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Abstract

In this study, a review and experimental work is presented on the relation between processing
conditions and functional properties of feed constituents with respect to hardness and
durability characteristics of pelleted feed. In the firsi three chapters, a literature overview is
presented which describes the methodologies used to determine hardness and durability
characteristics of pelleted feed. The second article deals with the effects of processing
conditions on the physical quality of pelleted feed. In the last review, article an overview is
presented on the effect of raw material constituents and pellet quality.

The effects of processing conditions on changes in starch degree of gelatinization of
tapioca meal and protein quality of soy grits (as two model feeds) have been studied. It was
concluded that addition of steam and water had a larger effect on changes in the starch degree
of gelatinization and the denaturation of protein than the amount of dissipated mechanical
energy. Hardness and durability characteristics of pelleted feed were influenced by the amount
of dissipated mechanical energy and the amount of steam used.

Mixture studies were conducted in which the state of the model feed constituents -starch
and protein- was altered and the subsequent effects on pellet hardness and durability were
studied. From these studies it was concluded that an increase in the degree of gelatinization, or
an increase in the amount of native protein leads to harder and motre durable pellets. Possible
explanations for these effects such as the change in deformability of the particles that make up
the feed mash and the ability of the starch or protein to act as a binder, are described.

PhD-thesis. Wageningen Agricultural University, Wageningen Institute of Animal Sciences,
Section Animal Nutrition, Marijkeweg 40, 6709 PG Wageningen, The Netherlands.
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Stellingen

De ontsluitingsgraad van zetmeel en de dispetgeerbaarheid van eiwit in gepelleteerde
diervoeders hebben geen causale relatie met de hardheid en slijtvastheid; het zijn
desondanks goede indicatoren voor de “deformatie’ en het ‘bindend vermogen’ van de
deeljes in de pellets.

(Dit proefschrift)

Een verhoging van hardheid en slijtvastheid van gepelleteerde diervoeders kan worden
bereikt door vervanging van natief zetmeel (tapioca) door ontsloter zetmeel maar ook
door vervanging van gedenatureerd eiwit (soya) door natief eiwit.

(Dit proefschrift}

Voor het voorspellen van de fysische kwaliteit van gepelleteerde zetmeelrijke voeders
is de glas-overgang in zetmeel een belangrijker kenmerk dan de ontsluitingsgraad.
(Dit proefschrift)

De pelletkwaliteit in mengvoederfabrieken kan aanzienlijk beter worden voorspeld indien
behalve procescondities en voersamenstelling ook PDI (Protein Dispersibility Index) en
zetmeelontsluitingsgraad als kenmerken van functionele eigenschappen worden gemeten.

(Dit proefschrift)

Deformeerbaarheid en arbeid benodigd voor breuk van pellets zijn van groter belang voor
de voeropname door jonge varkens dan de maximale breuksterkte.

Het gebruik door actiegroepen van schokkende beelden in de media over misstanden in
de agrarische sector draagt niet bij aan een structurele oplossing van problemen die
spelen in deze sector.

De sterkste drijfveer voor de aanleg van natwrterreinen op vit productie genomen
landbouwgrond is een romantisering van een Nederlands natuurbeeld dat nooit heeft
bestaan.

Statistische methodieken ten behoeve van procesoptimalisering worden in technologisch
onderzoek zeer slecht benut.
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De door TNQ gehanteerde slagzin “de kracht van kennis’ geeft een onjuiste weergave van
de feitelijke wetenschapsbeoefening; het verdient daarom de voorkeur deze te veranderen
in ‘de kracht van een kennis’.

Goede wetenschappers zijn herkanwers.

Een ras is een verzameling erfelijke afwijkingen (Midas Dekkers, 1997).

Verscherpte regelgeving en controle leidt zowel bij justitie alsmede bij de Nederlandse
mengvoederindustrie tot een cellentekort,

Door de toename van GMP en ISO-normering in de mengvoederindustrie gaat het
gezegde “wie het eerst komt, het eerst maalt’ niet meer op.

Stellingen behorend bij het proefschrift:
‘Physical quality of pelieted feed. A feed model study’.

Menno Thomas.

17 Juni 1998.




Voor mijn Ouders,
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Yoorwoord

Dit is ‘m dan... Na op de kop af vijf jaar zwoegen, ligt nu voor U -mijn proefschrift-. En
hoewel mijn naam op de voorkant prijkt, is dit werk niet tot stand gekomen zonder de hulp
van velen. Een kleine (bij lange na niet complete) greep uit de verzameling:

Zonder goed materiaal en apparatuur, geen onderzoek. Daarom, bedankt, alle mensen van
de werkplaats van het Biotechnion en in het bijzonder Evert Janssen en Andre Sanders. (Alle
sleutels en doppensets liggen weer op de goeie plek). Van de afdeling electro; Reinoud
Hummelen en Hans Meijer, bedankt. Jullie hebben er met z'n allen voor gezorgd dat de
installaties draaiende bleven, ook als ik weer eens een proef had bedacht aan de grenzen van
het kunnen van mens en machine.

Zonder grondstoffen geen resultaat. De CHV in Veghel ben ik zeer erkentelijk voor het ter
beschikking stellen en in bewaring houden van de 40 ton tapioca, die is gebruikt in de
verschillende proeven beschreven in dit proefschrift.

Zonder kennis en kunde geen thesis. Ton van Vliet en Katja Grolle van de groep
levensmiddelen natuurkunde ben ik zeer dankbaar voor de mogelijkheid om allerlei metingen
aan pellets uit te kunnen voeren in jullie groep. Verder ben ik zeer veel dank verschuldigd aan
Ton van Vhet. Op het voor mij onbekende vakgebied van de levensmiddelenrheclogie en
breukgedrag ben jij mijn steun en toeverlaat geweest.

Dick van Zuilichem, Willem Stolp en alle andere mensen binnen de extrusie groep hebben
op twee manieren bijgedragen aan dit onderzoek; ten eerste, doordat veel ide&en en concepten
in dit proefschrift zwaar leunen op de vergaarde kennis uit de levensmiddelenextrusic en ten
tweede, door de vele praktische adviezen omtrent het pelleteren van veevoeders. Zeker in de
begindagen van m’n AlIQO-schap, toen ik nog geen pers van een koffiezetapparaat kon
onderscheiden, heb ik daar zwaar op geleund. (KofTiezetten lukt inmiddels aardig...)

Een bijzonder woord van dank gaat uit naar de studenten die een bijdrage hebben geleverd
aan de verschillende proeven of onderdelen daarvan. In chronologische volgorde waren dat;
Ronald ten Cate, Edwin van Kol, Paul Huijnen, Kees-Jaap Hin, Arjan Wegereef en Henk
Bhagwandin. Soms was het weleens moeilijk uit te maken wie nu de meester was en wie nu
de leerling. Jullie allen bedankt voor jullie bijdrage.

Wetenschap kan niet gedijen als het niet is ingebed in een groep waarin samenwerking,
saamhorigheid en vriendschap vanzelfsprekende onderdelen zijn. Alleen dan is het mogelijk
om onbevangen elkaars ideé€en te kunnen bediscussi€éren en de grens van het weten weer een
stukje op te schuiven. Daarom, veevoederaars, ALLEMAAL dank voor de fijne jaren binnen
de groep, zowel op wetenschappelijk terrein als daarbuiten. Twee collega’s wil ik echter in het
bijzonder vermelden, m’n collega-BIC’ers: Jacob en Jos. Met z’n driegn ongeveer gelijk
begonnen, hebben heel wat theorién het levenslicht gezien, eerst in de kelder in het oude



gebouw en later in de nieuwe vleugel, evenzovele zijn echter ook weer snel afgebrand. Rest
mij nog maar één ding te melden: Heren, de lat ligt!

Thomas, jij bent degene geweest dic m’n eerste schreden op het pad van de wetenschap
heeft begeleid, eerst tijdens mijn studie en daarna meer als vriend en collega dan als een
‘strakke baas’ tijdens de aansluitende AIQ-periode. Vooral de grote mate van vrijheid bij mijn
onderzoek die je, tezamen met Martin en Seerp, mij hebt gegund, heb ik in het begin wel eens
moeilijk gevonden. Echter, met het toenemen van mijn onderzoekservaring heb ik dat steeds
meer als plezierig ervaren. (Nu had ik willen schrijven dat deze vrijheid mij heeft gemaakt tot
de onderzoeker die ik nu ben. Echter, met het oog op de stukjes na de promotie heb ik uit
taktische overwegingen besloten dat toch maar niet te doen...) Daarom, Martin, Seerp en

Thomas in het bijzonder, dank voor het door jullie in mij gestelde vertrouwen.

Pa, Ma, wijsheid komt met de jaren. Om in de gelegenheid te zijn om wijsheid te ontwikkelen
moet de basis goed zijn. En nu ik dan wat ouder ben weet ik, dat die basis perfect is geweest!

“In bepaalde landen, met name Duitsiand, wil het gebruik dat de ega van een (mannelijke)
gepromoveerde met ‘mevrouw Doctor” wordt aangesproken. Volgens Nederlandse maatstaven
is dit ‘overdreven’. Wie echter gehuwd is of samenwoont en in deze toestand een proefschrift
schrijft, weer dat, als er dan toch betiteld moet worden, er wel degelijk redenen zijn om de eer
op deze wijze te delen” (vrij naar HW.J. Huiskes, stelling dissertatie Eindhoven, 1979).

Diane, al meer dan zeven jaar delen we lief en leed. En als geen ander weet jij dat het
schrijven van een proefschrift soms een asociale aangelegenheid is. Diane, bedankt voor je
steun en begrip. Op naar de volgende jaren.

Pa, Ma, Diane, aan jullie draag ik dan ook dit proefschrift op!

April 1998

g
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General Introduction

Animals require feed. Feed that has been shaped into pellets is the major subject of this thesis,
High producing animals, as they are being kept in modern husbandry-systems require feed
optimised to fit their nutritional needs. In addition, modern feeding systems have certain
requirements with respect to the quality of the feed, in order to be able to transport and dose it
without additional spoilage. A possible means to do this is to fix the diet composition to
assure that every animal receives its nutrients in a the correct proportion. This is what is done
in feed manufaciuring by a pressure agglomeration process called pelleting.

Pelleting is one of the oldest means of feed processing. Already in 1937, Patton el al
defined the nutritional superiority of pelleted poultry feeds over mashes. However, earlier
records have been found and date back to the time of Napoleon where the horses in his army
were fed a type of feed that was agglomerated by an expeller type of device. The feed was
compressed by means of a screw through holes in a die-plate and thus agglomerates where
formed without any pretreatment. With an ever increased use of pelleted feeds, pre-treatments
were more and more used to condition the feed to increase its pelletability. Qutput of the
installation increased and the hardness and durability of the feeds was positively influenced by
these pre-treatments. Earlier conditioning methods may have applied only water as means of
conditioning. Nowadays, the use of steam, other liquids like molasses and, recently, the
introduction of equipment which imparts shear to the feed materials have turned the
production of animal feed in a high capital investment industry. From this, a constant stream
of research work emerged (see Chapter 2) and in the last decade(s) considerable effort has
been directed towards determining the effect(s) of the different process variables on the
systems parameters of the pelleting process and the effects of processing variables on pellet
hardness and durability.

From this work and experience, rules of thumb were developed on how to handle feeds
which were rich in specific ingredients, for instance, specific conditioning requirements were
put forward for groups that are high in starch or heat sensitive (like feeds with sugars or milk
incorporated) high in protein, high in fibre or mixtures containing urea or molasses (Payne,
1978; Maier and Gardecki, 1992). From this it follows that, although the only means of
adjustment of the pelleting process is via changes in the processing conditions, the operators
were, and still are, aware of the effect of specific diet ingredients and the effects of these raw
material (properties) on pelleting ability of the feed mash. This is examplified by the large
amount of research that has been conducted on the effects of the process variables, like adding
more or less water or heat in the form of steam, the introduction of residence time by means of
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ripening kettles or the effect of shear with respect to energy consumption and pellet quality.
Recently introduced processing equipment e.g. the expander, introduced a change from the
pellet type of feed towards an expandate, an agglomerate without a precisely defined shape,
but with the advantages of a fixed nutrient composition. Still, pelleted feed comprises about
85 to 90 % of the feeds produced in the Netherlands.

Still, with all the means available, it is difficult to achieve a certain pellet quality, in terms
of hardness and durability. Pellets may therefore have not enough structural integrity to
survive the handling and transport from the factory to the farm. This may then result in
segregation of the particles, with negative nutritional consequences. Dustiness may increase,
which impairs health of animal and man.

Wood (1987) studied the effect of functional properties of protein and starch in a feed
model system and found that large effects could be found on pellet hardness and durability of
the feed, depending on the functional properties of the feed ingredients. His results showed
that by gradually replacing native starch with pre-gelatinized starch, hardness and durability
of the pelleted feed was improved. Likewise, the exchange of denatured protein by raw
protein showed that pellet hardness and durability became higher. This study of Wood (1987)
showed that large effects on pellet quality can be expected, depending on the properties of the
raw materials or their constituents, His study has been the onset of the work described in this

thesis.
Aim of the thesis

The aim of the thesis is to study the relation between functionality of sorne feed constituents,
with respect to the pellet hardness and durability. Protein and starch have been chosen as
subject of research. The choice has been restricted to two raw malerials in which the effects of
(changes in) functional properties of starch and protein on physical pellet quality were
evaluated. This choice is also based on the fact that protein and starch represent a valuable
portion of the nutritive value of the feed. Tapioca has been chosen for its high starch content
and negligible protein content. Soy has been chosen for its high protein content and negligible
amount of starch. Hence, it is possible to estimate the effect of tapioca starch and soy protein
and their contribution to the physical pellet quality with minimum interference (as compared
to other feedstuffs) of the non-protein components or non-starch components present.

The general hypothesis throughout this thesis will be that an increase in native protein
increases pellet hardness and pellet durability over the inclusion of denatured protein.
Likewise, an increase in degree of gelatinization is related to an increase in the physical
quality of pelleted animal feeds. Furthermore, it is hypothesized that the state of the protein
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and the state of the starch can be altered by the processing conditions, to such an extent that
they provide a means of controlling the pellet hardness and durability,

In this thesis, concepts will be developed on the effects of some raw material constituents,
the state of these constituents, and how they are related to pellet hardness and pellet durability.
This is especially important if it is considerated that new feeding systems emerge, like choice-
feeding and pelleting of diet ingredients, which both require a certain physical quality of the
pellet to be met (van der Poel et al., 1997). It is hoped that the knowledge generated in this
thesis may help in a further understanding on how the quality of a pellet is influenced by the
properties of the feedstuffs, and in addition, that some of the methods used may be helpful for
the feed manufacturer to solve problems that are associated with pellet quality, whenever they
appear,

Qatline of the thesis.

The thesis can be subdivided in three parts. In the first part, covered in the first three chapters,
an overview is given on the state of the art concerning the manufacture of pelleted feed. The
chapters 4 and 5 are two studies in which the effects of different processing conditions which
respect to changes in protein quality and starch degree of gelatinization have been
investigated. Thus, these chapters cover the effects of processing conditions on changes in
constituents of two mode] feed materials and subsequent effects on hardness and durability of
pelleted animal feeds. The last three chapters are concerned with the effects of changes in
functionality of model feeds and their effect on pellet hardness and durability. Figure 1 givesa
schematical overview of the contents of this thesis.

Review part

The chapters 1, 2 and 3 give an overview of the conditioning and pelleting process from three
different perspectives. In Chapter 1 an overview is presented on the various methods used in
feed manufacturing and feed science to evaluate the physical quality in terms of hardness and
durability of the feed. In Chapter 2 an overview is given on the various effects of processing
parameters, like water and steam addition, on the hardness and durability of the pelleted feed.
In the third and last chapter of the review section, an overview is presented on the effects of

raw materials and their constituents in animal feeds with respect to their pelletability.

Effects of process-conditions on functional properties
In Chapter 4, an experiment is described which relates the effect of changes in steam pressure,

water addition and screw speed to changes in protein quality. Protein quality is determined by
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Chapter 1:
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- Review part - l
Physical quatity of pelieted animal Chaptar
feed.

Contribution of processes and its conditions

|

Chapter 3:
GContribution of feedstuff components

I |
Chapter 5:
Chapter 4:
Etfects of processing Effects of watar, steam and shear fﬁe‘:::r m::"::;"‘ml:’:""?n
canditions on functional | conditioning on the protein quality of soy “:":h mod':ficatlon a%d Ipl:t u:!? o
properties grits apiocs peliet quality
r A
Chaptar 7: Chapter

Physical quality of pelleted soy-grits is
affected by differences in protein
dispersibility index

Tapicca starch processing and its effect
on pellet durability and hardness

Effacts of functional properties
on pellet hardness and
durabitity

Chapter 8:
Protain quality of soy-grits has a larger impact on
pellet hardness and durability than the degres of
starch gelatinization

Figure 1: A schematical representation of the outline of the thesis.

the protein dispersibility index (PDI}, trypsin inhibitor analysis (TTIA) and nitrogen solubility
index in KOH (NSlkoh). In chapter 5, tapioca was used to determine the effect of changes in
steam pressure, water addition, screw speed and dissipated energy of the expander to changes
in degree of gelatinization (SGD). In the last experiment the feed mash was pelleted, and the
resulting pellet hardness and durability was evaluated with respect to the four factors
mentioned

Effects of functional properties on pellet hardness and durability

The last three chapters are concerned with the key objective of the thesis, to determine the
contribution of changes in protein quality and changes in degree of starch gelatinization to the
physical quality of pelleted animal feeds. In all of the three experiments mixture designs have
been used, in which low functional protein is mixed with high functional protein or low
functional starch is mixed with high functional starch. Changes in the functional properties of
the feeds are determined by changes in the protein quality as measured by PDI and NSIkoh
and in the case of starch by using an enzymatic test (SGD) or differential scanning calorimetry
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(DSC). In Chapter 6, tapioca was pre-processed to induce differences in the degree of starch
gelatinization by means of expander processing. This expander processed tapioca was then
mixed with unprocessed tapioca to give differences in the degree of gelatinization. These
mixtures where then pelleted and pellet quality was evaluated. Likewise, in Chapter 7 soy-
grits where used to evaluate pellet quality on mixtures of soy-grits with high PDI and low
PDI In this experiment, the soy-grits where not processed but obtained from a commercial
supplier. In the last expetiment (Chapter 8) a feed model system was used consisting of 50%
soy-grits and 50% tapioca. Within each 50%, PDI or SGD were changed to obtain differences
in functionality of the mixtures. These mixtures were pelleted and the pellets were evaluated
for their physical quality.

In all experiments was the pellet quality evaluated using industrial standards like the
Holmen durability tester, the Pfost durability tester or the Kahl hardness tester. In addition,
use was made of the Kramer shear press and a general compression and tension tester.

It is hoped that with the knowledge developed in this thesis, feeds can be further optimized
to suit the need of man and animal.
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20 Chapter 1

Physical quality of pelleted animal feed 1. Criteria for pellet quality.
M. Thomas and A .F.B. van der Poel

Abstract

[n a series of three articles, the physical quality of pelleted animal feeds is discussed from an engineerers point of
view. In this first manuscript an overview is given on the binding mechanisms in pelleted animal feeds. Principles
and methods for evaluation of physical quality of pelleted anima! feeds are being reviewed with respect to pellet
hardness and durability. Methods are outlined with respect to quality standards both from a pragmatical and
scientific point of view.

It is concluded that binding in pellets most probably is due to solubilisation and subsequent crystallisation
of feedstuff components e.g. starch, sugars, fats or 'liquid necking'. Liquid necking is a binding mechanism which
uses the surface tension of water, in a three phase system of air, water and particles to maintain structural integrity
of the pellet. Soluble components might be introduced in the feed mash subjected to pelleting. They are either
incorporated in the mixing phase or result from processing as a function of processing variables during the
subsequent stages, conditioning, pelleting and cooling/drying, of the feed manufacturing process. To evaluate the
physical quality of pelleted feeds, generally a subdivision is being made into tests that evaluate *hardness' and tests
evaluating 'durability’ of a given pellet. Several devices measuring fragmentation strength, and devices determining
abrasion strength of pellets are being discussed. It is concluded that some tests presently available, evaluate a
mixture of hardness {fragmentation) and durability (abrasion) effects. The feed manufacturer or feed technologist
should be aware of the reason for evaluating the pellet quality and subsequently choose the appropriate, most
suitable method, since no unique test exists that covers all parameters of interest related to physical quality of
pelleted animal feeds.

Introduction

Animal feed manufacturing involves the use of a variety of raw materials to produce compound
feeds. The feeds are defined according to certain specifications with regard to nutritive
composition based on specified descriptions for nutritional, hygienic and physical quality.
Together, these specifications require knowledge of a vast number of different properties of
ingredients to optimize processing while maintaining or controlling nutritional quality for a given
feed form. It is therefore that concerted action by the disciplines 'nutritional science’ and 'feed
science and technology’ may nowadays be essential for further progress in livestock production.

Animals which receive pelleted feeds generally have higher performances in terms of
average daily gain and lower feed conversion compared to mash feeds as reported for pigs
(Vanschoubroek et al., 1971; Pond and Maner, 1984) and poultry (Calet, 1965; Quemere ef af.,
1988; Moran, 1989). Feed processing influences rate of degradation and rate of passage of feed
components of ruminants (van der Poel er al., 1995). For instance, pelieling reduces the
resistance of starch against ruminal degradation by about 15% (Tamminga and Goelema, 1995).
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Nielsen (1994) showed that expander processing reduced the effective protein degradability

{EPD) of raw materials with on average 8% units. These effects may lead to differences in milk

production and composition. It can therefore be argued that nutritional value is both, influenced

by the raw materials used (van Rooy, 1986) and by processing conditions during operation

{Skoch ef al., 1981; 1983).

Different animal species require different physical properties for their respective feeds. This

means that different quality standards are used. For example, for mice feed (Koopmans ef al.,

1989a,b) or broiler feed (Moran, 1989) different qualities are required. For fish-feeds, additional
pellet characteristics such as flowability, sinking velocity, water absorption and water solubility
are important.

Furthermore, the hygienic quality of feeds is important. Hygienic quality involves the control of

microbiological contamination of feeds based on levels of enterobacteriaceae and salmonella

(McCapes et al., 1989).

Feed processing includes the treatment {physical, chemical, thermal) of a feed prior to
consumption by animals (Maier and Bakker-Arkema, 1992). In general, the variability in
processing effects is associated with the choice of equipment, with processing conditions as well
as with the processing systemn e.g. the combination and sequence of process equipment (Melcion
and van der Poel, 1993). Therefore, processing may involve a simple process such as blending
in the form of mash or processing can be much more complicated such as (double) pelleting,
crumbling or when an extruder or expander is used (Pipa and Frank, 1989; Veenendaal, 1990,
Van Zuilichem and Van der Poel, 1993). It should be noted however, that a specific piece of
equipment per se is limited in its application and cost-effectiveness. Generally, the specific
equipment is used as a component of a process system where the efficacy of this equipment can
only be optimized by careful consideration (Das e al., 1993; Tran e al., 1991), taking into
account the upstream and downstream processing.

In routine animal feed manufacturing raw materials are blended and ground to obtain
mash feeds that are further subjected to some form of steam and/or water conditioning before e.g.
granulation is applied. Granulation and its products (granulates, peilets) offers a product form
that has many advantages over meal and that's why its application is widespread for both raw
materials, feed additives and animal feeds. Some advantages (Rumpf, 1958; Friedrich and
Robohm, 1969; Vanschoubroeck ef al., 1971) are:

- Pellets have better flow properties, necessary for good transport in conveying equipment,
and (gravitational} discharging behaviour from silos, than the meal they were prepared
from.

- The bulk density of pellets is generally higher than that of meal, so that more tonnage can
be carried by truck.
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- The composition of the pellets as obtained from carefully blending and mixing ingredi-
ents remains fixed, no segregation of e.g. additives occurs.

However, the use of shaping equipment, like pellet presses, requires additional costs in
terms of energy demand and the costs for the necessity of additional equipment like; a boiler to
generate steam, conditioning equipment, a pellet press and a cooler. In light of the fact that after
mixing and blending already a complete diet in the form of mash exists, additional costs for
investment in pelleting equipment should be considered with respect to the gain that can be
achieved due to incorporation of the pelleting process.

Making up mash in the form of pellets originates from almost 60 years ago, when Patton
et al. (1937) defined the nutritional superiority of pelleted poultry feeds over mashes. Pellets are
obtained by a pressing process in animal feed manufacturing. In former times, the mash was
simply pressed between two rollers or in a cake press to obtain pellets/cakes without any
preliminary treatment. Relatively low pressures were used and the feed did not heat up (Calet,
1965). In modern feed mills the mash is pelleted in a so-called reller-and-die pellet-press, both
vertical and horizontal. Before entering the pellet-press, the mash is subjected to some form of
pre-treatment before granulation such as mixing with molasses or fats (Beumer 1978,
1980a,b,c,d), conditioning with steam (Skoch er al., 1981) or the use of an expander
(Veenendaal, 1990; Pickford, 1992) to increase temperature or moisture level (Friedrich and
Robohm, 1969; Maier and Bakker-Arkema, 1992). When steam is used, the temperature of
pellets after leaving the die is generally higher in comparison with that of the conditioned meal
due to the frictional heat in the die. Finally, pellets are cooled with ambient air.

The physical quality of feed pellets is important for a number of reasons. First of all,
transportation and handling in both factory and on farm situation require pellets of a certain
integrity without fines produced by attrition stresses. Pellets of high physical quality must have
properties which give a high nutritional quality for example in terms of higher feed intake and,
perhaps, an improved nutritional value (Stevens, 1987; Skoch ef /., 1983; Koopmans ef a!.,
1989a,b).

Pellets also need to have a basic form of physical quality in terms of e.g, hardness and
durability to withstand the rigors of transportation. Hardness is the force necessary to crush a
pellet or a series of pellets at a time; durability is the amount of fines returning from pellets after
being subjected to mechanical or pneumatic agitation. Such quality parameters can also be used
to evaluate the effects of diet formulation, conditioning, expander treatment, pellet binders, die
selection, etc. (Pfost, 1963).

For optimization of product quality in terms of physical characterization, knowledge of
fundamentals for aggregating particles of different size, hardness and shape is needed. Therefore
it is important to understand how particles bind and to gain insight on binding properties and
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binding mechanisms in granulates or pellets and their behaviour during transportation and
storage. Finally, this will reveal information that can be used as a basis for the criteria used to
evaluate pellet quality.

The objective of this series of studies is to describe the contribution of causative factors

that contribute to the physical quality of animal feed pellets. In this first article, criteria for pellet
quality are evaluated. An overview is given of the binding mechanisms involved in pelleted
feeds. In addition, different devices are discussed that are used in the compound feed industry
to evaluate the hardness and durability of the pellets. Some general recommendations are given
on what should be taken into account when using the different methods with which pellet quality
can be evaluated.
In a second article and third article (Thomas et al. 1997, 1998), the physical quality of pellets is
discussed in view of the contribution of raw materials and their components to the desired
properties of pelleted animal feeds. Furthermore, the effect of unit operations in preparing animal
feeds (conditioning, pelleting and cooling/drying} and some of their inherent process variables
are discussed.

Binding of particles

Mash feeds are often subjected to granulation (pelleting) in routine feed manufacturing. The
subsequent stages in the pelleting process are meal conditioning, pelleting and drying/cooling.
Meal conditioning is a prerequisite for the actual compression of the meal into pellets and can
be controlled by its process variables such as temperature, time and moisture level. Proper
conditioning therefore brings adhesive properties on the surface of meal particles thereby
improving pellet quality in terms of a harder pellet or a reduction of fines produced from pellets
during additional handling (Skoch er /., 1981; Friedrich, 1977).

Various hypothesis have been postulated in order to clarify the factors that determine the
structural integrity in a pellet (Rumpf, 1958; Knacke and Pohl, 1959; Friedrich, 1964b).
In general, causative factors that affect pellet quality are diet ingredient composition and its
properties, process technology and specific pellet binders (Table 1).
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Table 1: Causative factors affecting pellet quality

Factor Dimension References
Diet ingredient composition
Physical
- part. size (distribution) Rumpf, 1958; Stevens, 1987; Mercier and Guilbot, 1974;
Payne, 1977
- specific density kgm? Friedrich, 1964a
- bulk density kg m? Friedrich, 1964a; MacMahon and Payne, 1991; Tesi¢, 1977
- angle of repose ° Mohsenin, 1986; Friedrich, 1969
- surface area m? Knacke and Pohl, 1959; Friedrich and Robohm, 1969
Chetmical
- moisture gkg! Skoch et al., 1983; Knacke and Pohl, 1959
- ether extract gkg! Salmon, 1985; Richardsen and Day, 1976, Friedrich and
Robohim, 1981¢
- crude fibre g kg’ Tegié, 1977, Friedrich and Robohm, 1981a,b
- crude protein gkeg! Friedrich and Robohm, 1981a,b; Stark, 1990
- ash gke! Friedrich and Robohm, 1981a,b
Functional
- viscosity Pa sec Nissinen et af., 1993; Keller, 1983
- protein solubility % Hermansson, 1979; Kinsella, 1979; Wood, 1987
- starch gelatinization % Wood, 1987; Smith, 1983; Heffner and Pfost, 1973
- diet ingredients % MacMahon and Payne, 1991; Israelsen ef af., 1981; Payne,
1977
Process techrology
Conditioner Leaver, 1984
temperature °C Skoch et al., 1983; Winowiski, 1988; Stevens, 1987
time sec Israelsen et ai., 1981; Mercier and Guilbot, 1974; Beumer,
1978, 1980a,b,c,d
moisture
- steam % Melcion et af., 1974; Maier and Gardecki, 1992; Stevens,
1987;
- water gkg' Friedrich and Robohm, 1970
Pellet press
die specification Stevens, 1987; Schwanghart, 1969, 1970;
- diameter to length ratio Tegié, 1977; Drevet, 1972; Hanrahan, 1983/84
Cooler/drier
air speed m sec™ Robohm, 1968
time sec Maier and Bakker-Arkema, 1992
air moisture level g ke Schwanghart, 1970
pellet Jayer thickness m Maier and Bakker-Arkema, 1992
Pellet binders

Adhesion and cohesion
between particles.

Van Zuilichem er al,, 1979a,b, 1980; Winowiski, 1988
Brivggeman ef al., 1964; Eberhardt, 1964,
Payne, 1977
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More fundamentally, pellet integrity can be examined by studying the binding of particles that
is accomplished through solid-solid bonds between diet ingredient particles, the use of liquids
(e.g- molasses) or the use of specific pellet binders, The best hypothesis to date is probably the
theory of Rumpf (1958) and extended by Friedrich (1964b, 1977), who described causative
factors by which feed particles are held together by various mechanisms (Figure 1).

AN

__ Particle

Solid-sclid int.

'‘Base’ moisture

Moisture increase
through adsorption

Figure 1: Model figure of general binding forces between two particles (Modified after Rumpf, 1958 and Friedrich,
1977).

The general mechanisms for binding feed particles can be divided in 'solid-solid' interactions
between particles, capillary forces in a three phase system of water, air and solid material, so-
called 'liquid necking’, adhesive- and cohesive forces between particulates and binders and
interactions between particles due to folding and plying,.

"Solid-solid’ interactions may consist of sintering, recrystallization or crystall growth of some
ingredients, chemical reactions, melting of thermoplastic materials and solidifying afterwards
into a crystalline state (Rurnpf, 1958). Bonds between particles of the solid-solid interaction type
are established mainly during the drying/cooling process depending on the applied conditions.

In a porous agglomerate, such as pellets, three separate phases can be distinguished: water,
air and the solid material from the particles. These particles can be held together by liquid
necking, The force of the bond is dependent on the surface tension (Ap) of the binding liquid y
(N m"), and the radius (t) of the neighbouring particle (m) (Rumpf, 1958). The binding pressure
of the bond (N) is given by the equation of Laplace Ap = 2 * (y/1), in case the radii of the
neighbouring particles is equal. In pelleted feeds this is normally not the case, since milling
induces a particle size distribution (with subsequent larger and smaller particles) of the diet
ingredients. From the above equation it can be easily derived that with decreasing radius of the
particles, binding strength becomes higher. This is in line with the generally accepted principle



26 Chaprer 1

that with finer grind, better pellets are produced (Payne, 1978). The binding agent (water}
between the different particles can be redistributed around the particles without loss of the
established bond. Elevated temperatures cause redistribution of water via evaporation and
condensation and this will increase the mobility of water between particles (Friedrich and
Robohm, 1968). In the case that pellets moisture level is decreasing, then the moisture bridges
will shrink and total binding forces will decrease due to a smaller number of moisture bridges,
however force per bond will increase since water in the larger capillaries is evaporated first.
Subsequently, it follows that the remaining water establishes bonds between smaller particles.
From the equation given it follows that binding force between netghbouring particles is stronger
with decreasing radius, In the case large quantities of water fill all pores, there will be a two-
phase system of water and particles, with no capillary force present to maintain structure in the
pellet. It is shown by Knacke and Pohl (1959) that an optimum exists in binding strength of clay
agglomerates depending on the amount and surface tension of the water added.

Ingredients with (high) viscous properties will 'stick’ particles together. Therefore distances
between particles will decrease while at the same time the interacting surfaces between particles
increases. Solid-solid interactions between different particles may come into effect when distance
between particles is sufficient small, for instance, when pressure during pelleting is applied.
Under such conditions, binding agents cannot be redistributed around the particles. When these
bonds are present in large amounts in the feed, time will affect the binding between particulates
and the structural integrity of the pellets may change with storage time (Pfost and Young, 1973).

"Van der Waals' forces may play a role in building up structural integrity in the pellet when
particles are sufficient small (<50 um, De Jong 1995; <60 um, Rumpf, 1958; Friedrich, 1964b).
In general, in animal feeds the fraction of these particles is neglectible small to substantially
increase binding strength in pellets. When particle size increases, the effect of "Van der Waals’
forces diminishes and other binding mechanisms (capillary forces and binder materials} become
more pronounced,

Electrostatical forces are neglectible between particles due to repulsional forces between
materials. On theoretical grounds the magnitude of binding force between particles is 0.2905
smaller as with "Van der Waals' forces (Rumnpf, 1958).

Finally, particles and fibres may be folded due to the pelieting process and thus plied around
each other (Rumpf, 1958). This phenomenon will also aid in building structure in the pellet.
However, up till now no theoretical framework has been developed to quantify this type of
binding (Rumpf, 1958). In Thomas ez al. (1998) some of the effects of raw material components,
for instance starch, protein and fibre are discussed with respect to their effects on physical pellet
quality.

The above proposed mechanisms are useful to study the structural integrity of pellets, Which
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of the different above mentioned effects is the most causative factor for pellet integrity, depends
on the combination of raw materials used and the different operating/processing variables during
pelleting, cooling and storage. All these variables affect pellet integrity, the magnitude of the
different binding mechanism being dependent on the type of feed produced with its constituents
and physical properties.

For quality control reasons, pellet quality devices have been developed to measure pellet
integrity and - again - these devices can be further used to examine the effects of diet formulation
and of process operation conditions on quality of pelleted animal feeds.

Pellet quality criteria and devices

When forces are involved that are statical or are present as a consequence of movements
(dynamic forces), handling of cooled pellets causes attrition. Static forces for example may occur
during bin storage while dynamic forces are present during screw or pneumatic transportation
or during the filling of a bin. Attrition of feed pellets comprises two phenomena, fragmentation
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Figure 2: Theoretical effects of attrition of pellets (fragmentation and abrasion) on the particle size
distribution curves {After de Jong, 1993).
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and abrasion, both of which have consequences for its particle size distribution (Figure 2) and
bulk density.

Fragmentation involves the fracture of pellets into smaller particles and fines at the fracture area.
Fragmentation causes a small shift in the particle size distribution but will cause only a limited
increase in bulk density or specific surface {de Jong, 1993). The stresses required to overcome
the cohesive and adhesive forces in the cracktip and the amount of energy necessary, is
dependent on the direction of the applied stresses, length of the crack and material dependent
characteristics. The relation between these quantities has been described in detail by Luyten et
al. (1992).

Abrasion involves the fracture on the edges or surface-unevenesses of particles. This type of
attrition affects the particle size distribution. The fines produced are smaller than the original
pellet size and form an additional peak in the particle size distribution curve (Figure 2).
Depending on the amount of fines produced, butk density may increase, since small particles
occupy space in the large voids inbetween pellets, thereby decreasing pellet porosity.

Fragmentation of inhomogeneous materials always starts near the point of inhomogeneities
due to the fact that local stresses and strains are always highest near such imperfections. Larger
defects cause fracture to occur at lower overall stresses and strains. In homogeneous materials
such imperfections can be errors in crystalline structure, small holes in or just below the surface
(Luyten et al., 1992, de Jong, 1993). When dealing with pellets, by nature of the material,
particles of different sizes, hardnesses and various shapes are aggregated. It is at these cracktips
that stresses will accumulate. When the local stress at the tip of a crack becomes higher than the
cohesive or adhesive stresses, the crack (defect) in the material starts to grow, fracture starts and
ultimately the material will fall apart. Fracture will propagate spontaneously as the deformation
energy released is - at least - equal to the energy needed to create new surfaces.

Attrition can be brought about by tension, compression and shear stresses, compression being
most important when related to animals feeds. Shear and tension tests may give much
information but are often more difficult to perform (Luyten ef al., 1992}, In practice, therefore,
more emphasis has been put on compression devices. The actual assessment, however, when
pellets are subjected to attrition by means of different devices are derived properties of the more
fundamentally desired quantity 'energy’ needed for fracture or abrasion of pellets. Actual routine
assessments are often expressed just as 'kg force' after simulation of impact devices (mainly
fragmentation) or as 'percent fines returned' after simulation of transport (mainly abrasion).

Several types of empirical developed devices for the routine evaluation of pellet quality have
been developed (Melcion and Delort-Laval, 1981). In general, these routine devices test the
hardness of pellets or their durability or resistance to attrition stresses (Pfost, 1963). Some
important devices are discussed in the following paragraphs with the oflen used guantities
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'hardness’ and 'durability' as pellet quality parameters.
Hardness

Hardness is a quantity which is important for the nutrition of animals since hardness may play
a role with preference of animals (Skoch et al., 1983). Also, availability of nitrogenous
components for intestinal absorption has been reported to be affected by hardness (Cuperlovié
et al., 1973; Cuperlovié, 1973).

In the case of statical pressure one may simulate the forces on the pellets. The statical pressure
is caused for example by the weight of the peliets on top of the lower ones. In wide silo's where
a part of the pressure cannot be relieved to the walls of the silo, breakage of the pellets on the bin
bottom may occur.

Studies of Knacke and Pohl (1959) using clay minerals showed effects of water content on
hardness of the agglomerates. The hardness of the agglomerates is proportional to the surface
tension of the peileting fluid and inversely related to the particle-size distribution. They showed
that with an increase in the filling of the pores with water, an optimum value for hardness exists.
This optimum is dependent on the surface tension of the pelleting, fluid. Hardness is determined
by using equipment which measures the force needed to fragmentate a pellet. In general, one can
distinguish between tension, compression and impact based devices in which the compression
component is the most important one.

Test devices for hardness have been developed for both scientific objectives and for on-line
application {Anonymous, 1992) in routine animal feed manufacturing.

Early devices for testing hardness were developed by McCormick and Schellenberger (1960) and
Young (1962). Young used a ‘'model handling system' in which pellets could be subjected to
typical actions encountered in the handling of pellets. This model system was further used as a
control for comparisen of various other test devices (see Pfost, 1963) such as the Farmhand
tester, tumnbling can device and the Stokes hardness tester.

Nowadays, several devices are available for the evaluation of product hardness, each of which

have different attrition or operating mechanisms (Table 2).
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A first and common device in industry to test pellet hardness used is the 'Kahl!' device (Figure
3), analogous to the carly developed, manually used Stokes tester. In the Kahl device, a pellet is
inserted between two bars, and by increasing statical pressure applied by means of a spring, the
force needed to crack the pellet is determined. The average of 10 measurements is referred to as
the "Kahl-hardness' of the pellet. Up-to-date devices for Kahl hardness imply the use of an
automated version to generate the statical pressure.

Sample pellet

i g';b:]

Force direction and sample ™ {~
pellet position '

Figure 3: Kahl peilet hardness tester.

The Schleuniger test apparatus comprises a steel moving ram with a width of approximately 2
mm of the measuring part. Individual pellets are placed between the moving ram and a flat anvil,
The moving ram will be pushed against the pellet by an electrical driven spindle with an
increasing force. The force needed to fracture the pellet is recorded by a force transducer and
registered. Measurement of Schleuniger hardness is normally performed in tenfold and is
expressed in (kilo)pounds.

A further device which can be used to determine pellet characteristics is the Pendulum
(Figure 4). The pendulum is an impact resistance testing device, by which the amount of energy
needed to fracture a pellet can be investigated. The basic principle of a pendulum impacting
device consists of a2 swingarm with a sample holder. From a known height this arm with the
clamped on material of interest is dropped against a non-deformable and heavy block. The
physical characteristics of the material under investigation that are recorded, are:

- Angular position of the pendulum arm before and after impact.
- Peak deceleration or force due to impact.

- The duration of the contact,

- The area of contact.
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Using a pendulum type impacter several damage resistance characteristics of the used materials
can be determined such as hardness, dynamic yield pressure and dynamic elasticity modulus
{lindal and Mohsenin, 1976). Not much research has been conducted in which physical quality
of feed pellets is determined using a pendulum. Van Zuilichem and Siolp (1976) used the
pendulum impact test device to asses the hardness (mechanical strength) of extruded pellets of
maize grits and extrusamyl; a potato starch derivate.

indication _/'
direction

Scale

Turning point

Pendulum heaming

Pointer—

Pendulum rod

Hammer

Sample pellet

Figure 4: Pendulum peltet hardness test device.

Other devices use both compression and tension, and comprise so-called "universal tension and
compression' apparatus (Instron; Overload dynamics). Their main advantage is the accuracy with
which the different materials can be subjected to the different tests known in the field of feed and
food engineering. These devices consist of a fixed plate containing a load cell and a moving bar
with variable speed. On this instrument measuring bodies of various geometry {either knife or
plate for example) can be fitted and uniaxial compression, uniaxial tension, 3-point bending and
cutting experiments, respectively, can be performed (Luyten ef al., 1992). For the testing of
pellets, uniaxial testing (plate) and cutting (knife) experiments are most appropriate. The force
units needed to break the pellet (or a series of pellets) is recorded as a function of time. Both
single (see example Figure 5, plate) and multiple sample pellet(s) can be tested.
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Figure 5: Universal compression test device,

The Kramer shear press (Anonymous, 1970) consists of a hydraulic ram on which a measuring
body with various blades is mounted (Figure 6). The test material is inserted at the grid bottom
of the shear box. When the ram comes down, the material is compressed and sheared between
the intermeshing blades and grid. The force units are recorded as a function of time and from this

Force direction and Sample Hydrau”c cilinder
pellet position:

@ Sensor

Measuring cell
Sample pellets

T 1

I

Figure 6: Kramer shear press for measurement of pellet hardness.
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graph the maximum force can be read and the energy necessary for shear can be calculated. The
force exerted on the material is recorded by means of a proving ring and transducer. The speed
of the hydraulic ram can be adjusted over a relatively limited range and is in the same order of

magnitude as with the Instron.

Table 3: Effects of processing conditions on durability and hardness of a barley pellet according to different devices
(Means and coefficient of variation; Van der Poel and Themas, 1993, unpublished results).

Temperature Hardness Durability

Kahl Instron Kramer Holmen Pfost

(kgy (Newton,N)’ {Pounds, Ib)* (%) (%)
Die 5*25 mm
70°C 6.6 (52.7) 125 (22.9) 163 (5.8) 75.7(1.0 91.8,,, (0.2)
80°C 6.6(21.8) 161 (6.4) 190 (5.0) 91.3(02)  96.7,., (0.1}
90°C 7.6 (10.8) 166 (4.6) 192 (3.1) 92.8(0.2) 97.4,,, (0.0}
Die 5%35 mm
50°C 7.6{13.9) 155(9.4) 192 (6.2) 94.1 (0.1) 97.8,,, (0.0)
60°C 7.8(154) 164 (6.7) 206 (5.0) 94.3 (0.1) 979,54 (0.1}
70°C 7.8(15.6) 172 (6.9) 208 (3.%) 94.0 (0.1) 98.1,,, (0.0}
80°C 7.8(16.4) 175 (6.2) 203 (6.8) 94.5(0.2) 98.2,,,(0.0)
90°C 8.0(23.7) 176 (5.0) 204 (6.5) 94.0 (0.8) 98.2,,,(0.1)

* Single pellet measurement; 10 replicates.

* Average of 5 pellets each, 10 replicates.

® 15 grams of pellet sample, 5 replicates.

¢ Percentage of pellets returned, 2 replicates.

In Table 3, some data on hardness and durability of barley pellets are given as determined using
different devices. Pellets of barley were manufactured using a Laboratory CPM pellet press and
two dies, Different temperature conditions, by the aid of steam, were used. From these data it is
clear that Kahl hardness shows considerable variation as can be gathered from the high
coefficient of variation (CV). Using the Instron or Kramer shear press reduces the CV. However,
with these devices more pellets are sheared during one test which will decrease the CV since it
is calculated as the variation in multiple tests. It is noted that under the conditions of this
experiment the CV increases when hardness is decreasing.
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Durability

Durability is another physical quality parameter of feed pellets. The devices used for the
determination of durability measure the amount of fines returned from a batch of feed pellets
under standardized conditions.

In practical feed manufacturing, pelleted feeds are subject to shearing and abrasing
actions during transportation. This induces fines in the feed. For the purpose of feeding ease,
pellets need to have a certain resistance against the stresses exerted on it during transportation
and distribution for the animals. In the past decennia, the mechanical transport of feed changed
from relative low speeds to high speed pneumatic transport, thereby changing the order and
magnitude of forces on feed pellets.

Pellets are sensitive to shearing actions at the places where they are cut off after leaving
the die. Through this impact new surfaces are created which are sensitive for further
deterioration. Improper cooling may increase this sensitivity to further deterioration. Pellets that
are not properly cooled can have a reduced durability due to stresses in the pellet between the
{cooled) outer layer and the (still) warmer center. Up to a certain level, relative cool air takes up
moisture and heat from the pellets during the cooling process. In a steady state, the same amount
of moisture (and latent heat) is transported through capillaries from the inner part to the surface.
When air speed is increased, more water and heat will be removed from the pellet surface than
can be delivered by the capillaries; a brittle outer layer emerges with physical properties differing
from those of the inner kernel, the latter being warmer and more viscous. These differences in
physical properties create stresses in the pellet which cause the outer layer to crack under less
optimal conditions. These cracks will allow for an easier formation of fines.

Robohm and Apelt (1985, 1986) conducted a simulation experiment for pneumatic
transport to elucidate the effect of air speed (m/s), air load (kg pellets’kg air) and pellet diameter
on the amount of fines appearing. They found that increasing the air speed from 10 to > 30 m/s
increased the amount of fines with approximately 3.5 percent. On the other hand, higher air load
{more kg pellets per kg air for transport) decreased the amount of fines. Furthermore, the authors
showed that pellets with small diameters (3 mm) proved to be more susceptible to breakage than
larger pellet diameters (6 mm).

Several instruments are nowadays available for the evaluation of durability of pellets. In
principal, these devices bring about attrition stresses that are exerted to pellets, due to either
mechanical or pneumnatic transportation (Table 4). Similar to hardness devices, the test devices
for durability have been developed for both scientific objectives and on-line application in the
factory. Already in the early sixties, a rather complete model handling system was used (Young,
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1962) followed by the development of tumbling can devices (Gutekunst, 1962; Pfost and Allen,
1962).

Table 4: Generally applied test devices for pellet durability and their mechanisms.

Principal Attrition Operation* Device References
mechanism example
Mechanical resistance Abrasion Surface flow Pfost tumbling can Pfost, 1963
Vibration Abrasion/ Surface flow/ Sieve de Jong, 1993
Fragmentation Impact
Prieumatic resistance Abrasion impact Holmen Major, 1984
Fragmentation Surface flow

* Depending on standard conditions

According to the procedure of Plost (Pfost and Allen, 1962; Pfost, 1963) durability is determined
by inducing fines through an abrasing action of pellets shearing over each other and over the wall
of drums (Tumbling can device: Figure 7). The procedure is standardized by using a drum with
specified dimensions, in which fivehundred grams of sieved pellets are inserted. After tumbling
for 10 minutes at 50 rpm, the pellets are subsequently sieved and the amount of fines passing a
sieve with a grid size 'just smaller than the nominal pellet diameter’ (Pfost, 1963) is determined.
In practice, grid-sizes are used of 0.8 * pellet diameter. Durability is then expressed as the ratio
of the weight after tumbling over the weight before tumbling, multiplied by ten. The resultant
figure (between 0 and 10) should be rounded of to two significant digits. Nowadays, however,
durability is normally expressed as a percentage which gives the amount of fines returned or the
amount of pellets recovered. In the original description, a subscript is added depicting the time
of physical analysis of pellets after their manufacturing in hours. Subscript +24 indicates
durability results from pellets out of the cooler for more than one day, -1 indicates results from
warm pellets. In scientific publications, however, the subscript - an important indication for
comparison reasons - is not always given. Nowadays, automated devices exist to monitor on-line
the durability of pellets during their manufacture {Anonymous, 1984a). Often these devices
incorporate a fast cooling procedure to quickly obtain physical quality figures that can be used
to optimize process parameters of that specific batch.

A sieve is a further device for measuring durability. Although not all standard procedures
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Figure 7: Pfost tumbling can device for measurement of pellet durability.

for sieving are suitable, those which comprise the use of balls between the screens can be used.
By vibrating a pellet sample in a sieve apparatus, abrasion and perhaps fragmentation will occur
through the action of (rubber) balls. Variables in this device are the sieve openings, the number
of balls, the amplitude, screening time and eventually the use of interval sieving. Particle size

- ﬁ_ Infet

.. valves
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COMpPrassor

fines collect bin -—]

Figure 8: Holmen pellet durability tester.

distribution obtained by dry sieving may add useful information when the influence of sieving
(under standardized conditions) for example is expressed in terms of the modulus of fines or the
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modulus of uniformity before and after sieving (Pfost and Headley, 1976).

The "Holmen' pellet tester (Major, 1984; Figure 8) simulates a more rigorous treatment
of pellets by pneumatic handling. In this apparatus hundred grams of sieved sample of pellets are
introduced in a stream of air. For a standard time (0.5 to 2 min.) this air together with pellets is
circulated through right-angled bends, impinging repeatedly on hard surfaces. Pellet attrition will
then occur, After treatment, the product is sieved again using a sieve with an opening of
approximately 80% of the pellet diameter. Standards have been developed for the testing time
in relation to the pellet diameter under investigation. Many people refer to the Holmen pellet
tester as a device for measuring durability of pellets, Closer examination of pellets under
investigation reveals that fines produced by the Holmen tester comprises a 'mixture’ of fines
derived from both abrasion and fragmentation.

Not much information can be found on the correlation between measurements conducted
on all of the types of equipment mentioned, except for the Holmen durability tester and Pfost
Tumbling Can. Data from McKee (1990), indicated that for the Holmen pellet tester there was
a lineair decrease in durability, ranging from approximately 95% to 60 % with testing time, up
to 5 minutes. The Pfost tumbling can showed a curvilinear decrease, ranging from approximately
98 to 91% with time, up to 20 minutes. From these results it can be concluded that the Holmen
pellet tester gives results in a wider range and in a shorter timespan than Pfosts tumbling can.

Wood (1987) found in his research a log-linear relationship {R=0.94) between hardness
tested with the Kahl device and durability tested with a Holmen pellet tester. These relations may
be found within certain diet formulations. However, because of the fact that hardness and
durability are two distinct quantities, differences in relationships may be found between different
diet formulations. These differences may become more distinct when new types of equipment
are used to manufacture pelleted feed, e.g. expanders.

Other criteria

In the former paragraphs some of the most widespread measures of physical quality from a
manufacturers point of view are evaluated. However other criteria exist to evaluate feed physical
properties. These criteria are for instance water absorption index (WALI), water solubility index
(WSI), and sinking velocity (SV), all criteria being useful in e.g. fish feeding. Other criteria well
related to properties of the raw materials from which feeds are manufactured are the angle of
repose, bulk density and specific weight. These criteria can be used to characterize the different
feeds or feedstuffs. Some of these criteria can be related to complete feeds as well. For a more
fundamental description of both methods and theories on physical properties related to
characterizing plant and animal materials, the reader is referred to Mohsenin (1986). Since these
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