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Abstract: Study results show microbiological safety of 100 samples of animal 
feed. Microbiological safety of analyzed products was evaluated in accordance 
with the regulations of Serbia (Službeni list SFRJ, 1990). Out of a total of 100 
analyzed samples 8 samples (8%) did not comply with microbiological criteria 
specified in the Regulations. Non-compliance with microbiological criteria was due 
to the increased number of total moulds in 5 samples ranging from 350.000 to 
885.000 in 1g, and increased number of total bacteria found in 3 samples ranging 
from 12.000.000-137.000.000 in 1g. Coagulase positive staphylococci, E. coli, 
Salmonella i Proteus species were not detected in analyzed samples. Sulphite 
reducing clostridia were detected in 18 samples, but their number was below the 
limits prescribed by the Regulation, ranging from 10-800 in 1 g. 
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Introduction 

According to data of the International Feed Industry Federation, 4 billion 
tons of animal feed is produced annually worldwide, of which only 600 million 
tons of compound feed. The largest feed production regions are North America and 
Asia (http://www.ifif.org). For the effective prevention of the animal and public 
health, feed safety must be ensured at all stages, including primary production. To 
this effect, feed safety and wholesomeness are controlled and monitored for years 
all over the world. Animal feed is exposed to various biological, chemical, physical 
and other agents. All these factors may adversely affect animal and, indirectly, 
human health (Radanov-Pelagic et al., 2003; Hinton, 1993).  

Animal feed, due to its composition, provides a favourable environment for the 
micro organisms growth. Micro organisms found in the feedstuffs can be 
saprophytic, pathogenic, conditionally pathogenic and toxic. Their growth and 
proliferation in the feed depends on numerous factors, such as moisture, 
temperature, type of feed, aerobic and anaerobic conditions, chemical and physical 
properties of raw material, feed pH value, presence of feed supplements, storage 
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periods and conditions as well as feed decomposition products (Radanov-Pelagic, 
1999; Đorđević et al., 2007). 

Feed may be contaminated during processing, storage or transport. 
Contaminated feed frequently causes zoonozes and for that reason, it is necessary 
to establish surveillance programs for microbiological feed hazards (Radanov-
Pelagic, 2000). Feed ingredients must be safe and suitable for storage. Only one 
unsafe component may jeopardize quality of compound feed. Good quality raw 
material produce good quality feed. Seasonal raw materials, like grains, must be 
stored for a certain period of time. Some micro organisms introduced during 
storage, primarily moulds, can negatively affect feed quality including reducing dry 
matter and nutrients, causing musty or sour odours, and producing toxins. Mouldy 
raw materials are not appetizing and can considerably reduce feed consumption 
(Meeusen, 1997). Any piece of equipment, process, or production line or entire 
feed manufacturing plant pose a source of contamination threatening quality of 
final product  (Sredanović et al., 2005). 

Though it is not possible to produce microbial-free feed without adversely 
affecting its nutritional values, microbial feed safety hazards can be minimized 
through appropriate agricultural and storage practices. Taking into consideration 
that feed hygiene quality vary among regions and countries because of different 
environmental and other conditions during animal feed production and processing, 
objective of this study is to show hygienic wholesomeness and safety of animal 
feed manufactured in region of Vojvodina.  

 
Materials and Methods 
 

To evaluate microbiological quality and safety of feedstuffs, 100 samples were 
analyzed. A part of samples was collected for the monitoring campaign for 
evaluating microbiological safety of feeds manufactured in Vojvodina, and the 
other part included samples analyzed in the Microbiological Laboratory of the 
Institute for Food Technology in Novi Sad throughout 2009. Out of a total of 100 
analyzed feed samples, 50 samples were feedstuffs (such as maize, maize feed 
flour, wheat, wheat feed flour, sunflower, sunflower meal, soybean, soybean meal, 
fish meal, meat- bone meal) and 50 samples were complete feed stuffs.  

Total number of micro organisms, number of moulds, isolation and 
identification of Salmonella and sulphite reducing clostridia were determined in 
accordance with the Regulation (Službeni list SFRJ, 1980) on the Methods of 
Carrying out Microbiological Analyses and Super-analyses of Foodstuffs. 

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 370C for 24 h. Perform isolation and 
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identification as specified in the Regulation (Službeni list SFRJ, 1980) on the 
Methods of Carrying Out Microbiological Analyses and Super-analyses of 
Foodstuffs. 

 
Results and Discussion 
 

Essential parameters for hygienic safety and wholesomeness of feed were 
analyzed (total number of micro organisms in 1 g, number of moulds in 1 g, 
presence of sulphite reducing clostridia in 1g, and coagulase-positive 
staphylococci, E. coli, Salmonella and Proteus species). Microbiological properties 
of analyzed feedstuffs and complete feed stuffs are given in Table 1 and 2. Of a 
total of 100 analyzed samples 8% did not meet microbiological criteria specified in 
the Regulation (Službeni list SFRJ, 1990). 

 
Table 1. Microbiological quality of feedstuffs 

 
Feedstuffs 

( number of 
samples) 

Number of 
total bacteria 

Number of 
total moulds 

Presence  of 
pathogen 

microorganisms
%  of valid 

samples 
%  of non-

valid samples 

IC 14.000-
2.000.000 

2.200-
650.000 Maize (9) 

CM 321.111 105.775 
-a 88.9 11.1 

IC 1.200-140.000 8.000-22.000 Maize feed 
flour (4) CM 54.400 15.500 

-a 100 0 

IC 6.000-
6.000.000 100- 1.620 Wheat (6) 

CM 1.571.750 705 
-a 100 0 

IC 2.500-340.000 70 - 8.900Wheat feed 
flour (6) CM 110.000 2.741 SRC ⁄  1 100 0 

IC 50.000-
3.000.000 

350.000-
650.000  Sunflower 

(2) CM 1.525.000 500.000 
SRC ⁄  1 50 50 

IC 3.000-300.000 100-10.000 Sunflower 
meal (7) CM 102.889 3.122 

SRC ⁄  3 100 0 

IC 80.000-
137.000.000 1.480-885.00 

Soybean (5) 
CM 40.166.429 309.423 

SRC ⁄  2 60 40 

IC 2.700 300 Soybean meal 
(1) CM 2.700 300 

-a 100 0 

IC 1.000-18.000 0-100 
Fish meal (8) 

CM 5.450 26 
SRC ⁄  4 100 0 

IC 100-3.000 -a Meat-bone 
meal (2) CM 1.550 -a 

SRC ⁄  1 100 0 

 
Legend: IC-interval of contamination, , CM-average value of contamination, SRC-Sulphite reducing 
Clostridia / No-   number of positive samples, -a   - was not detected 
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Of a total of 50 analyzed samples of feedstuffs, one sample (soybean) had total 

number of bacteria exceeding limit values prescribed in the Regulation (Službeni 
list SFRJ, 1990). Total number of bacteria in this sample was 137.000.000 in 1g, 
while maximum permissible limit value set out in the Regulation (Službeni list 
SFRJ, 1990) is 100.000.000 in 1g (Table 3). In other analyzed samples total 
number of bacteria was considerably lower ranging from 100-6.000.000 in 1g. 
Large deviations in total bacteria count in 1 g of analyzed samples can be explained 
by different drying methods and regimes and different storage procedures. 

 
Table 2. Microbiological quality of complete feed stuffs 

 
Complete 

feedingstuffs 
( number of 

samples) 

Number of 
total 

bacteria 

Number of 
total 

moulds 

Presence  of 
pathogen 

microorganisms 

%  of valid 
samples 

%  of non-
valid 

samples 

IC 3.000-
16.000.000 0-16.000 Complete 

feedingstuffs 
for young 

animals (23) CM 1.917.960 5.776 
SRC / 1 91.3 8.7 

IC 3.000-
8.400.000 

400-
500.000 

Complete 
feedingstuffs 

for adult 
animals  (27) CM 692.138 51.566 

SRC ⁄  5 96.3 3.7 

 
Legend: IC-interval of contamination, , CM-average value of contamination, SRC-Sulphite reducing 
Clostridia / No-   number of positive samples, -a   - was not detected 
 

Saprophytic bacteria are frequently found in analyzed samples, but rarely are 
the cause of microbiological unwholesomeness. Their presence, however, should 
not be neglected since they utilize nutrients from the substrate to sustain their 
metabolic demands and in that way decrease nutritional value of substrate. 
Furthermore, if adequate moisture and temperature requirements are met, they can 
proliferate and convert nutrients into metabolic products that alter sensory 
properties of feed. Thus, regardless of maximum permissible limit values, they can 
indirectly affect the quality of feedstuffs and complete feed stuffs. 

 
Table 3. Maximum allowed number of saprophitic microorganisms in animal feed 
 

Animal feed Number of bacteria in 1 g Number of moulds in1 g 
Plant origin feeds 100.000.000 300.000 
Animal origin feed 50.000.000 10.000 
Complete feedingstuffs for young 
animals 10.000.000 50.000 

Complete feedingstuffs for adult 
animals 10.000.000 300.000 

∗Regulation 
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Of a total of 50 analyzed samples of feedstuffs, 4 samples had increased total 
number of moulds, ranging from 350.000-885.000 in 1g. In other analyzed samples 
total number of moulds was considerably lower ranging from 0-180.000 in 1g. The 
lowest mould contamination level was observed in the feeds of animal origin, such 
as fish meal and meat-bone meal, where moulds were detected in 2 samples with 
median contamination level of only 26 in 1g. Generally speaking, animal origin 
feedstuffs show the lowest mould contamination levels, as the result of processing 
and storage conditions (Đilas et al., 2001). Samples of complete feed stuffs had 
somewhat lower level of mould contamination. Total number of moulds in 
analyzed samples ranged from 0-100.000 in 1g, with the exception of one sample 
of complete feed stuffs in which total number of moulds amounted to 500.000 in 
1g.  

Markovic et al. (2005) analyzed 765 feed samples during ten-year study 
conducted in the period 1995-2005. Study results indicated that 35,71 % samples of 
complete feed stuffs for young chicks where unsafe in terms of total number of 
moulds,  ranging from 100- 3.400.000 in 1 g of analyzed samples. Of samples of 
complete feed stuffs for adult animals, samples ranked as unsafe accounted for 7,54 
% with mould number ranging from 800- 8.000.000 in 1 g (Markovic et al., 2005). 
Lower levels of mould contamination were detected in the feedstuffs and complete 
feed stuffs samples analyzed during 2007. For the purpose of this study 138 
samples of plant origin feeds, 6 animal origin feeds, 69 complete feed stuffs for 
young animals and 378 complete feed stuffs for adult animals were analyzed, and 
the shares of unsafe samples were 22,2 %, 0 %, 20,69 %, 1,63 % respectively 
(Bengin et al., 2008). In relation to the results of previous studies mentioned above, 
our results showed substantial reduction of sample contamination.  

Improved hygienic safety and wholesomeness of feed samples is the result of 
the application of good agricultural practices during growing, harvest as well as 
drying and storage operations. Yearly variations in microbiological safety are 
probably due to seasonal climatic factors. 

Sulphite reducing clostridia were detected in 18 samples (Table 1and 2), but 
their number was below the limits prescribed by the Regulation*, ranging from 10 – 
800 in 1g (Table 4). The highest number of contaminated samples was found in 
animal origin feeds (5) and complete feed stuffs for adult animals (5). Presence of 
sulphite reducing clostridia in animal origin feeds may be explained by errors and 
omissions in the processing technology (insufficient temperature) or by 
supplemental contamination during storage or transport. 

 
Table 4. Maximum alowed number of pathogenic microorganisms in animal feed 
 

Microorganisms Animal feed Alowed number 
Pathogen microorganisms Feedstuffs and complete feedingstuffs 0 in 50 g 
Salmonella Feedstuffs and complete feedingstuffs 0 in50 g 
Sulphite reducung clostridium Feedstuffs and complete feedingstuffs 1000 in 1 g 

     ∗Regulation 
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Presence of sulphite reducing clostridia in analyzed samples is an indication of 
rare, but fairly continuous contamination of animal feed coming from this region 
with sulphite reducing clostridia (Jakic-Dimic et al., 1994; Nedeljkovic et al., 
1994). Presence of sulphite reducing clostridia is not necessarily etiologically 
related to health disorders, and feeds in which their presence is not detected can 
contain their toxins. Therefore, the presence of sulphite reducing clostridia can be 
considered to be etiologically related to health disorders only when their number is 
verified by confirmation of toxin-producing bacteria, i.e. toxin in the feed (Masic et 
al., 2002). 

Application of good agricultural and good hygienic practices in addition to the 
adequate storage practices resulted in the absence of coagulase positive 
staphylococci, E. coli, Salmonella and Proteus species in all of the analyzed 
samples, as shown in Table 1. 
 
Conclusion 

 
Based on the results of conducted microbiological analyses of feed samples the 

following can be concluded: out of a total of 100 analyzed samples 8 samples did 
not comply with microbiological criteria specified in the Regulation. Non-
compliance with microbiological criteria is due to elevated number of total moulds 
in 5 samples and elevated number of total bacteria in the remaining 3 samples. 
Sulphite reducing clostridia were detected in 18 samples, but their number was 
below the limits prescribed by the Regulation ranging from 10 - 800 in 1g. 
Coagulase positive staphylococci, E. coli, Salmonella i Proteus species were not 
detected in analyzed samples.  

Application of good agricultural and good hygienic practices in addition to the 
adequate storage practices resulted in the absence of pathogenic microorganisms, 
with the exception of sulphite reducing clostridia, the presence of which may be 
explained by errors and omissions in the processing technology or by supplemental 
contamination.  

With continuous collection and evaluation of microbial safety-related data 
during processing, distribution and use of animal feed, and application of adequate 
agricultural and management practices, microbial feed safety hazards may be 
considerably reduced and adequate feed quality ensured. Feed quality and safety 
are important prerequisites for sustainable development of livestock production.  
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Mikrobiološka ispravnost hrane za životinje 
 
I. Čabarkapa, B. Kokić, D. Plavšić, D. Ivanov, J. Lević 
 
Rezime 
 

Rezultati rada prikazuju mikrobiološku ispravnost 100 uzoraka hrane za 
životinje. Ocena mikrobiološke ispravnosti ispitivanih uzoraka izvršena je prema 
Pravilniku o maksimalnim količinama štetnih materija i sastojaka u stočnoj hrani 
(Službeni list SFRJ, 1990). Od ukupno 100 analiziranih uzoraka hrane za životinje 
8 (8%) nije bilo odgovarajućeg kvaliteta za mikrobiološke   kriterijume propisane 
Pravilnikom. Razlog mikrobiološke neispravnosti uzoraka bio je povećan ukupan 
broj plesni koji je ustanovljen u 5 uzoraka i bio je od 350.000 do 885.000 u 1g. U 3 
uzorka konstatovan je povećan ukupan broj bakterija. U neispravnim uzorcima broj 
bakterija je bio 12.000.000-137.000.000 u 1g. Prisustvo patogenih 
mikroorganizama Salmonella spp., Proteus spp., E. coli i koagulaza pozitivnih 
stafilokoka nije utvrdjeno ni u jednom uzorku. Prisustvo sulfitoredukujućih 
klostridija detektovano je u 18 uzoraka, ali njihov broj nije bio van granica koje su 
propisane Pravilnikom i bio je od 10 - 800 u 1g. 
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