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Abstract
The aim of this study was conducted to determine the effects of sepiolite usage on pellet production parameters and pellet quality
characteristics for dairy cattle concentrate feed under regular industrial conditions. In the experiment, 14 mt pellet feeds for control and two
treatment groups with 7 batch each were produced in a commercial feed factory. Each batch was 2 mt. Control group feed produced contained
87.37% dry matter, 18.06% crude protein, 6.95% crude fibre and 5.34% ether extract. For the treatment groups, 1% and 1.5% sepiolite (Exal T)
were used as top dressed in the mixer. Pelleting disc having 6.5 mm hole diameter was used in the factory. Energy consumption during pellet
manufacturing was decreased with sepiolite supplementation (P<0.001) and pellet durability index (PDI) was enhanced with 1.5% sepiolite
(P<0.05). These findings demonstrated that 1.5% sepiolite in dairy cattle concentrates as top dressed may be used as a binder to improve
pellet quality and to reduce energy consumption during pellet production in the feed mill.

Keywords: Energy consumption, Dairy cattle concentrate, Pellet durability, Sepiolite

Süt Sığırı Konsantre Yemlerinde Sepiyolit Kullanımı İle Pelet Üretim
Parametreleri ve Pelet Kalite Özelliklerinin İyileştirilmesi
Öz
Bu çalışmanın amacı, endüstriyel koşullar altında süt sığırı konsantre yemlerinde sepiyolit kullanımının pelet üretim parametreleri ve pelet
kalite özelliklerine olan etkisini belirlemektir. Denemede, kontrol ve 2 deneme grubunun her biri için yedişer parti olmak üzere toplam 14
tonluk pelet yem ticari bir yem fabrikasında üretilmiştir. Her parti 2 tondur. Üretilen kontrol grubu yemi %87.37 kuru madde, %18.06 ham
protein, %6.95 ham selüloz ve %5.34 eter ekstraktı içermektedir. Deneme grupları yemine, %1 ve %1.5 sepiyolit (Exal T) karıştırıcıda dökme
olarak (top dressed) ilave edilmiştir. Fabrikada 6.5 mm delik çaplı peletleme diski kullanılmıştır. Pelet üretimi süresince sepiyolit ilavesiyle
enerji tüketimi azalmış (P<0.001) ve pelet dayanıklılık indeksi (PDI) ise %1.5 sepiyolit ilavesiyle artmıştır (P<0.05). Sonuçlar, dökme olarak %1.5
sepiolit ilavesinin, süt sığırı konsantre yemlerinde pelet kalitesini iyileştirmek ve yem fabrikasında pelet üretimi sırasında enerji tüketimini
azaltmak için bir bağlayıcı olarak kullanılabileceğini göstermiştir.

Anahtar sözcükler: Enerji tüketimi, Pelet dayanıklılığı, Sepiyolit, Süt sığırı konsantre yemi

Introduction
One of the most common feed processing techniques
is pelleting of feeds. The main target of pelleting is to
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agglomerate smaller feed particles by the use of heat,
mechanical pressure and moisture [1]. The history of the
pellet is based on the nineteenth century [2]. However, it
was reported that pelletization dates back to the time of
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Napoleon where army horses were fed a type of feed that
was agglomerated by an expeller [3]. Today, pellet feeding
is widely used due to the fact that it improves animal
performance and feed conversion ratio compared with
feeding with meal form [4]. Some researchers [5,6] reported
that broilers fed pellet feed performed greater feed intake,
better feed conversion ratio and thus greater weight gain
than that of mash feed. In pig, pelleted feed compared with
mash, resulted in a decreased feed intake of 2%, increased
weight gain of about 7% and improved feed utilisation
of around 8% [3]. In ruminant, feed processing affects the
rate of transit through the gastrointestinal tract and rate
of passage of feed components [7]. When animal feed is
pelleted, contribution to performance is important due
to reducing selective feeding, decreasing feed wastage,
reducing time and energy consumption, destructing of
pathogenic organisms and improving palatability [4].
During this pellet formation, some factors affecting pellet
quality are ingredients and nutrient composition of
concentrate diet and its properties, process technology
as well as certain pellet binders. In particular, components
such as starch, protein, fat, fiber and sugar are important
factors determining the hardness and durability of the
feed. Starch has a function as an adhesive or binding
agent in feed production [8]. After gelatinization, when
starch includes in diets, it has affirmative effect on the
pellet hardness and durability [9]. Sugars that in the form
of molasses may positively effect of that as a binder [8].
Protein can act as a binding agent and during denaturation
processing may positively affect the hardness and durability
of the feed pellets. However, it is reported that the addition
of fats in the diets has a negative effect on pellet hardness
and durability. The addition of fats to the diets that serves
as a lubricant between the mash and die occurs a low
pressure during pressing [3]. Moreover, pellet binders such as
bentonite, carboxymethylcellulose and lignosulphonates
can be used to improve pellet hardness and durability by
reducing the gaps to make the pellets more compact and
durable [8]. The pellet binder property to improve durability
especially in high fat diets, sepiolite is a good technological
additive due to its properties such as reducing energy cost
in pellet, increasing pellet durability, reducing the amount
of dusting during the production and transport of feeds [10].
Sepiolite is a hydrated magnesium silicate (Si12.Mg8.O36.
(H2O)4.8H2O) which belong to phyllosilicates. Sepiolite (E562)
is currently authorised as binders, anti-caking agents and
coagulants for all animal species according to Regulation
(EC) No 1831/2003 of the European Union [11]. It is also stated
that the use of sepiolite at different levels as a feed additive
also makes positive contribution to the performance and
quality parameters of animals [12-14]. Burçak and Yalçın [15]
showed that 2% sepiolite supplementation added to the
rations of lamb increased the IgG level in the blood serum
and thus enhanced immunity. Yalçın et al.[16] reported that
sepiolite addition at 1% to dairy cattle feed and fattening
cattle feed as top-dressed decreased energy consumption

during pelleting and enhanced pellet durability index
(PDI). Sepiolite usage at 1% in layer diets significantly
reduced energy consumption at the level of 16.14%
and increased PDI [17]. However, there are limited studies
with supplementation of different levels of sepiolite and
other clay minerals in diets about pellet quality during
the pelleting processes. Therefore, the purpose of this
experiment was to evaluate the effects of different levels
of sepiolite usage to concentrate feeds of dairy cattle on
some pellet production parameters and pellet quality
characteristics.

Material and Methods
Commercial concentrate feed for dairy cattle was used
in this experiment. Manufacturing pellet feeds were
produced in a commercial feed factory. Commercial dairy
cattle concentrate feed contained mainly wheat bran
(200 kg/t), sunflower seed meal (180 kg/t), rice bran (170
kg/t), canola seed meal (120 kg/t), broken rice (110 kg/t),
corn gluten feed (70 kg/t), corn embryo meal (50 kg/t),
condensed molasses solubles (40 kg/t) and corn (20 kg/t).
Concentrate feeds for one control and two treatment
groups were manufactured in this study. Sepiolite (Exal T,
Tolsa Turkey Company-Polatlı, Türkiye) was added to the
treatment concentrate feeds at 1% and 1.5% as top dressed
to the mixer. Pellet concentrate feeds were produced with
7 batch (each batch was 2 t) and pellet diameter was 6.5
mm. Water was not used in the pellet manufacturing
processes. Mixer capacity of the feed mill was 2 t and hole
length of pellet disc was 90 mm.
In this commercial factory the data of steam temperature
(oC), electric current (ampere) and pellet production
time (min/10 t) were measured. Energy consumption of
pelleting machine (electric power in kilowatts, kW) was
calculated as multiplying electric current (in ampere) with
voltage supply (volts) and then dividing by 1000. Voltage
supply of feed pellet machine was 380 volts.
Seven samples from the mixer, after the conditioner and
pelleted feed after cooling were collected from each group
dairy cattle feed. Moisture content was analysed in all of the
samples collected. Crude protein, crude fibre, ether extract,
ash and starch analysis of control pelleted feeds were
determined [18]. Metabolizable energy level was calculated
according to the formula proposed by TSI [19]. Mineralogical
composition was analysed by D8 Advance Diffractometer
AXS (Bruker, Germany) and chemical composition was
determined by Atomic Absorption Spectrometer (Varian
Atomic Absorption Spectrometer AA240, Varian Inc., The
Netherlands). PDI values of pelleted concentrate feeds
were measured with a Pfost Box Equipment using the sieve
having the hole diameter of 4.75 mm [20]. Quadruplicate
measurements were done with each sample.
Data were analysed using the ANOVA procedure of the
SPSS 23.0 (SPSS Inc., Chicago, IL, USA). The experimental
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unit was 7. The normality of data distribution was checked
using the Kolmogorov-Smirnov test. The effects of graded
levels of dietary sepiolite supplementation on different
variables were analyzed using polynomial contrasts.
Significant differences among groups were tested by
Tukey test. Level of significance was taken as P<0.05 [21].

Results
Sepiolite used in this trial was comprised of 73% of clay
minerals (of which 65% was sepiolite), 21% dolomite and
6% calcite. Heavy metal analysis of sepiolite showed that
it contained 1.6 mg/kg As, <1 mg/kg Cd, 1.72 mg/kg Pb
and 0.02 mg/kg Hg. Chemical composition of sepiolite
was given in Table 1 and the nutrient composition of basal
Table 1. Chemical composition of sepiolite
Chemical Composition
SiO2

42
1.1

MgO

20

CaO

13.90

Fe2O3

0.50

Na2O

0.32

K2O

0.44

Mn2O3

0.01

In the present study, the conditions of amount of production,
mixer capacity, disc hole diameter and disc hole length
were same in the manufacturing of pellet concentrate
feeds for control group and treatment groups. Sepiolite
is a feed additive used as a binder and anticaking agent
up to 2% in all feeds for all animal species [11]. Sepiolite
supplementation at the rate of 1-1.5% to the mixer as
top dressed significantly (P<0.001) reduced energy
consumption at the level of 13.81-18.45% with increasing
steam temperature at the level of 24.39-37.73%. Similar
results were obtained with the layer concentrate pellets
using 1% sepiolite [17]. Yalçın et al.[17] reported that 1%
sepiolite supplementation in layer diet reduced energy
consumption at 16.14% and increased steam temperature
at 36.74%. Yalçın et al.[16] also indicated that energy
consumption during pelleting for dairy cattle feed and
fattening cattle feed is 9.63% and 5.27% lower (P<0.01) in
group feed supplemented sepiolite than control group. In

Table 2. Nutrient composition of basal dairy concentrate feed
Nutrient Composition

Content

Dry matter, %

87.37

Crude protein, %

18.06

Crude fibre, %

6.95

Ether extract, %

5.34

Starch, %

16.40

Sugar, %

7.00

Ash, %

6.75

ADF, %

13.97

NDF, %

29.51

Metabolizable Energy, kcal/kg

2.681

Discussion
Sepiolite clay used in this study had high content of sepiolite
(65%). Heavy metal analysis of sepiolite also suggested no
contamination of heavy metals according to the Turkish
Communique of 2014/11 [22] that was harmonized by the
Directive of 2002/32/EC [23]. Many factors in feed pelleting
processes may affect pellet quality, such as feed moisture,
feed nutritional composition, ingredient particle size,
conditioning temperature and time, compression rate of
pellet die, cooling process, etc.[24-29].

Content, %

Al2O3

dairy cattle concentrate feed was shown in Table 2. Crude
protein was 18.06% and metabolizable energy was 2.681
kcal/kg in concentrate feed. Production parameters during
pelleting of dairy cattle concentrate feed were given in
Table 3. Addition of 1% and 1.5% sepiolite to the mixer
as top dressed significantly (P<0.001) decreased energy
consumption during pelleting. There was also linear
reduction in energy consumption with increasing sepiolite
dose (P<0.001). Moisture content and PDI value of feeds
during pellet manufacturing were shown in Table 4. PDI
values of concentrate pellets were increased with 1.5%
sepiolite supplementation (P=0.020). There was also linear
increasing in PDI value with increasing sepiolite dose
(P=0.006).

Table 3. Production parameters during pelleting of dairy cattle concentrate feed
Production Parameters

Sepiolite
0%

1%

Significance
1.5%

SEM*

Combined

Linear

Steam temperature, C

31.86

39.63

43.88

1.330

<0.001

<0.001

Electric current, Ampere

126.52a

109.06b

103.18c

2.656

<0.001

<0.001

Energy consumption**, kW

48.08

41.44

39.21

1.009

<0.001

<0.001

78

78

o

Production time, min for 14 t

c

79

a

b

b

a

c

* Pooled standard error of mean; ** Energy consumption was calculated using 380 of voltage in pelleting machine
means a row followed by different letters differ significantly (P<0.01)

a,b,c
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Table 4. Moisture content and PDI value of feeds during pellet manufacturing
Sepiolite

Feed Characteristics

Significance

0%

1%

1.5%

SEM*

Combined

Linear

Moisture in the mixer, %

13.12

13.08

13.07

0.010

0.132

0.094

Moisture after conditioner, %

14.18

14.21

a

14.54

0.048

<0.001

<0.001

b

b

Moisture after pellet cooling, %

13.00

13.06

13.16

0.031

0.106

0.038

PDI, %

95.80b

96.12ab

96.43a

0.096

0.020

0.006

* Pooled standard error of mean;

a,b

Means a row followed by different letters differ significantly (P<0.01)

the present study, similar production time was obtained
for the control group and treatment groups. Similarly,
sepiolite supplementation to the layer diets [17] and dairy
cattle concentrate [16] did not affect pellet manufacturing
time. However, in some studies sepiolite supplementation
reduces the pellet production time by 8.47% in fattening
cattle feed [16] and 10.60% in broiler starter diets [30].
These differences among the studies may be due to the
ingredients and chemical composition of diets, disc hole
diameter, disc hole length and steam temperature.
Moisture content of dairy concentrate feeds in mixer was
13.12, 13.08 and 13.07% for control and treatment groups,
respectively. Sepiolite supplementation at the level of
1.5% increased moisture content of concentrate feed
after conditioner (P<0.001). There was a linear relation
(P<0.001) with moisture content and dose of sepiolite. This
increase may be due to the increase in steam temperature.
Higher moisture content achieved after conditioning
had lubricating effect and decreased the specific energy
consumption [23]. No significant effect was seen in moisture
content of concentrate pellet feeds among groups.
However, there was a linear relation (P<0.05) with moisture
content and dose of sepiolite.
Pellet physical characteristics, which are usually used
for determination of pellet quality, are hardness and
durability. In this study, adding 1.5% sepiolite improved
pellet durability when compared to the control group
(P<0.05). A linear effect of PDI with sepiolite dosage was
seen (P<0.05) in Table 4. Sepiolite is a binder used in feed
technology to improve physical pellet quality. In line
with our results, Angulo et al.[10] reported that sepiolite
improved the performance of pelleted diets. Similarly,
since sepiolite acts as a filler and thereby decreases
porosity in pelleted feed, it improved pellet durability [16,17].
However, Pappas et al.[31] indicated that palygorskite, a
clay with similar physical properties to sepiolite [32] did
not statistically affect pellet durability. When sepiolite
increased the pelleting temperature, increasing durability
and hardness of the pellets could cause more friction in the
die. During this pellet formation, the feed can be exposed
to high friction temperatures. Actually, when too much
heat is applied, temperature of pellets is higher on account
of frictional heat and of this effect will be impaired pellet
quality [33]. Cutlip et al.[34] reported that high temperature

conditioning increased PDI and decreased total ﬁne
particles. Similarly, Abdollahi et al.[35] indicated that if
conditioning temperature increases from 60 to 90°C, pellet
hardness and durability of broiler diets was improved.
However, Vukmirovic et al.[36] stated that increasing the
moisture content of diets to 15.97% and 21.88% resulted
in decreasing pellet durability during pelleting process.
In present study, crude protein and starch content of
diet was 18.06% and 16.40, respectively (Table 2). Diet
ingredients also strongly effect pellet durability. In our
study, with together sepiolite usage, increasing protein
and starch content of diet might have been caused an
increase in pellet quality. Similarly, Briggs et al.[37] found
an affirmative relationship between pellet durability
and increased protein content of broiler diets. Wood [9]
also reported that binding properties were based on the
denaturation of the protein rather than gelatinisation of
the starch during steam conditioning. However, Zimonja
and Svihus [38] reported that pellet durability was lower
(P<0.05) for gelatinised starch containing diets than nonstarch diets.
In conclusion, 1 and 1.5% sepiolite supplementation
decreased energy consumption during pellet manufacturing
and 1.5% sepiolite supplementation increased pellet
durability index. Therefore, from the results obtained in this
study it is concluded that 1.5% sepiolite supplementation
to dairy cattle concentrate feeds can be useful to improve
pellet durability and to reduce energy consumption in the
feed mill.
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