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Abstract

This paper explores the role of granulated feed as a primary driver for intensification
in aquaculture. It analyzes how production methods- specifically pelleting and
extrusion- influence the physical and mechanical properties of the feed. The study
establishes a link between the biological traits of aquatic organisms and specific feed
characteristics, while also outlining strategies for adjusting feeding regimes based on
environmental variables.
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Introduction

In the current aquaculture landscape, granulated feeds have become the industry
benchmark, essential for achieving superior feed conversion and maintaining
ecological balance. Selecting the right feed is no longer just about nutritional content;
it is a sophisticated engineering challenge. The physical behavior of the granules, such
as their buoyancy and durability, determines the efficiency of automated feeding
systems and the overall management of the production site.

Methodology

This study categorizes feed resources using three primary criteria:

In the context of aquaculture and granulated feeds, hydrodynamic behavior refers to
how feed particles interact with the water column and the specific forces acting upon
them. This behavior is the primary factor that determines whether a feed is accessible
to a specific fish species. The behavior is governed by the interplay of gravity,
buoyancy, and hydrodynamic drag:

148 |Page



EduVision: Journal of Innovations in Pedagogy and

Educational Advancements
Volume 2, Issue 5, May 2026
D brightmindpublishing.com
ISSN (E): 3061-6972
Licensed under CC BY 4.0 a Creative Commons Attribution 4.0 International License.

1. Feed granules are engineered to achieve specific densities relative to water (1.0
g/cm? for freshwater):

« These granules have a density significantly lower than water (usually < 0.6 g/cm?).
This is achieved through extrusion, which creates internal air pockets. They remain
on the surface, allowing for visual monitoring of consumption.

« Slow-Sinking (Neutral/Near-Neutral Buoyancy): These pellets have a density close
to 1.0 g/cm’. They descend through the water column at a controlled rate, maximizing
the “window of opportunity” for mid-water feeders to strike.

« Sinking (Negative Buoyancy): These granules have a high density (> 1.1 g/cm?).
They are often produced via traditional pressing (pelleting) and are designed to settle
quickly on the substrate for bottom-dwelling species.

Physical Forces and “Terminal Velocity”. The movement of a feed particle in water is
described by its terminal velocity- the constant speed at which the force of gravity is
perfectly balanced by the buoyancy and the upward drag of the water.
 Gravitational Force: Pulls the pellet down based on its mass.

« Buoyancy (Archimedes' Principle): An upward force equal to the weight of the
water displaced by the pellet.

« Drag Force: The resistance the water exerts against the pellet’s movement. This is
influenced by the granule's surface roughness and shape. Smooth, spherical pellets
sink faster than rough, irregularly shaped pellets of the same weight because they
generate less turbulence and drag.

Hydrodynamic behavior changes over time due to leaching and hydration:

1. Water Absorption: As a pellet sits in water, it absorbs moisture, increasing its
weight and density. A “slow-sinking” pellet may eventually become a "sinking" pellet.
2. Structural Integrity: If the pellet has poor water stability, it will disintegrate. This
changes its hydrodynamic profile from a single solid object into a “cloud” of fine
particles (fines), which have a much lower terminal velocity and are often impossible
for larger fish to catch.

Waste Reduction: If the sinking rate is too fast for the fish to react, the feed reaches
the bottom and becomes waste, leading to ammonia spikes and bacterial growth.

« Automation Compatibility: Pneumatic feeders (which "blow" feed across a pond)
require granules with specific aerodynamic and hydrodynamic properties to ensure
they spread evenly across the surface rather than clumping in one spot.
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« To calculate the sinking rate (or terminal velocity) of a spherical feed particle, we
look at the point of dynamic equilibrium where the downward force of gravity is
perfectly balanced by the upward forces of buoyancy and fluid resistance (drag).
The Balance of Forces: for a sphere falling through a fluid, the equation of motion at
terminal velocity vy is:

Fg=Fb+Fd

Where:

. F,: Gravitational force=m - g

. Fy: Buoyancy force (Archimedes' principle)

. F4: Hydrodynamic drag force
Deriving the General Equation by substituting the volumes of a sphere (V = % ),

we define the forces as:

4
T

. Gravity: F,=p,-g- 3

. Buoyancy: F,=pr - g -%nﬁ

. Drag: Fd=§Cd- pr A Ve
Variables: p, = particle density, pr = fluid density, g = gravity, r = radius, Cq = drag

coefficient, A = cross-sectional area Ttr?
By combining these, the general formula for Terminal Velocity (vy) is:
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vy =

The “correct” math depends on the Reynolds Number (R.), which determines if the
water flows smoothly around the pellet or creates turbulence.

A. Laminar Flow (Stokes' Law)

For very small particles or slow-sinking “starter” feeds (Re < 1), the drag coefficient
is C4 = 24/R.. Substituting this gives Stokes' Law:

_ 29-1%(pp — py)
9

vy

. Insight: In this regime, the sinking rate is highly sensitive to the radius squared
(r?). Even a tiny increase in pellet size significantly increases sinking speed.
. u represents the dynamic viscosity of the water.
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B. Turbulent Flow (Newton’s Regime)

For larger production pellets (Re > 1000), the flow is turbulent and the drag
coefficient becomes nearly constant (Cq = 0.44). The velocity then scales with the
square root of the radius:

g-7(pp — py)
pf

Uy == 1.74

Practical Engineering Implications

« Temperature Influence: As water temperature rises, viscosity (u) decreases.
According to Stokes' Law, this means pellets will actually sink faster in warmer water,
potentially reaching the bottom before the fish can consume them if the automation
isn't adjusted.

« Density Control: Since v, 1s proportional to ( p, - pr), engineers use extrusion to pull
the particle density ( p,) as close to 1.0 g/cm® as possible. If the difference is near
zero, the pellet becomes “neutrally buoyant”, effectively suspended in the water
column regardless of its size.

Real feed is rarely a perfect sphere. In calculations, we often add a sphericity factor
(¢) to the drag coefficient to account for the rough surface of the extrudate, which
slows the descent compared to a smooth bead.

1. Manufacturing Process: A comparison between traditional dry/wet pressing
(pelleting) and advanced thermodynamic extrusion.

2. Granulometry: Classification based on particle size, ranging from nursery (starter)
to grow-out (production) stages.

CLASSIFICATION OF FEED RESOURCES: PHYSICAL BEHAVIOR IN THE AQUATIC ENVIRONMENT
DEFINITION: FLOATING vs SINKING FRACTIONS

1. FLOATING FEEDS (FLOATlNG FEEDS)
&) W @ .

Floating Crumbles FIakes
pellets  Small particle size Available for
»d» * Stay on the surface surface feeding

. *Available for surface feeding
+ Low density
« Porous structure

2. SINKING FEEDS (SINKING FEEDS)

QO O

Fast- 5|nk|ng Slow-sinking  Feed block
pellets pellets (briquette)
Compact block

g Quucklg'descend to the bottom

+ Available for bottom feeding
- High density
+ Dense structure

151 |Page



EduVision: Journal of Innovations in Pedagogy and

1{ Educational Advancements
Volume 2, Issue 5, May 2026
BRIGHT MIND brightmindpublishing.com

PUBLISHING

ISSN (E): 3061-6972
Licensed under CC BY 4.0 a Creative Commons Attribution 4.0 International License.

Calculation of daily rations is determined by tracking the fish's metabolic rates as they
fluctuate with water temperature and growth stages:

1. Research indicates that extrusion technology offers significant benefits over
traditional pressing:

o Nutrient Availability: High-heat processing breaks down proteins and turns
starches into dextrins (gelatinization), making the energy easier for fish to absorb.

« Environmental Integrity: Extruded pellets remain intact in water for up to 24 hours,
whereas pressed pellets degrade in 4. This longevity prevents water contamination
and waste buildup.

2. Feeding success depends largely on the anatomical structure of the fish's mouth:

« Surface-Oriented (Superior Mouth): Species like trout and various carps thrive on
floating pellets.

« Bottom-Oriented (Inferior Mouth): Species such as sturgeon and catfish require
sinking pellets that replicate their natural benthic diet.

3. Feeding protocols must be adjusted according to water temperature:

« Optimal Conditions: At 14—18°C for trout and 23-28°C for carp, fish should be fed
at 3—5\% of their total biomass.

o Cold Stress: Below 6°C, metabolism slows significantly, requiring a reduction in
feed to 0—1 %.

« Heat Stress: Above 30°C, falling oxygen levels necessitate cutting the feed ration
by half to prevent respiratory distress.

Discussion

While extruded feeds are biologically superior, their adoption is often hindered by
high capital investment in machinery and the logistical challenge of preventing lipid
oxidation during storage.

From an engineering perspective, the uniformity of granulated feed is a major asset,
allowing for high-precision automated dosing. However, human oversight remains
vital; failing to account for temperature fluctuations results in unconsumed feed,
which triggers bacterial outbreaks and degrades the aquatic environment rather than
promoting growth.
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Conclusion

Granulated feed serves as a specialized biotechnical tool. Achieving optimal fish
growth requires a synchronized approach that matches feed size to age, production
technology to species biology, and feeding schedules to the ever-changing
environmental temperature.
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