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Abstract: The aim of this study was to evaluate some pelleting characteristics of beef cattle concentrate with added sepiolite 

and potassium humate alone or combined. For this purpose, one control group (basal concentrate) with no additive and five treatment 

groups with 1% sepiolite (S), 0.25% potassium humate (H-25), 0.50% potassium humate (H-50), 1% sepiolite + 0.25% potassium 

humate (SH-25) and 1% sepiolite + 0.50% potassium humate (SH-50) added as top-dressed into mixer were used. For each 

experimental group, a total of 36 tons of pellet concentrates were produced in six batches with 6 tons per batch. The basal pelleted 

concentrate included 90.29% dry matter, 14.51% crude protein, 11.76% crude fibre and 3.14% ether extract. Results showed that adding 

sepiolite up to 1% in beef cattle concentrate as top-dressed in mixer reduced moisture losses and improved the durability of pelleted 

feed. Sepiolite addition also lowered pellet water activity during storage. Adding potassium humate alone up to 0.50% was not enough 

to improve the pellet quality in terms of durability or water activity. Potassium humate supplementation alone or with sepiolite 

presented with lower moisture losses than control, and it was more evident during storage. In conclusion, the use of sepiolite in beef 

cattle concentrates as pellet binder seemed to be providing more durable feed pellets with lower water activity. Promising results were 

obtained from both the supplements in limiting the moisture losses post- pelleting and storage. Regarding the role of potassium humate 

as pellet binder in animal feed industry further research is needed.  

Keywords: Beef cattle, concentrate feed, pellet quality, potassium humate, sepiolite. 

Besi sığırı konsantre yemlerine sepiyolit ve humat ilavesinin pelet kalite özellikleri üzerine etkileri 

Özet: Bu araştırmanın amacı, besi sığırı yemlerinde sepiyolit ve potasyum humatın tek başlarına ve birlikte kullanımının pelet 

kalite özelliklerine olan etkilerini belirlemektir. Araştırmada katkı yapılmayan kontrol grubu yemi (bazal kesif yem) ve beş deneme 

grubu yemi hazırlanmıştır. Deneme grup yemlerini oluşturmak için bazal yemin üzerine karıştırıcıda sırasıyla %1 sepiyolit (S), %0,25 

potasyum humat (H-25), %0,50 potasyum humat (H-50), %1 sepiyolit + %0,25 potasyum humat (SH-25) ve %1 sepiyolit + %0,50 

potasyum humat (SH-50) katılmıştır. Denemedeki grupların her biri için altı kez altışar tonluk pelet yem üretimi yapılmıştır. Dolayısıyla 

her bir grup için toplam da 36 ton pelet yem üretilmiştir. Peletlemede kullanılan besi sığırı kontrol yemi %90,29 kuru madde, %14,51 

ham protein, %11,76 ham selüloz ve %3,14 ham yağ içermektedir. Sonuçlar besi sığırı konsantre yemlerine %1’e kadar sepiyolit 

eklenmesinin nem kayıplarını azalttığını ve pelet dayanıklılık indeksi değerlerini iyileştirdiğini göstermiştir. Ayrıca sepiyolitin 

eklenmesi depolanma sırasında pelet su aktivitesini azaltmıştır. Potasyum humatın yemlere tek başına %0,50’ye kadar katılması; pelet 

dayanıklılığı ve su aktivitesini iyileştirmesi açısından yeterli olmamıştır. Potasyum humatın tek başına veya sepiyolit ile birlikte 

kullanılması özellikle depolama süresince kontrol grubu yemine kıyasla nem kaybının daha düşük olmasını sağlamıştır. Bu nedenle 

besi sığırı konsantre yemlerine sepiyolitin pelet bağlayıcı olarak katılmasının düşük su aktivitesine sahip daha dayanıklı pelet yemin 

üretiminde etkili olacağı sonucuna varılmıştır. Her iki yem katkısının pelet üretim süresince ve pelet depolama esnasında su kaybını 

azaltması da çalışmanın önemli sonuçlarındandır. Yem sanayisinde potasyum humatın pelet bağlayıcı olarak kullanımının daha iyi 

belirlenebilmesi için çalışmalar yapılmalıdır.  

Anahtar sözcükler: Besi sığırı, kesif yem, pelet kalitesi, potasyum humat, sepiyolit. 

 
 

 

Introduction 

Pelleting was first introduced into the feed industry 

in the 1920s (24) and since that time its usage has 

increased and improved steadily. Nowadays the pelleting 

process, due to its physical and nutritional benefits, is 

widely used in commercial feed production. The potential 
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physical benefits involve improved ease of handling, 

reduced ingredient segregation, less feed wastage, and 

increased bulk density whereas the improved animal 

performance and increased animal products with higher 

quality are one of the well-known nutritional benefits of 

feeding pelleted feed. The improvements in animal 

performance with the feeding of pelleted feed have been 

attributed to many factors such as better feed utilization, 

destruction of pathogenic microorganisms, thermal 

modification of starch & protein and enhanced palatability 

(8). All these modifications in feed characteristics make 

the pellet quality a high priority for the feed 

manufacturers. 

The physical form (mash or pelleted) in which the 

concentrate feeds are fed to the cattle is of great 

importance. Bertipaglia et al. (10) proposed three possible 

characteristics by which the pelleted concentrates may 

affect rumen fermentation in intensively reared beef cattle. 

The first two pelleting features favor the fermentation 

process via a reduction in the particle size and starch 

gelatinization, however, the third feature involving the 

compactness and hardness of pelleted feed would reduce 

its breakdown, thus counterbalancing the former effect 

and delaying the fermentation process (10). A lot of efforts 

have been made to improve this compactness of the 

pelleted feed without compromising its quality. 

The pellet durability index (PDI) is frequently used 

as a predictor of pellet fines produced during production 

and mechanical handling of feed pellets. Fines in the 

feeders result in feed wastage, animal refusals and 

increased management (9). Several factors including type 

of feed materials, their proportions, nutrient content 

(especially fat, fibre and minerals), particle size, presence 

of binders and factors related to the pelleting process such 

as conditioning, the distance between the roller and die, 

hole compression etc. affect PDI value of feeds (3, 11, 16, 

22, 28). The addition of high levels of fats before pelleting 

process results in decreased pellet quality, however, the 

addition of protein and fibrous ingredients improves pellet 

quality (9, 19, 23). Other than these factors, a lot of 

alternative feed additives such as sepiolite, bentonite, 

carboxymethylcellulose, and lignosulfonates have been 

investigated for their role in improving the pellet quality 

(21).  

Sepiolite is a hydrated magnesium silicate. It can be 

used as a binder and an anti-caking agent up to 2% in feeds 

for different animal species (13). Sepiolite reduces dust 

losses and increases pellet durability and quality (30, 32, 34).  

Potassium humate, the potassium salt of humic acid, 

is commercially produced from leonardite, an oxidation 

product of lignite coal. Leonardite has a high humic acid 

content compared with other organic materials (2, 6, 14). 

They are colloidal substances and act as clay (1). Humic 

acid has a chemically heterogeneous structure which 

includes functional groups such as carboxyl (COOH), 

hydroxyl (OH) and amine (NH2). By replacing hydrogen 

ions in carboxyl and hydroxyl groups with metal ions or 

chemically cross-linking, humic acid is rendered insoluble 

in water and can be used in different areas (2). It improves 

water retention properties of the soil, as well as prevents 

bacterial and fungal growth, thus reducing the level of 

mycotoxin in the feed.  

To best of our knowledge, no published data is 

available investigating the pelletizing of beef cattle 

concentrate with added potassium humate alone or 

combined with sepiolite. The present study, therefore, was 

proposed to evaluate some pelleting characteristics of beef 

cattle concentrate with added sepiolite and potassium 

humate alone or combined.  

 

Material and Methods 

A commercial concentrate for the beef cattle was 

used in this study and pellet feeds were produced in a 

commercial feed factory in Turkey. The concentrate 

comprised mainly wheat bran (350 kg/t), barley (100 kg/t), 

wheat (100 kg/t), corn (100 kg/t), sunflower seed meal (70 

kg/t), lentil bran (70 kg/t) and molasses (35 kg/t). The 

present study consisted of a total of six experimental 

groups; a control group with no added sepiolite or 

potassium humate in the basal diet, and five treatment 

groups having 1% sepiolite (S), 0.25% potassium humate 

(H-25), 0.50% potassium humate (H-50), 1% sepiolite + 

0.25% potassium humate (SH-25) and 1% sepiolite + 

0.50% potassium humate (SH-50) in the basal diet added 

as top-dressed into the mixer. Before addition to the basal 

diet, potassium humate was first mixed in water in a ratio 

of 1:1. The potassium humate (TKİ Hümas-Turkey) used 

in this study was produced from leonardite reserves in 

Turkey. It consisted of 5% organic matter (w/w), 12% 

humic acid + fulvic acid, 3% water-soluble potassium 

oxide and had a pH between 11 and 13 (27). The sepiolite 

(Exal T, Tolsa-Turkey) used consisted of 73% clay 

minerals (65% sepiolite), 21% dolomite and 6% calcite as 

reported by Yalçın et al. (32).  

Mixer capacity of the feed mill was 2 tons. For each 

experimental group, a total of 36 tons of pellet 

concentrates were produced in six batches with 6 tons per 

batch. The disc used was 5 mm in diameter and 60 mm in 

hole length. The parameters for the pellet manufacturing 

process are presented in Table 1. 

During each production batch, the feed samples (for 

every mill run; 2 tons/run) were taken from the mixer 

blend, post-conditioning & post-pelleting (cooled pellets), 

and later subjected to the moisture analysis (5). Moisture 

losses between the feed blend in the mixer and pelleted 

feed after cooling were also calculated. Additionally, for 

all the production batches, pelleted feed samples from the 

control group were analyzed for crude protein, crude fibre, 

ether extract, ash and starch (5) as well as for NDF and 

ADF values (17).   
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Table 1. Some production parameters for pelleting process. 

Parameters Control group 
Treatment groups 

S H-25 H-50 SH-25 SH-50 

Production, t 36 36 36 36 36 36 

Mixer capacity, t 2 2 2 2 2 2 

Disc hole diameter, mm 5 5 5 5 5 5 

Disc hole length, mm 60 60 60 60 60 60 

Sepiolite addition (%) - 1 - - 1 1 

Potassium humate addition (%) - - 0.25 0.50 0.25 0.50 

S: 1% sepiolite; H-25: 0.25% potassium humate; H-50: 0.50% potassium humate; SH-25: 1% sepiolite and 0.25% potassium humate; 

SH-50: 1% sepiolite and 0.50% potassium humate. 

 

 

The PDI values for the pelleted feed after cooling 

were measured with a Pfost Box equipment using the sieve 

with a hole diameter of 4 mm (7). Four measurements 

were made for each feed sample. The water activity values 

of all the mash and pelleted feed samples collected were 

measured using LabSwift-aw (Novasina) water activity 

device. Furthermore, the pelleted feeds were stored in 50 

kg bags at room temperature for 20 days, and later, their 

moisture content and water activity level were determined 

as described above. Moisture losses between post-pellet 

and post storage were also calculated. 

Statistical analysis was conducted using the ANOVA 

procedure of the SPSS 23.0 (SPSS Inc., Chicago, IL, 

USA). The experimental unit was 18 (6 batches with 3 

samples each). The normality of data distribution was 

tested using the Kolmogorov-Smirnov test. One-way 

ANOVA was performed to examine the differences 

among groups. The significance of mean differences 

among groups was tested by the Tukey test. A value of 

P<0.05 was considered statistically significant (12).  

 

Results 

The average nutrient composition of the pelleted 

basal beef cattle concentrate is presented in Table 2. 

Effects of addition of sepiolite and potassium humate on 

moisture content, moisture losses and PDI values of 

concentrate feeds are shown in Table 3. No significant 

differences were observed among experimental groups for 

the moisture content of concentrate feed-blends in the 

mixer, however, post-conditioning, the moisture content 

of the SH-50 feed group was significantly higher than that 

of other groups (P<0.001). Post-pelleting, the moisture 

loss in the H-25 group was lowest among all groups 

(P<0.001). PDI values for the S, SH-25, SH-50 feed 

groups were significantly higher (P=0.002) when 

compared to the control group as well as H-25 and H-50 

feed groups.  

 

Table 2. Nutrient composition of the pelleted basal concentrates 

(mean ± standard error). 

Nutrient % 

Dry matter 90.29±0.38 

Ether extract 3.14±0.08 

Crude protein 14.51±0.15 

Crude fibre 11.76±0.12 

Ash 6.24±0.28 

Starch 24.36±0.41 

NDF 28.35±0.44 

ADF 14.04±0.41 

 

Table 3. Moisture content and moisture losses of concentrate feeds during pellet production and PDI values of pelleted concentrates.  

Group 
Moisture content (%) Moisture loss (%) 

PDI (%) 
Mixer blend Post-conditioning Post-pelleting Mixer to Post-pelleting 

Control 11.14 13.10b 10.02b 10.05a 94.65b 

S 11.06 13.44b 10.49a 5.15cd 95.57a 

H-25 11.14 13.15b 10.69a 4.04d 93.90b 

H-50 11.56 13.32b 10.60a 8.30ab 93.65b 

SH-25 11.38 13.29b 10.49a 7.82ab 94.95a 

SH-50 11.26 14.04a 10.48a 6.93bc 95.32a 

SEM 0.052 0.067 0.056 0.319 0.166 

P 0.074 <0.001 0.003 <0.001 0.002 

a,b,c,d: Means within a column followed by different letters differ significantly (P<0.05); S: 1% sepiolite; H-25: 0.25% potassium 

humate; H-50: 0.50% potassium humate; SH-25: 1% sepiolite and 0.25% potassium humate; SH-50: 1% sepiolite and 0.50% 

potassium humate; SEM: Pooled standard error of mean; PDI: Pellet durability index. 
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Table 4. Moisture content and total moisture losses of pelleted concentrate after storage. 

Group 
Moisture content (%) Moisture loss (%) 

Post-storage Post-pellet to Post-storage 

Control 9.42b 5.99a 

S 10.28a 2.00b 

H-25 10.34a 3.27b 

H-50 10.24a 3.40b 

SH-25 10.16a 3.15b 

SH-50 10.26a 2.10b 

SEM 0.073 0.313 

P <0.001 <0.001 

 a,b: Means within a column followed by different letters differ significantly (P<0.05); S: 1% sepiolite; H-25: 0.25% potassium humate; 

H-50: 0.50% potassium humate; SH-25: 1% sepiolite and 0.25% potassium humate; SH-50: 1% sepiolite and 0.50% potassium humate; 

SEM: Pooled standard error of mean. 

 

 

Table 5. Water activity levels of mash/pelleted concentrates. 

Group 
Water Activity 

Mixer blend Post-conditioning Post-pelleting Post-storage 

Control 0.60ab 0.66b 0.54b 0.61a 

S 0.58b 0.66b 0.54b 0.56b 

H-25 0.61ab 0.66b 0.57ab 0.59ab 

H-50 0.63a 0.67b 0.59a 0.62a 

SH-25 0.64a 0.68ab 0.58a 0.60a 

SH-50 0.62ab 0.70a 0.59a 0.61a 

SEM 0.004 0.003 0.004 0.005 

P 0.003 0.002 <0.001 <0.001 

a,b: Means within a column followed by different letters differ significantly (P<0.05); S: 1% sepiolite; H-25: 0.25% potassium humate; 

H-50: 0.50% potassium humate; SH-25: 1% sepiolite and 0.25% potassium humate; SH-50: 1% sepiolite and 0.50% potassium humate; 

SEM: Pooled standard error of mean. 

 

 

The moisture content of pelleted feeds after 20 days 

of storage along with the moisture losses between post-

pellet and post-storage period is shown in Table 4. After 

20 days, the moisture loss in the control group was highest 

than all supplemented groups (P<0.001).  

Effects of usage of sepiolite and humate in beef cattle 

concentrate on water activity levels (%) at a temperature 

of 22-24oC are shown in Table 5. In the mixer, the water 

activity levels of concentrate feed supplemented with 

sepiolite or/and humate didn’t differ significantly from 

that of the control group. However, when compared to the 

control group the SH-50 feed group post-conditioning 

(P=0.002) whereas H-50, SH-25 and SH-50 feed groups 

post-pelleting (P<0.001) presented with significantly 

higher water activity values. Post-storage, feed group with 

added sepiolite (S) only presented with the lowest water 

activity (P<0.001) when compared to others. 

 

Discussion and Conclusion 

Feeding pelleted feed alone may not be enough to 

ensure improved animal performance; therefore, pellet 

quality should always be considered for better results. 

Pellet quality is affected by many factors such as diet 

formulation, feed composition, ingredient particle size, the 

inclusion of binder additives and pelleting conditions. 

Considering the importance of binders in pellet 

production, the objective of this study was to evaluate the 

pellet quality of beef cattle concentrate with added 

sepiolite and potassium humate alone or combined.  

In the present study, all the experimental runs were 

completed with the same production parameters including 

diet formulation, amounts of pellets produced, mixer 

capacity, disc hole diameter, and disc hole length. As both 

the feed additives are considered of no nutritive value, 

therefore, the pelleted feed samples from the control group 

only were subjected to the compositional analysis. The 

crude protein, ether extract and crude fiber contents of the 

pelleted basal beef cattle concentrate were 14.51, 3.14 and 

11.76%, respectively. 

The moisture content of the mash feed pre- and post-

conditioning is a very important factor affecting the pellet 

quality as well as production efficiency. Stable moisture 

content post-pelleting is also important especially from 

manufacturer’s point of view, concerning economic 
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consequences with the total loss in weight in the finished 

product between packing and delivery to the customers. 

Results from the present study indicated that post-

conditioning the moisture retention in the feed group 

added with 1% sepiolite and 0.50% potassium humate 

(SH-50) was highest among all experimental groups 

(P<0.001). Although non-significant data also suggested a 

relatively small increase in the moisture level of other 

treatment groups post-conditioning when compared to the 

control group. Furthermore, among experimental groups, 

the control group presented with the highest moisture loss 

from mixer blend to post-pelleting. The moisture losses of 

S, H-25 and SH-50 feed groups were significantly lower 

than that of control group feed (P<0.001). Considering the 

statistically non-different moisture level of all feed blends 

in mixer and similar conditioning environment, it can be 

inferred that addition of sepiolite or potassium humate 

alone or combined might have increased the porosity and 

water absorption capacity of the feed mash post-

conditioning, which ultimately rendered in lower moisture 

losses in these feed groups post-pelleting. In accordance 

with this view, Yalçın et al. (32) also reported a linear 

increase in the moisture content of the dairy concentrate 

post-conditioning as well as post-pelleting when 

supplemented with increasing doses of sepiolite. In 

another study, also with dairy cattle concentrate added 

with 1% sepiolite, Yalçın et al. (33) found a marked rise 

in feed moisture level post-conditioning and post-

pelleting. For potassium humate, no scientific study was 

available determining its role in quality pellet feed 

production. Griban et al. (18) reported that humic acid can 

improve the water retention and water holding capacity of 

materials. Data on moisture losses, especially post-

storage, showed that addition of sepiolite and potassium 

humate alone or combined significantly reduced moisture 

losses as compared to the control group (P<0.001). 

Sepiolite alone resulted in the lowest storage losses in 

terms of moisture (2%).  

A reduction in fine particles is beneficial in terms of 

feed losses, animal performance and the farmer profit (30). 

In the present study, pellet durability results were lower 

for potassium humate alone either 0.25 or 0.50%, 

however, when added with sepiolite it significantly 

improved the PDI values than that of the control group. 

Sepiolite alone topped the PDI test among all groups. High 

temperature and moisture levels are very critical in the 

activation of natural binders in the material including 

protein and starch, thus, improving the pellet quality (15, 

26). In this study, more moisture retention post-

conditioning and possible higher heat of friction by 

sepiolite particles at the die might be reasons for better 

pellet quality. Other studies also reported improvement in 

PDI values of pelleted feeds with sepiolite addition (3, 4, 

29-33).  

Potassium humate had not been tested before in 

animal diets for its binding properties. In this study, no 

positive effect of potassium humate addition was observed 

on pellet PDI values when compared to the control group, 

however, in iron ore pelletization humic acid has been 

reported to have promising results as a binder (20, 35). The 

different raw materials to be pelleted might be the reason 

for such results.  

Water activity level serves as an indicator of the 

volume of free water. The higher the free water present, 

the better the conditions for unwanted mould 

development. A water activity level of 0.65 is often 

referred to as the limit for safe storage of foods, below 

which microbiological growth is unlikely to occur (25). In 

the present study, no explicit effects on water activity were 

observed when concentrate feeds were supplemented with 

different additives either alone or combined. Although 

data showed that sepiolite addition alone might be 

beneficial in reducing the water activity during storage, it 

is difficult to conclude that whether the addition of 

sepiolite or potassium humate were or were not effective 

in limiting water activity. In an experiment, Yalçın et al. 

(33) reported no significant difference between water 

activity values of pelleted concentrates of dairy cattle 

either from control or sepiolite added group. 

The overall conclusion from the present study was 

that adding sepiolite up to 1% in the beef cattle concentrate 

as top-dressed in mixer could help in reducing the 

moisture losses and improving the PDI values thus 

enhancing the pellet quality. Sepiolite addition also 

lowered the pellet deterioration and water activity during 

storage. On the other hand, the addition of potassium 

humate (0.25 and 0.50%) alone was not enough to 

improve the pellet quality in terms of PDI or water 

activity. However, for moisture losses especially during 

storage, humate supplemented groups either alone or with 

sepiolite presented with lower moisture losses than the 

control group. Further research is needed in evaluating the 

role of potassium humate as a pellet binder in the animal 

feed industry.  
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