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TX3000 Shrimp Feed Production, 8 to 10 tons /hr



Dr. Tacon Reported in Brasil, 

WAS 2011
Extrusion Cooking of Shrimp Feeds Can:

• Reduced feed ingredient costs

• Improved feed water stability

• Reduced nutrient leaching

• Improved nutrient digestibility 

• Increased oil & energy addition 

• Higher starch gelatinization 

• Increased feed efficiency 

• Increased potential shrimp growth & profit per 
unit of feed intake



Rules of Extrusion Cooking

1.  Raw Material Specifications and Formula

2.  Hardware or Equipment Arrangement

3.  Method of Equipment Operation, Software

4.  Final Product Characteristics 

The key word on the previous slide was “can”



Floating or Sinking Feeds

• 10% starch for sinking feeds

• 20% starch for floating feeds

Can you verify the amount of starch in by products?

wheat mids, rice bran, 

No, changes daily and from whom you get it all mills are set up 

differently. 



Comparison of Protein and Starch Flow Curves
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Soy Bean Meal
Fish Meal #1

Fish Meal #2

RL-100 Rice Flour

Phase Transition Analyzer, 

Lab device to test ingredients 

under time temperature and 

pressure



Samples at a plant of 

their SBM

How functional is your 

SBM?



Sample of DDGS at 

a plant visit. 

How functional is 

your raw materials in 

general?



Protein Source 

Samples in Meeting

What is meant by 

functionality of 

ingredients?



Quick test, placed in 

water and let’s see what 

they do,  predicted they 

would sink and not 

soften quickly and act 

like sand.  Client called 

my bluff, brought in 

samples and water. 

By no means is this test 

conclusive. Lab test 

suggested. 

Functionality is defined 

by a Protein 

Dispersibility Test, PDI. 



1)  PDI (Protein Dispersibility Index)

2)  NSI (Nitrogen Solubility Index)

These are a measure of the protein’s solubility in water and 

are indicative of the level of heat treatment.  The PDI test is a 

more rapid test and will usually give slightly higher results. 

Laboratory Tests to Indicate Protein Functionality



Effect of Raw Material Protein Quality

Soy Proteins used for FOOD

(Flour, Concentrate, Isolate)

Soy Proteins used for FEED

(Soybean Meal)

Very Dark Very Light

PRODUCT COLOR

7 PDI 12 PDI 30 PDI 54 PDI

Harder to 

cook

Easier to 

cook



Crown Iron Works
Down Draft Desolventiser for High PDI Soya

 Flakes are handled gently throughout the process, 
producing a final product with a maximum amount of 
whole flakes and a minimum amount of fines.

 Higher attainable PDI than with conventional systems 
(potentially 80-85).

 Flexibility in operation to fine tune the system for the 
ideal combination of PDI, residual hexane, and steam 
consumption.



Flow Index Test for Fish Meals, Shows 

Functionality

• Indicates difficulty in processing fish meal recipes

• Quality control of incoming raw materials

Flow # < 2 cm 

Good flowing 

properties (low 

internal friction) 

Easier to cook.

Flow # > 5 cm 

Poor flowing 

properties 

(high internal 

friction) 

Harder to 

cook.



• Protein denatures at 60 - 700C

• As protein denatures, it becomes insoluble (non-functional)

• Starch gelatinizes at 55 - 750C

• As starch gelatinizes, it becomes soluble

Raw Raw After Extrusion

Protein

After Extrusion

Starch

So specify Soybean Meal that has not been overheated after the extractor, low temperature drying

http://micro.magnet.fsu.edu/micro/gallery/burgersnfries/burgersnfries.html


2.  Hardware or Equipment Arrangement

Or the fun 

starts real 

quick

Effective good 

grinding and 

sifting are 

extremely 

important,  

0.8mm needs 

250 micron 

fineness

Shut down from die blockage



Grinding Considerations

Micron Size % Through

450 99.8%

350 99.2%

250 98.6%

149 97.8%

75 77.7%

Sample #1B4

Pulver ized

Micron Size % Through

450 100.0%

350 100.0%

250 100.0%

149 99.8%

75 80.8%

Sample #1B4

Pulver ized & Sifted



Effect of Vegetable Protein Levels On Extrusion Moisture
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Density was kept constant at 

520 g / l off of the extruder

Effect of Protein on SME



Special Version 

of the C²TX for 

shrimp and 

micro feeds



0.6 mm Sinking via Extrusion

Smallest die Wenger 

makes is a 0.8mm 

diameter die hole







Technology for Shrimp Feed and 

Sinking Products Smaller than 3mm 
(3 oblique diverging tubes)





Pellets in Water approx 4 hours



Example study*
• Litopenaeus Vannamei stocking density of 

50/m²

*Aqua Feeds: Formulation and Beyond, pgs 18-20, Vol. 1 Issue 2, 2004

Process Pelleted       

2.4 mm

Extruded 

1.6mm

Extruded  

2.4 mm

Survival 75.0% 88.9% 88.9%

Final wt. (g) 7.11 8.17 8.35

Daily intake (g) 0.21 0.19 0.19

FCR 2.96 2.25 2.23

Cost of shrimp 

produced ($/kg)

3.08 2.34 2.32















          JPK7/13/12 
 
C²TX and Dryer/Cooler    versus   Pelletmill, post conditioner 
and cooler.  
 
Assume 2mm diameter at 5 tons per hour. 5000 hours per year or 25,000mt per year 
 

Cost of equipment 
 
Extrusion      Pelleting 
 
1280200.00 USD      500,000.00 USD 
(cooler at 150,000.00)      2 each at 250,000.00 USD 
Extruder       Pelletmill 
Dryer/cooler       post conditioner 

Cooler 
 

Capital Cost and amortization 
5 years 4% interest 0% salvage 

282,922.00/yr       110498.40/yr 

11.31/mt       4.41/mt 
Electricity used@.0.20/kw 

271kw/hr       420kw/hr (600 x .70) 

10.84/mt       16.80/mt 

Steam At 20.00/mt 
3.212 mt/hr       0.5mt/hr 
64.24/hr/5       10.00/hr/5  

12.84/mt       2.00/mt 

Water 

1216l/hr       0 
.50/m3 
.60/hr/5 

0.12/mt 
Wear 

3.00/mt       2.40/mt 

 
=======       ======= 
 

38.11/mt       25.61/mt 
 

12.50 US Difference



White Shrimp Formulations

• Soybean Meal or vegetable proteins accepted 

thus less fishmeal, lower protein costs

• Extruders need lower starch levels, 10% 

compared to 25 to 30% for pelletmills, more room 

for protein sources at lower protein levels.

• Lower feed costs with similar results, or better.

• Total cost is less but extruder system is more 

expensive to operate and purchase. 



Potential Savings in Recipe Costs

1) Extruded recipes reported to have $20-

$100/ton potential savings over pelleted 

recipes

2) Extrusion process allows reduction or 

elimination of special binders

3) Extrusion process can use less 

expensive starch sources (Example is to 

use lower cost wheat flour at $0.10/kg 

versus more expensive higher gluten 

flour at $0.20/kg)



Wenger Shrimp Feed Dryer
4500 kg/hr dry shrimp feed

1.5 – 3.0 mm pellets



Wenger Shrimp Feed Dryer

Multi-Pass Conveyor Dryer
 Continuous process flow for moisture uniformity

 Added control of product bed depths and retention 

times on each of four conveyors 

 Improved final product uniformity from gently blending 

during drying process



Wenger Shrimp Feed Dryer

Mesh Screen Conveyor
 Retains feed down to 0.8 mm diameter

 Maximizes airflow through the product for 

high moisture removal rate 



Wenger Shrimp Feed Dryer

Heavy Duty Steam Coils
 Ensures reliability of heat source

 Provides an abundance of consistent heat to product 

(ideal for high humidity climates)

 304 Stainless Steel tubes for extended service life



Wenger Shrimp Feed Dryer

New Direct Drive Spout Spreader
 Easy in-line adjustment for level product bed

 Highest product quality and consistency



Example of a Good Dryer Product Spread

Sea Bass Sea Bream Feeds

Sinking Medium Fat Content



Processing of Shrimp Feed: 

Extrusion versus Pelleting?

Reported advantages of 
extrusion process:

1)  Higher starch gelatinization
2)  Less fines in feed
3)  Increased water stability
4)  Flexibility in formulation of  

recipes
5)  Product sizes down to 0.8 

mm



Future Requirements?


