.8 ± 3.3a   8.4 ± 2.8a 23.8 ± 7.4a   14.8 ± 4.8a 15.7 ± 3.9a 10.0 ± 3.8a 

 

Table 5. Muscle texture and sodium dismutase activity of P. vannamei juveniles fed diets with fishmeal replacement. 

Different letters in superscript in the same row indicate significant differences between treatments (P < 0.05).  
 

Muscle T1 T2 T3 T4 T5 T6 

Super oxide dismutase 10.5 ± 2.0a 10.4 ±  1.3a 9.5 ± 0.6b 9.1 ± 1.7b 10.1 ± 2.4ab 10.4 ± 1.2a 

Shear strength (mJ)   79.4 ± 12.1a  73.5 ± 13.1a 81.3 ± 13.1a 78.8 ± 21.9a  69.7 ± 10.1a   74.5 ± 12.0a 

 

 

P concentration in solution (H3PO4, H2PO4, HPO4
--, 

PO4
-) is pH dependent, and some phosphate sources 

(Horne & Goldman 1994), such as dicalphos, dissociate 

in acid pH; since the P. vannamei digestive tract is 

slightly alkaline (pH > 7), and the apparent digestibility 

coefficient as low as 20% will limit phosphorus release 

(Davis & Arnold 2000). 

Optimal digestion occurred during enzymatic peak 

hours (Focken et al. 1998, Casillas-Hernández 2006), 

and fractioning meals would favor feed intake and 

digestion. Moreover, some digestive enzymes could 

have hydrolyzed phytate, as was seen with alkaline 

phosphatase in P. japonicus (Civera & Guillaume 

1989), and improved weight gain. However, phytase 

facilitated minerals uptake from plant proteins such as 

soybean, canola, and wheat (Bulbul et al. 2015).  

The potential lack of available phosphorus with a 

decrease in the FM component of the feed could be 

compensated by phytate-supplemented plant ingre-

dients. 

Also, energy partitioning helped verify that retained 

energy was similar for all treatments, including a 

commercial feed, to corroborate weight gain results. All 

parameters were at the same level except feed 

composition, but energy partition (Bureau et al. 2000) 

would not change so much, especially for maintenance 

(Jiménez-Yan et al. 2006); major variation, if any, 

would have been expected for HiE (Teshima et al. 

1977). Within the range of dietary phosphorus tested 

here, it was not expected to see a difference in relation 

to the build-up of energy molecules that would have 

had an incidence on the energy budget. 
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Figure 2. Gross energy of shrimp in function ratio animal:vegetal protein in the diet. The solid line represents the prediction 

of the regression equation calculated: y = 16.63+2.34x. The points indicated the gross energy of the shrimp in each tank in 

the experiment. 

 

Table 6. Blood parameters of the juveniles fed diets with fishmeal replacement.  
 

Blood parameters T1 T2 T3 T4 T5 T6 

Total haemocyt count ×104 230 ± 70a 240  ±  50a 260 ± 30a 240  ±  20a 290  ± .60a 230  ±  60a 

Osmotic pressure (mOsm kg-1)    890 ± 31.4a 922.5 ± 55.9a 907 ± 33.4a 900.5 ± 23.4a 896.8 ± 35.6a 918.3 ± 22.4a 

 

 

Hemolymph phosphatemia would be a key 

indicator, but little information (104 mg L-1) was 

available (Shimizu et al. 2001). Such situations have 

led to mortality peaks, especially when molting. Davis 

et al. (1993) found calcification to decline in shrimp 

lacking trace minerals and particularly Se. Finally, with 

respect to phosphate measured on cultured shrimp gave 

values well below (35 mg L-1) and connected with 

mortalities at molt. Moreover, at present, the such 

parameter is not so easy to address because of rapid 

clotting, and variability can be high in the absence of 

molt stage determination and could miss in further 

studies. A range of variation from 35 to 100 mg L-1 was 

observed in the floating cage in the lagoon where P-

PO4
- remained at 0.05 ppm except during the rainy 

season, after 100 days culture, a peak of mortality 

(Goguenheim 2014; comm. pers.) noticed in premolt 

stage and phytoplankton blooms can modify the culture 

conditions (Martin & Bianchi 1980). 

Metabolism: the combination of taurine and micro-

bial phytase at 1000 U kg-1 inclusion could stabilize the 

nutritional input in case of drastic FM reduction in 

current formulations. P. vannamei juveniles stood in a 

microcosm. A progressive decrease in FM content was 

compensated to a certain extent by the presence of 

taurine (Yue et al. 2013).  

Physiology and muscle texture (shear strength) 

indicated diet position without altering performances. 

This status looking for maximum weight gain at molt is 

achieved when environmental conditions and feed 

composition will meet physiological requirements. 

Such status is certainly difficult to sustain under 
intensive culture, whatever peneid species. 

Immune response, stress: parameters taken into 

account allowed us to see that juveniles were not in 

stress situation considering the variations of an enzyme 

of a lipid-soluble system (P > 0.05) that contribute to 

eliminating free radicals issued from lipid tissue 

(Cardona et al. 2016); it could have happened in a slight 

effect with commercial feed, but an immune response 

cannot be questioned here in spite of a decline in 
survival due to diet T1. 

FM limitation in shrimp feed brings protein and 

mineral nutrition aspects. Most of the experimental 

diets for grow-out do not contain more than 12-13% 

ash; on top of that, plant-based ingredients bring 

phytate. Trapped phosphorus is no longer available for 

shrimp, although one study displayed an action of 

alkaline phosphatase. Then, trials in oligotrophic 

lagoon waters showed a lack of soluble forms (PO4
-) for 

juveniles raised in floating cages, for example, with 
relatively low ash content of 12-13% compared to 20%, 
half of which NaH2PO4 (Deshimaru 1981).  
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The present study, therefore, provides P. vannamei 

with an answer as to mineral filler to provide juvenile 

shrimp on the one hand and boost the ability to 

hydrolyze phytate by the action of exogenous phytase, 

while taking account of Ca or Na phosphate intake, 

preferably in soluble forms. In case it will be given 

dical (ADCphosphorus, 16%), an increase in % incorpo-

ration is needed. 

In large-scale production, a risk of phosphorus 

released by shrimp excretion or leaching from pellets. 

Such inputs can be controlled by an algal development 

or control via "floc," which will reduce total reactive 

phosphorus load. In this context, one can think of 

improving the performances of farmed shrimp, 

whatever species (M. japonicus, P. vannamei), while 

controlling mineral intake for a few months.  

So, on a low dietary FM content (high in vegetable 

protein), options between soluble forms or less soluble 

phosphates with the use of phytases and attractants and 

appetizers would reduce inorganic load. There are ways 

for a better adequation between diet, growth, and 

environment. 

ACKNOWLEDGMENTS 

Postgraduate program of Marine Science and Limno-

logy of UNAM. This research was supported by 

Mexico's National Science and Technology Council 

(CONACyT) project N°167670 and for doctoral 

scholarship (CONACyT) on behalf of JLGA N°297635. 

REFERENCES 

Aquacop. 1989. Selected ingredients for shrimp feed. In: 

Advances in Tropical Aquaculture, February 20-

March 4, Tahiti. Actes Colloque, 9: 405-412. 

Araneda, M., Gasca-Leyca, E., Vela, M.A. & Domínguez-

May, R. 2020. Effects of temperature and stocking 

density on intensive culture of Pacific white shrimp in 

freshwater. Journal of Thermal Biology, 94: 102756. 

doi: 10.1016/j.jtherbio.2020.102756 

Association of Official Analytical Chemists (AOAC). 1995. 

Official methods of analysis. AOAC, Washington DC.  

Azaza, M.S., Peres, H. & Turkmen, S. 2023. Nutritional 

physiology of aquacultured species. Frontiers in 

Physiology, 13: 2790. doi: 10.3389/fphys.2022.1130 

143 

Baticados, M.C.L., Coloso, R.M. & Duremdez, R.C. 

1986. Studies on the chronic soft-shell syndrome in the 

tiger prawn, Penaeus monodon Fabricius, from 

brackishwater ponds. Aquaculture, 56: 271-285. doi: 

10.1016/0044-8486(86)90342-X 

Bourgeois, B. & Cuzon, G. 1975. Détermination des 

stades d’intermue chez Macrobrachium rosenbergii 

(caridae) et Penaeus merguiensis (Penaeidae). 

IFREMER, Brest. 

Bradford, M. 1976. A rapid and sensitive method for the 

quantitation of microgram quantities of protein utili-

zing the principle of protein-dye binding. Analytical 

Biochemistry, 72: 248-254. doi: 10.1016/0003-2697 

(76)90527-3 

Bulbul, M., Kader, A., Ambak, M., Hossain, S. & 

Ishikawa, M. 2015. Effects of crystalline amino acids, 

phytase and fish soluble supplements in improving 

nutritive values of high plant protein based diets for 

Marsupenaeus japonicus. Aquaculture, 438: 98-104. 

doi: 10.1016/j.aquaculture.2015.01.007 

Bureau, B.P., Azevedo, P.A., Tapia-Salazar, M. & Cuzon, 

G. 2000. Pattern and cost of growth and nutrient 

deposition in fish and shrimp: potential implications 

and applications. In: Cruz-Suárez, L.E., Ricque-Marie, 

D., Tapia-Salazar, M., Olvera-Novoa, M.A. & Civera-

Cerecedo, R. (Eds.). Avances en nutrición acuícola V. 

Memorias del V Simposium Internacional de 

Nutrición Acuícola, 19-22 Noviembre, 2000. Mérida, 

Yucatán, México.  

Cardona, E., Lorgeoux, B., Chim, L., Gogueheim, J. & 

LeDelliou, H. 2016. Biofloc contribution to 

antioxidant defense status, lipid nutrition and 

reproductive performance of broodstock Litopenaeus 

stylirostris: consequences for eggs quality and larvae. 

Aquaculture, 452: 252-262. doi: 10.1016/j.aquacul-

ture.2015.08.003  

Casillas-Hernández, R. 2006. Ritmo circadiano de la 

actividad enzimática digestiva del camarón blanco 

Litopenaeus vannamei y su efecto en el horario de 

alimentación. Revista Latinoamericana de Recursos 

Naturales, 2: 55-64.  

Civera, R. & Guillaume, J. 1989. Effect of sodium phytate 

on growth and tissue mineralization of Penaeus 

japonicus and Penaeus vannamei juveniles. Aqua-

culture, 77: 145-156. doi: 10.1016/0044-8486(89)901 

98-1 

Colvin, L.B. & Brand, C.W. 1977. The protein requi-

rement of penaeid shrimp at various life-cycle stages 

in controlled environment system. Proceedings of the 

Annual Meeting. World Mariculture Society. 

Blackwell Publishing Ltd., Oxford, 8: 821-840. 

Comman, G.J., Sarac, H.Z., Fielder, D. & Theme, M. 

1996. Evaluation of crystalline amino acids, betaine 

andamp as food attractants of the giant tiger prawn 

(Penaeus monodon). Comparative Biochemistry & 

Physiology, 3: 247-253. 

https://doi.org/10.1016/j.jtherbio.2020.102756
https://doi.org/10.1016/0044-8486(86)90342-X
https://doi.org/10.1016/0044-8486(86)90342-X
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.aquaculture.2015.01.007
https://doi.org/10.1016/j.aquaculture.2015.08.003
https://doi.org/10.1016/j.aquaculture.2015.08.003
https://doi.org/10.1016/0044-8486(89)90198-1
https://doi.org/10.1016/0044-8486(89)90198-1


412                                                            Latin American Journal of Aquatic Research 
 

 

 

Cruz-Suarez, L.E., Ricque-Marie, D., Tapia-Salazar, M., 

McCallum, I.M. & Hickling, D. 2001. Assessment of 

differently processed feed pea (Pisum sativum) meals 

and canola meal (Brassica sp.) in diets for blue shrimp 

(Litopenaeus stylirostris). Aquaculture, 196: 87-104. 

doi: 10.1016/S0044-8486(00)00572-X 

Cuzon, G. & Aquacop. 1982. Ca/P requirement of peneid 

shrimp. Proceedings of the Second International 

Conference on Aquaculture Nutrition: Biochemical 

and Physiological Approaches to Shellfish Nutrition, 

October 27-29, Lewes/Rehoboth Beach, Delaware, 

417 pp. 

Davis, D.A. & Arnold, C.R. 2000. Replacement of fish 

meal in practical diets for the Pacific white shrimp, 

Litopenaeus vannamei. Aquaculture, 185: 291-298. 

doi: 10.1016/S0044-8486(99)00354-3 

Davis, D.A., Lawrence, A.L. & Gatlin III, D.M. 1993. 

Evaluation of the dietary zinc requirement of Penaeus 

vannamei and effects of phytic acid on zinc and 

phosphorus bioavailability. Journal of the World 

Aquaculture Society, 24: 40-47. doi: 10.1111/j.1749-

7345.1993.tb00148.x 

Deshimaru, O. 1981. Studies on nutrition and diet for 

prawn, Penaeus japonicus. Kagoshima Prefecture 

Fisheries Experimental Station, Kagoshima. 

Deshimaru, O. & Yone, Y. 1978. Effect of dietary 

supplements on the feeding behavior of prawn. 

Bulletin of the Japanese Society of Scientific Fishe-

ries, 44: 903-905. 

Drach, P. & Jacques, F. 1976. Setal system of decapod 

crustaceans. Setae insertion on exoskeleton and 

general data on their cuticular structure. Comptes 

Rendus Hebdomadaires des Séances de l’Académie 

des Sciences, Serie D, 282: 1869 pp. 

Focken, U., Groth, A., Coloso, R.M. & Becker, K. 1998. 

Contribution of natural food and supplemental feed to 

the gut content of Penaeus monodon Fabricius in a 

semi-intensive pond system in the Philippines. Aqua-

culture, 164: 105-116. doi: 10.1016/S0044-8486(98) 

00180-X 

Gallagher, M.L., Brown, W.D., Conklin, D.E. & Sifri, M. 

1978. Effects of varying calcium/phosphorus ratios in 

diets fed to juvenile lobsters (Homarus americanus). 

Comparative Biochemistry and Physiology - Part A: 

Physiology, 60: 467-471. doi: 10.1016/0300-9629(78) 

90018-X 

Gaxiola, G. & Cuzon, G. 2015. El uso de ingredientes 

alternativas a las harinas de pescado. In: Martínez-

Córdova, L.R., Martínez-Porcha, M. & Cortés-Jacinto, 

E. (Eds.). Alimentos y estrategias de alimentación para 

una acuacultura sustentable. AGT Editor, Ciudad de 

México. 

Geiger, R. 1988. Chymotrypsin. In: Bergmeyer, J. & Grab, 

I.M. (Eds.). Methods of enzymatic analysis. Elsevier, 

Amsterdam, pp. 99-104. 

Geiger, R. & Fritz, H. 1988. Trypsin. In: Bergmeyer, J. & 

Grab, I.M. (Eds.). Methods of enzymatic analysis. 

Elsevier, Amsterdam, pp. 119-124. 

Glencross, B., Irvin, S., Arnold, S., Blyth, D., Bourne, N. 

& Preston, N. 2014. Effective use of microbial 

biomass products to facilitate the complete replace-

ment of fishery resources in diets for the black tiger 

shrimp, Penaeus monodon. Aquaculture, 431: 12-19. 

doi: 10.1016/j.aquaculture.2014.02.033 

Hardy, R.W. 2010. Utilization of plant proteins in fish 

diets: effects of global demand and supplies of 

fishmeal. Aquaculture Research, 41: 770-776. doi: 

10.1111/j.1365-2109.2009.02349.x 

Hemre, G.I. 2014. Changed micro-nutrient recommen-

dations for Atlantic salmon (Salmo salar) when fed 

diets based on plant ingredients. Abstracts Aqua-

culture Europe 2014, Donostia-San Sebastian, Spain, 

Oct. 14-17. European Aquaculture Society, Oostende. 

Horne, A.J. & Goldman, C.R. 1994. Limnology. 

McGraw-Hill, New York. 

Huynh, T.G., Cheng, A.C., Chi, C.C., Chiu, K.H. & Liu, 

C.H. 2018. A synbiotic improves the immunity of 

white shrimp, Litopenaeus vannamei: metabolomic 

analysis reveal compelling evidence. Fish and 

Shellfish Immunology, 79: 284-293. doi: 1016/j.fsi. 

2018.05.031 

Jiménez-Yan, L., Brito, A., Cuzon, G., Gaxiola, G., 

García, T., Taboada, G., et al. 2006. Energy balance of 

Litopenaeus vannamei postlarvae fed on animal or 

vegetable protein based compounded feeds. Aquacul-

ture, 260: 337-345. doi: 10.1016/j.aquaculture.2006. 

06.005 

Koss, M. 1979. A study of the protein, zinc and phytate 

contents of a number of protein source and the molar 

ratio phytate: zinc for the determination of zinc 

bioavailability, and its relation to the nutrient 

fortification of vegetable protein products. Doctoral 

Dissertation, University of Reading, London. 

Lawrence, A.L., Castille, F.L., Sturmer, L.N. & Akiyama, 

D.M. 1986. Nutritional response of marine shrimp to 

different levels of soybean meal in feeds. In: Economic 

Councils’ Tenth Anniversary Joint Business Confe-

rence, Taipei, pp. 18-22. 

Lemos, D., Chelo R., Zwart, S.  Tacon, A.G. 2021. 

Performance and digestibility of inorganic phospha-

tesin diets for juvenile shrimp (Litopenaeus vanna-

mei): dicalcium phosphate, monocalcium phosphate, 

https://doi.org/10.1016/S0044-8486(00)00572-X
https://doi.org/10.1016/S0044-8486(99)00354-3
https://doi.org/10.1111/j.1749-7345.1993.tb00148.x
https://doi.org/10.1111/j.1749-7345.1993.tb00148.x
https://doi.org/10.1016/S0044-8486(98)00180-X
https://doi.org/10.1016/S0044-8486(98)00180-X
https://doi.org/10.1016/0300-9629(78)90018-X
https://doi.org/10.1016/0300-9629(78)90018-X
https://doi.org/10.1016/j.aquaculture.2014.02.033
https://doi.org/10.1111/j.1365-2109.2009.02349.x
https://doi.org/10.1111/j.1365-2109.2009.02349.x
https://doi.org/10.1016/j.aquaculture.2006.06.005
https://doi.org/10.1016/j.aquaculture.2006.06.005


Fishmeal replacement for shrimp                                                                                413 
 

 

 

and monoammonium phosphate. Aquaculture Inter-

national, 29: 681-695. 

Li, C.H. & Cheng, S.Y. 2012. Variation of calcium levels 

in the tissues and hemolymph of Litopenaeus 

vannamei at various molting stages and salinities. 

Journal of Crustacean Biology, 32: 101-108. doi: 

10.1163/193724011X615370 

Martin, Y.P. & Bianchi, M.A. 1980. Structure, diversity, 

and catabolic potentialities of aerobic heterotrophic 

bacterial populations associated with continuous 

cultures of natural marine phytoplankton. Microbial 

Ecology, 5: 265-279. doi: 10.1007/BF02020334 

R Core Team. 2020. R: A Language and Environment for 

Statistical Computing. R Foundation for Statistical 

Computing. [http://www.R-project.org]. Reviewed: 

June 12, 2022. 

Rosas, C., Pascual, C., López, N. & Sánchez, A. 2002. 

Metabolitos sanguíneos como herramientas para 

evaluar el estado nutricional de camarones peneidos. 

In: Cruz-Suárez, L.E., Ricque-Marie, D., Tapia-

Salazar, M., Gaxiola-Cortés, M.G.  Simoes, N. 

(Eds.). Avances en nutrición acuícola VI. Memorias 

del VI Simposium Internacional de Nutrición 

Acuícola. 3 al 6 de Septiembre del 2002. Cancún, 

Quintana Roo, México. 

Shi-wei, X., Yong-jian, L., Zeng, S., Niu, J. & Tian, L. 

2016. Partial replacement of fish-meal by soy protein 

concentrate and soybean meal based protein blend for 

juvenile Pacific white shrimp, Litopenaeus vannamei. 

Aquaculture, 464: 296-302. 

Shigeno, K. 1975. Shrimp culture in Japan. Association 

for International and Technical Promotion, Tokyo. 

[https://agris.fao.org/agris-search/search.do?recordID 

=XF2016011831]. Reviewed: June 12, 2022. 

Shimizu, C., Shike, H., Klimpel, K.R. & Burns, J.C. 2001. 

Hemolymph analysis and evaluation of newly 

formulated media for culture of shrimp cells (Penaeus 

stylirostris). In Vitro Cellular & Developmental 

Biology-Animal, 37: 322-329. doi: 10.1007/BF0257 

7565 

Suárez, J.A., Gaxiola, G., Mendoza, R., Cadavid, S., 

García, G., Alanis, G., et al. 2009. Substitution of fish 

meal with plant protein sources and energy budget for 

white shrimp Litopenaeus vannamei (Boone, 1931). 

Aquaculture, 289: 118-123. doi: 0.1016/j.aquaculture. 

2009.01.001 

 

 

 

Suwoyo, H.S. & Hendrajat, E.A. 2021. High density 

aquaculture of white shrimp (Litopenaeus vannamei) 

in controlled tank. IOP Conference Series: Earth and 

Environmental Science, 777 pp.  

Tacon, A.G. 2008. Compound aqua feeds in a more 

competitive market: alternative protein sources for a 

more sustainable future. Memorias del Noveno 

Simposium Internacional de Nutrición Acuícola, 24-

27 Noviembre, 2008, Ensenada, Baja California, 

México. 

Teshima, S., Kanazawa, A. & Okamoto, H. 1977. 

Variations in lipid classes during the molting cycle of 

Penaeus japonicus. Marine Biology, 39: 129-136. 

Truong, H.H., Hilnes, BM., Emerencian, G.M., Blyth D., 

Berne, S.m, Noble, T., et al. 2022. Mineral nutrition in 

penaeid shrimp. Reviews in Aquaculture, 2022: 1-19. 

doi: 10. 1111/raq.12780 

Venkateswarlu, V. 2019. Growth performance effect of 

dietary fish meal quality in shrimp Litopenaeus 

vannamei. International Journal of Fisheries and 

Aquatic Studies, 7: 400-402. 

Vijayan, K.A. & Diwan, A.D. 1996. Fluctuations in Ca, 

Mg and P levels in the hemolymph, muscle, midgut 

gland and exoskeleton during the moult cycle of the 

Indian white prawn, Penaeus indicus (Decapoda: 

Penaeidae). Comparative Biochemistry and Physio-

logy - Part A: Physiology, 114: 91-97. doi: 10.1016/ 

0300-9629(95)02096-9 

Yue, Y.R., Liu, Y.J., Tian, L.X., Gan, L., Yang, H.J., 

Liang, G.Y. & He, J.Y. 2013. The effect of dietary 

taurine supplementation on growth performance, feed 

utilization and taurine contents in tissues of juvenile 

white shrimp (Litopenaeus vannamei, Boone, 1931) 

fed with low-fishmeal diets. Aquaculture Research, 

44: 1317-1325. doi: 10.1111/j.1365-2109.2012.03135.x 

Zainuddin, Z., Aslamyah, S. & Nur, K. 2019. The effect 

of dosage combination and feeding frequency on 

growth and survival rate of vannamei shrimp juveniles 

in ponds. IOP Conference Series: Earth and Environ-

mental Science, 370: 012033.  

Zar, J. 1999. Biostatistical analysis. Prentice Hall, New 

Jersey. 

 

Received: November 10, 2022; Accepted: March 27, 2023 

 

https://doi.org/10.1163/193724011X615370
https://doi.org/10.1163/193724011X615370
file:///C:/Users/GGax%201%202/Desktop/datos/curriculum/bibliogabriela/Publicaciones%202022/Gamboa%20/9.%20https:
https://agris.fao.org/agris-search/search.do?recordID%20=XF2016011831
https://agris.fao.org/agris-search/search.do?recordID%20=XF2016011831
file:///C:/Users/GGax%201%202/Desktop/datos/curriculum/bibliogabriela/Publicaciones%202022/Gamboa%20/9.%20https:
https://doi.org/10.1016/j.aquaculture.2009.01.001
https://doi.org/10.1016/j.aquaculture.2009.01.001
https://doi.org/10.1016/0300-9629(95)02096-9
https://doi.org/10.1016/0300-9629(95)02096-9
file:///C:/Users/GGax%201%202/Desktop/datos/curriculum/bibliogabriela/Publicaciones%202022/Gamboa%20/5.%20https:

