
Performance of different binders during
alfalfa pelleting

L. G. TABIL, Jr. l
, S. SOKHANSANJ 1 and R.T. TYLER2

I Departmellf of Agricultural and Bioresource Engineering, University of Saskatchewan, 57 Campus Drive. Saskatoon, SK,
Canada S7N 5A9; and 2Departmellf of Applied Microbiology and Food Science, University of Saskatchewan, 51 Campus
Drive, Saskatoon, SK, Canada S7N 5AB. Received 21 March 1996; accepted 17 February 1997.

Tabil, L.G., Jr., Sokhansanj, S. and Tyler R.T. 1997. Performance
of different binders during alfalfa pelleting. Can. Agric. Eng.
39:017-023. Production of good quality dehydrated alfalfa pellets is
essential in the reduction of dust and fines generated during tnmspon
and handling. Durable pellets can be produced by controlling the
production process and by using binders. The objective of this ex
perimental work was to determine the durability and hardness of
dehydrated alfalfa pellets with the use of binders. The study was
conducted in two crop years. In the first crop year (1993) the factors
used in the experiment were chop quality and binder used. Alfalfa
chops used were of three qualities (low, medium. and high) based on
durability of pellets without binders. Five binders were mixed with
ground alfalfa: lignosulfonate, bentonite, pea starch, collagen pro
tein, and hydrated lime. Results indicated that all binders improved
the durability of pellets made from low quality chop but did not
improve the durability of pellets made from medium or high quality
alfalfa. Hardness of pellets increased with the use of binders. Hy
drated lime and pea starch were funher tested in the second crop year
(1994) using inclusion levels of 1.0 and 0.5%. An inclusion of 0.5%
of either hydrated lime or pea starch was sufficient to increase pellet
durability.

II est essentiel de produire des granules de luzerne deshydratces
de bonne qualite si on veut reduire' les quantites de poussieres et de
particules generees par la manutention et Ie transport. On peul aug
menter la durabilite des granules en controlant Ie procedc de
production et en utilisant des liants. L'objectif de ce travail experi
mental etait de determiner I' impact des liants sur la durabilite et la
durete des granules de luzerne deshydratees. Cettc etude s'est etcn
due sur deux saisons de production. Lors de la premiere annee, les
facteurs considcrcs ont ctc la qualite de la mouture de luzerne et Ie
type de liant utilise. Trois qualites de mouture. etablies a panir de la
durabilite des granules sans liant, ont ete utilisees (faible. moyenne
et haute qualitc). Cinq liants ont ctc mclanges avec la luzerne hachee:
lignosulfonate, bentonite, amidon de pois, protcine de collagene et
chaux cteinte. Les resultats ont montre que tous les liants amelio
raient la durabilite des granules fabriquees avec la mouture de
luzerne de faible qualite, mais n'affectaient pas la durabilitc des
granules faites a partir des moutures de qualites moyenne et elevee.
Les liants ont permis d'augmenter la durete des granules. Au cours
de la deuxieme annee, on a poursuivi les tests avec la chaux eteinte
et I'amidon de pois, en les mclangeant ala luzerne a des taux de 1.0
et 0.5%. Un taux de melange de 0.5% de chaux eteinte ou d'amidon
de pois est suffisant pour augmenter la durabilitc des granules.

INTRODUCTION

Production of fines and dust from pellets during transport and
handling is a major problem in the export of alfalfa products.
Proper design of the handling and transport system and mini
mizing the number of times pellets are handled help reduce

the problem. Producing more durable pellets is another ap
proach to minimizing the dust problem. Durability can be
enhanced by controlling the production process and by add
ing binders. Feed millers and compounders use binders to
produce feed pellets that do not crumble upon handling.
Fluctuations in the quality of ingredients can have adverse
effects on the physical quality of pellets; this can be corrected
with the use of binders.

Review of the binding mechanism

The mechanism of binding during pelleting is made possible
by natural adhesion between particles and the mechanical
load which forces inter-particle contact. Rumpf (1962) and
Sastry and Fuerstenau (1973) described several binding phe
nomena such as solid bridges, capillary pressure, viscous
adhesion, inter-particle attraction forces, and mechanical in
terlocking.

Solid bridges develop at elevated temperatures and pres
sures from chemical reaction, crystallization of dissolved
substances, hardening of binder, and solidification of melted
substances (York and Pilpel 1972, 1973). Capillary pressure
and interfacial forces develop in pellets in the presence of a
liquid, e.g. water, thereby promoting binding of particles.
Viscous binders and thin adsorption layers result in immobile
liquid bridges (Rumpf 1962; Ghebre-Sellassie 1989). Thin
adsorption layers are immobile and can contribute to the
binding of fine particles under certain circumstances (Pietsch
1984; Rumpf 1962). High binding forces are produced when
areas of contact increase during compression of solid parti
cles. The attraction force between two solid particles is
caused by van der Waal's, electrostatic, or magnetic forces.
However, their effectiveness diminishes when particle size or
inter-particle distance increases. Form-closed bonds or inter
locking occur in fibers and flattened or bulky particles where
particles interlock or fold about each other causing the bond
ing (Pietsch 1984).

Binders are widely used in pelleting animal feeds. Several
commercial alfalfa dehydration plants have tested and some
times used binders. However, there is little scientific
documentation as to their effectiveness. Alfalfa processors
have been improving the control of process variables during
pelleting of alfalfa, yet production of high quality pellets has
not been consistent. Thus, hay quality is an important factor
to be considered in pelleting. Different lots of alfalfa hay may
differ from one another when judged by the durability of
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pellets they produce. The use of binders may minimize the
inconsistencies in the durability of the product.

Objective

The objective of this study was to determine how alfalfa
pellet durability and hardness could be improved with the use
of binders. The energy consumption during pelleting was
monitored to determine pelleting efficiency.

Binders

There is a variety of binders available on the market. Table I
lists five groups of binders used in this study.

Lignosulfonate binders are the most commonly used binder
in pelleting animal feeds. These are sulfonate salts made from
lignin of sulfite pulp-mill liquors. Lignosulfonates come in
different brand names with different claims, inclusion level,
and cost. Lignosulfonates have been regarded to be consis
tently the most effective and popular binder for all types of
compounded animal feeds (Anonymous 1983a; MacMahon
1984). They are generally effective as a binding agent when
used at inclusion levels of 1 to 3% (Anonymous 1983b). The
lignosulfonate binder used in the experiments was Maxi
bond™ (AGResearch, Inc., Joliet, IL). It is a free flowing
white powder which forms a colloidal suspension in water.
The two main ingredients of this binder were urea formalde
hyde resin and calcium sulfate.

Bentonite is the traditional binder used in iron ore and feed
pelleting. It is a colloidal clay (aluminum silicate) composed
chiefly of montmorillonite. This binder forms a gel with
water. Pfost and Young (1973) reported that bentonite, at an
inclusion rate of 100 kg/t of feed mash, improved pellet
durability of three poultry formulas consisting mainly of
ground yellow corn, ground sorghum grain, and soy meal.
The bentonite (leN Biomedicals, Inc., Aurora, OH) used in
this study was sodium bentonite which has a very high swel
ling capacity (according to the product's technical literature).

Starches are extensively used in the food industry as thick
eners or binders. Pre-cooked starch reportedly did well as a
binder for animal feeds (Wood 1987) and pelleted iron ore
(Haas et al. 1989). In this study, Starlite® (Parrheim Foods,
Inc., Saskatoon, SK) pea starch, a product of dry processing
of yellow peas (Pisum sativum, L.) was used. It contained
82.1 % starch and 5.3% protein (from analysis at Grain Chem
istry Laboratory, Crop Science and Plant Ecology
Department, University of Saskatchewan).

Proteins also are potential binders. Alfalfa has high protein
which may help in the binding of particles. Natural protein will
plasticize under heat, even from the frictional heat produced as
the material passes through the die, making good quality pellets
(MacBain 1966). The protein used in this study was Agri
colloid® (Swift Adhesives, Winnipeg, MB). It is a refined
animal protein which is 94.8% digestible collagen.

Table I: Binders used in pelleting of alfalfa

Properties
and other infonnation

Binder

Collagen protein Hydrated lime Lignosulfonate Bentonite Pea starch

Trade name AGRI-COLLOID® Maxi-bond™ Starlite®

Chemical
fonnula

rH
0 R 1N,~/e'N~'e

RHO
n

R • amino lIcld

ClI(OHh-HOH

-c:-
-e-

Ci~~OH
o

R • H. CIIrbohydrata or
lInothllr lignin unh
e.H...0u(OCH~0.11 (SO,H)o.A

7.7±O.5

688±19

1237±11

29.1

89.51±O.15

-0.64±O.35

1O.0I±O.17

82.1 % starch
5.3% protein
1% fat
1% ash
Parrheim Foods Inc.
Saskatoon, SK

5.2±0.2

487±ll

I792±60

6.0

ICN Biomedicals
Aurora,OH

75.44±O.35

-0.0I±O.10

6. 18±0.05

high swelling
capacity in water
(l2x)

6.7±0.5

695±11

1291±44

37.6

78.43±O.12

1.77±0.07

8.18±6.15

1.7±0.5

361±20

1626±61

6.9

15% nitrogen
7% calcium
0.18% free

fonnaldehyde
Continental Lime Ltd. AGResearch Inc.
Exshaw, AB Joliet, IL

94.84±O.27

-0.42±O.17

1.74±O.42

94.5% Ca(OHh

7.6±0.5

446±7

1066±29

43.2

80.33±O.27

0.69±O.02

17.45±O.70

94.8% collagen
protein

Swift Adhesives
Winnipeg, MB

Moisture (% wb; n=3)

Bulk density (kg/m3
) (n=6)

Particle density (kg/m3
) (n=5)

Particle size (~m)

Color (n=3)
Hunter L

Hunter a

Hunter b

Other properties

Source
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Table II: Binder inclusion levels in experiments for the 1993 crop and 1994 crop

Table III: Settings used during pelleting in the
CPM CL-S pellet mill

Setting

235-250

134-136

250

6.1
44.8

7.31

>92
15

Variable

1.0
0.5

1.0

0.5
0.5
0.5

Inclusion level
(%)

Steam pressure (kPa)
Steam temperature (oC)

Die speed (rpm)
Die diameter (d) (mm)

Die thickness (length) (I) (mm)

Die lId ratio
Conditioner temperature (oC)

Pellet knife position, from face of die (mm)

Pelleting

Pelleting of the sample was done in a CPM CL-5 laboratory
pellet mill (California Pellet Mill Co., Crawfordsville, IN)
using the pellet mill settings listed in Table III. The steam
from the supply line with a pressure of 1030 kPa was reduced
to 235 - 250 kPa using a pressure reduction valve. Heat was
also supplied by the heater strips attached to the walls of the
conditioning chambers and by a blower-heater. Pelleting of
the 1994 crop was conducted in the modified pellet mill
(CPM CL-5) with double conditioning chambers. The reten
tion time of alfalfa grinds at the conditioner was from 17 to
20 s. Hot pellets, which were thinly spread on a polyethylene
sheet, were cooled by a blast of room air (21°C) from a desk
fan. Duration of cooling was 1 h.

To determine the energy consumption during pelleting, a
wattmeter was installed in the feed line to the motor of the
pellet mill. The specific energy consumption was expressed
as kW·h of energy consumed per tonne of pellets. Output rate
was measured by weighing the container with pellets col
lected for 90 s.

Physical quality tests

Procedures for testing the physical quality of the alfalfa grind
and pellets were as follows. Moisture of the grind and the hot
and cooled pellets were determined using the oven method,
where 25 g of sample was placed in an air oven set at 103°C
for a duration of 24 h (ASAE 1993). The durability of pellets
was determined by the DURAL tester developed at the Uni

versity of Saskatchewan
(Sokhansanj et al. 1991;
Larsen et al. 1996) using a 100
g sample. The impeller speed
of the DURAL tester was set at
1600 rpm and time was set at
30 s. Tested pellets were sieved
on a 5.95 mm round hole sieve.
The mass retained on the sieve
expressed in percentage of the
total mass was the durability of
the pellets. The hardness of
pellets was taken as the crush
ing strength (yield point) of
pellets during a compression
test. It was measured by com
pressing pellets placed in their

Binder*

1994 crop
Hydrated lime
Hydrated lime

Pea starch

Pea starch

Hydrated lime +
pea starch

Inclusion level
(%)

Unit cost
(Can $/kg)

EXPERIMENTAL PROCEDURE

Bindert

I. 1993 crop II
Collagen protein 2.80 0.20
Lignosulfonate 0.38 1.25
Bentonite 0.08 5.00
Hydrated lime 0.26 1.90
Pea starch 0.68 0.74

t Grinds from low, medium, and high quality chops were used.

* Only the grind from low quality chop was used.

Calcium hydroxide is a chemical binder. It hydrates when
added with water. When mixed with molasses, it forms a
calcium salt of one or more sugars resulting in an insoluble
salt which does not interfere with evaporation of water and
which may aid in forming cross-linkages of carbohydrates
(Pietsch 1976). Calcium hydroxide in the presence of carbon
dioxide is also a good chemical binder. "Type N" hydrated
lime (Continental Lime, Ltd., Exshaw, AB) was used in this
study. It had 94.5% available calcium hydroxide.

Material

The material was dried chopped alfalfa. In this process, fresh
alfalfa or alfalfa from round baled hay is chopped and dried
in rotary drum dryers. The dehydrated alfalfa is ground,
conditioned with steam, and pelleted.

Three qualities of alfalfa chops were used. The quality grading
was based on the durability ofpellets these chops had produced in
the plant without binders: less than 70% durability with low
quality chop; 70 to 80% durability with medium quality chop; and
more than 80% durability with high quality chop.

Two series of experiments were conducted, one in 1994
using chops from the 1993 crop and the other in 1995 using
low quality chop from the 1994 crop. The moisture contents
of the 1993 crop as received were: 6.1 % (w.b.) for low quality
chop, 6.4% for medium quality chop, and 8.1 % for high
quality chop. The moisture contents of the grinds before
pelleting were 4.7, 5.3, and 6.9% respectively, for low, me
dium, and high quality chops. Moisture loss was 1.1 to 1.4%
during 4 months storage in the laboratory. The moisture
content of the 1994 crop as received was 8.2% (low quality
chop). Before pelleting, the moisture content of the grinds
averaged 6.9%. Moisture loss was 1.3%.

Five binders were used in the experiments performed on
the 1993 crop (Table II). Inclusion rate of these binders was
based on a cost of $ 3 to $ 5 per tonne of pellets and is shown
in Table II. Pea starch and hydrated lime were further studied
in the se~ond set of experiments performed on the 1994 crop.
Hydrated lime and pea starch were each added to 5 kg of
grinds at levels of 0.5% and 1.0% (Table II). A mixture of
these was added at a level of 0.5% each. The alfalfa grinds
and binders were mixed in a Hobart horizontal batch mixer.
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Table IV: Moisture content of hot pellets, cooled pellets, and alfalfa grinds; durability, hardness (yield point) and
specific energy consumption of alfalfa pellets, 1993 crop

Pellet type Moisture content (% wb) Durability Hardness Specific energy

Grind t
consumption

Hot pellets* Cooled pellets* (%)** (N)*** (kWeh/t)****

Low quality
with binder 9.1tO.l 8.0tO.1 86.7tO.9 671tl8 30.3 (1.9)

Collagen protein 9.1tO.5 7.8tO.1 83.6t2.1 646t31 30.3 (1.1)

Hydrated lime 8.8tO.3 7.9tO.3 88.9t1.9 783t46 32.2 (1.1)
Lignosulfonate 9.3tOA 8.0±0.1 85.8tO.7 654t36 30.7 (1.6)
Bentonite 9.0tO.3 8.2±O.1 88.8t1.3 70lt29 29.2 (3.0)

Pea starch 9.3tOA 8AtO. I 86AtO.7 573t33 29.1 (2.1)

without binder 4.7tO.1 8.6tO.7 7.3tO.2 65.1t16.7 507t33 29.2 (104)

Medium quality
with binder 6.6tO.3 5.9±O.2 77At1.7 737t20 35.0 (304)

Collagen protein 7.0tO.8 6.3±O.5 78.2tO.9 715t37 33.6 (0.2)

Hydrated lime 6.ltO.9 5.7tO.7 78.9t8.0 833t48 38.5 (1.1)

Lignosulfonate 6.3±O.2 5.5±O.1 74.lt5.3 676t34 3504 (4.6)
Bentonite 7.1tO.9 6.3tO.6 78.2t2.7 716t46 31.3 (3.7)

Pea starch 6.5tO.2 5.8tO.1 77.3t1.6 747t45 36.5 (3.2)

without binder 5.3tO.1 6.9tO.7 6.2tOA 77.8t5A 669t40 35.9 (9.2)

High quality
with binder 7.8tO.3 7.0tO.2 83.6t1.5 742±20 37.7 (6.5)

Collagen protein 7.5tOA 6.7tO.2 83.l±1.8 751±39 35.6 (3.6)

Hydrated lime 8.2±1.4 7.3tO.9 86.7±3.9 792t39 40.9 (5.7)

Lignosulfonate 8.0tO.8 7.0tO.6 84.9t1.9 737t50 36.5 (2.8)

Bentonite 7.5tO.9 6.9±0.6 79.9t5.9 756±48 42.1 (12.1)

Pea starch 8.0±O.6 6.9tO.7 83.8±3.6 674t33 3304 (8.5)
without binder 6.9tO.7 9.2tO.6 8.0tOA 84.9±2A 632t39 40.3 (104)

t n=3.
* n=6 (3 replicates for each of the 2 pelleting runs).
** for pellets with binders n=30; for pellets without binder n=6.
*** for pellets with binders n=300; for pellets without binder n=60.
**** for pellets with binders n= 10; for pellets without binder n=2; number in parenthesis is standard deviation.

natural position (position at which a pellet rests when placed
on a flat surface) using a 57.2 mm diameter flat plunger in the
Instron® Modell 011 testing machine (Instron Corp., Canton,
MA) with a crosshead speed of 10 mm/min. Hardness test
was repeated on 30 pellets selected randomly from a pelleting
run.

RESULTS AND DISCUSSION

Tests on the 1993 crop

Moisture content Variation in moisture uptake was ob
served between different grinds from the three qualities of
alfalfa chops. Table IV lists the moisture content of the
grinds, hqt pellets, and cooled pellets. The grind from high
quality chop had the highest moisture content of 6.9% fol
lowed by medium quality with 5.3% and low quality with
4.7%. The input steam pressure was maintained between 235

20

to 250 kPa (Table III). About 1% difference in moisture
content between the hot pellets and cooled pellets was ob
served. Grind from low quality chop adsorbed the highest
amount of moisture during conditioning and pelleting. The
average moisture of hot pellets from low quality chop was
9.0% from an initial grind moisture of 4.7%. The medium and
high quality grinds adsorbed 1.2 to 1.4 percentage points of
moisture, respectively. The moisture content of pellets
among various binder and grind mixes was not significantly
different (a. =0.05). At the levels applied, the binders did not
alter the moisture adsorption properties of the grind. How
ever, it appeared that the variation in moisture content of
pellets from high quality grind was the highest.

Pellet durability and hardness and specific energy con
sumption Table IV also lists the durability and hardness of
pellets and the specific energy consumption grouped by chop
quality. Among pellets without binder (control), the most
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Table V: Moisture content of hot pellets, cooled pellets, and alfalfa grinds; durability, hardness (yield point) and
specific energy consumption of alfalfa pellets, 1994 crop

Binder and inclusion level

Hydrated lime (I %)
Hydrated lime (0.5%)
Pea starch (I %)
Pea starch (I %)
Hydrated lime (0.5%)+

Pea starch (0.5%)
Control
Mean

Moisture content (% wb) Durability** Hardness*** Specific energy
consumption****

Grind t Hot pellets* Cooled pellets** (%) (N) (kW-h/t)

6.7±1.2 8.6±1.0 7.5±0.6 70.2±5.3 502±24 34.5 (9.5)

6.9±1.5 9.4±1.0 7.7±0.6 69.7±5.4 471±23 31.5 (4.2)

6.9±1.7 8.8±0.7 7.2±0.4 62.7±2.3 467±22 29.4 (4.4)

7.0±1.7 9.0±0.6 7.4±0.5 62.9±3.9 439±24 30.6 (0.9)

6.9±1.7 8.2±0.6 6.9±O.5 54.0±7.0 472±26 34.0 (9.1)
7.0±1.6 8.9±0.9 7.5±0.2 54.6±7.5 425±27 34.3 (6.4)
6.9±OA 8.8±0.3 7.4±0.2

t n=4

*n=1O
**n=12
*** n = 120
****n =2; numbers in parenthesis are standard deviations

durable were those from grind of high quality chop, followed
by those from grind from medium quality chop. The least
durable were pellets from grind of low quality chop with
average durability of 65.1 ± 16.7%. There was a high vari
ability in the durability values of low-quality-chop pellets
due to variability between pelleting runs. The first pelleting
run produced pellets with an average durability of 50.6%
(S.D. =1.5%) while the second pelleting run produced pellets
with an average durability of 79.6% (S.D. = 0.5%). In both
pelleting runs the durability of low-quality-chop pellets with
out binder was the lowest. In the first run, the moisture
content of hot pellets from the low quality chop without
binder was 8.1 %, while for the second run it was 9.2%. The
lower moisture adsorbed in the first run may have adversely
affected the durability of first run pellets (low quality chop
without binder). The varying flow rate of the grind (whose
control by the vibratory feeder was not precise) may have
also contributed to the durability variation. Grind flow rate
affects the uniformity of compression of grind particles in the
die-roller assembly of the pellet mill.

With binder use, the durability of pellets from grind of low
quality chop improved considerably with durability compa
rable to pellets from high quality chop. Pellets from medium
and high quality chops did not respond favorably to the
addition of binders. It was also observed that the durability
of pellets with hydrated lime was highest in all three chop
qualities tested. The other binders (pea starch, collagen pro
tein, lignosulfonate, and bentonite) also made more durable
pellets out of low quality alfalfa chop than the control (no
binder).

The difference in initial moisture content between the
three qualities of grind may not have caused differences in
their durability values. Pellets from low quality grind without
binder, having an initial moisture content of 4.7%, adsorbed
3.9% moisture but the mean durability was only 65.1 %. On
the other hand, pellets from high quality grind without

binder, having an initial moisture content of 6.9%, adsorbed
2.3% moisture and the mean durability was 84.9%.

The durability of pellets may be affected by amount of
moisture adsorbed during steam conditioning. The durable
pellets produced by the addition of hydrated lime may have
been caused by the hydration of lime upon steam condition
ing and pelleting. The calcium hydroxide (Ca(OH)2) in
hydrated lime may also have reacted with carbon dioxide
(C02) of the atmosphere in the presence of moisture (Lea
1970). This formed calcium carbonate (CaC03), which may
explain the hardening effect. The other binders (pea starch,
collagen protein, lignosulfonate, and bentonite) rely on an
increase in moisture to release their binding power. Table IV
shows that binders seemed not effective in improving the
durability of medium and high quality dehydrated pellets.
However, binders worked well with low quality dehydrated
pellets. During pelleting, steam added between 1.5 and 2.5%
of moisture to the processed pellets. Table IV also shows that
low-quality-chop pellets adsorbed the most moisture during
pelleting. With the presence of binders and free water from
steam, binding of low quality grind particles may have im
proved.

Hardness is an important quality parameter for resistance
of pellets to compressive forces during storage. It affects the
palatability of the pellets as well. However, no studies were
conducted relating the palatability of pellets and their hard
ness. Table IV shows the hardness of pellets grouped
according to chop quality. Hardness values had wide vari
ability which may be due to: a) the variation in the length of
pellets, with longer pellets usually requiring higher breakage
force than shorter ones; b) presence of cracks in some pellets;
and, c) in many cases due to non-uniform compression of
grinds during pellet manufacturing resulting in uneven
strength within the pellet.

Among pellets without binder (control), those made from
medium and high quality chops were harder compared to
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those from low quality chop. Pellets containing hydrated lime
were the hardest regardless of the chop quality. For pellets
using other binders (collagen protein, lignosulfonate, ben
tonite, and pea starch), higher hardness values were observed
from pellets made from high and medium quality chops
compared to pellets from low quality chop.

The power measurement in each of the pelleting runs was
for a duration of 90 s with sampling interval of 15 s. The
power drawn by the motor fluctuated but averaged about 1.2
kW. Power drawn by the pellet mill motor was affected by
the moisture and flow rate of conditioned grind. When the
grind was too dry or the flow rate decreased, the power drawn
by the motor went down. High power draw was observed
when the pellet dies were about to plug.

Table IV shows the average specific energy consumption
(kW·h/t) in the two pelleting runs conducted for each of the
grind-binder mixes. Results showed that pellets made from
high and medium quality chops consumed more energy per
tonne of processed pellets than from low quality chop. The
high specific energy consumption was associated with in
creased durability and hardness of pellets. The use of binders
in pellets did not affect the specific energy consumption for
any of the chop qualities.

Tests on the 1994 crop

Test results from the 1993 crop showed that only low quality
chops had an improved pellet durability with the addition of
binders. It was also found that hydrated lime consistently
produced durable and hard pellets. Pea starch was also found
to increase durability but the hardness was similar to the
control. The other binders used were either expensive or not
effective at the inclusion levels used. The inclusion level of
hydrated lime in the previous tests was 1.9% which is quite
high considering that alfalfa hay has a natural calcium con
tent of 1.4%. In the test based on the 1994 crop, the inclusion
level of hydrated lime was reduced to I% or 0.5%.

Moisture content of pellets Table V shows the moisture
content of hot and cooled pellets and the grinds. The grind
from low quality chops had an average initial moisture of
6.9%. The moisture content of hot pellets was higher and had
greater variability than that of cooled pellets. Moisture con
tent of hot pellets was on the average 1.4 percentage points
above that of the cooled pellets. The amount of moisture
added to the grind by steam during pelleting ranged between
1.3 and 2.5 percentage points. The amount of steam adsorbed
during conditioning was not affected by the inclusion of the
binder to the grind. The moisture of hot pellets was 8.8 ±
0.3% compared to the 7.4 ±0.2% of the cooled pellets. Upon
cooling, the moistures reduced by 1.1 to 1.7 percentage
points, which also was not affected by the binder added to the
pellets.

Pellet durability and hardness and specific' energy con
sumption Table V also lists the durability and hardness of
pellets and the specific energy consumption grouped by the
binder used. Large variation in durability was observed be
tween samples from the two pelleting runs in each of the
treatment combinations. This variation may have been
caused by the variability of grind flow rate. The results show
that pellets with highest durability were those with hydrated
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lime either at I% or 0.5% level. Pellets containing pea starch
were second in durability. Pellets without binder, as well as
pellets with both the lime and pea starch, had the lowest
durability. An inclusion level of 0.5% of either hydrated lime
or pea starch was found adequate enough to improve pellet
durability.

Table V also shows that pellets containing I% and 0.5%
hydrated lime were the hardest followed by pellets with 0.5%
starch, and I% pea starch and combination of hydrated lime
and pea starch. Pellets without binders had the lowest hard
ness.

The power of the pellet mill motor was not stable but
fluctuated from one sampling time to the next which simi
larly was observed in pelleting runs for the 1993 crop. The
energy consumption of the mill was taken as the area under
the graph of time versus the power. Specific energy con
sumption (kW·h/t) differed between pelleting runs and
between binders. Pelleting run 2 had higher specific energy
consumption than run 1. This may have been due to flow rate
and moisture variation of conditioned grinds. Specific energy
consumption was not affected by the binder.

The result in the 1994 test for low quality chop (1993 crop)
showed that pellets without binder had an average durability
of 65%, hardness of 507 N, and specific energy consumption
of 29.2 kW·h/t (Table IV). The low quality chop from the
1994 crop had an average pellet durability of 54.6%, hardness
of 425 N, and specific energy consumption of 34.3 kW·h/t
(Table V). The lower pellet durability and hardness of pellets
from low quality chop of the 1994 crop may have been due
to its lower crude protein content which was 17.6% (dry
matter basis) compared to the 22.0% of the low quality chop
from the 1993 crop (Tabil 1996). The bulk density of the
grind from low quality chop of 1994 crop was 202 kg/m3. It
was lower than the bulk density of the grind from low quality
chop of 1993 crop which was 237 kg/m3

. Since materials
with low bulk densities require more energy to pellet
(MacBain 1966; Leaver 1985), the specific energy consump
tion in pelleting the grind from low quality chop (1994 crop)
was higher than the grind from low quality chop of 1993
crop.

CONCLUSION

From the experimental data in this study, the following con
clusions can be drawn:

I. The addition of binders to grinds from low quality chop
significantly improved pellet durability and hardness to
levels comparable to that of pellets from high quality
chop. However, binders did not improve the durability
of pellets made from medium and high quality chops.

2. Among the binders used in this study, hydrated lime and
pea starch were found to be promising. Hydrated lime
produced the most durable and hardest pellets. Pea
starch on the other hand, produced durable pellets with
out necessarily increasing pellet hardness.

3. An inclusion level of 0.5% of either the hydrated lime
. or pea starch can be used. Significant increases in dura

bility and hardness of pellets were achieved at this
inclusion level for pellets from low quality chop.

TABIL. SOKHANSANJ and TYLER



4. Binder usage did not affect the specific energy con
sumption during pelleting.
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