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An optimally operating pellet mill does not automatically lead to optimal pellet quality. (Photo: Henk Riswick)

elleting research in the sixties, which com-

pared the feeding efficiency of mash, pellets,

and reground pellets, found that with broilers
growth response was lost when pellets were
reground. Metabolisable energy was not affected by
pelleting, but the diet fed as intact pellets had
approximately 30% more calories of productive ener-
gy. It was speculated that this was the effect of less
energy needed to eat pellets compared to mash. In a
time trial, chicks fed mash spent about 103 minutes
of a 12-hour day eating versus only 34 minutes with
pellet-fed chicks. Also feed conversion (gain/feed) ben-
efits from good pellet quality. Research and practical
findings on commercial farms often indicated that
on farms with good quality pellets, feed conversions
were always better than when the feed was fed as
mash or had a high percentage of fines.

An experiment was conducted at Oklahoma
Agricultural Experiment Station where broilers were
reared to 42d of age, and then FCR was measured in a
sample of the population from 43 to 50d of age in
individual birdcages where they were fed a diet with
different ratios of pellets and fines. The results can be
found in Table 1. The data indicates that broiler
growth and feed intake are enhanced when diets are
fed as pellets compared to mash, and that pellet fines
have deleterious effects on the rate and efficiency of
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gain. The researchers also concluded that if pelleted
diets are comprised of less than 40% pellets, the ben-
efits of pelleting are negated.

FCR improves in pigs
Trials showed improved feed conversion when pigs
were fed pellets versus mash or poor quality pellets.
Differences were found as high as 0.20 FCR for young
pigs to 0.50 FCR for finishers to the advantage of pellet-
ed feed. Researchers emphasised that unless a good
quality pellet is produced, little if any benefit will be
derived from pelleting.

Researchers at Kansas State University concluded that
an important benefit of using pelleted feed in sows is
increased digestibility of dry matter, nitrogen and gross

Table 1 - Broiler performance with different
ratios of pellets and fines in the diet

Trait Mash 80 60 40 20 0
Weight gain, g 295 400 391 400 316 258

Feed intake, g 897 1060 1029 1065 934 854
Feed:gain, g:;g 3.51 3.08 2.72 2.82 3.64 3.85
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energy. As a result, total output of dry matter and nitro-
gen as manure are decreased and the potential impact
of a pig operation on the environment is reduced.

Nonetheless, the primary justification for a producer
to use pelleted sow feed is to improve sow and litter per-
formance during lactation and to give a better energy
balance that would result in fewer difficulties with thin
sows. The pelleting process does increase the cost of
processing feed, so this investment must be offset by
better litter performance and or body condition of the
sow herd. If this cannot be achieved, the use of feed in
a mash form is more appropriate.

Feeding dairy cows

For dairy cows it can be questioned if the concentrates
they are fed should be in a pelleted form or not, since
the bulk of their ration consists of roughage and TMR is
the favourite feeding mode nowadays. However in the
eighties researchers in the US evaluated different forms
of feed for dairy cows, comparing pellets, coarse mix,
crumbles, and meal. They found that cows consumed
the pelleted feed more rapidly than the other forms of
feed. This is important when eating time is limited,
such as in milking parlour feeding. Here eating rate
may be the most limiting effect on milk production.
Although they did not test pellets with fines, the fact
that pellets had an advantage over crumbles suggests
fines would be detrimental.

For some other minor species of animals mash or
fines in the feed is a matter of dying or staying alive.
Ducks, for example, eat pellets but vary in their accept-
ance of mash or fines. Some will refuse to eat fines to
the point of starvation and others will accept them
with no negative effect. Rabbits do not eat fines at all.
In contrary, fines may even cause health problems.
Rabbits are very sensitive to respiratory problems.
When for example dusty alfalfa pellets are fed, the dust
is easily inhaled, which can cause respiration problems.

Aquaculture

In aquaculture, pellet quality is of utmost importance
since any fines that are generated will be wasted when
thrown into the water. Apart from that, it will also pol-
lute the water, which has a detrimental effect on the
oxygen supply and filter capacity. Trout and salmon for
example, are quick eaters, but for shrimp, pellet quality
goes beyond durability; because they are slow eaters
and pellets must also have good water stability.

Fish farming is a rapidly growing way of supplying
healthy food for mankind. However, for certain types of
feed production and farming there are improvements
to be done to avoid problems, which can sometimes be
acute. Floating of the feed is such a problem. Oil leak-
age causing big lumps is another.

Feed Tech 8.6 2004

Processing

Floating of pellets has several causes. Small pellets
with low weight tend to float on the surface especially
if they have high fat content. With modern high speed
feeding techniques air bubbles are formed when the
pellet reach the water surface at high forces. The pellet
is kept on the surface by the bubbles surrounding it. For
the main part the floating problem is to overcome by
regulating the density of the feed.

However, production technology does not solve all
problems. It is possible to improve the wetting charac-
teristics of the feed with help of optimised environ-
mental friendly feed emulsifiers, which reduce the sur-
face tension between pellet and water. There are differ-
ent methods of applying the surfactant to the surface of
the pellet. Normally it is done as a topcoat in the coat-
ing stage either mixed with the last oil or direct on the
outer surface. The fatty pellets become more water
friendly and the air bubbles are disrupted due to the
lower surface tension. It is important to balance the sys-
tem depending on the conditions, type of pellet, water
temperature and so on. Oil leakage from the feed can
cause severe problem both to the feed producer and
fish farmer. There are several different techniques to
solve this problem depending on the situation. One way
to overcome this is to increase the absorption of the oil
whereby a surfactant can help reduce the interfacial
tension between the oil and the other ingredients.
Better sinkability normally follows as a side effect.

Making good pellets

Although it is generally recognised that good pellet
quality improves feeding efficiency, growth, and uni-
formity of animals, the level of quality is generally dic-
tated by economics. However, feed with poor physical
quality is always too expensive.

Many variables affect the pelleting process, including
weather, meal moisture, and ingredient source.
Evaluation of pelleting factors over a short period of
time minimises some of these uncontrolled variables.
Variables that cannot be eliminated (conditioning tem-
perature, pelleting amperage) must at least be account-
ed for.

Pellet binders

Pellet binders (or pelleting performance enhancers) are
products that are used to “bind”, “glue” or hold the var-
ious feed components together in order that they will
maintain pellet integrity during subsequent operations
after they are extruded from the pellet die.

Many products have been tested and a limited num-
ber have become widely used as binders in pelleted ani-
mal feeds. Current commercial animal feed binders can
generally be classified under one of the following cate-
gories:
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Processing

= Lignin based binders/lignosulfonates

= Hemi-cellulose binders

= Mineral binders (clays)

= Specialty binders (gums, starches, formulated

products, etc.)
A number of the current binders in use are based on
by-products from making wood and paper products.
Some of the binders are mined minerals such as ben-
tonite clays. In addition, there are numerous specialty
binders that are based on certain types of products
that are manufactured and/or selected or formulated
for use as binders.
Effect of binders
At a test mill of LignoTech, USA the interaction between
temperature, pellet binder and production rate was
measured. During pelleting every five minutes samples
were taken after the die to test for fines and pellet dura-
bility. Pellet quality clearly improved with temperature.
Durability was relatively high at the peak temperature
and low in the valley temperature.

Increasing temperature typically led to reduced
amperage, at least until the choke point was reached.
When the conditioning temperature rose above 85°C
amperage began to increase. At this point the choke
point was being approached. In a second run 1.25%
lignin binder was mixed into the ration. At the start of
this run there was a very evident improvement in pellet
quality and reduction in amperage. Temperature was
able to reach 90°C with little indication of a potential
choke. Production rate increased more than 20% in the
run with the pellet binder included without negative
effects on pellet quality.

Temperature and fat

Lubrication by the pellet binder allowed feed to be con-
ditioned to a higher temperature without choking. In
another mill higher conditioning temperature was
achieved by using fat (1%) as a lubricant. There was a
positive lubrication response and power requirement
per tonne was reduced by 10%. Temperature was
increased continuously until the mill choked. Fat
allowed the maximum conditioning temperature to be
increased from 77°C to 82°C. Pellet durability
improved with increasing temperature, but the addi-
tional conditioning achieved with fat was not enough
to counter the negative effect fat had on pellet quality.

Emulsifiers

The Akzo Nobel group has an advanced surface chem-
istry centre located on the beautiful Swedish west
coast. One of its specialties is emulsifier technology for
feed production and aquaculture. At this centre of
expertise a great deal of research on improving char-
acteristics of fish feed with the help of emulsifier tech-
nology has been performed.

Emulsifiers not only have an important function in
aquafeed, but can also improve the pellet quality and
the pelleting process for feeds for terrestrial animals.
Key in this process is managing moisture content when
pelleting. This is made easier with the use of a deriva-
tive of the emulsifier known as Bredol. This additive
retains precisely the right amount of moisture in the
feed and at the same time helps to reduce energy costs.
When water and fat are added separately to a feed mix
they only penetrate the outer level of the feed particle

Figure 1 — Effect of Bredol on particle agglomeration. Left: water and fat do not mix with

the feed particles. Right: with Bredol a stable emulsion is created

BREDOL

OTHER LIQUIDS
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and actively work against each other, as they cannot
mix. This limits the extent of conditioning and reduces
the stability of starching to bond one particle with
another (Figure 1).

When water and fat are mixed together with Bredol,
the properties of the latter are to combine both liquids
in a stable emulsion after homogenisation. Bredol also
removes surface tension and permits the emulsion to
penetrate the feed particles. As a result the condition-
ing of the feed is improved and the surface of the par-
ticle is more able to bind with surrounding particles. .
Due to this effect the pellets can travel faster and more
smoothly through the die, which substantially reduces
the electricity load on the pellet press.

Numerous trials have been conducted in Italy, where
the additive was first tested, and later on in other coun-
tries. Akzo Nobel is now rolling out the concept
through Europe, but emphasises that it is not simply
adding a product to the mix. Sometimes as many as 20
or 30 trial runs have to be conducted before the right
combination of product type and addition method is
found. This also slows down the introduction process,
because the use of Bredol has to be carefully monitored
by Akzo Nobel specialists in the beginning.

Practical experience so far shows that the moisture
content of the feed is in better balance and is lifted by
about one percent. The second effect is that power con-
sumption of the pellet press is reduced. At the same
time a 10% reduction in power consumption results in
a 15-20% increase in pelleting capacity.

Ingredient’s effect

Corn/soy rations are difficult to produce good quality
pellets, but adding wheat can help to improve pellet
quality. Wheat is known to be an ingredient that has
positive binding properties. The glutenous nature of
wheat makes it an excellent pelleting aid. Ten percent
wheat in a formula will often enhance pellet durabili-
ty, particularly in rations with little other natural
binders. By-products such as gluten feed and distillers’
grains are low in carbohydrate, which can bind pellets.
For this function, hard wheat is required.

In a commercial trial to compare the effectiveness of
lignosulfonate versus wheat formulated into a corn/soy
ration showed that inclusion of 1.25% lignosulfonate
was equivalent to about 18% wheat. Temperature was
again a positive factor in pellet quality.

In conclusion
There are many reasons used to justify the pelleting
process. These include:

= Improved animal performance

Processing

Table 2 - Effect of process factors on pellet
durability

70.0
75.1
79.4
75.0
82.5
71.3
75.4

Control

Increase temperature 5°C
Increase temperature 10°C
Reduce fat by 0.5%

Add 1.25% lignosulfonate
Decrease production rate by 20%
Add 10% wheat

Source: TS Winowisk

= Decreased feed wastage

= Reduced selective feeding

= Improved bulk density

= Better material handling characteristics

= Destruction of deleterious organisms

= Customer expectations

= Feed dust/disease control

= Conditioning temperature is a strong factor for
improving the quality of pellets comprised primarily of
grain, especially corn/soy. Fat is a strong lubricant but
is harmful to pellet quality. Maximising steam addi-
tion and minimising fat added at the mixer are two
steps that can improve quality at a relatively low cost
per ton. Formulation changes that can be used to fur-
ther improve quality include the use of a binder, sur-
factant or addition of wheat. Production rate has little
effect and should be maximised.

Combining results from several trials, it is possible to
predict how the various factors would affect quality of
corn/soy pellets relative to one another. The predicted
responses are listed in Table 2, starting from a base
durability of 70. These estimates indicated that tem-
perature should be maximized and fat should be min-
imised. Equipment problems sometimes restrict the
mill’s ability to consistently maintain a high condi-
tioning temperature. Pellet binders can improve pellet
quality and are not dependent on temperature for acti-
vation; they can effectively reduce fines during prob-
lem situations. e
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