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Abstract 

Occasionally, concerns are expressed that use of organic manure in fertilisation, and free-ranging of livestock may result in higher 

loads of (mainly) enteric pathogens in organic food, and that avoiding the use of synthetic fungicides may increase the risk of mycotoxin 

contamination. Therefore, we compared published data on the levels of these hazards on some organically and conventionally produced 

foods. The results can be summarised as follows: 

 There is no evidence that use of organic fertilizer in organic crops increases the prevalence of bacterial pathogens and/or of antibiotic-

resistant bacteria on fresh produce. 

 The prevalence of Campylobacter in live free-ranging poultry and of Toxoplasma in live free-ranging pigs tends to be somewhat 

higher than in animals kept conventionally indoors. However, this difference is hardly seen any more if carcasses and meat are 

analysed. 

 Methicillin-resistant Staphylococcus aureus (MRSA) strains were found much more frequently in conventionally-produced raw food 

while the levels of extended-spectrum-β-lactamase-positive Escherichia coli (ESBL-E. coli) were reported as similar on somewhat 

lower on organic raw food. 

 Most studies found lower levels of Fusarium toxins in organic grains and cereal products, if compared to conventional products. 

In conclusion, common practice in the organic sector (in particular, allowing sufficient time for transformation of manure; crop rotation) 

leads to food with similar or even lower levels of microbiological hazards and mycotoxins. 
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Introduction 

In the last years, the organic food sector grew 

continuously in the European Union and many other 

parts of the world. Big retail chains and even discounters 

entered the organic market. As a consequence, quality 

managers of these businesses and of major suppliers 

representing strong but “vulnerable” brands – as 

represented in the “Consumer Goods Forum” of the 

Global Food Safety Initiative – have a strong interest to 

know whether organic products are as safe as 

conventional foods or whether special preventive 

measures should be taken to ensure their safety. 

Especially in U. S. and Canadian media, it has been 

speculated that keeping livestock outdoors, and the use 

of animal excreta for fertilization may result in elevated 

levels of microbiological hazards on organic foods. 

Therefore, the author of this article was requested to 

summarize current data on the safety of organic foods as 

compared to conventional foods. The present paper 

focuses on microbiological hazards including 

mycotoxins.  

Materials and Methods 

A literature survey was carried out by using literature 

databases (SCOPUS, Google Scholar), other reviews 

and data from official food inspection. Special attention 

was paid to peer-reviewed papers comparing organic 

with conventional foods.  

 

 

Results and Discussion 

Bacterial pathogens on fresh produce 

In recent years, there is much concern about 

contamination of vegetables by zoonotic agents that may 

be present in organic fertilizers. Without doubt, manure 

(or human excreta) not stabilized by composting or 

anaerobic fermentation is a reservoir for 

enteric pathogens (FDA, 1998; Alsanius, 2014; 

Strawn et al. 2013). However, no increased levels of 

enteric pathogens or index organisms have been 

reported on organic produce (Table 1). This 

statement also applied to the prevalence of antibiotic 

resistance in plant-associated Enterobacteriaceae (van 

Hoek et al., 2013; Ruimy et al., 2010; Kim, Woo, 2014).  

Use of organic fertilizers according to good agricultural 

practice (GAP) does not increase the rate of 

contamination of fresh produce by enteric pathogens 

(Alsanius, 2014) or Escherichia coli (literature data 

summarized by Smith-Spangler et al., 2012). As learned 

from outbreaks and field studies, the main risk factors 

are use of irrigation water that had been contaminated 

by human or livestock excreta (Park et al., 2012), and 

handling of produce by carriers of pathogens, but not the 

farming system (Marine et al., 2015).  

Some outbreaks have been reported in which leafy 

vegetables were shown or suspected to be involved 

(CDC, 2016). The 2006 outbreak of E. coli O157:H7 

infections was linked to the consumption of bagged 

spinach. According to USDA documents (2007), the 

most likely cause was use of river water for irrigation 

that had been contaminated by excreta from cattle of a 

nearby farm, and of wildlife, with no evidence for the 

involvement of organic fertilizers. 
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Table 1 

Zoonotic agents in organic and conventional 

livestock and food of animal origin 

Hazard and 

sampling site 

Prevalence 

organic vs. 

conventional 

References 

Salmonella in pig 

faeces at 

slaughter 

Equal or lower 
Bonde, 
Sørensen, 2007 

Salmonella in 

poultry faeces at 
slaughter 

Equal or lower 
Van Loo et al., 
2012 

Campylobacter 
in live poultry 

Somewhat higher 

Heuer et al. 

2001; 

Hoogenblom et 

al., 2008 

Campylobacter 

on poultry meat 
About equal 

Van Loo et al., 

2012 

E. coli on beef 
carcasses 

About equal 
Smith-Spangler 
et al., 2012 

Toxoplasma 

gondii in live 
pigs 

Higher 
Schulzig, 
Fehlhaber, 2006 

The E. coli O157:H7 outbreak due to Romaine lettuce, 

in 2013, was linked to the vicinity of cattle operations, 

too (Jung et al., 2014). The more recent outbreak of 

STEC (E. coli O26) infections at the Chipotle Mexican 

Grill Restaurants could not be linked to a particular food 

(CDC, 2016). Previously, this company made strong 

statements about health and sustainability. However, a 

view to the menu shown the Chipotle website shows that 

only few minor meal components (jalapeno, cilantro) 

were organic, and there is no indication for the 

involvement of fresh produce fertilized with fresh 

manure shortly prior to harvest.  

Nevertheless, appropriate time intervals between 

application of manure and harvest are necessary 

(Mukherjee et al., 2007; Leifert et al., 2008; de Quadros 

Rodrigues et al., 2014; Park et al., 2014). Unstabilized 

(fresh, not composted or fermented) manure should (and 

is normally) only be applied in the year before planting 

vegetables (and other crops). The USDA Organic Rule 

requires 120 days between manure application and 

harvest, and standards issued by organisations such as 

the UK Soil Association are similar (Leifert et al., 2008). 

It should be remembered that use of farmyard manure is 

by no means restricted to organic systems, and properly 

managed soil and compost is a very hostile environment 

to enteric pathogens (Diez-Gonzalez, Mukherjee, 2009). 

This applies, in particular, to soils managed organically 

(Franz et al., 2008). Use of fresh manure only a few days 

before harvesting fresh produce is a serious violation of 

“good agricultural practice” but is very unlikely to 

happen in (organic or conventional) commercial 

practice. Such a treatment will not result in better yields, 

anyway, since time is missing to turn organic nitrogen 

into plant nutrients. 

Other risk factors identified from outbreaks and field 

studies include irrigation with water contaminated with 

animal excreta, the presence of wildlife, weather (e.g. 

heavy rainfall and flooding) and handling of food 

by human carriers of pathogens. To quote from 

Marine et al. (2015), the farming system is not a food 

safety risk determinant for leafy greens.  

Bacterial pathogens in free-ranging livestock 

In organic agriculture, livestock has, within limits, 

access to “fresh air” outside the housing. Pigs and 

poultry kept outdoors may face a higher risk of exposure 

to zoonotic agents from the environment. Uncontrolled 

exposure to wildlife may result in serious losses due to 

parasites, other animal pathogens, and predators, and 

modern organic husbandry systems minimize these 

risks, also for economic reasons. Table 1 summarizes 

data on the prevalence of zoonotic agents in livestock 

and food of animal origin. The percentage of organic 

pigs carrying antibodies against Toxoplasma gondii 

tends to be higher in organic systems, with 9 and 2.5% 

of the animals (n=200 each) found positive, respectively 

(Schulzig, Fehlhaber 2006). On the other hand, the 

prevalence of live salmonellae in fecal samples of pig 

and poultry at slaughter tends to be lower in organic 

pigs, indicating that organic pigs are less prone to be 

colonized by salmonellae (Leifert et al., 2008; Bonde, 

Sørensen, 2007). Campylobacter tends to be 

present more frequently in free-range chicken 

(Heuer et al., 2001, Hoogenbloom et al., 2008; 

Luangtongkum et al., 2006) but contamination rates on 

chicken meat were found to be similar, indicating the 

key role of cross-contamination during slaughter (van 

Loo et al., 2012). With respect to STEC, little if any 

difference in prevalence has been reported but there is 

some evidence that feeding more roughage (such as in 

organic farming) may reduce the prevalence of Shiga 

toxin forming E. coli (STEC) in cattle colons (Diez-

Gonzalez, 2007). Generally speaking, however, 

contamination of carcasses and raw milk is mostly 

depending on the slaughtering and milking practice, 

respectively.  

Antibiotic-resistant bacteria  

Selection of antibiotic-resistant bacteria strains is one of 

the greatest problems in public health. Therefore, the 

levels of methicillin-resistant Staphylococcus aureus 

(MRSA) and of Enterobacteriaceae (in particular, E. 

coli) containing and expressing genes for extended-

spectrum β-lactamases (ESBL) in raw materials and 

foods are monitored. The majority of studies indicate a 

lower prevalence of MRSA in organically reared pigs 

and on organic farms in general (Table 2). Organic 

poultry meat carried MRSA much less frequently than 

conventional poultry meat (Teramoto et al., 2016) 

whereas the contamination rates for ESBL-E. coli on 

organic poultry meat were reported to be similar 

(Kola et al., 2012; Cohen Stuart et al., 2012) or lower 

(Smith-Spangler et al., 2012). The lower prevalence of 

antibiotic-resistant bacteria on organic meat may be due 

to restrictions in the (therapeutic) use of antibiotics, of 

certain disinfectants (quaternary ammonium 

compounds, QAC), zinc, and to a higher resistance of 

the animals against colonization and infection 
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(Slifierz et al., 2015). Again, the degree of 

contamination of meat by antibiotic-resistant bacteria 

strongly depends on slaughtering and butchering 

hygiene. 

Table 2 

Antibiotic-resistant bacteria in organic and 

conventional livestock and food of animal origin 

Hazard and 

sampling site 

Prevalence 

organic vs. 

conventional 

References 

MRSA1 in live 

pigs and farm 
environment 

Lower 
Meemken, Blaha, 

2009, van de 
Vijver et al., 2014 

MRSA on 
poultry meat 

Lower 
Teramoto et al., 
2016 

ESBL2 E. coli on 

poultry meat 
Equal or lower 

Smith-Spangler 

et al., 2012; Kola 

et al., 2012; Cohen 
Stuart et al., 2012 

Antibiotic-

resistant 

Campylobacter 

on poultry at 

slaughter 

Lower 
Luangtongkum et 
al., 2006 

1Methicillin-resistant Staphylococcus aureus 
2Extended-spectrum-β-lactamase-positive 

With regard to the presence of antibiotic resistance 

genes in plant-associated Enterobacteriaceae, little 

differences between organically and conventionally 

grown vegetables were reported (van Hoek et al., 2013; 

Ruimy et al., 2010; Kim, Woo, 2014).  

Fusarium toxins in grains and cereal products 

Fusarium toxins are, in low concentrations, frequently 

found in cereal products. Surveys clearly showed that 

restrictions in use of fungicides and insecticides do not 

lead to a higher prevalence of these toxins in cereal 

products (Edwards, 2009; Tangni et al., 2009). Seven 

studies analysed by Smith-Spangler et al. (2012) 

indicated lower contamination levels of these toxins in 

organic wheat while the study by Edwards (2009) did 

not report significant differences between levels in 

conventionally and organically grown wheat. When 

German-style bread (made from wheat and rye flour), 

sampled in 1999, was analysed for Fusarium toxins, 

levels were found to be lower in organic bread 

(Schollenberger et al., 2005). 

Table 3 shows the results of some studies in Norway and 

Poland on Fusarium toxins in oats and rye. In Norway, 

toxin levels were significantly lower in organic oats 

while in Poland, only small differences were observed. 

Organic rye was found to contain lower levels of 

deoxynivalenol (DON) than did conventionally grown 

rye. 

Various factors reduce the levels of Fusarium toxins in 

organically-growing grains (summarized by Benbrook, 

2006): (i) Infection of the oars by Fusarium is difficult 

to control with fungicides, (ii) in organic agriculture, 

crop rotation reduces the level of inoculants, and (iii) 

restriction of nitrogenous fertilizers strengthens the 

defense mechanisms of the plants and improves the 

microclimate within the field. Moreover, cropping 

wheat immediately after maize, which, at least in 

Germany, is common practice in conventional but not in 

organic agriculture, favours infestation by 

Fusarium, resulting in higher levels of Fusarium toxins 

(Döll et al., 2002). 

Table 3 

Fusarium toxins in oats and rye1 

Cereal 

and 

origin 

n 
Myco-

toxin 

Results of 

comparison 

Refe-

rence conv org 

Oats, 

Norway, 

2002-04 

101 101 

DON 

NIV 

HT-2 

conv > org 

conv > org 

conv >org 

(3) 

Oats, 

Poland, 

2006-

2008 

22 36 

DON 

NIV 

HT-2 

n. s. 

n. s. 

n. s. 

(20) 

Oats, 

Poland, 

2009-11 

24 34 

DON 

NIV 

HT-2 

n. s. 

n. s. 

conv > org 

(36) 

Rye, 

Poland, 

2009-12 

42 75 

DON 

NIV 

HT-2 

conv > org 

n. s. 

conv > org 

(4) 

1Abbreviations: DON, deoxynivalenol; NIV, nivalenol; HT-2, 

HT-2 toxin; conv > org, significantly higher levels in 

conventional grains that in organic grains. 

Conclusions 

Peer-reviewed studies do not support allegations that 

organic foods are more hazardous than conventional 

foods. 

Modern outdoor systems for pigs and poultry, and 

organic fertilization using good agricultural practice do 

not increase risk.  

However, the organic sector is advised not to raise 

unrealistic expectations among consumers in terms of 

safety, keeping in mind the (ever increasing) sensitivity 

of analytical methods, and communication should not 

raise.  

Good management / manufacturing practice on farms 

and in processing is crucial for food safety, especially to 

avoid contamination of vegetables by enteric pathogens, 

and grains by toxigenic Fusarium strains. 
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