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Abstract: The aim of this experiment was to determine the effects of sepiolite usage in the manufacturing of pellet 
concentrate feeds for dairy cattle and fattening cattle on some production parameters and pellet quality characteristics. 
For this purpose commercial concentrate feeds for dairy cattle and fattening cattle were used in this experiment. One 
control and one treatment group feeds were manufactured in a commercial feed factory for each type of concentrate 
feeds. Sepiolite (Exal T, Tolsa Turkey) was added to the treatment concentrate feeds at 1% as topdressed to the mixer. 
Pellet concentrate feeds for each group were produced with 5 batch (each batch was 2 mt) and pellet diameter was 6 
mm. Steam temperature (°C), electric current (ampere) and pellet production time (min/10mt) during pelleting processes 
were measured. Energy consumption (kilowatts) of pelleting machine was calculated. Feed samples were analyzed in 
moisture content and pellet durability index (PDI, %). Energy consumption was decreased and steam temperature was 
increased with the usage of sepiolite. There were no significant differences between groups in moisture level. Sepiolite 
improved pellet durability index. As a result sepiolite may help to improve performance of the feed mill in terms of 
decreasing process costs and improve pellet durability index.
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Süt İneği ve Besi Sığırı Pelet Yemi Üretiminde Sepiyolit Kullanımının Bazı Üretim 
Parametreleri ve Pelet Kalitesi Üzerine Etkisi

Özet: Bu denemede süt ineği ve besi sığırı pelet konsantre yem üretiminde sepiyolit kullanımının bazı üretim paramet-
releri ve pelet kalite özellikleri üzerine etkisinin belirlenmesi amaçlanmıştır. Bu amaçla denemede ticari süt ineği ve 
besi sığırı konsantre yemleri kullanılmıştır. Ticari bir yem fabrikasında her bir konsantre yem çeşidi için bir kontrol ve 
bir deneme grup yemi üretilmiştir. Sepiyolit deneme konsantre yemleri üretiminde miksere %1 düzeyinde topdressed 
olarak ilave edilmiştir. Her bir grup pelet konsantre yemi 5 parti (her bir parti 2 ton yem içermekte) halinde yapılmıştır. 
Üretilen pelet yem çapı 6 mm’dir. Peletleme süresince buhar sıcaklığı (°C), elektrik akımı (amper) ve pelet üretim süresi 
(dakika/metrik ton) ölçülmüştür. Peletleme aletinin enerji tüketimi (kilowatt) hesaplandı. Yem numuneleri nem miktarı 
ve pelet dayanıklılık indeksi (PDI, %) bakımından analiz edilmiştir. Sepiyolit kullanımı ile buhar sıcaklığı artarken 
enerji tüketimi azalmıştır. Gruplar arasında nem düzeyleri bakımından farklılık gözlenmemiştir. Sepiyolit kullanımı 
pelet dayanıklılık indeksini artırmıştır. Sonuç olarak sepiyolit kullanımı pelet maliyetinin azaltılması açısından fabrika 
performansının artırılmasında ve pelet dayanıklılık indeksinin geliştirilmesinde önem taşımaktadır.
Anahtar kelimeler: Besi sığırı yemi, enerji tüketimi, pelet dayanıklılık indeksi, süt ineği yemi

Introduction

Pelleting of animal feed is important to improve ef-
ficiency in animal feeding and for convenience in 
feed handling [19]. Good quality pellets have bet-
ter growth performance and feed efficiency than 
those fed with mash, reground pellet feeds and pel-
let feeds having more fine particles [7,14,15,16,25]. 

The characteristics of decreased feed wastage, re-
duced selective feeding, decreased ingredient seg-
regation and increased pellet durability had shown 
to improve animal performance [6].

There are several factors which have effect on 
the pellet quality. Among these, composition of the 
feed is one of the most significant. Gelatinization 
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of starch and crude protein in the diet have shown 
for their positive effect on the pellet durability and 
hardness [24]. Contrarily, addition of high level of 
fat to the diet reduces the pellet durability [2]. A cer-
tain increase in the amount of steam exerted on the 
mash during the conditioning process has also im-
proved pellet durability and hardness [21].

Use of pellet binders in order to improve pellet 
quality has also been considered. Sepiolite, a hydrat-
ed magnesium silicate, has been shown to improve 
pellet quality [2]. Sepiolite, a natural feed additive, 
has high porosity and surface area, strong absorptive 
power, high structural stability and chemical inertia 
[23]. Sepiolite is a feed additive (E-562) used as a 
binder and anti-caking agent upto 2% in all feeds 
for all animal species [10]. Nowadays to obtain the 
best possible quality of pelleted feeds with minimal 
use of labor and energy for a given feed formulation 
is important. Sepiolite addition at 1% to the broiler 
diets [9] and micronized clinoptilolite addition at 
0.4, 0.6 and 0.8% [17] reduced pellet production 
time and enhanced the pellet durability index. There 
are limited studies with supplementation of sepio-
lite and other clay minerals in diets about energy 
consumption during pelleting processes and pellet 
quality. Therefore the objective of this experiment 
was to evaluate the effects of sepiolite usage in the 
manufacturing of pellet concentrate feeds for dairy 
cattle and fattening cattle on some production pa-
rameters and pellet quality characteristics. 

Materials and Methods

Commercial concentrate feeds for dairy cattle 
and fattening cattle were used in this experiment. 
Manufacturing pellet feeds were produced in a com-
mercial feed factory. Commercial dairy cattle feed 
contained 130 kg corn bran, 90 kg wheat bran, 25 
kg soyabean meal, 60 kg sunflower seed meal, 85 
kg cottonseed meal, 100 kg peanut meal, 150 kg 
DDGS, 50 kg barley, 250 kg corn, 12.5 kg dried mo-
lasses condansed solubles and 20 kg molasses per 
metric tons (mt). Commercial fattening cattle feed 
contained 125 kg corn bran, 225 kg wheat bran, 71 
kg sunflower seed meal, 26.5 kg cottonseed meal, 
75 kg peanut meal, 30 kg barley, 30 kg wheat, 30 kg 
corn and 17.5 kg molasses per metric ton. One con-
trol and one treatment group feeds were manufac-

tured for each type of concentrate feeds. Sepiolite 
(Exal T, Tolsa Turkey) was added to the treatment 
concentrate feeds at 1% as top dressed to the mixer. 
Sepiolite Exal T used in this experiment was pro-
duced in Türkiye-Polatlı (Tolsa Turkey company). 
Exal contains 74% sepiolite, 18% dolomite and 8% 
calcite. Moisture content was 8.20% and ash was 
89.80%. Pellet concentrate feeds for each group 
were produced with 5 batch (each batch was 2 mt) 
and pellet diameter was 6 mm. Water was not used 
in the pellet manufacturing processes. The parame-
ters for manufacturing processes are shown in Table 
1.

In the factory the data of steam
Temperature (°C), electric current (ampere) and 
pellet production time (min/10mt) were measured. 
Energy consumption of pelleting machine (electric 
power in kilowatts, kW) was calculated as multiply-
ing electric current (in ampere) with voltage supply 
(volts) and then dividing by 1000. Voltage supply of 
feed pellet machine was 380 volts.

Five samples from the mixer, after the condi-
tioner and pelleted feed after cooling were collected 
for each group each type of feed. Moisture content 
was analysed in all of the samples collected [4]. 
Crude protein, crude fibre, ether extract, ash, starch, 
sugar analysis of control peletted feeds were deter-
mined [4]. The levels of acid detergent fibre (ADF) 
and neutral detergent fibre (NDF) were analyzed by 
the method of Goering and Van Soest [13].

Pellet durability index (PDI) was measured 
with a Pfost Equipment using the sieve having the 
hole diameter of 4.75 mm. Quadruplicate measure-
ments were done with each sample [5].

Table 1. Parameters for pellet manufacturing processes

Dairy cattle
concentrate feed

Beef cattle
concentrate feed

Parameter Control Sepiolite Control Sepiolite

Production rate, mt/h 10 10 10 10

Production, mt 10 10 10 10

Mixer capacity, mt 2 2 2 2

Water added in mixer No No No No

Disc hole diameter, mm 6 6 6 6

Disc hole length, mm 60 60 60 60
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Statistical Analysis: Data were given as 
mean±standard error of mean. Comparison between 
groups was examined with Independent samples t 
test. Level of significance was taken as P<0.05 [8].

Results

The nutrient composition of concentrate feeds were 
shown in Table 2. Production parameters during 
pelleting of dairy cattle feed and fattening cattle 
feed were given in Table 3 and Table 4, respectively. 
Addition of 1% sepiolite as top dressed to the mixer 
increased steam temperature and reduced energy 
consumption significantly (P<0.01) for both of the 
feed type. Pellet production time is same in control 
and treatment groups for dairy cattle feed. In the 
case of fattening cattle feed, 1% sepiolite addition 
reduces the pellet production time by 8.47%. No 
differences were observed in moisture content of 

feed samples from mixer, after conditioner and pel-
let after cooling between groups (Table 5). Sepiolite 
addition to the both types of concentrate of feeds 
increased pellet durability index values (Table 6).

Table 2. Nutrient composition of concentrate feeds

Dairy cattle
concentrate feed

Fattening cattle
concentrate feed

Dry matter, % 86.92 87.00
Crude protein, % 16.68 13.12
Crude fibre, % 8.24 6.19
Ether extract,% 6.22 3.45
ADF, % 13.72 9.91
NDF, % 33.09 23.97
Starch, % 18.58 28.41
Sugar, % 5.44 5.96
Ash, % 7.74 7.36

Table 3. Production parameters of pelleting of dairy cattle feed

Group Steam temperature,
°C

Electric current,
Ampere

Energy consumption*,
kW

Production time,
min/10 mt

Control 42.61±0.22 180.94±1.61 68.76±0.61 57.5

Sepiolite 44.55±0.06 163.51±0.59 62.13±0.22 57.5

P <0.001 <0.001 <0.001
*: Energy consumption was calculated using 380 of voltage in pelleting machine. 

Table 4. Production parameters of pelleting of fattening cattle feed

Group Steam temperature,
°C

Electric current,
Ampere

Energy consumption*,
kW

Production time,
min/10 mt

Control 40.01±0.39 186.77±0.60 70.97±0.23 59

Sepiolite 47.45±0.19 175.98±0.46 66.87±0.18 54

P <0.001 0.002 0.002
*: Energy consumption was calculated using 380 of voltage in pelleting machine.

Table 5. Moisture (%) content of feeds during pellet manufacturing 

Dairy cattle feed Fattening cattle feed

Group Mixer After conditioner Pellet after cooling Mixer After conditioner Pellet after cooling

Control 10.23±0.04 12.78±0.01 11.41±0.05 11.80±0.01 14.96±0.04 13.10±0.04

Sepiolite 10.23±0.01 12.92±0.01 11.49±0.04 11.62±0.09 14.42±0.05 12.99±0.04

P 0.170 0.994 0.232 0.152 0.792 0.770
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Table 6. Effects of sepiolite addition on PDI (%) value of feeds 

Dairy cattle
concentrate feed

Fattening cattle
concentrate feed

Control 76.04±1.23 88.06±0.31

Sepiolite 84.74±0.55 94.46±0.15

P 0.003 0.048

Discussion

In the factory feeding rate, amount of production, 
disc hole diameter and disc hole length were same 
for the manufacturing of pellet concentrate feeds, 
Production output, energy consumption and pellet 
quality are important process variables that related 
to each other. Many factors affect pellet durability 
and specific energy consumption.

In the present study steam temperature is 
4.55% higher in dairy cattle feed and 18.60% higher 
in fattening cattle feed than those of control feed 
(P<0.001). Applying to much heat will impair pel-
let production, pellet quality and may lead to plug-
ging of the pellet press [22]. However in the present 
study, steam temperature is not as high as would be 
detrimental to pellet quality and quantity of produc-
tion. Angulo et al. [2] reported that sepiolite would 
increase the pelleting temperature, since increasing 
hardness of the pellets could cause more friction in 
the die. Abdollahi et al. [1] concluded that pellet du-
rability and hardness of broiler starter feed increased 
(P<0.001) with increasing conditioning tempera-
tures. Addition of 1% sepiolite as top dressed to 
the mixer. Energy consumption during pelleting is 
9.63% lower in dairy cattle feed and 5.27% lower 
in fattening cattle feed than those of control feed 
(P<0.01). Sepiolite addition reduces the pellet pro-
duction time by 8.47% in the case of fattening cattle 
feed production. However pellet production time 
was same in dairy cattle feed. This may be due to 
the ingredients and chemical composition of diets. 
Moisture content of samples from mixer, after con-
ditioner and pellet after cooling between groups 
were not significantly different between groups. In 
the factory no moisture lost during pelleting process 
for both of the group feeds.

Pellet durability is an important factor affecting 
production parameters of pelleted feed. Adding 1% 
sepiolite improved pellet durability on the average 

by 11.44% in dairy cattle feed and 7.27% in beef 
cattle feed as opposed to the control feed (P<0.05). 
Sepiolite is a binder used in feed technology to im-
prove physical pellet quality. It acts as a filler and 
thereby decreases porosity in pelleted feed. A reduc-
tion in dust is beneficial in terms of feed losses and 
performance perspective for the farmer and the ani-
mals. Angulo ve ark. [2] reported that sepiolite re-
duces the amount of broken pellets and the percent-
age of fines and improve the efficiency of the pellet-
ing process. In another study [3] sepiolite improved 
durability, independently of particle size of feed 
(P<0.001). Sepiolite improved the durability of pel-
lets of starter chicken diets (P<0.05) but not in the 
finisher diets [3]. Similarly Durna et al. [9] observed 
that the inclusion of 1% sepiolite in the broiler stater 
diet reduced feed pelleting time and increased the 
pellet durability index. Palygorskite, similar to 
sepiolite, in another study [26] palygorskite (a clay 
with similar physical properties to sepiolite) inclu-
sion at 0.5, 1.0, 1.5, 2.0% in the broiler starter and 
grower diets significantly increased pellet quality 
(linear and quadratic, P<0.001). Pappas et al. [20] 
reported that pellets with 1% palygorskite showed 
better pellet quality than those manufactured pellets 
without palygorskite. Another clay mineral, benton-
ite works as a lubricant in the die hole and there-
fore it decreases pressure and subsequently energy 
requirements of the pellet press [11,21]. Micronized 
clinoptilolite as a clay-like mineral addition at the 
level of 0.4, 0.6 and 0.8% to the dairy concentrate 
feeds reduced pellet production time and increased 
pellet durability index [17]. This improvement in 
pellet quality could be attributed to the sorptive and 
rheological properties of clay minerals [12, 18, 26]. 
Sepiolite and palygorskite may absorb polar liquid 
and form gel and thus may improve pellet quallity 
due to the increase of solid-solid bonding interac-
tion [26].

As a result 1% sepiolite addition to dairy cattle 
feed and fattening cattle feed decreased energy con-
sumption during pelleting and enhanced pellet du-
rability index. Therefore sepiolite may help to im-
prove performance of the feed mill in terms of de-
creasing process costs and improve physical quality. 
Further studies could be made about different levels 
of sepiolite with different diet formulation.



Yalçın S, et al. Effects of Sepiolite Usage on Some Production Parameters and Pellet Quality Characteristics 43

Lalahan Hay. Araşt. Enst. Derg. http://arastirma.tarim.gov.tr/lalahanhmae Cilt 57, Sayı 1, 2017, 39-43

Acknowledgements
This study was supported by Ankara University 
Research Fund (Project 15H0239003) and Tolsa, 
SA (Madrid, Spain). The authors wish to thank 
Kuzucu Feed Mill for pellet production.

References
1. Abdollahi MR, Ravindran V, Wester TJ, Ravindran G, Thomas DV 

(2011): Influence of feed form and conditioning temperature on 
performance, apparent metabolisable energy and ileal digestibil-
ity of starch and nitrogen in broiler starters fed wheat-based diet. 
Anim Feed Sci Tech, 168, 88-99.

2. Angulo E, Brufau J, Esteve-Garcia E (1995): Effect of sepiolite on 
pellet durability in feeds differing in fat and fibre content. Anim 
Feed Sci Tech, 53, 233-241. 

3. Angulo E, Brufau J, Esteve-Garcia E (1996). Effect of a sepiolite 
product on pellet durability in pig diets differing particle size and 
in broiler starter and finisher diets. Anim Feed Sci Tech, 63, 25-34.

4. AOAC (2000): Official methods of analysis. 17th Ed. Association 
of Official Analytical Chemists. AOAC International. Maryland. 
Chapter 4. pp. 1-41.

5. Başer Ö, Yalçın S (2016): Determination of some quality characteris-
tics in pet foods. Ankara Üniv. Vet. Fak. Derg., Basımda.

6. Behnke KC (1994): Processing factors influencing pellet quality. 
AFMA Matrix. Animal Feed Manufacturers Association. South 
Africa. Available at: http://www.afma.co.za. Accessed 26 
April 2005. 

7. Brewer CE, Ferket PR, Winowiski TS (1989): The effect of pellet 
integrity and lignosulfonate on performance of growing toms. Poultry 
Sci., 68 (Suppl 1), 18.

8. Dawson B, Trapp RG (2001): Basic and Clinical Biostatistics. 3rd 
ed., Lange Medical Books/McGraw-Hill Medical Publishing 
Division, New York, USA.

9. Durna Ö, Onbaşılar İ, Yalçın S, Escribano F (2016): Broyler yeminde 
sepiyolit kullanımının pelet kalitesi ve üretim parametreleri üzeri-
ne etkisi. 1st International Animal Nutrition Congress. September 
28th – October 1st 2016. Spice Hotel and Spa, Antalya-Turkey 
(Poster).

10. EFSA (2013): Scientific opinion on the safety and efficacy of a 
preparation of bentonite and sepiolite (Toxfin Dry) as feed additive 
for all species. EFSA J, 11, 3179.

11. Friedrich W, Robohm KF (1970): Prebversuche mit ligninsulfonat-
bindemitteln. Kraftfutter 54, 344-349.

12. Galan E (1996): Properties and applications of palygorskite-sepio-
lite clays. Clay Miner., 31, 443-454.

13. Goering HK, Van Soest PJ (1970): Forage fibre analysis. 
Agricultural Handbook No:379, USDA, Agricultural Research 
Service, Washington DC, pp. 1-9.

14. Jensen AH, Becker DE (1965): Effect of pelleting diets and dietary 
components on the performance of young pigs. J Anim Sci,, 24, 
392-397.

15. Jensen LS, Merrill LH, Reddy CV, McGinnis J (1962). Observations 
on eating patterns and rate of food passage of birds fed pelleted and 
unpelleted diets. Poultry Sci,, 41, 1414-1419.

16. Kertz AF, Darcy BK, Prewitt LR (1981); Eating rate of lactating 
cows fed four physical forms of the same grain ration. J Dairy Sci., 
64, 2388-2391.

17. Küçükersan S, Yalçın S, Saçaklı P, Güntürkün OB, Gebeş ES, 
Dilber F, Pirpanahi M (2016): Süt ineği karma yeminde mikro-
nize klinoptilolit kullanımının pelet kalitesi ve üretim parametre-
leri üzerine etkisi. 1st International Animal Nutrition Congress. 
September 28th – October 1st 2016. Spice Hotel and Spa, Antalya-
Turkey (Poster).

18. Liu P (2007): Polymer modified clay minerals. A review. Appl Clay 
Sci., 38, 64-76.

19. Mina-Boac J, Maghirang RG, Casada ME (2006): Durability 
and breakage of feed pellets during repeated elevator handling. 
ASABE Annual International Meeting. Portland Convention 
Center, Portland, Oregon, 9-12 July 2006. Paper no: 066044.

20. Pappas AC, Zoidis E, Theophilou N, Zervas G, Fegeros K (2010): 
Effects of palygorskite on broiler performance, feed technological 
characteristics and litter quality. Appl Clay Sci., 49, 276-280.

21. Thomas M, Van Vliet T, Van der Poel AFB (1998): Physical quality 
of pelleted animal feed 3. Contribution of feedstuff components. 
Anim Feed Sci Tech., 70, 59-78.

22. Winowiski T (1985): Optimizing pelleting temperature. Feed 
Management 36 (7), 28-33.

23. Wolter R, Dunoyer C, Henry N, Seegmuller N (1990): Les argiles 
en alimentation animale: inte’re t general. Recueil de Me’dicine 
Veterinaire, 166, 21-27.

24. Wood JF (1987): The functional properties of feed raw materials 
and their effect on production and quality of feed pellets. Anim 
Feed Sci Tech., 18,1-17.

25. Zatari IM, Ferket PR, Scheideler SE (1990): Effect of pellet integ-
rity, calcium lignosulfonate and dietary energy on performance of 
summer-raised broiler chickens. Poultry Sci., 69 (Suppl 1), 198. 

26. Zhang L, Yan R, Zhang R, Wen C, Zhou Y (2017): Effect of dif-
ferent levels of palygorskite inclusion on pellet quality, growth 
performance and nutrient utilization in broilers. Anim Feed Sci 
Technol., 223, 73-81. 


