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fed the basal diet, confirming that the basal diet was deficient in phosphorus.

In terms of final biomass, percent weight gain, survival, and EFE values, the supplementation
of phytate to the basal diet resulted in an improvement in these parameters. This response was
intermediate to those of the basal diet and replete diets. Although, this data is not statistically robust,
the observed response would indicate that phytase may be releasing phytate phosphorus and/or
preventing it from binding with phosphorus originating from other ingredients. Consequently, further

evaluations of the use of phytase in shrimp feeds is warranted.

Summary

Under the reported conditions, the use of a FGP significantly improved APD of a commercial
shrimp feed containing 40% protein. However, the evaluation of the enzyme supplement in defined
practical shrimp diets, containing either 15% or 30% protein, did not result in improvements in growth
or feed utilization. Based on these results, FGP does not appear to enhance growth and feed utilization
in a high quality shrimp feed. However, the use of phytase in a practical diet formulation that is
deficient in phosphorus appears to increase the availability of phosphorus in the diet, as demonstrated
by increased growth and estimated feed conversion efficiencies.

Although, the results of the feeding trial with FGP did not result in improvements in feed
utilization, the results with phytase were encouraging. Current literature indicates that, under certain
circumstances, enzyme supplements such as amylase, papain, trypsin, and multi-enzyme supplements
have produced positive results. In general, results appear best in diets containing low digestible
ingredients and/or ingredients for which endogenous digestive enzymes are inadequate. Further
research into the use of exogenous enzymes as feed supplements or as pretreatment of feedstuffs is

warranted.
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Table 1. Composition of test diets utilized to evaluate a feed grade protease (g/100g dry wt).

15% protein 30% protein

Menhaden fish meal * 8.50  8.50 8.50 8.50 1700 17.00 17.00 17.00
Soybean meal ® 17.00 17.00 17.00 17.00 3550 35350 3550 33550
Fish solubles * 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Menhaden fish oil ¢ 280 280 2380 2.80 3.80 3.80 3.80 3.80
Wheat flour ¢ 64.98 6498 6498 6498 36.98 3698 3698 3698
Soy lecithin * 1.30  1.30 1.30 1.30 1.30 1.30 1.30 1.30

Trace mineral premix © 0.50 0.50  0.50 0.50 0.50 0.50 0.50 0.50

Vitamin premix ® 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Stay C" 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
Cefkaphos A 0.400 0400 0400 0400 0.400 0400 0400 0400
Bromelin’ 0 0.1 0.2 0.4 0 9.1 0.2 0.4
Cellulose * 0.4 0.3 0.2 0 0.4 0.3 0.2 0

* Special Select ™, Zapata Haynie Corporation, Hammond, Louisiana, USA.

® Solvent extracted, Producers Cooperative, Bryan, Texas, USA.

¢ Zapata Hayne Corporation, Reedville, Virginia, USA.

¢ United States Biochemical Corporation, Cleveland, Ohio, USA.

¢ Aqualipid 95, Central Soya Chemurgy Division, Fort Wayne, Indiana, USA.

Composition of trace-mineral premix (g kg™ mix): Cobalt chloride, 0.04; Cupric sulfate pentahydrate,
5.50; Ferrous sulfate, 20.00; Magnesium sulfate heptahydrate, 283.98; Manganous sulfate
monohydrate, 6.50; Potassium iodide, 0.67; Sodium selenite, 0.10; Zinc sulfate heptahydrate, 131.93;
cellulose, 551.28.

& Composition of vitamin premix (g kg™ mix) :Thiamin-HCI, 4.95; Riboflavin, 3.83; Pyridoxine-HCI,
4.00; Ca-Pantothenate, 10.00; Nicotinic acid, 10.00; Biotin, 0.50; Folic acid, 4.00; Vitamin B,,, 0.05;
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Choline Chloride, 100.00; Inositol, 25.00; Vitamin A acetate (20,000 1U/g), 8.00; Vitamin D (400,000
IU/g), 0.50; Vitamin E acetate (250 IU/g), 80.00; Menadione, 0.5; cellulose, 748.68.

" Stay C, L-Ascorbyl-2-Polyphosphate, Hoffman-LaRouche, Inc., Nutley, New Jersey, USA.

! Feed grade calcium phosphate, BASF Corporation, Mount Olive, NJ, USA

This document is not to be reproduced or distributed without written consent of the corresponding author.



16

Table 2. Composition of the test diets utilized to evaluate a dietary phytase supplement (g/100g dry

weight).

Basal Phytase 0.25%P 0.375% P
Anchovy meal' 20.0 20.0 20.0 20.0
Soybean meal® 33.0 33.0 33.0 33.0
Fish solubles’ 1.0 1.0 1.0 1.0
Menhaden Fish oil* 3.8 3.8 3.8 3.8
Wheat flour® 359 35.9 35.9 35.9
Soy lecifhin"j 13 1.3 1.3 1.3
Trace Mineral premix’ 0.5 0.5 0.5 0.5
Vitamin premix® 2.0 2.0 2.0 2.0
Vitamin C (25% active)’ 0.1 0.1 0.1 0.1
NaCl’ 0.3 0.3 0.3 0.3
Natuphos® " 0.25
Cefkaphos® ' 1.0
Dynafos® ' 2.025
Diatomaceous earth’ 2.1 1.85 1.0 0.075
Total phosphorus 0.98 1.35 1.23 1.35

! Ralston Purina International, Checkerboard Square, St. Louis, Missouri, USA.

2 Solvent extracted, Producers Cooperative, Bryan, Texas, USA.

? Zapata Haynie Corporation, Hammond, Louisiana, USA.

* Zapata Haynie Corporation, Reedville, Virginia, USA.

United States Biochemical Corporation, Cleveland, Ohio, USA.

Aqualipid 95, Central Soya Chemurgy Division, Fort Wayne, Indiana, USA.

Composition of trace-mineral premix (g kg’ mix): Cobalt chloride, 0.04; Cupric sulfate
pentahydrate, 5.50; Ferrous sulfate, 20.00; Magnesium sulfate heptahydrate, 283.98; Manganous

sulfate monohydrate, 6.50; Potassiumiodide, 0.67; Sodium selenite, 0.10; Zinc sulfate heptahydrate,
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131.93; Alpha-cellulose, 551.28.

# Composition of vitamin premix (g kg™ mix) : Thiamin-HCI, 4.95; Riboflavin, 3.83; Pyridoxine-HCl,
4.00; Ca-Pantothenate, 10.00; Nicotinic acid, 10.00; Biotin, 0.50; Folic acid, 4.00; Vitamin B,,
0.05; Choline Chloride, 100.00; Inositol, 25.00; Vitamin A acetate (20,000 IU/g), 8.00; Vitamin D
(400,000 IU/g), 0.50; Vitamin E acetate (250 IU/g), 80.00, Menadione, 0.5; cellulose, 748.68.

? Stay C, L-Ascorbyl-2-Polyphosphate, Hoffman-La Roche, Inc., Nutley, New Jersey, USA.

'%Feed grade phosphorus source, primarily monobasic calcium phosphate, BASF Corporation, Mount

Olive, New Jersey, USA.

" Feed grade phosphorus source, primarily dibasic calcium phosphate, Mallinckrodt Feed Ingredients,

Mundelein, Illinois, USA.
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Table 3. Apparent dry matter digestibility (ADMD) and protein digestibility (APD) values for P.
vannamei offered a basal diet® and test diets® containing varying levels of ENZECO®

Bromelain FG.

ENZECO® ADMD* APD®
Bromelain FG

0 53.2° 65.3"

0.2 54.2% 67.6"

0.4 61.1% 74.3%

PSE! 2.34 11.45

" Basal diet contained as g/100g dry weight: 96.1, commercial mash; 2.5, menhaden fish oil; 1.0,

chromic oxide and 0.4, diatomaceous earth.

® Dietary treatments consisted of the basal diet modified to contain the supplement at the indicated

level, replacing diatomaceous earth.

¢ Data represent the mean of four replicates. Mean values with the same letter are not significantly
different (P > 0.05) from each other.

4Pooled Standard Error
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Table 4. Response of P. vannamei after 8 weeks of feeding diets containing various levels of protein

and feed grade protease (FGP)'.

Protein FGP Final weight Survival EFE? PCE’
(2/100 diet) (/100 diet) () (%) (%) %)
15 0 3.8° 96.9* 39.8% 37.8%
15 0.1 3.4 100* 31.9% 36.0"
15 0.2 3.5" 96.9% 33.0% 34,7
15 0.4 5 0 96.9¢ 28.7 30.57
PSE* 0.13 2.70 1.37 1.67
30 0 4.6* 1007 443" 24.5*
30 0.1 4.4* 96.9% 42 6% 24.7*
30 0.2 4.4* 100* 42 6% 24 .6°
30 0.4 3.9 100* 37.07 21.5°
PSE 0.14 1.56 1.40 0.89

'"Means of four replicates. Numbers within the same column and protein level with different

superscripts are significantly different (P < 0.05).
’EFE, estimated feed efficiency = weight gain/feed offered x 100.

*PCE, protein conversion efficiency = protein gaine/protein offered x 100.

*PSE, pooled standard error.
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Table 5. Response of P. vannamei to test diets at the conclusion of a 56 day growth trial.
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Supplemental ~ Biomass (g) Weight gain (%) Survival (%) EFE (%)
phosphorus
0 243 1736 56.25 33.9
Phytase 34.8 1987 68.75 41.5
0.250-A 44 8* 2154* 84.38 42.1%
0.375-B 44 5% 1924 87.50 45.5*
PSE 3.5 108 8.60 1.6

'EFE, estimated food conversion efficiency = weight gain/feed offered*100.

A= Cefkaphos®
B= Dynafos®

* Indicates a significant difference from the control (basal diet without supplemental phosphorus) 1

as determined by Dunnett’s T test.
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