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SUMMARY 

The main preoccupation of feed industry nowadays is the production of 

safe and hygienic correct animal feed. It is conditioned by the quality of raw 

materials, applied technological procedures and stability of the product in the 

storage conditions. Thermal processing (pelleting, extrusion, expansion, etc.) is 

one of the most efficient manners for reducing presence of the microorganisms 

in feed. Complete mixture for pigs II was conditioned up to moisture content of 

15.97 %, 19.40 %, and 21.88 %. Conditioned material was pelleted on flat die 

pellet press, and pellets were stored. To evaluate microbiological quality and 

safety of complete mixture for pigs, samples were analyzed before processing, 

after conditioning, after pelleting and during storage period (24 hours and 15 

days, respectively). Microbiological safety of analyzed products was evaluated 

in accordance with the regulations of Serbia. Experimental results have shown 

significant (p< 0.05) reduction of total count of bacteria (from 350.000-

400.000/g to 100-4000/g) and moulds (from 20.000-25.000/g to 0-800/g) during 

conditioning and pelleting process. During 24 hour storage of pellets, increase 

of microbiological growth occurred in material conditioned to highest moisture 

content. Coagulase positive staphylococci, E. coli, Salmonella and Proteus 

species were not detected in analyzed samples. Sulphite reducing Clostridia 

were detected in all samples, but their number was below the limits prescribed 

by the Regulation, ranging from 100-200/g. Amount of water added during 

conditioning has determined temperature profile during pelleting and moisture 

content of pellets during storage, parameters which are highly influencing 

microbiological growth.  

Keywords: pelleting process, conditioning process, moisture content, 

microbiological quality 

 

 

INTRODUCTION 

For the effective prevention of the animal and public health, feed safety 

must be ensured at all stages, including primary production. Animal feed is 
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exposed to various biological, chemical, physical and other agents. All these 

factors may adversely affect animal and, indirectly, human health (Radanov-

Pelagić et al., 2003; Hinton, 1993). The main preoccupation of feed industry 

nowadays is the production of safe and hygienic correct animal feed. It is 

conditioned by the quality of raw materials, applied technological procedures 

and stability of the product in the storage conditions. Animal feeds can serve as 

a carrier for a wide range of microbial contaminants such as bacteria, yeasts, 

moulds and their toxic metabolites (Maciorowski et al., 2006). Such 

contaminants have been shown to influence animal performance adversely and 

to compromise the safety of animal products. Thermal processing (pelleting, 

extrusion, expansion, etc.) is one of the most efficient manners for reducing 

presence of the microorganisms in feed (ĐorĎević et al., 2007; Davies and 

Wray, 1997). Reductions in bacterial contamination by heat is dependent on the 

temperature, treatment time and the moisture content of the feed (Maciorowski 

et al., 2004). 

Pelleting is a process of pressing conditioned material trough die with 

specific dimensions of openings and thickness. Pelleting process was introduced 

to the feed industry at beginning of the 20th century with an overall purpose of 

the feed particle unification, and consequent increase in density and flowability 

of the product. One of the supplementary benefits of pelleting is destruction of 

pathogenic and reduction of total microorganisms, due to the increased 

temperature during processing (Zimonja, 2009). 

Applications of steam and water in animal feed manufacturing have long 

been recognized as a good way to achieve production of high quality pellets 

(Sredanović et al., 2005). Conditioning in animal feed production is process of 

converting mixed mash with use of heat, water, pressure and time, to a physical 

state which is more suitable for compaction of feed mash. Overall effect of 

steam and water addition is an increase in moisture content and heat of feed 

mash. Because of its gaseous state, steam is more homogenously dispersed 

trough mixtures than water. Thin film of water is created around the particles of 

compounds during condensation of steam, and its main activity is facilitating of 

bindings between these particles, along with temperature increasing. 

Conditioning increases production capacity and, in the same time, affects 

physical, nutritional, and hygienic quality of produced feed (Sredanović and 

Lević, 2000). Properly conditioned feed mash will give pellets with good 

durability, hardness and hygienic quality, together with improved nutritional 

value of feed (Thomas et al., 1997; Winowiski, 1985). 

The growth and sporulation of microorganisms as well as toxin production 

to a large extend are depending from moisture content of the substrates (feed 

ingredients and complete feed mixtures) as well as moisture and the relative 

humidity in the storage environment (Maciorowski et al., 2007). It is known that 

minimum water activity (aw) is: for bacterial growth aw = 0.90, for yeast 

growth aw = 0.85 and for fungal growth aw = 0.65.  



Archiva Zootechnica 13:3, 47-54, 2010 

 

49 

 

The aim of this study was to investigate influence of moisture increase 

during conditioning process on microbiological properties of hot and 

storage pellets. 
 

 

MATERIAL AND METHODS 

Complete mixture for pigs II (from 15 to 25 kg) was conditioned in double-

shaft pedal mixer - steam conditioner, Muyang SLHSJ0.2A, China, up to 

moisture content of 15.97 %, 19.40 %, and 21.88 % (Conditioned material 1, 2 

and 3, respectively), until material reached temperature of 80°C. Batch size was 

25 kg. Steam was injected in the conditioner under pressure of 2 bars. In order 

to achieve final moisture content (19.40 % and 21.88 %) water is added directly 

into feed mash. 

Conditioned material was pelleted on flat die pellet press 14-175, 

AMANDUS KAHL GmbH & Co. KG, Germany. Diameter of pellet die 

openings was 6 mm, with die thickness of 20 mm (channel length 18 mm).  

To evaluate microbiological quality and safety of complete mixture for 

pigs, samples were analyzed before processing, after conditioning, after 

pelleting and during storage period. Total number of microorganisms, number 

of moulds, isolation and identification of Salmonella and sulphite reducing 

Clostridia were determined in accordance with the Regulation on the Methods 

of Carrying out Microbiological Analyses and Super-analyses of Foodstuffs 

(Anonymus, 1980). 

For determining presence of coagulase-positive staphylococci, Proteus 

species and Escherichia coli an internal laboratory method was applied, as 

follows: Pour 50 ml of test sample into Erlenmeyer flask containing 450 ml of 

sterile nutrient broth. Homogenize sample and incubate at 37°C for 24 h. 

Perform isolation and identification as specified in the Regulation on the 

Methods of Carrying out Microbiological Analyses and Super-analyses of 

Foodstuffs (Anonymus, 1980).   

 
 

RESULTS AND DISCUSSION 

Temperatures of the different stages of pelleting process for three different 

samples are presented in the Figure 1. It can be seen that die temperature was 

highest for material with lowest moisture content (Conditioned material 1) due 

to the higher friction. 

In the Tables 1-3 moisture contents and microbiological properties of the 

samples, together with the properties of unconditioned material are shown. 

The total bacteria count of the complete mixture for pigs (unconditioned 

material) was 350.000-400.000/g. After conditioning, three samples with 

different moisture content (21.88%, 19.40% and 15.97%) were obtained. In 
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conditioned material, total count of bacteria was considerably lower in all 

samples, due to high temperature of conditioning (80°C).  

 

 
Figure 1. Teperatures in different stages of the pelleting process 

 
Table 1. Influence of conditioning and pelleting process on microbiological properties 

of pellets – Conditioned material 1 

 
Moisture content 

(%) 

Number of total 

bacteria/g 
(IC)

 

Number of total 

moulds/g 
(IC)

 

Presence of 

pathogen 

microorganisms 

Unconditioned 

material 
10.59 350.000-400.000 20.000-25.000 SRC (200) 

Conditioned 

material 
15.97 300-400 0-40 SRC (100) 

Hot pellets 10.56 500-800 -
a
 SRC (200) 

Pellets after 24 h 

storage 
9.57 800-1000 -

a
 SRC (200) 

Pellets after 15 

days storage 
9.40 100-200 -

a
 SRC (100) 

SRC- Sulphito-reducing clostridia; a- was not detected; IC- Interval of contamination  

 

Bacteria count of hot pellets right was not significantly (p > 0.05) changed 

in comparison with conditioned material, nevertheless it was approximately 3 

logs lower in comparison with unconditioned material, for all three samples. 

Temperatures of hot pellets at the outlet of the pellet press were approximately 

between 45 and 55°C (Figure 1). Relatively high temperatures of hot pellets 

hinder bacterial growth. Pellets made of Conditioned material 1 had lowest 

bacterial count since highest temperatures at pellet press die. Other authors have 
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also reported that pelleting process significantly reduced the total count of 

bacteria, moulds and yeasts (Lević et al., 1998  Adamović et al., 2009). 
 

Table 2. Influence of conditioning and pelleting process on microbiological properties 

of pellets – Conditioned material 2 

 

 

 

Moisture content 

(%) 

Number of total 

bacteria/g 
(IC)

 

Number of total 

moulds/g 
(IC)

 

Presence of 

pathogen 

microorganisms 

Unconditioned 

material 
10.59 350.000-400.000 20.000-25.000 SRC (200) 

Conditioned 

material 
19.40 500-800 -

a
 SRC (200) 

Hot pellets 14.89 500-1000 -
a
 SRC (200) 

Pellets after 24 h 

storage 
14.88 550-600 20-50 SRC (200) 

Pellets after 15 

days storage 
9.72 100-150 -

a
 SRC (100) 

SRC- Sulphito-reducing clostridia; a- was not detected; IC- Interval of contamination  

 
Table 3. Influence of conditioning and pelleting process on microbiological properties 

of pellets – Conditioned material 3 

 

 

 

Moisture content 

(%) 

Number of total 

bacteria/g 
(IC)

 

Number of total 

moulds/g 
(IC)

 

Presence of 

pathogen 

microorganisms 

Unconditioned 

material 
10.59 

350.000-

400.000 
20.000-25.000 SRC (200) 

Conditioned 

material 
21.88 800-1000 -

a
 SRC (200) 

Hot pellets 20.50 1000-1500 -
a
 SRC (100) 

Pellets after 24 h 

storage 
17.11 1000-4000 0-10 SRC (100) 

Pellets after 15 

days storage 
9.77 200-300 10-80 SRC (100) 

SRC- Sulphito-reducing clostridia; a- was not detected; IC- Interval of contamination  

 

After 24 hour storage at room temperature, bacterial count in pellets made 

of Conditioned material 3 was increased due to higher moisture content 

(17.11 %). After 15 day storage time bacteria count was decreased in all 

samples, because of low moisture content of the samples (below 10 %). Total 

bacterial count of samples at all stages of processing and storage is shown at 

Figure 2. 

Total number of moulds, in complete mixture for pigs (unconditioned 

material) was ranging from 20.000 - 25.000. After conditioning, in the 

Conditioned material 1 and 2, moulds were not detected and in the Conditioned 

material 3, moulds count was between 0 – 40. For the Conditioned material 3, in 

hot pellets, pellets after 24 hours and after 15 days, moulds were not detected. 
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In the Conditioned material 2, moulds were detected after 24 hour of pellets and 

in the Conditioned material moulds were detected after 24 hours and after 15 

days storage. A moulds occurring in material after 24 hours of storage is most 

probably consequence of subsequent contamination, while moulds occurring in 

material after 15 days of storage are influenced by the xerophylic moulds 

species growth. 

 

 
Figure 2. Total bacterial count of samples in different stages of the pelleting process 

 
From the results shown in Tables 1-3 it can be seen that conditioning and 

pelleting had no influence on reduction of Sulphito-reducing Clostridia. For 

their reduction much higher temperatures are needed. The temperature of 80°C 

can destroy vegetative forms of Sulphito-reducing Clostridia, but for destruction 

of their spore higher temperature is required (120°C in a period of 4-10 min) 

(Maciorowski et al., 2007). Other pathogenic bacterial species were not 

determined. 

 

 

CONCLUSIONS 

Results of this paper have shown significant (p < 0.05) reduction of total 

count of bacteria and moulds during conditioning and pelleting process. During 

24 hour storage of pellets, increase of microbiological growth occurred in 

material conditioned to highest moisture content. On the other hand, thermal 

processing and storage did not eliminate the Sulphito-reducing Clostridia. 

Based on the results microbiological analyses of the material in the 

different stages of pelleting process, it can be concluded that conditioning is 
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very important unit operation, because it leads to considerable reduction of 

microorganisms, due to application of high temperatures. Additionally, amount 

of water added during conditioning has determined temperature profile during 

pelleting and moisture content of pellets during storage, parameters which are 

highly influencing microbiological growth.  
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