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INTRODUCTION 

 

Phytopathogenic micromycetes can synthesise a wide range of toxic secondary metabolites, 

the so-called mycotoxins. In Europe, deoxynivalenol (DON) and zearalenone (ZON), both 

mycotoxins produced by several Fusarium species, are of particular importance concerning 

the health and performance of farm animals. Ruminants are regarded as relatively insensitive 

to the effects of DON due to their ability to metabolize DON presystemically with the aid of 

rumen microbes to the almost non toxic metabolite de-epoxy DON (DOM-1). However, data 

on the effects of DON and ZON on the health and performance of dairy cows are limited and 

studies about the carry over of DON and/or its metabolite into the milk are still lacking (for 

review see Whitlow & Hagler 1999, Seeling & Dänicke 2005). Mostly only field or case 

studies are reported, and experiments under controlled conditions were carried out with a 

small number of animals and over a short period of time only (Prelusky et al. 1984; Cote et al. 

1986; Charmely et al. 1993; Ingalls 1996; Seeling et al. 2005a, 2005b). No long-term studies 

on the effects of a chronic DON exposure of ruminants, especially dairy cows, are available, 

although, in so-called Fusarium years (warm and humid weather, especially at cereal 

flowering), higher concentrations of DON and other trichothecene can occur in both forage 

and grains (Oldenburg et al. 2000) fed to dairy cows. This situation can lead to a chronic 

exposure, and the possible mycotoxin effects on dairy cows cannot completely be overlooked.  

Furthermore, factors other than dosage and duration of toxin exposure, which could influence 

the ruminal detoxification potential, have not been examined sufficiently, although the rumen 

plays the key role in the presystemic detoxification of DON. Recent non-published reports 

about unmetabolised DON in the serum and milk of clinically affected dairy cows raise the 

question of whether unmetabolised DON can pass the ruminal epithelium under changed 

ruminal conditions and whether unmetabolised DON can occur in serum and milk under these 

conditions.  

It was shown that the metabolism of DON in the large intestine of chicken was dependent on 

the pH value and was completely inhibited at pH values lower than 5.2 (He et al. 1992). In the 

nutrition of high yielding dairy cows, high concentrate proportions are used nowadays to fulfil 

their energy requirements for milk production. As high concentrate proportions in the ration 

are known to decrease the ruminal pH, these animals are at the risk of developing a subacute 

ruminal acidosis (SARA) characterised by ruminal pH value down to 5.5-5.6 (Kleen et al. 

2003). Consequences of SARA range from adaptive changes of the ruminal mucosa up to 
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degenerative alterations and altered ruminal fermentation conditions (Owens et al. 1998; 

Zitnan et al. 2003). The barrier function of the ruminal epithelium can be impaired under 

acidotic conditions and the absorption of substances in the blood circulation e.g., pyrogenic 

agents and pathogens causing necrosis, primarily in the liver, is facilitated (Haubro Andersen 

& Jarlov 1990). It was shown that that the intact ruminal epithelium is an effective barrier to 

DON (Dänicke et al. 2005a), but there is no data available on whether the barrier function is 

preserved in cases of a damaged ruminal mucosa. 

Therefore, the influence of the concentrate proportion and the therewith connected ruminal 

pH on the ruminal metabolism and absorption of DON and the resulting effects on animal 

health and performance as well as on DON residues in various physiological substrates, 

including milk, need to be examined. 
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BACKGROUND 

 

1 Trichothecenes and deoxynivalenol 

1.1 Fusarium mycotoxins 

Filamentous fungi, so-called moulds, can infect agricultural products on the field or during 

storage and can produce toxic secondary metabolites, which are referred to as mycotoxins. 

Mycotoxins are a world wide health concern, as they can not only impair the health and 

performance of farm animals, but can also put humans at a risk if mycotoxin-contaminated 

plant and animal products are consumed. The UN Food and Agriculture Organisation (FAO) 

estimated that up to 25% of the worldwide foods are notably contaminated with mycotoxins. 

Up to now more than 400 mycotoxins (Gareis 2001) formed by more than 350 fungal species 

(Steyn 1998) have been described, but only a limited number occur frequently and in 

toxicologically relevant concentrations (Smith et al. 1996; Engelhardt et al. 1999). 

Mycotoxins are produced sporadically under suboptimal conditions for the fungal growth 

(fungal stress), such as suboptimal growth temperature, lack of nutrients, drought or insect 

damage (Osweiler 2000). 

In the temperate regions of America, Europe and Asia, fungi of the genus Fusarium are 

common contaminants on cereal crops (SCF 2002; EFSA 2004a). These fungi belong to the 

group of the so-called field flora as their growth and mycotoxin synthesis occurs during the 

vegetation stage of the plant on field. Fusarium ssp. have been shown to produce a wide range 

of mycotoxins such as DON, also known as vomitoxin, and ZON.  

DON is mainly produced by Fusarium toxins of the species Fusarium gramineareum 

(Gibberella zeae) and Fusarium culmorum (JECFA 2001; EFSA 2004a), both causing 

Fusarium head blight in wheat and Gibberella ear rot in maize (JECFA 2001; Edwards 2004) 

The occurrence of ZON is additionally associated with Fusarium equiseti and Fusarium 

semitectum (Logrieco et al. 2002). The geographical distribution of Fusarium graminearum 

and Fusarium culmorum seems to be related to the temperature (JECFA 2001). Fusarium 

graminearum is the common species occurring in warmer climates due to its optimal growth 

temperature of 25 ° C, whereas Fusarium culmorum has its growth optimum at 21 ° C 

(JECFA 2001).  

DON predominantly occurs in grains such as wheat, barley, oats, rye, and maize, and less 

often in rice, sorghum, and triticale (JECFA 2001), ZON is mainly found in maize and small 

grains like barley, wheat, sorghum, millet and rice, but has also been detected in soybeans 
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(Valenta et al. 2002; EC 2003). Due to the expanded use of “no-till” farming and changed 

climate conditions (McMullen et al. 1997) trichothecene contamination of feed and foods is 

regarded as an increasing problem (Pestka 2007).  

In farm animals, DON is associated with feed refusal, decreased weight gain, poor 

performance and vomiting, whereby the effects are strongly dependent on species (EFSA 

2004a). ZON can interact with oestrogen receptors in cells and cause an oestrogen-like 

response, e.g., hyper-oestrogenism and reduced fertility in pigs (JECFA 2001; EFSA 2004b), 

while the causality between the occurrence of ZON and oestrogenic symptoms reported in 

dairy cows in field cases has been doubted (Weaver et al. 1986a, 1986b). Due to differences 

in the metabolism and kinetic behaviour of DON and ZON in different animal species, 

different sensitivity to the toxic effects of DON and ZON has been observed among species 

(Pestka 2007). Pigs are most susceptible followed by mice and rats, while poultry and 

ruminants are considered as relatively tolerant.  

 

1.2 Trichothecene and ZON 

Concerning animal health and performance, the most important Fusarium mycotoxins are the 

trichothecene, zearalenone, moniliformin and the fumonisins (D`Mello & MacDonald 1997).  

Trichothecene mycotoxins are a group containing over 170 stable tetracyclic sesquiterpenoid 

mycotoxins produced by species of Fusarium and related fungi. Trichothecene mostly have a 

double bond at position C-9,10, a 12,13-epoxide ring and hydroxyl and acetoxy substitutes 

(Rotter et al. 1996; EFSA 2004a; Pestka 2007) in common and can be further classified into 

four groups (A-D) according to their chemical properties (Ueno 1977). For the inhibitory 

activity of the trichothecene, an intact 9,10 double bond and the 12,13-epoxide ring is 

necessary (Ehrlich & Daigle 1987). 

Type A trichothecene (e.g.T2 toxin, HT-2 toxin) have an isovaleryl, hydrogen or hydroxyl at 

the C8-position, type B trichothecene (e.g., DON, nivalenol, 3- and 15-acetyl-DON, 

fusarenon X are characterised by a carbonyl group at C8-position. Type C trichothecene (e.g., 

crotocin) have a second epoxide function at C-7,8 or C-9,10, whereas type D trichothecene 

(e.g., satratoxin G) have a cyclic diester or trimster ring linking C-4 and C-15. Types A and B 

trichothecene are the most important contaminants in feed and food with regard to animal and 

human health (EC 2003).  

Trichothecenes are stable in the environment and are relatively resistant to the heat and the 

pressure of milling, processing and cooking (Wolf-Hall et al. 1999)  
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DON, a Type B trichothecene, is chemically described as 3α, 7α, 15-trihydroxy-12, 13-

epoxytrichothec-9-ene-8-one. Although DON is not as toxic such as other trichothecenes 

(e.g., T-2 toxin, HT-2 toxin, or fusarenon-X) (Rotter et al. 1996), it is of particular importance 

because it is the most commonly occurring trichothecene worldwide and is regarded to be a 

major cause of economic loss as a result of reduced performance (Riley & Pestka 2005).  

ZON often co-occurs with DON. ZON (6-(10-hydroxy-6-oxo-trans-1-undecenyl)-β-

resorcyclic acid lactone) is a non steroidal mycotoxin which belongs in the group of 

resorcyclic acid lactones. Its major metabolites are α-zearalenol (α-ZOL) and β-zearalenol (β-

ZOL) (Mirocha et al. 1981; Kuiper-Goodman et al. 1987). Further reduction can occur in 

cattle and sheep, resulting in the derivates zearalanone (ZAN), α-zearalanol (zeranol), 

formerly used as a growth promoter in fattening cattle in the United States and banned in the 

EU since 1985, and β-zearalanol (taleranol). ZON is stable during storage, milling, processing 

and cooking and does not degrade at high temperatures (EFSA 2004b). 

Depending on genetic potential and environmental conditions (e.g., moisture content, pH, 

temperature (DeNijs et al. 1996), most of the Fusarium species are able to produce more than 

one toxin simultaneously. For that reason DON often co-occurs with other Type B 

trichothecene and ZON (Placinta et al. 1999). Therefore DON is regarded as an “indicator” 

toxin. 

 

1.3 Occurrence of DON and ZON 

Due to the ubiquitous occurrence of Fusarium fungi, Fusarium toxin-contaminated feed and 

food are found worldwide (Tanaka et al. 1988). DON is formed at the field (pre-harvest) 

rather than at storage and occurs mostly together with other Fusarium toxins (EFSA 2004a). 

The European Community (EC 2003) has collected occurrence data of DON and ZON from 

12 European countries in the years 1996 to 2002, including Germany (Table 1). The DON 

levels were relatively low in oats, barley and rye whereas in maize and wheat samples, 

frequent and sometimes very high concentrations were detected. The mean DON 

concentrations in positive samples ranged between 0.01 and 0.66 mg/kg DM depending on the 

species. However this data probably represents the “best case” situation as the samples are 

presumably destined for human food. For the nutrition of farm animals, poorer quality grains 

are used which can be reflected by the Fusarium concentrations as well (EFSA 2004a).  
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Table 1. Concentrations of deoxynivalenol (DON) and zearalenone (ZON) in European 
grains (EC 2003) 
 n Positive samples (%) Maximum (mg/kg) Mean1 (mg/kg) 
DON     

Wheat 6358 61 50.000 0.293 
Maize 520 89 8.850 0.660 
Barley 781 47 0.619 0.106 
Oats 595 33 5.004 0.253 
Rye 271 41 0.595 0.095 

ZON     
Wheat 847 30 0.152  
Maize 824 79 6.492  
Barley 226 5 0.053  
Oats 377 20 1.310  
Reye 84 5 0.024  

1weighted means of positive samples from different evaluations 

 

Within the framework of the official feed surveillance in Germany, random feed samples are 

monitored for the occurrence of undesired substances (Meng et al. 2006). In the years 2001 to 

2003, 1345 samples of grain and its products were analysed for DON. Maximum levels 

ranged between 1.65 and 3.4 mg/kg in dependency of the year and the grain variety (Meng et 

al. 2006). As seasonal variations have a significant impact on the extent of Fusarium 

infection, the levels of DON seem to vary from year to year (EFSA 2004a). The 90th 

percentile ranged between 0.3 and 0.5 mg/kg. The critical concentrations proposed by the EC 

of 8 mg DON/kg (compare Table 6) were not achieved in any case. 

In 672 samples of compound feed for the dairy cows, the maximum DON concentration 

ranged between 2 and 3 mg/kg DM (Figure 1).  

In maize grown in Central Europe, Fusarium mycotoxins are frequently detected both in 

freshly harvested material and in silage (Lew et al. 2001; Oldenburg & Höppner 2003; 

Schollenberger et al. 2004; Oldenburg & Ellner 2005). The DON concentrations in 741  
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                     Compound feed for dairy cows                           Concentrates, roughage, hay, 
                                                                                                     straw used for dairy cows 
 

 

 

 

 

 

 

 

 

 
Figure 1. DON concentrations in samples of compound feed and in samples of roughage, 
concentrate, hay, straw used for dairy cows in the years 2001-2003 (results of the official feed 
surveillance in Germany according to Meng et al. 2006) 
Abbreviations: n= number of analysed samples, DL= detection limit, Min./Max.= minimal and 
maximal detected concentration 
 

samples of forage maize from 22 locations in Germany in the years 2000-2003 are 

summarised in Table 2. The DON concentrations ranged between 0.24 and 14.29 mg/kg DM. 

Maize samples exceeding 5 mg/kg DM frequently contained 3- and 15-acetyl-DON in 

concentrations between 0.01 and 1.62 mg/kg DM, and ZON was detected in 5 samples (0.05-

14 mg/kg DM) (Oldenburg & Ellner 2005). In the year 2002, the highest concentrations of 

DON were not only found in grain and its products but also in forage maize, probably due to 

an unusually long-term rainy weather in that year (Oldenburg & Ellner 2005).  

 

Table 2. Deoxynivalenol concentrations in forage maize from 22 locations in Germany 
(ELISA method) (Oldenburg & Ellner 2005; Oldenburg & Höppner 2004) 

Harvest 
year Number   DON (mg/kg DM)   

>5 mg 
DON/kg DM 

  n % positive   Median Mean* Range*   n 
2000 196 59  0.26 1.29 0.24 - 12.89  5 
2001 160 62  0.27 1.22 0.24 - 11.52  3 
2002 182 89  0.73 2.1 0.26 - 14.29  17 
2003 203 61   0.26 1.18 0.24 - 8.41   4 

* positive samples (>0.22 mg DON/kg DM) 
DM of the whole plant between 30-40% 
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1.4 Mode of action 

The basic mechanism of trichothecene is the inhibition of protein synthesis (Feinberg & 

McLaughlin 1989). Trichothecenes are able to bind to the 60S subunit of eukaryotic 

ribosomes and interfere with the activity of the peptidyltransferase. As a Type B trichothecene 

DON inhibits the chain elongation (Ehrlich & Daigle 1987). 

An unsaturated bond at the C9-C10 position and the 12, 13-epoxy ring is required for the 

inhibition activity. The reduction of the epoxide ring results in an apparent loss of toxicity as a 

consequence (McLaughlin et al. 1977; Feinberg & McLaughlin 1989). This mechanism is 

described as de-epoxydation and is responsible for the relatively lower sensitivity of 

ruminants towards the effects of DON, as ruminal microbes can metabolise DON to the less 

toxic de-epoxy DON (DOM-1) (Figure 2).  

 

 

O
O

CH3

CH3

CH2
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O

H

OH

OH
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CH3

CH3

CH2
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H

OH
OH

Deoxynivalenol De-epoxy-deoxynivalenol  

Figure 2. De-epoxydation of deoxynivalenol (DON) to the non toxic metabolite de-epoxy-
DON (DOM-1) 
 

Recently the role of DON as pro-inflammatory agent was discussed. In rodent species it was 

shown that DON increases the expression of pro-inflammatory cytokines (Azcona-Olivera et 

al. 1995; Zhou et al. 1997; Zhou et al. 1998). Low doses of trichothecene upregulate the 

expression of cytokines, chemokines and inflammatory genes with concurrent immune 

stimulation while high dose exposure promotes leukocyte apoptosis with concurrent immune 

suppression (Pestka et al. 2004). However, further research needs to clarify to which extent 

these experiments are applicable to ruminants.  

 

1.5 Metabolism of DON in ruminants 

In the rumen, DON is rapidly metabolised to the almost non-toxic metabolite de-epoxy DON 

(DOM-1) (see Figure 2) (King et al. 1984; Swanson et al. 1987; He et al. 1992). Therefore 
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only minor amounts of ingested DON can reach the blood circulation. In cows fed a very high 

single oral dose of 1.9 mg pure DON/kg BW (920 mg per animal), less than 1% of DON was 

systemically absorbed (Prelusky et al. 1984). DOM-1 residues were not determined. Peak 

concentrations of DON in the serum were detected after 4.7 (200 ng/ml) and 3.5 hours (90 

ng/ml), respectively. Only trace amounts were measurable after 24 hours. In sheep dosed with 

a single oral dose of 5 mg DON/kg BW a mean pharmacokinetic bioavailability of 7.5% was 

reported (Prelusky et al. 1985). Accordingly, studies with fistulated dairy cows revealed that 

DON was almost completely metabolized to DOM-1 in duodenal chyme (between 89% and 

99% of the duodenal flow of both toxins were DOM-1 (Dänicke et al. 2005b, Seeling et al. 

2006b). Only between 4 and 35% of ingested DON were recovered at the duodenum in the 

form of DON and DOM-1 (Dänicke et al. 2005b; Seeling et al. 2006b). It was assumed, that 

DON is nearly completely degraded in the rumen or absorbed by the ruminal mucosa 

(Dänicke et al. 2005b). 

In dairy cows fed a diet with 66 mg DON/kg DM over 5 days, 20% of the consumed DON 

was recovered as unconjugated DON and DOM-1 in similar proportions in urine and faeces 

with DOM-1 being the predominant substance (Cote et al. 1986). Enzymatic treatment with β-

glucuronidase extensively increased the DON and DOM-1 concentrations. Accordingly, 

Seeling et al. (2006b) found that DOM-1 was the predominant substance in the urine of cows 

fed 3.9 mg DON/kg DM over a period of 4 weeks. Both DON and DOM-1 appeared mainly 

as glucuronide (Seeling et al. 2006b). In the serum of these cows DOM-1 only occurred as 

glucuronide conjugate which consequently means that the toxin will go directly to the liver, 

where it undergoes an extensive glucuronidation as a first-pass effect (Seeling et al. 2006b).  

Therefore it can be assumed that the glucuronidation seems to be an important metabolic 

pathway. Urine seems to be the main excretion route in ruminants for the excretion of DON, 

whereas faecal and bilary excretions seem to be less important (Prelusky et al. 1987; Seeling 

et al. 2006b).  

 

1.6 Carry over of DON into milk 

Up to now the relevance of DON concerning the carry over in milk is regarded as low 

(Prelusky et al. 1984; Cote et al. 1986; Charmely et al. 1993; EFSA 2004a, Seeling et al. 

2006b). The carry over rates of individual cows were always lower than 0.1% and mostly 

lower than 0.01% after a single or repeated exposure with high DON doses. Thus, a 

contamination of milk with DON and DOM-1, respectively, in concentrations around 1 μg/l is 

only expected if DON concentrations in feedstuff are between 5-10 mg/kg DM (Prelusky et 
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al. 1984), and a contamination above 10 μg/l is only likely if the DON concentration in 

feedstuff exceeds 50 mg/kg DM (Cote et al. 1986). The carry over studies with DON and 

ZON in ruminants are summarised in Table 3. 

However, factors that could influence the detoxification potential of the rumen might have an 

impact on the transmission of intact DON into milk as well, and need to be further 

investigated.  

 

1.7 Effects of DON on health and performance of dairy cows 

Data concerning the effects of Fusarium toxin-contaminated diets on health and performance 

of dairy cows are still rare. In most studies no effects on performance and milk composition 

were found for the tested DON concentrations and no clinical symptoms of illness could be 

attributed to the presence of DON (Table 4). Occasionally, effects on liver enzymes were 

observed (Hochsteiner et al. 2000; Sabater Vilar 2003; Korosteleva et al. 2007) and changes 

in the red and white blood count were reported (Sabater Vilar 2003; Korosteleva et al. 2007). 

In a survey of North Carolina dairy herds, reduced milk performance in cows fed concentrate 

with 0.8 mg DON/kg DM was reported by Whitlow et al. (1986). In a study by Charmely et 

al. (1993), 18 lactating dairy cows consumed concentrate with a DON concentration of 0, 5 

and 12 mg/kg concentrate (mean concentrate proportion between 50 and 56% in the ration)  

 

Table 3. Carry over of DON and DOM-1 in milk of ruminants (according to Dänicke et al. 
2000; EFSA 2004a, modified) 
Toxin Animal 

species Dosage Duration 
(days) 

Toxins and metabolites in milk       
(μg/kg or μg/l ) Reference 

920 mg p.o.         
(1.7 mg/kg BW)

Single 
dose 

Traces of DON (<4) (with and without 
incubation with glucuronidase), 
metabolites n.d. 

Prelusky et al. 
1984 

DON Dairy cow 

50 mg p.o. Single 
dose 

<10   

DON Dairy cow 66 mg/kg diet 5 DON <1, DOM-1: 2-26; conjugates 
n.d. 

Cote et al. 1986b 

a) 880 mg/kg 
diet 

3 a) DON max. 17, DOM-1 max. 205 DON Sheep 

b) 330 mg/kg 
diet 

3 b) DON max 10, DOM-1 max. 125 

Prelusky et al. 
1987 

DON Dairy cow 0, 6, 12 mg/kg 
concentrate feed

70 DON and DOM-1 <1; conjugates n.d. Charmely et al. 
1993 

DON, 
ZON 

Dairy cow 5.2 mg DON 
and 0.06 mg 
ZON/kg 
concentrate 

28 DON: 0.11-0.22 (GC-MS after 
incubation with β-glucuronidase,    
DOM-1: 1.6-2.7 (HPLC-UV after 
incubation with β-glucuronidase, 
ZON< 1ng/g, α-ZOL<3 ng/g,                 
β-ZOL< 1 ng/g  

Seeling et al. 
2006b 

Abbreviations: DON= deoxynivalenol, p.o.= per os, BW= body weight, n.d.= not determined, DOM-1= de-
epoxy-DON, ZON= zearalenone, α-ZOL= α-zearalenol, β-ZOL= β-zearalenol 
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over 10 weeks. No effects on milk production were detected, but a decline in the milk fat 

percentage and -yield was observed in cows fed the ration with an average DON 

concentration of 5 mg/kg concentrate. As feeding the higher DON concentration of 12 mg/kg 

did not result in decreased milk fat, this effect was probably not caused by the presence of 

DON.  

Feeding a TMR with a DON concentration of 3.6 mg/kg and a concentrate proportion of 50% 

over 56 days to mid-lactating dairy cows did not influence milk yield and composition in an 

experiment by Korosteleva et al. (2007).  

 



 

 

Table 4. Effects of DON on the health and performance of dairy cows (according to Seeling & Dänicke 2005, modified) 
Toxin Experimental description Symptoms Reference 

DON Maize was not analysed for DON, but pigs refused 
ingestion of the maize batch, so that the authors 
assumed the existence of DON in the maize 

Slight decrease of daily feed intake, no differences in milk yield and 
milk fat 

Noller et al. 1979 

DON 1,5 mg/kg wheat (28 d)                                                    
6.4 mg/kg wheat (70 d)  

Replacing the lower with the higher DON contaminated feed caused 
temporary lower feed intakes 

Trenholm et al. 1985 

DON 0 to 0.8 mg/kg concentrate Milk yield decreased by feeding the higher DON contaminated 
concentrate 

Whitlow et al. 1986 

DON 66 mg/kg diet (1.7 mg/kg BW) (5 d) No effects on feed intake or milk yield  Cote et al. 1986 
DON 6 mg/kg or 12 mg/kg concentrate (70 d) No differences in feed intake or milk yield  Charmely et al. 1993 
DON Up to 14.6 mg/kg concentrate (21 d) No effects on feed intake, milk yield and milk composition Ingalls 1996 
DON Estimated daily DON intake of 4.5 mg Decreased red and white blood counts, increased serum activities of 

GLDH, increased mastitis incidence 
Sabater Vilar 2003 

DON 3.6 mg/kg DM (56 d) No effects on feed intake, milk yield and milk composition,  
total serum protein and globulin increased, albumin:globulin ratio 
decreased, increased serum urea, serum IgA decreased 

Korosteleva et al. 2007 

DON, ZON 12.4 mg DON/d and 0.94 mg ZON/d   
or 14.1 mg DON/d and 0.67 mg ZON/d  
or 14.3 mg DON/d and 0.68 mg ZON/d + "Mycofix 
plus" 

No significant effects on milk performance and milk composition, 
increased activities of serum enzymes and AST and GLDH in all 3 
groups 

Hochsteiner et al. 2000 

DON, ZON 8.05 mg DON/kg and 0.26 mg ZON/kg wheat (35d), 
7.15 mg DON/kg and 0.1 mg ZON/kg wheat (35d) 

Higher ammonium concentration in the ruminal fluid, 
reduced crude protein flow, flow of microbial protein and of utilizable 
crude protein at the duodenum 

Dänicke et al. 2005b 

DON, ZON 5.2 mg DON and 0.06 mg ZON/kg concentrate, (daily 
DON intakes between 16.6 and 75.6 mg ) (4 weeks)  

No effects on feed intake and milk yield, serum levels of GLDH, AST 
and γ-GT independent from mycotoxin contamination                               
No significant differences in volatile fatty acid concentration, increased 
amounts of crude protein degraded at the duodenum 

Seeling et al. 2006c 

Abbreviations: DON= deoxynivalenol, ZON= zearalenone, d=days, GLDH= glutamate dehydrogenase, IgA=immunglobuline A, AST= aspartate aminotransferase,  
γ-GT= γ-glutamayl-transferase 
 

B
A

C
K

G
R

O
U

N
D

12



BACKGROUND 

 13

1.8 Regulatory aspects regarding DON and ZON in feeds for farm animals 

The Commission of the European Communities (EC) has published orientation levels for 

DON and ZON concentrations in animal feed (Table 5) (EC 2006) which correspond more or 

less to the orientation values for critical DON and ZON concentrations set by the German 

Ministry of Consumer Protection, Food and Agriculture (BML 2000).  

Ruminants are regarded as relatively tolerant to the toxic effects of DON due to the ability of 

the ruminal microbes to metabolise DON to the less toxic de-epoxy DON (DOM-1) (Figure 2) 

(King et al. 1984; Swanson et al. 1987; He et al. 1992). This is reflected in a higher critical 

value for the daily DON concentration in the ration compared to other species. Differences 

between ruminant and pre-ruminant cattle due to the different rumen development (Seeling & 

Dänicke 2005) were considered in the lower critical concentrations set by the EU (EC 2006).  

 

1.9 Factors influencing the metabolism of DON 

1.9.1 Passage rate 

As a possible factor influencing the ruminal detoxification potential, Seeling et al. (2006a, 

2006b) examined the effect of the passage rate resulting from varying feed intakes on the 

metabolism and carry over of DON and ZON in 14 dairy cows equipped with ruminal and 

duodenal cannulas. The metabolism of DON to DOM-1 in the rumen was independent of the 

passage rate. In this study DOM-1 in milk was detected in concentrations between 1.6 and 2.7 

μg/kg (HPLC-UV method after β-glucuronidase incubation), while the parent toxin was only 

detected in concentrations barely above the detection limit using the more sensitive GC-MS 

method (Seeling et al. 2006b). Interestingly, the carry over of DON and DOM-1 in milk, 

expressed as the ratio between DON and DOM-1 excretion with the milk and the DON intake, 

increased significantly with increased milk yields. Veldman et al. (1992) assumed that the 

permeability for the mycotoxin Aflatoxin M1 (AFM1, metabolite of Aflatoxin B1) from blood 

to the alveolar cells depends on its concentration. If DON and DOM-1 undergo a similar 

mechanism it could explain the increased carry over rates with increased milk yields. Another 

factor influencing the carry over rate might be the condition of the udder, as udder infections 

are known to increase the permeability of the blood-udder-barrier (Veldman et al. 1992; 

Seeling et al. 2006b).  

Regarding the metabolism of ZON, Seeling et al. (2005b) observed that a higher passage rate 

limited the ruminal metabolism of this toxin.  
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Table 5. Commission recommendation of 17 August 2006 on the presence of deoxynivalenol 
and zearalenone in products intended for animal feeding (EC 2006). 

Mycotoxin Products intended for animal feed 
 

Guidance value in mg/kg 
(ppm) relative to a feeding 
stuff with a moisture content 
of 12 % 

Deoxynivalenol  Feed materials (*)  
 - Cereals and cereal products (**) with the 

exception of maize by-products  
8 

 - Maize by-products  12 
 Complementary and complete feeding stuffs with 

the exception of:  
5 

 - complementary and complete feeding stuffs for 
pigs  

0.9 

 - complementary and complete feeding stuffs for 
calves (< 4 months), lambs and kids 

2 

Zearalenone Feed materials (*)  
 - Cereals and cereal products (**) with the 

exception of maize by-products  
2 

 - Maize by-products  3 
 Complementary and complete feedingstuffs  
 - Complementary and complete feedingstuffs for 

piglets and gilts (young sows)  
0.1 

 - Complementary and complete feedingstuffs for 
sows and fattening pigs  

    0.25 

 - Complementary and complete feedingstuffs for 
calves, dairy cattle, sheep (including lamb) and 
goats (including kids) 

0.5 

(*) Particular attention has to be paid to cereals and cereals products fed directly to the animals that their use in a 
daily ration should not lead to the animal being exposed to a higher level of these mycotoxins than the 
corresponding levels of exposure where only the complete feeding stuffs are used in a daily ration. 
(**) The term ‘Cereals and cereal products’ includes not only the feed materials listed under heading 1 ‘Cereal 
grains, their products and by-products’ of the non-exclusive list of main feed materials referred to in part B of 
the Annex to Council Directive 96/25/EC of 29 April 1996 on the circulation and use of feed materials (OJ L 
125, 23.5.1996, p. 35) but also other feed materials derived from cereals in particular cereal forages and 
roughages. 
 

 

1.9.2 Composition of diet and ruminal pH 

Another possible factor, which might influence the metabolism and carry over of DON in 

ruminants, is the composition of the ration. Results of studies with ochratoxin A (OA) 

indicate that the ruminal metabolism of OA to the less toxic ochratoxin α (Oα) depends on the 

ration composition. Elevated concentrate proportions led to an increased velocity in the 

degradation of OA, probably due to a higher number of ruminal protozoa, which were shown 

to be most important for the OA metabolism (Müller et al. 2001) and which number increases 

with increased concentrate proportions (Abe et al. 1973). However, the number of protozoa 

only increased to concentrate proportions of 60%, feeding higher concentrate proportions 
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resulted in a decreased degradation of OA in several in vitro and in vivo studies (Kiessling et 

al. 1984; Xiao et al. 1991a, 1991b; Özpinar et al. 1999).  

Blank et al. (2004) observed a delayed OA disappearance from the rumen, a decreased 

ruminal pH post-feeding and an increased OA concentration in the blood of sheep fed 70% 

concentrate compared to sheep fed 30% concentrates and consumed 14 μg OA per kg body 

weight (BW).  

He et al. (1992) reported about a pH dependent biotransformation of DON in the large 

intestines of chicken. The biotransformation of DON was completely inhibited by pH values 

below 5.2. High concentrate proportions used in the rations of fattening cattle and high-

yielding dairy cows are known to decrease the ruminal pH value, which may have an impact 

on the ruminal metabolism of DON. The influence of the ration composition on the ruminal 

metabolism of DON has not been examined yet. In the critical concentrations recommended 

by the EC (EC 2006), the ration composition is not considered. In contrast, the Association of 

Food, Veterinary Science and Agriculture in Austria (ALVA, Lew 1999) assumed that the 

rumen of intensively fed fatting bulls might be limited in this function due to a limited access 

to roughage and, thus suggested a critical concentration of 1.0 mg/kg feed (88% DM) for 

fattening cattle. Accordingly, Schuh (1996) reckons with clinical effects of DON on fattening 

cattle when concentrations from 0.5 mg/kg feed (88% DM) onwards are fed constantly.  

As there are hints in the literature, that the metabolism of DON might be influenced by the 

pH, and since the barrier function of the ruminal mucosa can be impaired in cows fed high 

concentrate proportions leading to a status of a subacute ruminal acidosis, the influence of the 

concentrate proportion, not only on cow health and performance, but as well in terms of the 

carry over of DON into milk, needs to be examined in dairy cows fed practically relevant 

amounts of DON.  

 

 

2 Subacute rumen acidosis (SARA) 

2.1 Definition 

Different forms of ruminal acidosis are known ranging from peracute life-threatening to 

chronically-latent (Kleen et al. 2003). An acute clinical acidosis is characterised by a dramatic 

reduction in the ruminal pH (≤ 5), a large increase in lactic acid concentration, and a large 

decrease in the ruminal protozoa (Nocek 1997) mostly due to an accidentally intake of high 

amounts of easily fermentable carbohydrates in single ruminants.  
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Beside the acute form, non-acute forms of acidosis have been described in the literature and 

the nomenclature is quite confusing; the terms subacute ruminal acidosis [SARA] (Garrett 

1996; Stock 2000; Kleen et al. 2003), chronic acidosis (Ivany et al. 2002), subclinical ruminal 

acidosis (Nocek 1997) and chronic-latent acidosis (Gäbel 1990) were used. In the following 

the term subacute ruminal acidosis (SARA) is chosen as this form of acidosis will have 

clinically detectable consequences, which will become manifest after a certain delay to the 

initial insult. 

SARA is defined as an intermittent fall of the ruminal pH to ranges below pH 5.5 some hours 

after concentrate feeding due to maladaptation of the ruminal environment in terms of ruminal 

microflora and ruminal mucosa (Kleen et al. 2003). SARA can be seen as an instable, 

transient situation in which the adaptive mechanisms are able to prevent the acute form, but 

can eventually either turn to a form of acute acidosis or result in a complete adaptation (Kleen 

2004). This form can be regarded as a herd problem rather than an individual problem 

(Enemark et al. 2004).  

 

2.2 Occurrence 

To fulfil the energy and nutrient requirements of high yielding dairy cows and fattening cattle, 

concentrate proportions of up to 50% and higher are fed nowadays. As high concentrate 

proportions in the ration of ruminants are known to decrease the ruminal pH, these animals 

are predisposed to developing a chronic form of the ruminal acidosis with ruminal pH values 

down to 5.5-5.6. 

SARA has become a common problem in dairy cows because high yielding dairy cows have 

an increased demand for energy for the milk production (Dirksen et al. 2002). Therefore 

rations with a low fill but a high content of easily fermentable carbohydrates are used leading 

to an increased acid load in the forestomachs (Enemark et al. 2002). Critical phases for 

developing SARA are the peri- and post partal period and the high lactation. The intake of 

high amounts of easily fermentable carbohydrates such as starch and di- and monosaccharides 

put cows at risk for developing ruminal acidosis as well as the adaptation period to high 

concentrate proportions (Owens et al. 1998).  

Estimating the prevalence of SARA as confirmed by ruminocentesis in 15 Holstein dairy 

herds in the U.S., Garrett et al. (1997) detected ruminal pH values below 5.5 in 19% of the 

early lactating cows and 26% in cows of the peak lactation. In 5 of the 15 herds, more than 

40% of the cows tested had ruminal pH values below 5.5. In a study by Kleen (2004) 13.7% 

of a total of 197 Holstein cows from 18 Dutch herds had ruminal pH values ≤ 5.5 indicating 
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the presence of SARA. SARA was detected in 11 out of 18 herds with a prevalence ranging 

between 8% up to 38% indicating that the occurrence of SARA is highly management-related.  

 

2.3 Etiology and Pathogenesis 

In the rumen, carbohydrates such as cellulose, starch, pectines and hemicelluloses are 

metabolized to pyruvate, which is then transformed into acetate, butyrate, propionate, lactate 

and their acids in different pathways. Variability in the ruminal pH value between 7.0 and 5.6 

are considered as normal, the minimum ruminal pH is reached within 2-4 hours after feeding 

concentrates due to the feed-induced fermentation of the carbohydrates (Dirksen et al. 2002). 

Free fatty acids accumulating in the rumen can be buffered by ruminal buffer systems, 

particularly with the bicarbonate/ CO2 system and the fatty acid/ anion-system (Gäbel 1990). 

The buffer substances bicarbonate and HPO4 reach the rumen with the saliva. The amount of 

the buffering saliva is dependent on the physical structure of the feed and the therewith 

connected ruminating activity. Feedstuffs with poor structure lead to a shorter chewing time 

and rumination so that less saliva enters the rumen. Also, the ruminal pH is regulated by 

absorption of the fatty acids through the ruminal mucosa and the secretion of bicarbonate 

(Gäbel 1990). An adaptational growth of the papillae has been shown in cattle fed high 

concentrate diets (Dirksen et al. 1984; Weiss 1994; Zitnan et al. 2003). The proliferation of 

papillae is mainly promoted by butyrate and, to a minor degree, by propionate (Dirksen et al. 

1984; Dirksen et al. 2002). If the ruminal mucosa is not adapted, the papillae are too short and 

the resorbing surface too small to deal with the sudden increase of free fatty acids (Kleen et 

al. 2003). High amounts of free fatty acids are found (up to 180 mmol/l, reference: 60-120 

mmol/l, Dirksen et al. 2002) and the proportion of the main fatty acids acetate, propionate and 

butyrate changes. With decreased ruminal pH, the acetate proportion decreases, while the 

propionate and butyrate concentrations increase (Dirksen et al. 2002). The concentration of 

lactate can increase as well, but mostly lactate is directly metabolised to propionate. Under 

these conditions the pattern of the ruminal microbes is altered as well, the number of 

amylolytic and saccharolytic microbes increases compared to cellulolytic microbes, not only 

because of the changed supply of substrates, but also due to a higher tolerance of amyolytic 

microbes towards lower pH values (Gäbel 1990).  

With an increased concentration of fatty acids, the ruminal osmolality increases as well so that 

water from blood is drawn rapidly inwards through the rumen wall, regulating the osmotic 

pressure. The rapid influx can lead to a swelling of the ruminal papillae, ablation of the 

ruminal mucosa and local inflammation reactions up to abscesses (Owens et al. 1998). 
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Afterwards repaired tissue of the digestive tract will be thickened (hyperkeratosis or 

parakeratosis) and can impair the absorption of fatty acids for months or years after the 

damage has occurred (Owens et al. 1998).  

The ruminal wall consists of a multi-layer squamous epithelium, which on the one hand has a 

barrier function against pathogenic agents; on the other hand it has a high absorption capacity 

for the transport of ruminally derived fatty acids into the blood (Gäbel 1990). The permeation 

of pathogens, which are present in the rumen flora, from the rumen into the blood, is 

facilitated through a damaged ruminal wall. Pathogens penetrate into the hepatic portal 

venous system and are carried to the liver where they can cause multiple abscesses and can 

spread into other organs (Dirksen et al. 2002). This causality is described as ruminitis-liver-

abscess complex (Scanlan & Hathcock 1983; Gäbel 1990; Nagaraja & Chengappa 1998, 

Dirksen 2002). Fusobacterium necrophorum, an anaerobe bacterium occurring in the 

gastrointestinal tract, and Arcanobacterium pyogenes, can excessively proliferate under 

acidotic conditions in the rumen and are of particular importance for the development of the 

described abscesses (Nagaraja & Chengappa 1998, Kleen et al. 2003). Acidosis was shown to 

be the main reason for the sudden death of feedlot cattle (Glock & DeGroot 1998). The influx 

of fluids from the blood into the rumen can cause dehydration as far as hypovolämic shock. 

Furthermore lipopolysaccharides (components of the cell wall of gramnegative bacteria, LPS) 

can be released in the rumen if gram negative bacteria die under acidotic ruminal conditions. 

It is assumed that LPS can pass across damaged ruminal epithelium in the blood circulation 

and can play a certain role in the sudden death of feedlot cattle but as well in the pathogenesis 

of production diseases of dairy cows like dislocation abomasi, laminitis, fat liver syndrome 

(Haubro Andersen & Jarlov 1990).  

 

2.4 Clinical signs and diagnostics 

In general, the symptoms of SARA are diffuse and inconsistent. An aggravating factor is, that 

the clinical signs are often temporally separated from the inciting event (Enemark et al. 2002). 

A clinical sign frequently found in feedlot cattle and dairy cows affected with SARA is a 

decreased feed intake described as “cycling” or “fluctuating” (Britton & Stock 1986; Nocek 

1997; Kleen et al. 2003). Further symptoms can be loose faeces and/or transient diarrhoea, 

poor body condition and drop in milk yield, milk fat depression (MFD), lameness due to sole 

abscesses and sole ulcera, abscesses or inflammational processes in liver, kidney, lungs and 

heart as well as nose bleeding (epistaxis) related to either bacterial pneumonia or vena cava 

syndrome (Dirksen 1985; Nordlund & Garrett 1994; Oetzel 2000; Enemark et al. 2002; Kleen 
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et al. 2003). In SARA-affected herds, an elevated culling rate and a high number of deaths 

have been reported after chronic illness (Nordlund & Garrett 1994).  

The diagnostic exercise should include groups of cows, as SARA is a herd problem and thus, 

the clinical signs are related to the herd (Enemark et al. 2002). Paraclinical investigations 

include parameters related to the ruminal fluid, blood, urine and milk, and are summarised in 

reviews by Enemark et al. (2002) and Kleen et al. (2003). In the ruminal fluid, the pH value 

gives information on whether critical pH values occur. The influence of the sampling 

technique needs to be considered, as sample pH varies depending on the intra-ruminal 

localisation of the oro-ruminal tube, saliva contamination and time of sampling in relation to 

the last feed intake (Dirksen et al. 2002; Enemark et al. 2002). Thus, different critical 

threshold values are discussed depending on the applied technique. In comparison with 

ruminocentesis and rumen cannula technique, samples taken with the oro-ruminal tube 

provide the highest pH value and the highest bicarbonate concentration (Duffield et al. 2004). 

The ruminal pH values were 0.2 units higher when samples were taken using the Geishauser 

instrument (Geishauser 1993) compared to the cannula technique (Höner et al. 2000). 

Therefore, Duffield et al. (2004) defined a critical threshold for oro-ruminal probe samples 

being at pH 5.9 and 6.2. The determination of the total sum of the ruminal short chain fatty 

acids (SCFA) and the pattern of the ruminal SCFA can reveal further hints in the diagnostic of 

SARA. Weekly determinations of the milk fat percentage can be a good indicator of ruminal 

fermentation condition which can be useful in the diagnosis of SARA for cows with more 

than 30 days in milk (Enemark et al. 2004). 

Urine parameters such as urine pH, the net acid base excretion (NABE) and the base-to-acid-

ratio (BAR) can be another useful tool to detect an acidotic burden (Cakala et al. 1979; Fürll 

1993; Dirksen et al. 2002).  

 

 

3. Interactions between SARA and the metabolism and carry over of DON 

The rumen is of crucial importance for the de-epoxydation of DON to the almost non toxic 

metabolite DOM-1. The intact ruminal epithelium was shown to be an effective barrier 

against DON in an Ussing chamber experiment with the ruminal epithelium of sheep 

(Dänicke et al. 2005a). But there is no data available on whether the barrier function is 

preserved in cases of a damaged ruminal mucosa, which can occur as a consequence of 

SARA.  
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Sabater Vilar (2003) reported about the massive occurrence of unmetabolised DON in the 

serum of dairy cows consuming a rather low DON dose of approximately 4.5 mg DON/d. At 

the same time, the herd had an increased incidence of mastitis. DON in serum was detected by 

an ELISA method, but the author did not mention any data about the applicability of the 

method. Sabater Vilar (2003) deduced that the rumen could not metabolize this comparably 

low amount of DON. This report is in contrast to a study by Seeling et al. (2006b), in which 

only trace amounts of DON were detected in cows fed a between 3- and 17-fold higher daily 

dose of DON using a HPLC-UV method after β-glucuronidase incubation. Cows fed the 

control ration in Seeling`s study had a comparable daily DON intake to the cows in Sabater 

Vilars report, but no unmetabolised DON and only trace amounts of DOM-1 were detected by 

Seeling et al. (2006b). However, unpublished reports about high concentrations of 

unmetabolised DON in the serum and milk of clinically disturbed cows put the problem of the 

variability in the ruminal detoxification potential in the concerns of the consumer protection. 

The question comes up whether Fusarium toxins and/ or their metabolites can pass across the 

ruminal epithelium in the blood circulation and in the milk if the barrier function of the 

ruminal mucosa is damaged as described for acidotic states. Furthermore the metabolism of 

DON could be altered if the ruminal conditions are changed.  
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SCOPE OF THE THESIS 

 

The actual extent of knowledge regarding long-term effects of moderate DON concentrations 

on the health and performance of dairy cows is very limited. Furthermore, factors which 

might have an influence on the ruminal detoxifying potential have not been examined 

sufficiently. High concentrate proportions in the ration of high producing dairy cows are 

known to decrease the ruminal pH and can lead to subacute ruminal acidosis (SARA) 

characterised by changed ruminal fermentation conditions and an impaired barrier function of 

the ruminal mucosa leading to a facilitated absorption of substances in the blood circulation 

which are normally not absorbed by rumen mucosa. Since there are hints in the literature that 

the metabolism of DON might be influenced by the pH, and as the barrier function of the 

ruminal mucosa can be impaired in cows suffering SARA, the effects of different concentrate 

proportions need to be examined in dairy cows fed practically relevant amounts of DON. 

Additionally, with regard to preventive consumer protection, the carry over of DON and 

DOM-1 in milk needs to be examined under different ruminal fermentation conditions. 

To test the effects of different concentrate proportions in the ration of dairy cows in the 

presence and absence of Fusarium toxins, an experiment was carried out using naturally 

infected Fusarium toxin-contaminated triticale in the ration of dairy cows. In Period 1, cows 

in the first third of lactation received either an experimental diet with a concentrate proportion 

of 50% and a calculated DON concentration of 5.5 mg/kg DM or a control diet for a period of 

11 weeks.  

Period 2 followed directly after finishing Period 1 using the same animals as in Period 1 plus 

5 additional cows. The concentrate proportion was elevated to 60% as an additional burden 

and the resulting effects were compared to a ration with 30% concentrates at a similar DON 

concentration as calculated for Period 1.  

Based on this experiment and on the above raised questions, the following topics were 

specifically addressed: 1. the effects on dry matter intake, body weight, milk yield and milk 

composition (Paper I), 2. the effects on the ruminal fermentation patterns and parameters of 

the acid base metabolism (Paper II) and 3. DON residues and its metabolite profile in serum, 

bile and milk (Paper III). 
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Abstract 

The aim of the present study was to investigate the effects of a deoxynivalenol (DON) 

contaminated ration with a concentrate proportion of 50% on the performance of dairy cows 

(Period 1), and to examine the effects when the concentrate proportion was elevated to 60% 

compared to a ration with 30% concentrates (Period 2). 

In Period 1, 13 lactating German Holstein cows (Myco Group, mean days in milk (DIM= 29) 

were fed the experimental diet (5.3 mg DON/kg dry matter (DM) on average) as total mixed 

ration (TMR) over 11 weeks, while another 14 cows (mean DIM= 33) received a control diet. 

Both rations contained 50% concentrate (on DM basis). In Period 2 (18 weeks), the same 27 

cows plus 5 additional cows were divided into 4 groups: Group Control-30 (30% 

concentrate), Group Myco-30 (30% concentrate, 4.4 mg DON/kg DM), Group Control-60 

(60% concentrate), Group Myco-60 (60% concentrate, 4.6 mg DON/kg DM).  

The overall performance level was characterized by a mean daily dry matter intake (DMI) of 

17.9 kg and a mean daily milk production of 26.7 kg fat corrected milk (FCM) in Period 1 and 

17.3 kg DMI and 24.5 kg FCM in Period 2, respectively.  

In both periods cows fed the Fusarium toxin-contaminated diets consumed more DM (in 

Period 2 only significant for Group Myco-30) resulting from stimulating effects on the ingesta 

passage rate of the natural contaminated Fusarium-infected triticale. In Period 1, cows fed the 

Fusarium toxin-contaminated diet had a significantly higher milk yield and somatic cell count 

(SCC), whereas milk fat, milk protein concentration, fat-to-protein-ratio (FPR) and milk urea 

were significantly lower. In Period 2, on a low concentrate level, FCM was significantly 

higher in Group Myco-30. On a high concentrate level, Group Myco-60 produced 

significantly more milk, but milk fat and protein concentration, FPR and milk urea were 

significantly lower. A concentrate proportion of 60% had a depressing effect on milk fat 

concentration but was significantly more pronounced in the presence of Fusarium toxin-

contaminated and Fusarium damaged-triticale.  

 

 

Keywords: Dairy cow, deoxynivalenol, Fusarium mycotoxin, concentrate, milk 
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1. Introduction 

In Europe, the mycotoxins deoxynivalenol (DON) and zearalenone (ZON) produced by 

moulds of the genus Fusarium are of particular importance, because they can occur in 

concentrations relevant for farm animals. Ruminants are considered to be less susceptible to 

these toxins than most other species because of their ability to metabolize the toxins in the 

rumen with microorganisms (for review see Whitlow & Hagler 1999; Seeling & Dänicke 

2005). The rumen has, therefore, an essential function as a pre-systemic detoxification 

mechanism for DON as this toxin is rapidly metabolized to the almost non toxic de-epoxy-

DON (DOM-1) (King et al. 1984; Swanson et al. 1987; He et al. 1992). 

Sabater Vilar (2003) reported about the case of a dairy herd in the Netherlands with massive 

occurrence of unmetabolised DON in the serum. These authors concluded that the rumen was 

not capable of degrading DON although the estimated daily DON intake was, with 4.5 mg, 

rather low. However, Sabater Vilar (2003) did not mention any data about the applicability of 

the applied ELISA-method for the detection of DON in serum (Seeling et al. 2006). Recent 

non-published reports about high unmetabolised DON concentrations in the serum of 

clinically affected cows raise the question which factors influence the ruminal detoxification 

potential. He et al. (1992) observed that the metabolism of DON in the large intestine of 

chicken was dependent on the pH value and was completely inhibited as the pH value 

decreased below 5.2.  

Due to high proportions of concentrate in the ration of fattening bulls and high-producing 

dairy cows, the ruminal pH value can decrease down to 5.6-5.5. This condition is described as 

subacute ruminal acidosis (SARA) (Kleen et al. 2003). Effects of SARA range from adaptive 

changes of the ruminal mucosa up to degenerative alterations and altered ruminal 

fermentation conditions (Owens et al. 1998; Zitnan et al. 2003) which can lead to the 

absorption of substances in the blood circulation e.g., pyrogenic agents and pathogens causing 

necrosis primarily in the liver (Haubro Andersen & Jarlov 1990). Whether unmetabolised 

DON can pass across the ruminal epithelium under the described conditions, and what effects 

could result on performance, animal health and carry over of DON and DOM-1 has not yet 

been examined.  

Therefore, the aim of the present study was to determine the influence of the concentrate 

proportion in the ration of dairy cows with and without Fusarium toxin-contaminated triticale 
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on feed intake, body weight (BW) and milk parameters over a period of 200 days. To test a 

practically relevant DON concentration, a mean DON concentration of 5.5 mg/kg dry matter 

(or 4.8 mg/kg at a DM content of 88%) was targeted in the daily ration so that the critical 

DON concentration of 5.7 mg/kg DM which corresponds to 5 mg/kg at 88% DM for dairy 

cows as advised by the Commission of the European Communities, was not exceeded (EC 

2006). In Period 1 the acceptance and the influence on the essential performance parameters 

of a ration with a concentrate proportion of 50% with and without Fusarium toxin-

contaminated triticale were tested. In Period 2 the concentrate proportion was elevated to 60% 

as an additional burden and the resulting effects were compared to a ration with 30% 

concentrates at a similar DON concentration. 

 

 

2. Material and Methods 

2.1. Treatments, experimental design and animals 

The study was conducted at the experimental station of the FLI in Braunschweig. In Period 1 

27 lactating German Holstein cows (mean body weight (BW)=522 ±56 kg, mean days in milk 

(DIM)=31, mean number of lactation of 1.7 ±1.0) were divided into two groups for 11 weeks. 

14 cows received a control diet (Control Group); the other 13 animals (Myco Group) received 

the experimental diet. The diets contained 50% concentrate and 50% roughage (on DM basis) 

(Tables I and II). For both groups the DM of the concentrate contained 50% triticale, there 

from were 29% Fusarium toxin-contaminated triticale for the Myco Group. The calculated 

DON content in the ration was 5.5 mg/kg DM.  

In Period 2, which followed directly after finishing Period 1 and lasted over 18 weeks, the 

same 27 cows and 5 additional German Holstein cows were split into four groups with 8 

animals per group. Cows who had received the Fusarium toxin-contaminated diet in Period 1 

were further fed the Fusarium toxin-contaminated diets. Cows fed the control diet in Period 1 

received the control diets in Period 2 as well. The additional 5 cows were divided into four 

groups. Two were used as control animals and, in preparation of Period 2, they had received 

the same diet as the Control Group for 8 weeks before Period 2 started. The other three 

animals were fed the same diet as the Myco Group for 8 weeks as well.  
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Table I. Composition of the concentrates (n=1) and silages (n=2, means) used in Period 1 
(Week 1-11). 
  Concentrate Maize silage Grass silage 
    Control Myco   
Components [%]     

Triticale  50 21   
Fusarium 
contaminated triticale  0 29   
Soybean meal  26.7 26.7   
Maize  20.7 20.7   
Mineral feed*  1.4 1.4   
Calcium carbonate  1.2 1.2   

      
Dry matter [g/kg] 866 867 354  335  
Nutrients [g/kg DM]     

Crude ash  57 57 37 93  
Crude protein  195 201 87  123  
Crude fat  26 28 26  24  
Crude fibre  34 35 188  316  
Acid detergent fibre  47 47 205  328  
Neutral detergent fibre  131 135 396  561  

      
Mycotoxins      

Deoxynivalenol  [mg/kg DM] 0.2 9.6 1.8  <0.03 
Zearalenone  [μg/kg DM] 9.8 129.0 191.2  1.7  

 

* Per kg mineral feed: 140 g Ca; 120 g Na; 70 g P; 40 g Mg;  6g Zn; 5.4g Mn; 1g Cu; 100mg I; 40 mg Se; 25 mg 
Co; 1,000,000 IU vitamin A; 100,000 IU vitamin D3; 1500 mg  vitamin E 
Abbreviations: DM= dry matter, Control= cows fed the control diet with 50% concentrate (based on DM), 
Myco= cows fed the Fusarium toxin-contaminated diet with 50% concentrate (based on DM) 
 

 

These 5 cows were not available for the entire first period because they had a later calving 

date than the cows used in Period 1.  

In Period 2 a low concentrate level with 30% concentrate and a high concentrate level with 

60% concentrate were tested in presence or absence of Fusarium toxin. The DON 

concentration in the rations of both Myco Groups was at 5.5 mg/kg DM calculated to be 

similar to the rations fed in Period 1, thus allowing examination of the effects of different 

concentrate levels (Table III and IV). At the beginning of Period 2, the mean BW was 565 

±33 kg in Group Control-30, 574 ±42 kg in Group Myco-30, 593 ±100 kg in Group Control-

60 and 569 ±49 kg in Group Myco-60. The mean days in milk were 99. 
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Table II. Composition of the TMR used in Period 1 (Week 1-11) (n=1). 
   Group 
    Control Myco 
Dry matter [g/kg] 452 465 
Nutrients [g/kg DM]  

Crude ash  61 61 
Crude protein  150 153 
Crude fat  25 26 
Crude fibre  143 143 
Acid detergent fibre 157 157 
Neutral detergent fibre 305 307 

    
Energy* [MJ/kg DM]   

ME  11.6 11.6 
NEL  7.1 7.1 

    
Mycotoxins¹     

Deoxynivalenol  [mg/kg DM] 0.6  5.3  
Zearalenone  [μg/kg DM] 53.1  112.7  

 *Calculation based on equation of the DLG (1997) 
¹ Calculation based on analysed concentrations in concentrates and silages 
Abbreviations: DM= dry matter, Control= cows fed the control diet with 50% concentrate (based on DM), 
Myco= cows fed the Fusarium toxin-contaminated diet with 50% concentrate (based on DM), ME= 
metabolizable energy, NEL= net energy lactation 
 
 

During both periods the cows were housed in group pens according to their feeding group. 

The group pens were equipped with slatted floors and cubicles equipped with rubber 

mattresses and wood litter. In Period 1 14 self-feeding stations (Type RIC, Insentec, B.V., 

Marknesse, The Netherlands) were available for each group. In Period 2, seven self-feeding 

stations were provided per group. Each cow was equipped with an ear transponder recording 

the daily individual feed intake. In Period 1, the individual feed intake could not be recorded 

for technical reasons, but the total feed intake of both groups was documented daily. During 

both periods the diets were fed as a total mixed ration (TMR) for ad libitum consumption, so 

that approximately 10 to 15% of the offered feed was calculated to remain in the trough until 

feeding freshly prepared TMR. The remains were disposed. Freshly prepared TMR was 

offered once daily around 10.30 am, and the cows had free access to water.  
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Table III. Composition and mycotoxin concentrations of the concentrates (n= 3) and silages 
used in Period 2 (Week 12-29) (n=4) (means ±SD). 

    Concentrate 
Maize 
silage 

Grass 
silage 

    Control-30 Myco-30 Control-60 Myco-60   
Components [%]       

Triticale  50 0 50 25   
Fusarium contaminated 
 triticale 0 50 0 25   
Soybean meal  26 26 26.8 26.8   
Maize  20 20 20.8 20.8   
Mineral feed*  1.5 1.5 1.2 1.2   
Calcium Carbonate  2.5 2.5 1.2 1.2   

        
Dry matter [g/kg] 883±18 890 ±17 884 ±17 883 ±11 336 ±41 291 ±86
Nutrients [g/kg DM]       

Crude ash  66 ±3 67 ±10 52 ±1 54 ±1 37 ±2 93 ±6 
Crude protein  205 ±8 198 ±4 203 ± 4 203 ±4 87 ±0 123 ±20
Crude fat  22 ±6 23 ±5 23 ±3 26 ±5 26 ±3 24 ±5 
Crude fibre  35 ±2 35 ±0 37 ±2 35 ±2 188 ±0 316 ±13
ADF  47 ±1 47 ±1 49±3 47 ±2 205 ±2 328 ±12
NDF  134 ±5 120 ±5 143 ±23 123 ±3 396 ±1 561 ±14

        
Mycotoxins        

Deoxynivalenol  [mg/kg DM] 0.5 ±0.4 13.1 ±2.9 0.3 ±0.0 7.2 ±0.7 1.3 ±1.0 <0.03 
Zearalenone [μg/kg DM] 17.3 ± 12.5 146.4 ±24.3 12.3 ± 2.8 92.4 ±3.6 85.3 ±98.1 <1.1 

 

* for composition see Table I 

Abbreviations:DM= dry matter, Control-30= cows fed the control diet with 30% concentrate (on DM basis), 
Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (on DM basis), Control-60= 
cows fed the control diet with 60% concentrate (on DM basis), Myco-60= cows fed the Fusarium toxin-
contaminated diet with 60% concentrate (on DM basis), ADF= acid detergent fibre, NDF= neutral detergent fibre
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Table IV. Composition and mycotoxin concentrations of the TMR used Period 2 (n=5) (Week 
12-29). 
    Group 
    Control-30 Myco-30 Control-60 Myco-60 
Dry matter [g/kg] 386 ±62 394 ±66 456 ±59 475±63 
Nutrients [g/kg DM]     

Crude ash  68 ± 6 69 ±6 61 ± 3 66 ±9 
Crude protein  135 ±12 139 ±11 165 ±15 154 ±15 
Crude fat  28 ±5 28 ±5 26 ±4 27 ±5 
Crude fibre  203 ±10 196 ±12 142 ±19 128 ±53 
ADF  220 ±15 212 ±16 161 ±17 169 ±20 
NDF 391 ±47 394 ±41 349 ±34 349 ±36 

      
Energy* [MJ/kg DM]     

ME  11.4 11.6 12.4 12.1 
NEL  7.0 7.1 7.8 7.5 

      
Mycotoxins¹      

Deoxynivalenol  [mg/kg DM] 0.6 4.4 0.4 4.6 
Zearalenone  [μg/kg DM] 35.0 73.8 24.4 72.5 

* Calculation based on nutrient digestibilities measured with wethers (GfE 1991)  
¹ Calculation based on analysed concentrations in concentrates and silages 
Abbreviations: DM= dry matter, Control-30= cows fed the control diet with 30% concentrate (based on DM), 
Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (based on DM), Control-60= 
cows fed the control diet with 60% concentrate (based on DM), Myco-60= cows fed the Fusarium toxin-
contaminated diet with 60% concentrate (based on DM), ADF= acid detergent fibre, NDF= neutral detergent 
fibre, ME= metabolizable energy, NEL= net energy lactation 
 

 

2.2. Sample collection 

During both periods representative milk samples of 50 ml were collected twice a week in the 

morning and in the afternoon of the same day. The milk samples were conserved with 

bronopol and stored at 8º C until they were analysed for milk composition. 

In the following, the procedures for the collection of blood, rumen fluid, serum, bile, muscle 

and fat samples are described although the corresponding results are not presented in the 

present paper but a systematic effect on the recorded performance parameters cannot ruled 

out. 

In Period 1, blood samples and samples of the ruminal fluid (collected by using the instrument 

described by Geishauser (1993) were taken from each cow on one morning of Weeks 0, 2, 4, 
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6 and 8 of the trial. Samples of ruminal fluid were used for measurement of the pH value and 

the short chain fatty acids and are reported by Keese et al. (2008a). Blood samples were 

drawn from the Vena jugularis of each cow for further analyses (data not shown here). 

Samples of spontaneous urine were collected on one morning of Weeks 0, 4 and 8, and were 

used for further measurements concerning the acid-base balance (Keese et al. 2008a). 

In Weeks 0, 4 and 8 samples of the bile (percutaneous ultrasound-guided cholecystocentesis), 

liver-, muscle-(long ischial musculature) and fat bioptates from the subcutaneous adipose 

tissue were taken from each cow. These samples were used for further analyses concerning 

the energy metabolism and mycotoxin residues (data not shown). 

In Period 2, starting in Week 12 with the separation of the animals into four feeding groups 

blood, ruminal fluid and urine were collected on one morning of Weeks 16, 18, 20, 22, 25 and 

28 following the same procedure as described for Period 1. Bile samples and bioptates were 

collected in Weeks 16, 20 and 28.  

Treatments and experiments were conducted according to the European Community 

regulations concerning the protection of experimental animals and the guidelines of the 

Regional Council of Braunschweig, Lower Saxony, Germany (File Number 33.42502-4/09-

01.03). 

In Period 1, grass silage and maize silage samples were collected twice weekly and pooled 

over approximately 5 weeks. Concentrates were sampled once a week and pooled over the 

entire Period 1. Silage samples were dried at 60° C for 72 hours. All feed samples were 

ground to pass through a sieve with 1-mm pore size for further analysis. 

The TMR samples were collected four times a week in Period 2 directly after the feeding 

from each trough and pooled over approximately 4 weeks. The sampling procedures for 

concentrates and silages were the same as described above but the concentrates were pooled 

approximately every four weeks. A pooled sample of the used grass silage and maize silage 

was built when the silo was changed.  

 

2.3. Balance experiment 

To measure the digestibility of the TMRs used in Period 2, balance studies were conduced 

with 4 wethers per TMR. The studies followed the standard procedures as described by the 

GfE (1991). After an adaptation period of 14 days, each ration was tested over 8 days. During 
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each study the wethers were fed at a 1.1 maintenance level. All animals received the same 

amount of feed, and the total faeces of each animal were collected and pooled to one sample 

per animal. Furthermore feed samples were taken every day and pooled over the period of 8 

days. Feed and faeces samples were dried at 60° C for 72 hours and ground to pass through a 

1-mm screen. 

 

2.4. Analysis 

Milk samples were analysed for fat, protein, lactose, urea and the somatic cell count using an 

infrared milk analyser (Milkoscan FT 6000 combined with a Fossomatic 5000, Foss Electric, 

Hillerød, Denmark). Constituent concentrations were calculated as a weighted mean 

corresponding to the milk yield.  

Feed and faeces samples were analysed for the content of crude nutrients according to the 

methods of the “Verband Deutscher Landwirtschaftlicher Untersuchungs- und 

Forschungsanstalten“(VDLUFA; Bassler 1976). DON in feedstuffs was analysed by high 

performance liquid chromatography (HPLC) with diode array detection after clean-up with 

immuno-affinity columns (DONprep, R-Biopharm AG, Darmstadt, Germany) according to 

Oldenburg et al. (2007). The detection limit was 0.03 mg/kg. The mean recovery was 92%.  

ZON contamination in feedstuffs was determined with HPLC according to a modified 

VDLUFA method according to Ueberschär (1999) described by Dänicke et al. (2001) with a 

detection limit of 1.1 ng/g. The mean recovery was 86%. DON, further trichothecene 

mycotoxins (nivalenol, scirpentriol, T2-tetraol, fusarenon-X, monoacetoxyscirpenol, 15-

acetyldeoxynivalenol, neosolaniol, 3-acetyldeoxynivalenol, diacetoxyscirpenol, T2-triol, HT-

2 toxin and T-2 toxin) and ZON were determined in the contaminated and the control triticale 

by the Department of Animal Nutrition, Hohenheim University, Stuttgart, according to a GC-

MS method (Schollenberger et al. 2005). 

Toxin concentrations were not corrected for recovery. 

 

2.5. Calculations 

Fat-corrected milk (FCM) was calculated as following: 

FCM [kg/d] = ((milk fat · 0.15) + 0.4) · kg milk yield (Gaines 1928) 
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For Period 1 metabolizable energy (ME), net energy lactation (NEL) and the utilizable crude 

protein (uCP) were estimated using the formulas of the DLG (1997) based on the analyzed 

nutrient composition and table values of the used feedstuffs. For Period 2 ME, NEL and uCP 

were calculated by using the nutrient digestibilities from the balance studies with the wethers 

according to GfE (1991).  

 

Energy balance was estimated as followed: 

Maintenance requirement [MJ NEL/d] = 0.293 · LW0.75 (GfE 2001) 

Energy intake [MJ NEL/d] = Daily DM intake [kg DM/d] · energy concentration of the ration 

[MJ NEL/kg DM] 

Energy content of milk [MJ NEL/kg] = 0.95 + 0.38 · XL [%] + 0.21 · CP [%] (DLG 1997) 

Requirement for milk production [MJ NEL/d] = Energy content of milk [MJ NEL/kg] · milk 

yield [kg/d] + 0.07 (DLG 1997) 

Energy balance [MJ NEL/d] = Energy intake [MJ NEL/d] – (maintenance requirement [MJ 

NEL/d] + requirement for milk production [MJ NEL/d]) 

 

The ruminal nitrogen balance (RNB) was estimated as followed (GfE 2001): 

RNB [g/d] = (CP intake [g/d] – uCP intake [g/d])/6.25  

2.6. Statistical analysis 

The SAS software package (Version 9.1.3, procedure mixed, SAS Institute Inc., Cary, NC, 

USA) was used to analyse the data.  

For Period 1 fixed effects were ”DON” (0=without mycotoxin contamination, 1=with 

mycotoxin contamination) and ”LACT” (lactation number 1=1, lactation number 2=2, 

lactation number ≥3=3). The individual cow (“Cow”) effects resulting from the frequent 

measurements in the course of the experiment were considered by the "REPEATED" 

procedure. 

As fixed regressive component, the time dependent effects ("Week") were considered.  

Variances were evaluated according to the restricted maximum likelihood (REML) method 

and the Kenward-Roger-method for calculation of the degrees of freedom in mixed linear 

models. We have to deal with a mixed linear model because the effect of repeated 

measurements per cow was included by the REPEATED statement. Differences between the 
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least square means were tested by using the "PDIFF" option. The ESTIMATE statement was 

used for the evaluation of the differences between the regression coefficients estimated for the 

time-dependent variable changes of the experimental groups. 

The following model was used:  

PROC MIXED METHOD = REML; 

CLASS DON COW LACT; 

MODEL Y= WEEK (DON) DON LACT/ DDFM=KR S; 

LSMEANS DON /PDIFF 

ESTIMATE “01-02“ WEEK (DON) 1 -1; 

REPEATED/TYPE=VC SUB=COW; RUN; 

 

For Period 2 fixed effects were ”DON” (0=without mycotoxin contamination, 1=with 

mycotoxin contamination) and “CONC” (low level concentrate proportion=1, high level 

concentrate proportion=2). The other parameters and procedures were used as described for 

Period 1. The differences between the time dependent regression coefficients were evaluated 

for the interactions between "DON" and "CONC".  

The following model was used:  

MODEL Y= WEEK (DON·CONC) DON CONC  

DON·CONC·LACT/DDFM=KR S; 

LSMEANS DON·CONC/PDIFF ADJUST=TUKEY; 

ESTIMATE “01-02“ WEEK (DON·CONC) 1 -1 0 0 

ESTIMATE “01-11” WEEK (DON·CONC) 1 0 -1 0 

ESTIMATE “01-12” WEEK (DON·CONC) 1 0 0 -1 

ESTIMATE “02-11” WEEK (DON·CONC) 0 1 -1 0 

ESTIMATE “02-12” WEEK (DON·CONC) 0 1 0 -1 

ESTIMATE ”11-12” WEEK (DON·CONC) 0 0 1 -1 

REPEATED/TYPE=VC SUB=COW; RUN; 

 

Differences were considered to be significant at p<0.05, and a tendency was discussed when 

p<0.1. 
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3. Results 

Generally, the graphic presentation of the results (Figures 1-3) takes into account the 

arithmetic group means to get an impression of the time dependent course (i.e. experimental 

week) of the recorded parameters. In contrast, the LS means used for statistical evaluation 

(Tables V and VI) according to the models described above consider longer time periods (11 

weeks for Period 1, 18 weeks for Period 2), random effects and co-variables, and random 

effects for the correct calculation of standard errors of the estimated LS means. In addition, 

the coefficients for the group-dependent regressions of experimental time on the analysed 

parameters were used for statistical evaluation of group-related effects. 

 

3.1. Animal study 

The experiment proceeded without any noticeable incidents. The health status of the cows 

was regularly checked by a veterinarian. Some production diseases such as mastitis, 

endometritis, genital catarrh, ovarian cysts and lameness, which are known to appear under 

normal milk production conditions, occurred during the trial and were treated. The occurrence 

of these diseases was not related to the experimental factors.  

 

3.2. Chemical composition and mycotoxin concentrations of feedstuffs 

3.2.1. Period 1 

Only slight differences in the crude nutrients were detected between the rations for the 

Control and the Myco Group (Tables I and II).  

The Fusarium toxin-contaminated triticale used for preparation of the Myco diet contained 41 

mg DON/kg DM and 435 µg ZON/kg DM, whereas the control triticale contained 0.06 mg 

DON/kg DM. The ZON concentrations of the control triticale were lower than the detection 

limit. The analyses of further mycotoxins revealed 0.97 mg Nivalenol/kg DM, 0.09 mg 

Scirpentriol/kg DM, 0.52 mg 15-acetyldeoxynivalenol/kg DM and 0.20 mg 3-

acetyldeoxynivalenol/kg DM in the contaminated triticale, while the concentration of these 

Fusarium toxins were lower than the detection limit in the control triticale (Keese et al. 

2008b).  
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3.2.2. Period 2 

The nutrient composition of the feedstuffs is shown in Tables III and IV. For the Myco-

Groups the same batch of Fusarium toxin-contaminated triticale was used as in Period 1. The 

control triticale used in Period 2 contained 0.2 mg DON/kg DM while the ZON concentration 

and the concentration of further trichothecene were lower than the detection limit (Keese et al. 

2008b).  

 

3.3.  Body weight, feed intake, mycotoxin intake and energy balance 

3.3.1. Period 1 

Both groups showed an almost linear increase of the body weight (BW; Figure 1A) with 

similar weekly BW gains (Table V). In contrast to the arithmetic means, which do not 

consider the history of the cows (i.e. lactation number), the LS mean of the Myco Group was 

with 594 kg significantly higher than the value for the Control Group (573 kg) (Table V).  

The development of the dry matter intake (DMI) over the course of trial is shown in Figure 

1B. The Control Group consumed significantly less DM (-11%) and the mean weekly 

increase was significantly lower than in the Myco Group (Table V). As the rations were fed as 

TMR, the individual consumption of concentrate and silage DM showed similar related 

differences (Table V). 

Cows in the Myco Group consumed on average 187 µg DON/kg BW/d and 3.8 µg ZON/kg 

BW/d whereas the background contamination of the control ration caused a daily intake of 18 

µg DON/kg BW and 1.6 µg ZON/kg BW/d (Table V). The weekly DON and ZON intake 

increases were significantly higher in the Myco Group over the course of trial (Table V). 

The Myco Group consumed significantly more ME and NEL and the weekly energy intake 

was significantly more increased in the mycotoxin-fed animals (Table V). 
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Table V. Body weight, dry matter intake, energy intake and –balance, toxin- and nutrient intake in Period 
1 (Week 1-11) and Period 2 (Week 12-29) (LS means ±standard error). 
  Period 1   Period 2 
  Control Myco  Control-30 Myco-30 Control-60 Myco-60 
Body weight [kg] 573 b ±2.9 594a ±3.7  588 ±17.3 588 ±16.8 620 ±16.8 602 ±18.4 
β (week*body weight) 4.643 5.145  0.600 0.640 2.088 1.423 
DMI [kg/d] 16.9b ±0.1 19.0a ±0.1  15.3c ±0.4 16.8b ±0.4 18.4a ±0.4 19.2a ±0.4 

β (week*DMI) 0.414b 0.657a   -0.007a  0.023a   -0.164b   -0.092ab 
  Concentrate intake [kg DM/d]* 8.1b ±0.1 9.9a ±0.1  4.5b ±0.5 5.1b ±0.5 10.4a ±0.5 11.3a ±0.5 

  β (week*concentrate intake) 0.258b 0.431a  0.008a 0.013a  -0.082b  -0.044ab 
  Gras silage intake [kg DM/d]* 4.4b ±0.0 4.5a ±0.0  5.4b ±0.1 5.8a ±0.1 4.0c ±0.1 4.0c ±0.1 

  β (week*grass silage intake) 0.082b 0.117a  -0.013 0.000 -0.042 -0.023 
  Maize silage intake [kg DM/d]* 4.4b ±0.0 4.6a ±0.0  5.4b ±0.1 5.9a ±0.1 4.0c ±0.1 4.0c ±0.1 

  β (week*maize silage intake) 0.075b 0.109a   -0.002ab 0.009a  -0.038b  -0.019ab 
ME [MJ/d] 195.2b ±0.9 219.5a ±1.2  175.2c ±2.1 195.2b ±2.0 226.8a ±2.0 229.0a ±2.2 

β (week*ME) 4.779b 7.584a   -0.488a  -0.332a  -2.098b  -0.951a 
NEL [MJ/d] 120.7b ±0.6 135.7a ±0.7  107.6c ±1.3 120.2b ±1.2 141.6a ±1.2 142.2a ±1.4 

β (week*NEL) 2.955b 4.688a   -0.299a  -0.204a   -1.310b   -0.590a 
Energy balance [MJ NEL/d]  -2.5b ±1.2 8.1a ±1.5   -3.4b ±2.9  -2.3b ±2.8  28.7a ± 2.8  24.3a ±3.0 
β (week*energy balance) 2.377 3.627   0.387  0.566 -1.206 -0.434 
DON intake [µg/kg BW/d] 17.9b± 0.8 187.4a ±1.1  17.0c ±1.1 122.6b ±1.1 13.6d ±1.1 153.8a ±1.2 

β (week*DON intake) 0.402b 6.407a   -1.731b   -0.078a   -1.073b   -3.119c  
ZON intake [µg/kg BW/d] 1.56b ±0.02 3.82a ±0.02  0.90c ±0.05 2.10b ±0.05 0.77d ±0.05 2.41a ±0.05 

β (week*ZON intake) 0.080b 0.170a   -0.119a   -0.091a  -0.134b  -0.115a  
uCP [g/d] 2668b ±34.0 2839a ±43.3  2320c ±28.6 2592b ±27.5 3085a ±27.5 3078a ±30.1 

β (week*uCP) 69.808b 103.542a   -2.351ab 1.296a   -23.783c  -15.018bc 
RNB [g/d]  -22.2b ±0.4  -19.0a ±0.6   -49.9c ±1.9  -49.3c ±1.8  -29.0a ±1.8  -39.0b ±1.9 

β (week*RNB) 1.252 1.230  2.255a 3.024a  2.349a  -0.819b 
RNB/MJ ME  -0.12b ±0.0  -0.09a ±0.0   -0.29d ±0.01  -0.25c ±0.01  -0.13a ±0.01  -0.17 b ±0.01

β (week*RNB/MJ ME) 0.009 0.009  0.012ab 0.015a 0.010b  -0.004c 
 

* calculated by using the daily intake of the TMR 
abcValues with no common superscript are significantly different within rows and within periods (p<0.05) 
Abbreviations: β= regression coefficient, Control= cows fed the control diet with 50% concentrate (based on DM), Myco= cows fed the 
Fusarium toxin-contaminated diet with 50% concentrate (based on DM), Control-30= cows fed the control diet with 30% concentrate (based 
on DM), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (based on DM), Control-60= cows fed the control 
diet with 60% concentrate (based on DM), Myco-60= cows fed the Fusarium toxin-contaminated diet with 60% concentrate (based on DM), 
DMI= dry matter intake, BW= body weight, DON= deoxynivalenol, ZON= zearalenone, ME= metabolizable energy, NEL= lactation energy, 
uCP= utilizable crude protein, RNB= ruminal nitrogen balance. 
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The energy balance was slightly negative in the Control Group (-2.5 MJ NEL/d, Figure 1C) 

whereas the Myco Group had with 8.1 MJ NEL/d a positive energy balance (Table V). This 

difference was found to be significant.  

 

3.3.2. Period 2 

Neither the BW nor the weekly weight gain was affected by experimental treatments (Table V 

and Figure 1A).  

In all groups, the DMI was characterized by a considerable variation during the course of the 

experiment (Figure 1B). Cows fed on high concentrate level had a mycotoxin independent 

and comparable DMI (18.4 kg (Control-60) vs. 19.2 kg (Myco-60), but differed significantly 

from the low concentrate groups (15.3 kg (Control-30) vs. 16.8 kg (Myco-30) (Table V). On a 

low concentrate level, the mycotoxin exposed cows consumed significantly more DM 

(approximately 9 %) than their counterparts. In Group Control-60 the weekly decrease in 

DMI was significantly higher than in the low concentrate groups (Table V). 

Differences regarding the concentrate and silage intakes can be seen as a reflection of the 

composition of the two different rations regarding the concentrate proportion (compare Table 

V).  

Obviously, both Myco-Groups had a significantly higher daily DON and ZON intake than the 

Control Groups (Table V). Group Myco-60 had a significantly higher daily DON and ZON 

intake than Group Myco-30 (for DON: 154 μg/kg BW vs. 123 μg/kg BW) (Table V). Within 

the control groups, the low concentrate group had a significantly higher DON and ZON intake 

compared to the high concentrate group (Table V). In all groups, the daily DON and ZON 

intake decreased over the weeks of trial (compare Table V for significant differences).  

The intakes of ME and NEL were significantly higher in the high concentrate groups (Table 

V). Within the low concentrate groups, Group Control-30 consumed significantly less NEL 

than Group Myco-30. The energy balance was slightly negative in cows fed the low 

concentrate diets (Figure 1C) while cows fed the high concentrate diet had a positive energy 

balance (Table V). The time dependent development is shown in Figure 1C. 
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Figure 1. Development of body weight (A), dry matter intake (DMI, B), and energy balance 
(C) in Period 1 (week 1-11) and Period 2 (week 12-29) for the feeding groups  
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3.4. Utilizable crude protein and ruminal nitrogen balance  

3.4.1. Period 1 

Both feeding groups had a negative ruminal nitrogen balance (RNB), but it was significantly 

more negative for control cows. The same effect was observed when the RNB was related to 

the ME content of the diets. The amount of utilizable crude protein (uCP) and the weekly 

increase was significantly higher in the Myco Group (Table V). 

 

3.4.2. Period 2 

Cows fed on a high concentrate level had a significantly less negative RNB compared to the 

low concentrate groups. On a low concentrate level, significantly more uCP was available for 

Group Myco-30 and a significant less negative RNB/MJ ME occurred compared to their 

counterparts. On a high concentrate level, the RNB reached significantly less negative values 

in Group Myco-60. In Group Myco-60 the RNB decreased by 0.82 g per week whereas in the 

other groups showed slight weekly increases (Table V). 

 

3.5. Milk performance and milk composition 

3.5.1. Period 1 

Cows fed the mycotoxin diet produced significantly more milk (+3 kg/d) than their 

counterparts. The mean weekly increase in milk yield was comparable (Table VI and Figure 

2A). The Myco Group produced milk with an approximately 10% lower milk fat 

concentration compared to their counterparts (Table VI and Figure 2B). This difference was 

found to be significant, whereas the milk fat yield did not differ (Table VI and Figure 2D). 

The FCM yield tended to be higher in the Myco Group (p=0.088). 

The Myco Group had a slightly but significantly lower milk protein concentration, but a 

significantly higher milk protein secretion due to a higher milk yield (Table VI and Figure 

3A). Cows in the Control Group produced milk with a significantly higher energy content and 

a significantly higher fat-to–protein-ratio (Table VI and Figure 3B).  

The lactose concentration was unaffected by dietary treatment. A significantly higher lactose 

yield in the Myco Group corresponded to the higher milk yield (Table VI).  
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At the beginning of the trial the urea concentration was approximately 60 mg/kg higher in the 

Control Group than in the Myco Group (Figure 3C). The comparison of the LS means 

revealed a significantly lower urea concentration in the Myco Group combined with a 

significantly higher weekly increase (Table VI). 

The SCC is expressed in log10 per millilitre in order to treat this parameter as a normally 

distributed variable. The SCC of the Control Group was with 4.95 slightly but significantly 

lower than in the Myco Group (SCC=5.03) (Table VI and Figure 3D).  

 

3.5.2. Period 2 

In all groups the milk yield declined over the weeks of trial (Figure 2A,). Group Myco-60 had 

with 30.0 kg milk/d the highest yield and differed significantly from both Control Groups. 

Cows in Group Control-30 produced with 23.4 kg/d the lowest milk yield (Table VI).  

The milk fat concentration was unaffected on a low concentrate level whereas Group Myco- 

60 had a significantly lower milk fat concentration compared to their counterparts (3.88% in 

Group Control-60 vs. 2.99% in Group Myco-60) (Table VI and Figure 2B). Within the 

Control Groups cows fed 60% concentrate showed a tendency towards a lower milk fat 

percentage compared to cows fed 30% concentrate. Group Myco-30 had a significantly higher 

fat yield than the other groups and the highest FCM yield which differed significantly from 

the control groups (Table VI and Figure 2C). Similarly to the milk fat percentage, Group 

Myco-60 showed a constantly, but not significantly, lower milk fat synthesis (Figure 2D and 

Table VI). 

No mycotoxin effect on milk protein concentration was found on the low concentrate level. 

On the high concentrate level, Group Myco-60 had, with 3.28%, a significantly lower protein 

concentration than Group Control-60 (3.65%), in which the milk protein concentration was 

significantly higher compared to the other groups (Table VI). The milk protein yield reflected 

the different milk yields. The milk protein yield was significantly higher in Group Myco-30  
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Table VI. Milk yield and -composition in Period 1 (Week 1-11) and Period 2 (Week 12-29) (LS means 
±standard error). 
  Period 1  Period 2 
  Control Myco  Control-30 Myco-30 Control-60 Myco-60 
Milk yield [kg/d] 28.0b ±0.4 31.0a ±0.5  23.4b ±1.3 26.9ab ±1.3 24.9b±1.4 30.0a ±1.4 
 β (week*milk yield) 0.084 0.325  -0.124 -0.176 -0.152 -0.231 
Milk fat synthesis [kg/d] 1.09 ±0.02 1.07 ±0.02  0.99b ±0.05 1.18a ±0.05 0.92b ±0.05 0.90b ±0.05 
 β (week*milk fat synthesis) 0.007 0.006  -0.006 -0.006 0.002 0.001 
Milk fat [%] 3.90a ±0.06 3.51b ±0.07  4.38ab ±0.21 4.52a ±0.21 3.88b ±0.21 2.99c ±0.23 
 β (week*milk fat) 0.021 -0.015  0.005 0.010 0.035 0.031 
FCM [kg/d] 27.6 ±0.3 28.4 ±0.4  24.2b ±1.1 28.4a ±1.1 23.8b ±1.1 25.6ab ±1.2 
 β (week*FCM) 0.117 0.201  -0.135 -0.149 -0.039 -0.079 
Milk protein synthesis [kg/d] 0.94b ±0.01 1.01a ±0.01  0.77c ±0.04 0.87b ±0.03 0.89ab ±0.03 0.97a ±0.04 
β (week*milk protein synthesis) 0.001 0.014  -0.005 -0.005 -0.004 -0.007 
Milk protein [%] 3.35a ±0.02 3.27b ±0.03  3.34b ±0.09 3.31b ±0.09 3.65a ±0.09 3.28b ±0.10 
β (week*milk protein ) 0.024 0.019  -0.001 0.003 0.006 0.001 
Fat-to-protein-ratio 1.17a ±0.02 1.07b ±0.02  1.32a ± 0.00 1.37a ±0.00 1.06b ±0.00 0.92c ±0.10 
β (week*fat-to-protein-ratio) -0.003  -0.012   0.002 0.002 0.008 0.010 
Energy content of milk [MJ/kg] 3.10a ±0.02 2.94b ±0.03   3.27a ±0.09  3.32a ±0.09  3.15a ±0.09  2.75b ±0.10
β (week*energy content) 0.013 -0.001  0.387 0.566 -1.206 -0.434 
Lactose synthesis [kg/d] 1.34b ±0.02 1.49a ±0.02  1.11b ±0.06 1.27b ±0.06 1.20b ±0.06 1.45a ±0.07 
β (week*lactose synthesis) 0.004 0.013  -0.006 -0.008 -0.007 -0.011 
Lactose [%] 4.78 ±0.01 4.80 ±0.01  4.76  ±0.04 4.75 ±0.04 4.82 ±0.04 4.82 ±0.04 
β (week*lactose ) 0.004 -0.002  0.001 0.000 0.003 0.000 
Milk urea [mg/kg] 195.5a ±3.6 155.9b ±4.6  195.9bc ±9.3 192.1c ±9.0 265.3a ±9.0 219.8b ±9.8 

β (week*milk urea ) 2.670b 5.965a  5.178 4.668 5.997 4.326 

Somatic cell count [log10/ml] 4.95b ±0.03 5.03a ±0.03  4.97 ±0.11 4.99 ±0.11 4.99 ±0.11 5.13 ±0.11 
β (week*SCC) -0.001  0.013  0.009 0.015 0.028 0.023 
 

abcValues with no common superscript are significantly different within rows and within periods (p<0.05)  
Abbreviations: β= regression coefficient, Control= cows fed the control diet with 50% concentrate (based on DM), Myco= cows fed the 
Fusarium toxin-contaminated diet with 50% concentrate (based on DM), Control-30= cows fed the control diet with 30% concentrate 
(based on DM), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (based on DM), Control-60= cows fed 
the control diet with 60% concentrate (based on DM), Myco-60= cows fed the Fusarium toxin-contaminated diet with 60% concentrate 
(based on DM), FCM= 4% fat corrected milk 
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compared to Group Control-30 which produced, with 0.77 kg/d, significantly less milk 

protein than all other groups (Table VI). The highest protein yield was achieved in Group 

Myco-60 (0.97 kg/d) which differed significantly from the low concentrate groups and tended 

to be different from Group Control-60 (p=0.092). 

The energy content in milk was significantly lower in Group Myco-60 compared to the other 

groups (Table VI). A high concentrate proportion significantly decreased FPR. No effect of 

Fusarium toxin-contamination was observed comparing the low concentrate groups whereas 

the FPR in Group Myco-60 was the lowest value observed and differed significantly from all 

other groups (Table VI and Figure 3B). 

No effects on the lactose concentration were found (Table VI). The lactose yield was 

significantly higher in Group Myco-60 than in the other groups. On a low concentrate level 

cows receiving the Myco diet tended to have a higher lactose yield than control cows 

(p=0.069).  

The high concentrate groups showed a significantly higher milk urea concentration than the 

low concentrate groups, and Group Control-60 had a significantly higher milk urea 

concentration than Group Myco-60 (Table VI and Figure 3C).  

The SCC increased over the weeks of trial (Figure 3D). No effect of treatment was observed. 

The SCC expressed in log10 was within the normal range (Table VI), even though there were 

high individual variations in the SCC resulting from unspecific disturbances of the milk 

secretion or mastitis. 
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Figure 2. Development of milk yield (A), milk fat percentage (B), fat corrected milk (FCM, C) and milk fat yield (D) in Period 1 (Week 1-
11) and Period 2 (Week 12-29) for the feeding groups  
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4. Discussion 

4.1. Chemical composition and mycotoxin content of the feedstuffs 

In this study, naturally contaminated triticale was used to reach a DON concentration in the 

ration of dairy cows which did not exceed the critical DON concentration of 5.7 mg/kg DM or 

5 mg/kg at 88% DM (EC 2006) so that a ration with a practically relevant DON concentration 

was tested. In Period 1, the calculated DON concentration of 5.5 mg/kg DM in the ration was 

almost achieved, while the DON concentrations in Period 2 were approximately 20% lower 

than calculated. As discussed by Keese et al. (2008b), this is probably the result of 

heterogeneity of the triticale batch and an unequal distribution among the contaminated 

kernels (Whitaker 2006).  

The mean ZON contamination in the diet was, with 113 μg/kg DM (or 100 μg/kg at a DM 

content of 88%) in Period 1, and 74 μg/kg DM (or 65 μg/kg at a DM content of 88%) in 

Period 2, clearly lower than the critical concentration of 568 μg/kg DM (or 500 μg/kg DM at a 

DM content of 88% (EC 2006) and thus may not cause any negative effects. In Period 1, the 

nutrient composition and energy content of the diets were almost similar, so that the feeding 

conditions were comparable for each cow and variations only resulted from different feed 

intake. In Period 2 the nutrient composition of the low and the high concentrate diets mainly 

differed in the content of energy, crude protein and fibre due to the two levels of concentrate 

proportion.  

4.2. Feed intake, mycotoxin intake, body weight gain and energy balance 

Data concerning the effects of DON contamination in the diet of ruminants on the feed intake 

are inconsistent. Noller et al. (1979) reported about a slightly decreased feed intake of dairy 

cows when maize refused by pigs was fed. The used maize batch was not analysed but the 

authors concluded a DON contamination. Similarly, Trenholm et al. (1985) found a decreased 

feed intake when non-lactating dairy cows were switched from a diet containing wheat with 

1.5 mg DON/kg to a diet containing wheat with 6.4 mg DON/kg. In contrast, Cote et al. 

(1986) did not observe an effect on the feed intake of three lactating cows feeding a very high 

DON concentration of 66 mg/kg diet for five days. Similar results were reported by Charmely 

et al. (1993) and Ingalls (1996) using DON concentrations up to 14.6 mg/kg concentrate. 
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Accordingly, Korosteleva et al. (2007) did not detect any effects on DMI feeding a TMR with 

3.6 mg DON/kg DM to lactating cows for 56 days.  

In the current study cows fed the DON contaminated diet with 5.3 mg DON/kg DM and 50% 

concentrate showed a higher DMI in Period 1. The capacity of DMI is highly correlated to the 

BW. By comparing the time course in mean DMI with that of body weight (BW) (Figure 1A 

and 1B) it becomes clear that the Myco Group consumed more DM than the Control Group 

while having a constantly lower BW. Thus, obviously other factors stimulated the DMI of the 

Myco Group. As nutrient composition of the rations was nearly similar for both groups and 

components differed only in the origin of the triticale it might be justified to assume the 

differences in the physico-chemical properties between both triticale batches to be responsible 

for the differences in voluntary feed intake. Firstly, the contaminated and the uncontaminated 

control triticale were of different origin; including variety, crop cultivation area and agro-

technical treatments. As cereal varieties might differ in their ruminal degradability and 

degradation rates this might have an impact on the ruminal ingesta passage rate and 

consequently on feed intake (for review see Ørskov 2000). Secondly, it was shown by 

Matthäus et al. (2004) that Fusarium infected cereal grains are characterized by a number of 

physico-chemical alterations including increased cell wall degrading enzyme activities which 

also could affect degradation characteristics and thus DMI. Third, the contaminated triticale 

was subjected to several technical treatments before being used in the experimental ration. 

When it was obtained by a farm, it had to be pelleted in order to ensure an appropriate storage 

as the whole batch was in a ground form. Before being mixed into the experimental diets the 

so-compacted triticale had to be re-ground again which resulted in a smaller particle size than 

it was the case for the control triticale ground only once. The higher degree of fineness might 

have had a similar effect as the other two factors (Kaske 1997; Allen 2000). Another potential 

influencing factor on the DMI might be the different sensory properties of the triticale batches 

used. 

In Period 2 the DMI was significantly higher for cows fed the high concentrate diet compared 

to cows fed the low concentrate diet which is in accordance with the literature (Friggens et al. 

1997; Khorasani & Kennelly 2001; Andersen et al. 2003). Besides this pronounced 

concentrate effect on DMI, the feed intake stimulating effects of the contaminated triticale 

discussed above can also be deduced in Period 2, as mycotoxin fed groups consumed more 
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DM than their respective counterparts (significant only for Myco-30 Group). The mycotoxin 

intake was the result of the mycotoxin concentration of the diet and DMI. The mycotoxin 

intakes were related to the BW to account for BW differences. Therefore, in Period 2, Group 

Myco-60 consumed more DON and ZON than Group Myco-30 despite comparable DON and 

ZON concentration in their diets underlining the major effect of the concentrate portion in the 

ration on DMI and the minor role of mycotoxin contamination tested. The mean background 

contamination of the diets for the Control Groups was 0.6 mg DON/kg DM and 35 μg 

ZON/kg DM in the low concentrate diet and 0.4 mg DON/kg DM and 24 μg ZON/kg DM in 

the high concentrate diet. This difference was reflected by the mycotoxin intakes as well.  

It is well known that high lactation cows have a negative energy balance at the beginning of 

the lactation. At the start of the present study the mean DIM were 33 in the Control Group 

and 29 in the Myco Group. A positive energy balance was reached in Week 3 (Myco Group) 

and Week 4 (Control Group) which corresponds to the results in the literature (Bauman & 

Currie 1980; Reist et al. 2002).  

By comparing the time course of the BW it seems that cows in Group Control-60 had 

remarkably – but not statistically - higher BW. This resulted from two individual cows in 

Group Control-60 who were already heavier at the beginning of the trial. 

Cows in the high concentrate groups in Period 2 had a marked energy surplus, but the daily 

BW gain was not considered in the calculated energy balance (see Calculations). If a 

requirement of 25.5 MJ NEL per kg BW gain is assumed (GfE 2001) approximately one third 

of the energy surplus can be explained by the weekly weight gains in the cows fed 60% 

concentrate. The remaining surplus is not clearly explainable. It has been shown previously 

that the nutrition level has an influence on the digestibility of diets (Finger et al. 1998; Gabel 

et al. 2003) and that raises the question if the energy measured in the balance studies with 

wethers with a nutrition level of 1.1 is transferable to dairy cows with a mean nutrition level 

of 3.3 (low concentrate groups) and 3.9 (high concentrate groups), respectively. The higher 

energy intake in the high concentrate groups was not partitioned for a higher milk production 

but for deposition in body fat. In accordance with Korosteleva et al. (2007) no mycotoxin 

influence on the energy balance was detected. 
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4.3. Milk yield and –composition 

Data concerning the effects of Fusarium toxin-contaminated diets on milk yield and –

composition of dairy cows is still lacking. Mostly no effects on milk production and –

composition were found for the tested DON concentrations (for review see Seeling & 

Dänicke 2005). Contrary, Whitlow et al. (1986) observed a reduced milk yield in cows 

consumed concentrate with 0.8 mg DON/kg DM. Charmely et al. (1993) fed rations with 0, 5 

and 12 mg DON/kg concentrate and 50-56% concentrate to 18 lactating dairy cows over 10 

weeks. The milk production was unaffected, but the milk fat percentage and -yield declined in 

cows consuming the diet with 5 mg DON/kg concentrate. The authors assumed that this effect 

was unlikely to be due to the presence of DON because feeding 12 mg DON/kg did not result 

in decreased milk fat. Korosteleva et al. (2007) fed a TMR with 3.6 mg DON/kg and 50% 

concentrate over 56 days to mid-lactating dairy cows and did not find any effects on milk 

yield and composition.  

In the current study cows fed the Fusarium toxin-contaminated diet with 50% concentrate 

(Period 1) produced approximately 11% more milk probably due to an approximately 12% 

higher DMI in this group. In Period 2, cows fed on a low concentrate level had similar milk 

yields independent from the presence of Fusarium toxin, but the cows fed the contaminated 

diet produced approximately 4.2 kg more FCM. This effect is probably explainable with the 

approximately 1.5 kg higher DMI in this group. On a high concentrate level, cows fed the 

contaminated diet produced approximately 21% more milk compared to their counterparts but 

the DMI and the energy intake in this group were only slightly higher. There is no obvious 

explanation but the stimulated DMI combined with individual genetic differences could have 

led to a higher milk yield. Anyway, it should be kept in mind that the database available for 

this trial was limited.  

In Period 1 the distinct reduction in milk fat concentration in the Myco Group was not 

combined with a depressed milk fat yield. Bauman & Griinari (2001) defined milk fat 

depression (MFD) as a reduction in the quantity of the secreted milk fat. From their point of 

view, a decreased milk fat concentration as a result of an increased milk production with an 

unchanged milk fat yield does not represent a MFD. However, Enemark et al. (2002) regarded 

the milk fat percentage as a good indicator of ruminal fermentation condition which can be 

useful in the diagnosis of SARA for cows with more than 30 days in milk only, because cows 
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in early lactation mobilize body fat (Enemark et al. 2004). In the current study the phase of 

early lactation was more or less passed by for most cows and the Myco Group reached a 

positive energy balance from Week 3 onwards so that a marked mobilisation of body fat 

seems not likely. The analysis of the ruminal fluid of the Myco Group revealed a lower 

acetate concentration but did not reveal further alterations (Keese et al. 2008a). This effect 

was interpreted as the result of a higher DMI by the Myco Group and is probably not related 

to the Fusarium toxin-contamination (Keese et al. 2008a). 

The depressing effect of high concentrate proportions on milk fat is well known (for review 

see Bauman & Griinari 2001; Enemark et al. 2002). MFD was observed in cases of SARA but 

MFD can be present despite an adapted ruminal environment, which might impede the 

development of SARA (Kleen et al. 2003). In accordance with the literature milk fat 

concentration decreased significantly in the groups fed the high concentrate diets. The marked 

decrease in milk fat concentration in Group Myco-60 was unexpected. The fat yield was 

consistently but not statistically lower than in Group Control-60. In the literature different 

theories about the metabolic causes of decreased milk fat are discussed. Recently the 

conjugated trans-10, cis 12-linoleic acid (CLA) was found to be a potent inhibitor of milk fat 

synthesis. The ruminal production of trans-10, cis-12 CLA and its content in milk fat 

increased when the milk fat concentration was depressed (Bauman & Griinari 2001). As 

discussed in Keese et al. (2008a), the molar percentages of the SCFA in the rumen of cows 

fed a high concentrate level in the presence of Fusarium toxin-contaminated triticale differed 

from control cows. But neither the copy numbers nor the microbial diversity for bacteria, 

archaea and fungi was influenced by the Fusarium toxin-contaminated triticale in a 

concomitant experiment using the rumen simulating technique (rusitec) (Strobel et al. 2007). 

However, rusitec is still an artificial system and might not always correspond to the 

conditions in vivo. Therefore, it is not possible to clearly distinguish between effects resulting 

directly from the presence of Fusarium toxins and effects resulting from grain alterations 

induced by the fungus itself on the ruminal fermentation in the present study. In any case, the 

observed changes of the SCFA pattern probably led to the described decrease in percentage of 

milk fat.  

Cows fed the mycotoxin-contaminated diet in Period 1 had a slightly but significantly lower 

milk protein concentration which is not explainable with nutrient and energy supply. But as 
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this difference already existed before the trial started and the milk protein yield was higher 

due to a higher milk yield, a dilution effect can be assumed. Increasing the concentrate 

proportion in Period 2 resulted in an increase of the energy and the crude protein content in 

the diets. In studies by Berg & Ekern (1993) and Broderick (2003) the milk protein 

concentration and –yield was positively influenced by an increased energy intake. In the 

present study this effect was observed for protein yield as well, whereas milk protein 

concentration was only increased in Group Control-60. It is conspicuous that milk protein 

concentration in Group Myco-60 was 0.37 percentage units lower than in Group Control-60, 

although no obvious differences in nutrient supply occurred. The higher milk yield in Group 

Myco-60 probably led to a dilution effect in protein concentration in milk.  

The milk urea concentration of cows is seen as a reflection of the protein supply in relation to 

the energy supply (Spohr et al. 2001). If the RNB was related to the ME, the lowest value 

was, at -0.29 g /MJ ME, still in a range in which no negative effects on performance are 

expected (Riemeier et al. 2004). Milk urea was mostly within the normal range (150 and 300 

mg/kg milk, GfE 2001). The lower energy intake in the Control Group in Period 1 probably 

led to significantly higher urea content in this group. In Period 2, Group Control-60 had a 

significantly higher milk urea content than cows fed low concentrate diets, and Group Myco-

60 produced significantly more milk urea than Group Myco-30. These relations should hold 

true in reverse. However, with an increased concentrate proportion in Period 2 the dietary 

crude protein increased as well (see Table V). An increased crude protein concentration in the 

diet leads to an increase of the ruminal NH3 concentration (Gabler & Heinrichs 2003), which 

can increase urea in blood and milk (Faverdin et al. 2003) if microbial protein synthesis 

capacity is exceeded or if it can not be fully used due to a relative ME deficiency. Hence, the 

described effect can be explained as a result of the elevated protein supply in the high 

concentrate groups. Differences between Group Control-60 and Group Myco-60 are probably 

explainable from the slightly higher crude protein concentration in Group Control-60 and a 

less negative RNB.  

According to Enemark et al. (2002), a FPR below 1 is a hint for acidotic burden. In Period 1 

cows in the Myco Group were only slightly above this critical value, probably due to the 

higher DMI and thus an increased intake of rapidly fermented carbohydrates (Krause & 

Oetzel 2006). In Period 2 the FPR of 0.92 in Group Myco-60 can be interpreted as a further 
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indicator for an acidotic burden. Group Control-60 was slightly above the mentioned 

threshold (FPR = 1.06).  

As expected, the lactose concentration in milk was not influenced by any dietary treatment. In 

studies by Sutton (1989) and Andersen et al. (2003), the lactose yield was influenced by a 

higher concentrate level. In Period 1 of our investigation the Myco Group had a significantly 

higher lactose yield probably as a consequence of the higher DMI and a resulting higher 

nutrient supply to the mammary gland. Elevating the concentrate level in Period 2 only Group 

Myco-60 showed an increased lactose yield. The nutrient supply should be comparable 

between the high concentrate groups so that this result cannot be explained by obvious 

differences in nutrient supply.  

In the current study cows fed the myco diet had a higher SSC in Period 1, whereas neither 

Fusarium toxin-contamination nor concentrate proportion influenced the SCC in Period 2. 

Generally the SCC was within the normal range beside some individual variations when 

mastitis occurred. These results should be interpreted carefully, because milk samples from 

the whole mammary gland were used in which the increase in the SCC during infections is 

less pronounced than the measurement on quarter level due to dilution effects (Djabri et al. 

2002). Furthermore the determination of SCC on quarter level is mostly measured in the 

foremilk whereas the SCC at the udder level is measured on the milk from the entire milking 

(Djabri et al. 2002). Therefore the determination of the SCC was just adequate to get an 

impression about the udder health of the animals in this study. 

 

5. Conclusions 

Most of the observed effects were related to variations in DMI which in turn were caused by 

the concentrate proportion and the presence/absence of Fusarium-infected triticale.  

A higher DMI in cows fed the Fusarium toxin-contaminated diets with different concentrate 

proportions resulted from ingesta passage rate stimulating effects of the Fusarium-infected 

triticale.  

The lower milk fat concentration in Group Myco-60 might be the consequence of alterations 

in the ruminal microbial population due to direct mycotoxin effects and/or indirect effects of 

the Fusarium infection-related changes in the physico-chemical properties of the infected 

triticale on ruminal microbes. No obvious clinical signs of SARA occurred, but the decreased 
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milk fat concentration and the lower milk fat-to-protein-ratio may indicate a higher acidotic 

burden in cows fed 60% concentrate in a Fusarium toxin-contaminated diet. 

Therefore, further research is necessary to examine the underlying metabolic mechanisms of 

the observed effects of practically relevant DON concentrations in rations for dairy cows with 

high concentrate proportions on milk fat.  
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Abstract 

Feeding a total mixed ration (TMR) with 50% concentrate and a mean deoxynivalenol (DON) 

concentration of 5.3 mg/kg dry matter (DM) to 13 early lactating German Holstein cows 

resulted in alterations in the ruminal fermentation patterns (lower molar percentage of acetate 

and isobutyrate, higher molar percentage of valerate) compared to the 14 control cows (Period 

1, 11 weeks). In the Myco Group, significantly lower ruminal pH value occurred in Weeks 4 

and 8 and lower minimum pH values critical for developing SARA were detected. 

Accordingly the net acid base excretion (NABE) in the urine and the base-to-acid-ratio (BAR) 

were lower (only significant in Week 8). These effects probably resulted from a higher dry 

matter intake and are not related to the presence of Fusarium toxin. 

In Period 2, the same 27 cows plus 5 additional cows were divided into 4 groups over 18 

weeks. The effects of an elevated concentrate proportion of 60% were tested with and without 

Fusarium toxin (Group Control-60, 0.4 mg DON/kg DM and Group Myco-60, 4.6 mg 

DON/kg DM) and compared to two groups fed 30% concentrate (Group Control-30, 0.6 mg 

DON/kg DM and Group Myco-30, 4.4 mg DON/kg DM).  

As expected, a high concentrate proportion significantly affected the ruminal fermentation 

patterns. NABE and BAR did not reveal a distinct concentrate effect and the ruminal pH 

values were on a high level in all groups when ruminal fluids were taken after 3 to 5 hours of 

feed restriction (median between 6.8 and 7.2).  

Additional effects were observed on the SCFA profile in the presence of Fusarium toxin at 

both concentrate levels. This indicates a switch in the microbial community due to direct 

mycotoxin effects and/or indirect effects of the Fusarium infection related alterations in the 

physico-chemical properties of the infected cereal on ruminal microbes. 

 

 

Keywords: Dairy cow, deoxynivalenol, Fusarium mycotoxin, rumen, acid base metabolism, 

concentrate proportion 
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1. Introduction 

Ruminants are considered less susceptible to toxic effects of the Fusarium toxin 

deoxynivalenol (DON) because of the detoxifying capacity of the rumen microbes, which has 

been shown to metabolize DON to the less toxic metabolite de-epoxy DON (DOM-1) (King 

et al. 1984; Swanson et al. 1987; He et al. 1992). Consequently the rumen plays a key role in 

the detoxification of DON. In rations with a high concentrate proportion as used in dairy cows 

and fattening steers, the ruminal pH value can decrease down to 5.5-5.6, which is described as 

subacute ruminal acidosis (SARA) (Garrett 1996; Stock 2000; Kleen et al. 2003). Due to the 

decreased pH value, the ruminal fermentation conditions are altered in affected animals. 

Whether or not a high concentrate proportion in the ration of dairy cows could influence the 

detoxifying potential of the rumen, and what effects might result on animal performance, 

animal health and carry over of DON and DOM-1 has not yet been examined.  

As shown by Keese et al. (2008a), the milk fat concentration was significantly depressed in 

cows fed 60% concentrates and a mean DON concentration of 4.6 mg/kg DM over a period of 

18 weeks. Furthermore, cows fed the Fusarium toxin-contaminated diet and 60% concentrate 

had a significantly lower fat-to-protein-ratio (FPR=0.9) compared to the control group 

(FPR=1.1). According to Enemark et al. (2002) and Tischer (2006), a FPR below 1 can be 

considered as a hint for an acidotic burden. Milk fat depression (MFD) can occur in cases of 

SARA, but a depressed milk fat concentration alone is not a proof of SARA, since an adapted 

ruminal milieu might prevent the development of SARA (Kleen et al. 2003). Therefore, the 

present data complete the experiment reported by Keese et al. (2008a) with regard to the 

effects on the rumen fermentation patterns and on parameters of the acid base metabolism in 

order to draw conclusions on the acidotic load situation of cows fed a ration with a 

concentrate proportion of 60% compared to a ration with a concentrate proportion of 30% 

with and without Fusarium toxin-contaminated triticale.  
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2. Material and Methods 

2.1. Treatments, experimental design and animals 

The whole experiment is described in full detail by Keese et al. (2008a). In brief, in Period 1, 

27 lactating German Holstein cows (days in milk (DIM)=31, mean body weight (BW)=522 

±56 at the beginning of Period 1) were divided into 2 groups for a period of 11 weeks. 14 

animals received the control diet (50% concentrate, 25% maize silage, 25% grass silage, on 

DM basis) and another 13 animals received the mycotoxin-contaminated diet (50% 

concentrate, 5.3 mg DON/kg DM and 113 μg ZON/kg DM on average) (Table I).  

 

Table I. Composition and mycotoxin concentrations of the TMR used in Period 1 (Week 1-
11). 
   Group 
    Control Myco 
Dry matter [g/kg] 452 465 
Nutrients [g/kg DM]  

Crude ash  61 61 
Crude protein  150 153 
Crude fat  25 26 
Crude fibre  143 143 
Acid detergent fibre 157 157 
Neutral detergent fibre 305 307 

    
Energy* [MJ/kg DM]   

ME  11.6 11.6 
NEL  7.1 7.1 

    
Mycotoxins¹     

Deoxynivalenol  [mg/kg DM] 0.6 5.3 
Zearalenone  [μg/kg DM] 53.1 112.7 

 

* Calculation based on formulas of the DLG (1997) 
¹ Calculation based on the analysed concentrations in concentrates and silages 
Abbreviations: Control= cows fed the control diet with 50% concentrate (on DM basis), Myco= cows fed the 
Fusarium toxin-contaminated diet with 50% concentrate (on DM basis), ME= metabolizable energy, NEL= net 
energy lactation 
 
 
In Period 2 which directly followed Period 1, the same 27 cows plus an additional 5 cows 

were divided in 4 groups for 18 weeks: Group Control-30 (30% concentrates), Group Myco-
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30 (30% concentrates, 4.4 mg DON/kg DM), Group Control-60 (60% concentrates), Group 

Myco-60 (60% concentrates, 4.6 mg DON/kg DM) (Table II).  

Cows fed the Myco diet in Period 1 received one of the Myco diets in Period 2 as well; cows 

used as control animals in Period 1 were continuously fed the control diets.  

All rations were offered as TMR for ad libitum consumption. Freshly prepared TMRs were 

provided daily at around 10.30 am. All cows had free access to water. Separated in their 

feeding groups, cows were housed in group pens equipped with slatted floor and cubicles 

equipped with rubber mattresses and wooden litter.  

 

Table II. Composition and mycotoxin concentrations of the TMR used Period 2 (Week 12-29) 
(n=5). 
    Group 
    Control-30 Myco-30 Control-60 Myco-60 
Dry matter [g/kg] 386 ±62 394 ±66 456 ±59 475 ±63 
Nutrients [g/kg DM]     
Crude ash  68 ± 6 69 ±6 61 ± 3 66 ±9 
Crude protein  135 ±12 139±11 165 ±15 154 ±15 
Crude fat  28 ±5 28 ±5 26 ±4 27 ±5 
Crude fibre  203 ±10 196 ±12 142 ±19 128 ±53 
Acid detergent fibre  220 ±15 212 ±16 161 ±17 169 ±20 
Neutral detergent fibre 391 ±47 394 ±41 349 ±34 349 ±36 
      
Energy* [MJ/kg DM]     
ME  11.4 11.6 12.4 12.1 
NEL  7.0 7.1 7.8 7.5 
      
Mycotoxins¹      
Deoxynivalenol  [mg/kg DM] 0.6 4.4 0.4 4.6  
Zearalenone  [μg/kg DM] 35.0 73.8 24.4 72.5 

 

 Calculation based on nutrient digestibilities tested with wethers (GfE, 1991) 
¹Calculation based on the analysed concentrations in concentrates and silages 
Abbreviations: DM= dry matter, Control-30= cows fed the control diet with 30% concentrate (on DM basis), Myco-30= cows 
fed the Fusarium toxin-contaminated diet with 30% concentrate (on DM basis), Control-60= cows fed the control diet with 
60% concentrate (on DM basis), Myco-60= cows fed the Fusarium toxin-contaminated diet with 60% concentrate (on DM 
basis), ME= metabolizable energy, NEL= net energy lactation, 
 

2.2. Sample collection and analysis 

In Period 1 one sample of the ruminal fluid was collected from each cow between 8.30 a.m. 

and approximately 10.30 a.m. of one morning in Weeks 0, 2, 4, 6 and 8 of the trial. On the 

sampling days cows had no access to any feed between 5.30 a.m. (start of milking) and the 
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end of sampling procedure. The instrument described by Geishauser (1993) was used for the 

collection of ruminal fluid. The instrument consisted of an oro-ruminal probe, a suction pump 

and a funnel. The probe was introduced to a length of 2.0 m before ruminal fluid was 

collected by using the pump. The first approximately 200 ml withdrawn were rejected to 

avoid saliva contaminations before a 50 ml sample was taken. The instrument was cleaned 

with water and disinfected after each animal and hung up to dry before it was used again. The 

pH of the ruminal fluids was measured immediately after collecting with a portable pH-meter 

(pH 538, WTW). Spontaneous urine was sampled on one morning of Weeks 0, 4 and 8, 

respectively. The urine samples were kept at 8º C and were analysed for net acid base 

excretion (NABE) within 48 hours based on a titration according to Kutas (1965). 

Ruminal fluids were analyzed for the concentration of short chain fatty acids (SCFA) by gas 

chromatography (HP6890, Avondale, PA, USA) with a flame ionization detector after 

treatment as described by Geissler et al. (1976). 

In Period 2 ruminal fluid and urine were collected in one morning of Weeks 16, 18, 20, 22, 25 

and 28 following the same procedure as described for Period 1. Samples of ruminal fluid and 

urine were collected shortly before the beginning of Period 2 (Week 11), but could not be 

analysed due to technical reasons. 

Samples of the grass- and maize silage were collected twice weekly, pooled together over 

approximately 5 weeks and then dried at 60° C for 72 hours in Period 1. Concentrates were 

sampled once a week and pooled over the entire period.  

TMR samples were collected four times a week directly after the feeding from each trough 

and pooled over approximately 4 weeks in Period 2. The sampling procedures for 

concentrates and silages were the same as described above but the concentrates were pooled 

approximately every four weeks. A pooled sample of the used grass silage and maize silage 

was built when the silo was changed.  

For further analysis of the crude nutrients and Fusarium toxins, all feed samples were ground 

to pass through a 1-mm screen. 

Feed samples were analysed for the content of crude nutrients according to the methods of the 

“Verband Deutscher Landwirtschaftlicher Untersuchungs- und Forschungsanstalten“ 

(VDLUFA; Bassler 1976). DON in feedstuffs was analysed by high performance liquid 

chromatography with diode array detection after clean-up with immuno-affinity columns 
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(DONprep, R-Biopharm AG, Darmstadt, Germany) according to Oldenburg et al. (2007). The 

detection limit was 0.03 mg/kg. The mean recovery was 92%.  

ZON contamination in feedstuffs was determined with HPLC according to a modified 

VDLUFA method according to Ueberschär (1999) described by Dänicke et al. (2001) with a 

detection limit of 1.1 ng/g. The mean recovery was 86%.  

 

2.3. Calculations and statistics 

Base-to-acid-ratio (BAR) = sum of bases [mmol/l] / sum of acids [mmol/l] 

Data were analysed using the SAS software package (Version 9.1.3, procedure mixed, SAS 

Institute Inc., Cary, NC, USA). The statistical models used for the SCFA in Period 1 and 2 are 

described in more details at Keese et al. (2008a). 

In brief the “Procedure mixed method” was used. For Period 1, fixed effects were mycotoxin 

contamination and number of lactation. The individual cow effects were considered by the 

“REPEATED” procedure. In Period 2, an additional fixed effect was the concentrate 

proportion in the ration. The time dependent effects were considered as fixed regressive 

component. 

Differences were considered to be significant at p<0.05, and a tendency was discussed when 

p<0.1. 

Ruminal pH, urine pH, NABE and BAR were not distributed normally and therefore 

subjected to the non parametric Kruskal-Wallis test using the Statistica for WindowsTM 

operating system (Statsoft Inc. 1994). 

 

3. Results  

3.1. Ruminal pH 

In both periods one sample of ruminal fluid was collected on one morning of the sampling 

week after a time of feed restriction between 3 and 5 hours. In Period 1 cows fed the 

Fusarium toxin-contaminated diet had a significantly lower ruminal pH value in Weeks 4 and 

8 than the cows fed the control diet (Figure 1A). In cows fed the Fusarium toxin-

contaminated diet, one cow reached a pH value lower than 5.9 (pH=5.7). In Week 8 two cows 
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fed the control diet had a pH value of 5.9. In the Myco Group three cows had values below 

5.9, the minimum was 5.5 (data not shown). 

In Period 2 the median pH values were on a quite high level at all times of sampling ranging 

between 7.0 and 7.2 in Group Control-30, between 6.9 and 7.2 in Group Myco-30, between 

6.8 and 7.2 in Group Control-60 and between 6.8 and 7.1 in Group Myco-60.  

Significant differences between the feeding groups were observed only in Weeks 16 and 25 

(Figure 1A). The lowest median ruminal pH value was seen in Group Control-60 (pH value of 

6.75) in Week 16 and differed significantly from both low concentrate groups, whereas in 

Week 25 the lowest median (6.84) occurred in Group Myco-60 differing significantly from 

the highest observed pH value in Group Control-30 (median: 7.23). The individual minimum 

pH values were all higher than 6.3 (data not shown).  

 

3.2. Total concentration of short chain fatty acids  

In Period 1 the concentration showed large variations over the course of the trial in both 

groups (Figure 1B). The mean total concentration ranged between 58 and 102 mmol/l in the 

Control Group, and between 70 and 113 mmol/l in the Myco Group. No effect of mycotoxin 

contamination was observed (Table III). 

In Period 2 large variations were observed as well (Figure 1B). The proportion of concentrate 

showed a significant influence within the Control Groups in terms of a significantly higher 

concentration of short chain fatty acids (SCFA) in Group Control-60 compared to Group 

Control-30. In contrast, this influence was not found between the Myco Groups. In Group 

Control-60 the concentration decreased by 1.29 mMol/l per week and differed significantly 

from both Myco Groups in which the concentration of SCFA increased by 0.96 mMol/l per 

week (Group Myco-30) and by 0.57 mMol/l ( Group Myco-60), respectively (Table III). 
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Table III. Least square means (LS means) ±standard error of the detected rumen parameters in 
Period 1 (Week 1-11) and Period 2 (Week 12-29). 
 Period 1  Period 2 
  Control Myco   Control-30 Myco-30 Control-60 Myco-60 
Short chain fatty acids, 
total [mMol/l] 80.8 ±3.3  86.5 ±4.3  65.0b ±2.3 67.9ab±2.2 71.5a ±2.3 69.1ab ±2.5 

β (week*SCFA) -2.761 -0.550   -0.250ab  0.963a   -1.290b  0.571a  
Acetate [Mol %] 60.0a ±0.9 57.2b ±1.1  65.8a ±0.6 63.9b ±0.6 60.0c ±0.6 58.0d ±0.6 

β (week*acetate concentration) 1.078 0.879  0.406a 0.013b 0.485a  0.433a  
Propionate [Mol %] 23.9 ±0.8 25.8 ±1.0  18.3c ±0.5 19.6c ±0.5 22.5b ±0.5 25.9a ±0.6 

β (week*propionate concentration) -0.674 -0.385   -0.002ab 0.145a  -0.049ab   -0.267b 
Acetate propionate ratio  2.8 ±0.1   2.5 ±0.2   3.7a ±0.1 3.3b ±0.1 2.8c ±0.1 2.3d±0.1 
β (week*acetate propionate ratio) 0.149 0.071  0.032 0.023  -0.017 0.036 
Isobutyrate [Mol %] 0.97a ±0.02 0.87b ±0.03  0.99a ±0.02 1.01ab ±0.02 1.04ab ±0.02 1.06b ±0.02
β (week*isobutyrate concentration) -0.034 -0.039   -0.012bc  -0.004ab 0.003a  -0.025c 
Butyrate [Mol %] 11.8 ±0.3 12.3 ±0.4  11.9a ±0.5 12.4a ±0.4 12.3a ±0.5 10.3b ±0.5 

β (week*butyrate concentration) -0.295 -0.334   -0.235a b  -0.113ab   -0.320b   -0.023a  
Isovalerate [Mol %] 1.72 ±0.07 1.68 ±0.09  1.59 ±0.13 1.68 ±0.13 1.85 ±0.13 1.72 ±0.14 

β (week*isovalerate concentration)  -0.044  -0.091   -0.06b  -0.004a  -0.017a  -0.014a 
Valerate [Mol %] 1.59b ±0.14 2.17a ±0.18  1.29b ±0.25 1.51b ±0.25 2.28a ±0.25 2.86a ±0.27

β (week*valerate concentration) -0.031 -0.030   -0.072ab   -0.042a  -0.117c  -0.100bc  
 

abc Values with no common superscript are significantly different within rows and within periods (p<0.05) 
Abbreviations: β= regression coefficient, Control= cows fed the control diet with 50% concentrate (on DM basis), Myco= 
cows fed the Fusarium toxin-contaminated diet with 50% concentrate (on DM basis), Control-30= cows fed the control diet 
with 30% concentrate (on DM basis), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (on 
DM basis), Control-60= cows fed the control diet with 60% concentrate (on DM basis), Myco-60= cows fed the Fusarium 
toxin-contaminated diet with 60% concentrate (on DM basis) 
 

3.3. Acetate  

In Period 1, except for Week 4, the molar percentage of acetate in the ruminal fluid showed an 

increasing tendency in both groups with weekly increases by 1.08 mol % (Control Group) and 

0.89 mol % (Myco Group) (Figure 1C and Table III). Cows in the Myco Group had a 

significantly lower molar percentage of acetate in the ruminal fluid than control cows (57.2 

mol % vs. 60.0 mol %, Table III). 

In Period 2 the increasing trend was continued and is reflected by the regression coefficients 

(Figure 1C and Table III). The lowest weekly increase was estimated for Group Myco-30 and 

differed significantly from all other groups. Mycotoxin supplementation and concentrate 

proportion had an influence on this parameter so that all LS means were significant different 

from each other. The cows in Group Control-30 reached with 66 Mol % the highest molar 
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percentage of acetate followed by Group Myco-30 with 64 Mol %. The lowest value was 

observed in Group Myco-60 (58 Mol %). 

It is noticeable that in Week 20 the molar percentage of acetate was on a similar level in all 

groups. At the same time, for unknown reasons, cows consumed less DM (Keese et al. 

2008a).  

 

3.4. Propionate  

In Period 1 the molar percentage of propionate increased slightly until Week 4 and decreased 

afterwards (Figure 1D). The weekly decrease amounted to 0.67 mol % in the Control Group 

and 0.39 mol % in the Myco Group. Mycotoxin supplementation did not influence this 

parameter. 

In Period 2 the decreasing trend was continued in all groups except for Group Myco-30 and 

was most pronounced in Group Myco-60, in which the molar percentage of propionate 

decreased by 0.27 mol % per week and differed significantly from Group Myco 30 with 

weekly increases by 0.15 mol % (Figure 1D and Table III). As expected, the concentrate 

proportion had a significant influence on the propionate concentration which resulted in a 

significantly lower molar percentage of propionate in the low concentrate groups compared to 

the high concentrate groups. DON contamination only showed an effect when it was 

combined with a high proportion of concentrate so that no differences were observed on a low 

concentrate level whereas the molar percentage of propionate was significantly higher in 

Group Myco-60 compared to Group Control-60.  

In Week 20 the same phenomenon was observed as described for acetate. 

3.5. Acetate-to-propionate-ratio  

No influence of dietary treatment was detected in Period 1 (Table III).  

In Period 2 this parameter was influenced by mycotoxin supplementation and concentrate 

proportion so that all LS means differed significantly. As expected, cows fed a low 

concentrate level had significantly higher values than cows fed a high concentrate level, and
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cows fed the Fusarium toxin-contaminated diet had lower values compared to their 

counterparts (e.g., 2.8 in Group Control-60 vs. 2.3 in Group Myco-60) (Table III).  

The weekly linear decrease of 0.017 of the acetate-to-propionate-ratio (APR) in Group Myco-

60 tended to be different from Group Control-60 which showed a weekly increase of 0.036 

(p=0.08) (Table III). 

 

3.6. Isobutyrate, butyrate, isovalerate and valerate  

In Period 1 cows fed the Fusarium toxin-contaminated diet had a significantly lower molar 

percentage of isobutyrate, while the molar percentage of valerate was significantly higher 

compared to the Control Group. The molar percentage of butyrate and isovalerate remained 

unaffected (Table III). The time dependent course showed a decreasing tendency for 

isobutyrate, butyrate, isovalerate and valerate (Figure 2A-D and Table III).  

In Period 2 only slight differences occurred in the molar percentage of isobutyrate. No 

differences were found within the same level of concentrate. Except for Group Control-60 the 

molar percentage of isobutyrate declined over the course of time (Table III). For butyrate the 

molar percentage was lowest in Group Myco-60 and differed significantly from all other 

groups. The time dependent decreasing trend was most pronounced in Group Control-60 

(Figure 2B and Table III). 

There were no significant differences comparing the molar percentages of isovalerate but the 

weekly decrease was significantly lower in Group Control-30 than in the other groups (Figure 

2C and Table III). 

With an increasing concentrate proportion, the molar percentage of valerate increased 

significantly.  

 

3.7. Urine pH 

In both periods urine pH was in all groups within the normal range of 7.0-8.4 (Fürll 1993). In 

Period 1 no influence of treatment was observed (Figure 3A).  

In Period 2, except for Week 28, the lowest observed pH values were found in Group Myco-

60. In Weeks 18 and 20 urine pH of this group differed significantly from Group Control-60, 

in Week 18 also from Group Control-30. In Weeks 22 and 25 cows in Group Myco-60 had a 
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significantly lower urine pH than cows in Group Myco-30. In Week 28 Group Control-30 

showed a significantly lower urine pH than Group Myco-30 (Figure 3A). 

 

3.8. Net acid base excretion  

In Period 1 the medians for the net acid base excretion (NABE) varied between 111 and 202 

mmol/l in the Control Group and between 141 and 165 mmol/l in the Myco Group. In Week 8 

cows receiving the Fusarium toxin-contaminated diet had a significantly lower NABE than 

the Control Group (Figure 3B). 

In Period 2 no distinct concentrate effect was observed but Group Myco-60 showed the 

lowest NABE compared to the other feeding groups. For this group a significant difference 

was found in Week 20, when the NABE was significantly lower compared to Group Control-

60, whereas in Weeks 22 and 25 Group Myco-60 differed significantly from Group Myco-30. 

In contrast, in Week 28, Group Control-30 had a significantly lower NABE than Group 

Control-60 (Figure 3B). 

 

3.9. Base-to-acid-ratio  
In Period 1 the median values for the base-to-acid-ratio (BAR) ranged between 3.0 and 4.0 in 

the Control Group and between 2.5 and 3.1 in the Myco Group. In Week 8 the difference 

between the Control and Myco Groups was statistically firm (Figure 3C).  

Just as observed for NABE, no distinctive concentrate effect was observed in Period 2, but, 

beside from Week 20, Group Myco-60 showed the lowest BAR compared with the other 

feeding groups. Statistically firm results were found in Weeks 22 and 28. In Week 22 the 

BAR of Group Myco-60 was significantly lower than in Group Control-60 but no differences 

to the low concentrate groups were observed. Six weeks later the BAR of Group Myco-60 

differed significantly from Group Control-60 and from Group Control-30.  
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Figure 3. Development of urine pH value (A), net acid base excretion (NABE, B), and base-
to-acid-ratio (C) in Period 1 (Week 1-11) and Period 2 (Week 12-29) for the feeding groups. 
Median; box: 25%, 75%, whisker: min, max without outliers 
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4. Discussion 

Period 1 of the present study was conducted to test the effects of a moderate DON 

concentration (5.3 mg/kg DM in the daily ration) with a concentrate proportion of 50% on the 

rumen fermentation patterns and parameter of the acid base metabolism in lactating dairy 

cows. In Period 2 the concentrate proportion was elevated to 60% as an additional burden 

with and without a Fusarium toxin-contamination and was compared to cows fed on a 

concentrate proportion of 30% in presence and absence of Fusarium toxin.  

 

4.1. Ruminal pH 

Diets with high concentrate levels are often associated with lower ruminal pH values 

(Khorasani & Kennelly 2001), which are interpreted as an indicator for SARA (for review see 

Krause & Oetzel 2006). Nordlund (1996) described ruminocentesis samples lower than 5.5 as 

abnormal and between 5.6 and 5.8 as marginal for developing SARA. In the present study 

ruminal pH was measured by using the oro-ruminal instrument described by Geishauser 

(1993). As swallowed saliva first reaches the reticulum and the atrium, ruminal fluids should 

be collected from the ventral ruminal sac to avoid a contamination with saliva (Dirksen & 

Smith 1987). With a probe length of 2.0 m, the ventral ruminal sac can be reached 

(Geishauser 1993). To further minimize the risk of saliva contamination we discarded the first 

200 ml of ruminal fluid. However, in comparison with ruminocentesis and rumen cannula 

technique, samples taken with the oro-ruminal tube had the highest pH value and the highest 

bicarbonate concentration (Duffield et al. 2004). Similarly, Höner et al. (2000) found ruminal 

pH values 0.2 units higher when samples were taken using the Geishauser method compared 

to the cannula technique. Therefore, Duffield et al. (2004) defined a critical threshold for oro-

ruminal probe samples being at pH 5.9 and 6.2. Such critical threshold values were observed 

in Period 1 of the current study, but not in Period 2, when the concentrate proportion was 

elevated for two groups. In Period 1 of the current study a ruminal pH value lower than 5.9 

was detected in Week 4 in one Myco cow, in Week 8 in two Control cows and in three Myco 

cows. Significantly lower values were observed in Weeks 4 and 8 in cows fed the mycotoxin 

diet. The concentrate proportion was equal in both groups so that these differences were not 

expected but can be explained by the approximately 12% higher DMI in the Myco Group 
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(Keese et al. 2008a) and therefore a higher total concentrate intake (Enemark et al. 2002). It is 

not likely that this effect is due to the presence of Fusarium toxins or due to fungus-related 

alterations of the feedstuff as other authors failed to find any effect on ruminal pH when 

Fusarium toxin-contaminated diets were fed (Hochsteiner et al. 2000; Dänicke 2002; Dänicke 

et al. 2005; Seeling et al. 2006a).  

Despite an increased concentrate proportion of 60% in Period 2, we could not detect pH 

values critical for SARA. Significantly lower values for cows fed on the high concentrate 

level were only found in Week 16 for Group Control-60 and in Week 25 for Group Myco-60 

(see Figure 1A). The sampling procedure needs to be considered for the interpretation of these 

results. Ruminal fluids were always collected between 8.30 and 10.30 a.m. for technical 

reasons. On sampling days for ruminal fluids, cows had no access to feed from the start of 

milking at 5.30 a.m. until the completion of all sampling procedures. Cows had free access to 

feed until the beginning of milking, thus the time of the last meal before milking differed 

individual from cow to cow. However, it is a fact for all cows that no feed was consumed 

from 5.30 a.m. onwards. This period of feed restriction lasted between 3 to 5 hours during 

which one sample of ruminal fluid per cow was taken. Therefore, the effect of a high 

concentrate supply on ruminal pH was probably overlapped by this period of feed restriction. 

Unexpectedly, ruminal pH values were even on a higher level in the high concentrate groups 

than in Period 1 (compare Figure 1A). The reason for that remained unclear. The DMI in the 

high concentrate groups was on average comparable to Period 1 (Keese et al. 2008a). An 

influence of the sampling procedure can be ruled out as the procedure was identical in both 

periods. 

 

4.2. Short chain fatty acids  

In the current study the total concentration of short chain fatty acids (SCFA) ranged between 

65 and 86.5 mmol/l in both periods and would be considered as in the normal range (Dirksen 

1985). In steers with experimentally induced subacute acidosis, Goad et al. (1998) reported an 

increased concentration of total SCFA between 90 and 140 mmol/l. In the current study the 

moderate concentrations of SCFA in cows fed 60% concentrates (72 mMol/l in Control-60 

and 69 mMol/l in Myco-60, Table III) are probably related to the period of feed restriction 

discussed above. Ndibualonji et al. (1997) examined the continuous profiles and within-day 
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variations of SCFA in 4 non-lactating cows fed twice daily (6.15 a.m. and 15.30 p.m.). These 

authors observed that, with the beginning of a meal and over the next 6 hours (postprandial 

period), the ruminal SCFA increased. In the noctural interprandial period (22.00 until 

morning feeding), a decrease in ruminal acetate, butyrate and propionate and total SCFA was 

observed (Ndibualonjii et al. 1997). In the present study differences in the pattern of SCFA 

were detectable despite the limited feed access prior to and during sampling procedure. 

Changes in the patterns of the SCFA are more meaningful for the diagnosis of acidosis than 

the total concentration of SFCA (Dirksen 1985). The total concentration of SCFA does not 

only depend on production but is also dependent on their absorption, degradation and dilution 

(Dirksen 1985). If the concentration of total SCFA increases the absorption will increase as 

well (Carter & Grovum 1990; Dijkstra et al. 1993). Concerning the patterns of SCFA, 

previous studies had shown that an increased concentrate proportion in the diet lead to an 

increase in the concentration of ruminal propionate and a decrease in the concentration of 

ruminal acetate (Murphy et al. 2000; Khorasani & Kennelly 2001). These findings were 

confirmed in Period 2 of the current study. The concentration of ruminal lactate was not 

determined as it was shown in previous studies that the lactate concentration only increased in 

cases of acute ruminal acidosis but remained on a similar level in cases of SARA (Stock 

2000, Stone 2004). 

Additional effects were observed in the presence of Fusarium toxin contamination. On a low 

concentrate level, the molar percentage of acetate was lower in cows consuming the 

mycotoxin diet while the molar percentage of propionate was not influenced significantly. 

This effect was observed in Period 1 as well when cows were fed a diet with a 50% 

concentrate. In Period 1 the molar percentage of acetate and isobutyrate were significantly 

lower in the Myco Group whereas the molar percentage of valerate was significantly higher 

for mycotoxin-fed cows. The concentrate proportion was equal in both groups but – as 

mentioned above - the DMI was approximately 12% higher in the Myco Group (Keese et al. 

2008a). A stimulated DMI was observed for cows in Group Myco-30 as well although this 

higher intake did not result in a higher molar percentage of propionate. On a high concentrate 

level, the molar percentage of acetate, butyrate and the acetate-to-propionate-ratio decreased 

whereas the molar percentage of propionate increased in cows fed the Fusarium toxin-

contaminated diet. These changes are not fully explainable by differences in the DMI as the 
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DMI was only slightly, but not significantly higher in Group Myco-60 compared to Group 

Control-60 (Keese et al. 2008a). Therefore the described effects are probably not only related 

to a higher DMI but might as well be influenced by the presence of Fusarium-damaged and 

Fusarium toxin-contaminated triticale. In general, Fusarium contamination in feed can first 

lead to alterations of the nutrient composition and modifications in the physical structure of 

the substrates due to altered enzyme activity as well as destruction by mycelial growth, and 

secondly to the synthesis of mycotoxins.  

Anti-microbial properties were shown for different mycotoxins (Trenholm et al. 1989) which, 

in turn, might alter the profile of the rumen microbes and consequently the microbial 

fermentation. But studies testing the effects of DON on ruminal microorganisms are still rare. 

To date no inhibitory effect of DON on the ruminal microbes Butyrivibrio fibrisolvens 

(Westlake et al. 1987), Ruminococcus albus and Methanobrevibacter ruminantium (May et al. 

2000) tested thus far has been found. However, in the study by May et al. (2000), fusaric acid 

had an inhibiting influence on Ruminococcus albus and on Methanobrevibacter ruminantium, 

It was shown that fusaric acid often co-occurs with DON, and a synergetic toxic capability is 

suspected (Smith & Seddon 1998). In the present study naturally contaminated triticale was 

used, and a blend of other trichothecene was detected in the Fusarium toxin contaminated-

triticale (compare Keese et al. 2008b) but fusaric acid was not analysed. So the presence of 

fusaric acid, and thus an inhibitory effect on rumen microbes, cannot be ruled out. The effects 

of the naturally contaminated triticale, used in the present study, on the ruminal microbial 

communities were further studied by Strobel et al. (2007) using a rumen simulating technique 

(rusitec). In TMR with 30% and 60% concentrate, the application of the contaminated triticale 

did neither affect copy numbers nor the microbial diversity of bacteria, archaea and fungi 

(Strobel et al. 2007). In the diets with a high silage proportion, significant more copy gene 

numbers of bacteria were found (Strobel et al. 2007). In another rusitec study, Strobel et al. 

(2008) tested the effects of Fusarium culmorum-contaminated wheat on the microbial 

community. The rRNA gene copy numbers of bacteria and archaea did not differ between 

contaminated and control feed, but the fungal population was higher in contaminated feed. 

This increase was not attributed to the contamination with Fusarium culmorum itself. 

Furthermore the species richness was affected in Fusarium culmorum contaminated feed. The 

degradability of different nutrients (organic matter (OM), neutral detergent fibre (NDF), crude 
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protein) was positive correlated with the fungal rRNA gene copy numbers but did not 

correlate with the degradation rates of DON (Strobel et al. 2008). Therefore these authors 

concluded that the effects were caused by fungus-induced, altered feed quality rather than by 

direct mycotoxicity. Seeling et al. (2006b) tested the same naturally contaminated wheat as 

Strobel et al. (2008) and found that the increased degradability of OM, NDF and protein was 

accompanied by changes in the SCFA fermentation patterns (increased molar percentages of 

butyrate, isobutyrate and isovalerate) in the mycotoxin effluents in the rusitec. The nutrient 

composition was altered in terms of a markedly higher crude protein concentration in the 

contaminated wheat. Seeling et al. (2006b) concluded that the effects on the ruminal 

fermentation pattern were probably caused by fungus-related modifications of the grain. 

However, rusitec is still an artificial system and its results may differ from the situation in 

vivo.  

In a study with wethers Dänicke (2002) did neither observe effects on the ruminal pH nor on 

the SCFA when feeding a diet with 4.6 mg DON/kg (on 88% DM). Seeling et al. (2006a) 

reported about altered ruminal fermentation patterns in ruminally fistulated cows fed a diet 

with a concentrate proportion of 60% and 3.4 mg DON/kg (on a basis of 88% DM). The type 

of change was different compared with the present study. With increasing organic matter 

intake (OMI), the molar percentage of propionate in the rumen was lower in cows fed the 

mycotoxin-contaminated diet, whereas the molar percentage of acetate and isobutyrate and 

the total concentration of SCFA tended to be higher for cows fed the mycotoxin diet when the 

OMI increased (Seeling et al. 2006a).The authors concluded that the observed changes in the 

SCFA concentrations might reflect a switch in the population of the ruminal microorganisms 

due to the Fusarium toxin and/or wheat grain alteration induced by the fungus itself. A 

possible explanation for the differences in the changes in the SCFA pattern between the 

present study and Seeling et al. (2006a) findings might be the different type of concentrate 

used in the studies. We used triticale to prepare the mycotoxin-contaminated diet whereas 

Seeling et al. (2006a) used wheat. Since Kang & Buchenauer (2000) and Matthäus et al. 

(2004) found alterations in Fusarium culmorum-infected wheat spikes (decreased cell-wall 

compounds and increased activity of enzymes hydrolysing non-starch polysaccharide), the 

observed differences might be due to different effects of Fusarium-infection on different 

cereal grains and therefore different influences on the rumen population and/or activity. 
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Moreover, the triticale used in the present experiment was ground for technical reasons, then 

pelleted and finally re-ground, before being mixed into the diets. These procedures resulted in 

a decrease in particle size which could have had an impact on the microbes` access to the 

cereal constituents.  

However, in the present study it is not possible to distinguish between effects resulting 

directly from the presence of Fusarium toxins, e.g., DON, and effects resulting from grain 

alterations induced by the fungus itself on the ruminal fermentation. 

4.3. Net acid base excretion, base-to-acid-ratio and urine pH 

In the current study, net acid base excretion (NABE), base-to-acid-ratio (BAR) and urine pH 

were determined to examine possible Fusarium toxin effects and/or concentrate effects on the 

acid base metabolism of dairy cows. In general, urine pH is not a sensitive parameter for the 

detection of SARA, as a response is not seen until the buffer capacity is exhausted (Fürll 

1993; Bender et al. 2001) and can be influenced by many nutritional and non nutritional 

factors. NABE describes the total sum of the excreted H+ ions and is a more sensitive method 

for diagnosing acidotic burdens (Fürll et al. 1989; Bender et al. 2003). In studies by Cakala et 

al. (1979), Lachmann et al. (1985), Fürll (1993) and Fürll et al. (1994), an acidotic burden was 

detected by a more or less dramatic decrease of the NABE. The influence of diuresis can be 

excluded by calculating the BAR (Lachmann & Schäfer 1985). In the present study urine 

samples were taken on one morning during the sampling week independent from the ruminal 

samples and cows had free access to feed before the sampling procedure. Therefore the 

influence of the time of feeding can be disregarded. 

Urine pH was not influenced by mycotoxin treatment in Period 1, whereas NABE and BAR 

were significantly lower for cows in the Myco Group in Week 8. This observation is in 

accordance with the observed lower ruminal pH value in the Myco Group. These effects are 

more likely due to a higher DMI in this group and probably not the effects of the presence of 

Fusarium toxins per se. 

We expected to detect lower values of NABE and BAR in the urine of cows fed on high 

concentrate level which would indicate the higher acidotic burden in these animals but Group 

Control-60 did not show significant differences from the low concentrate groups at any time 

of sampling. Cows fed a high concentrate level and received the Fusarium toxin-

contaminated diet showed inconsistent but significantly lower values for urine pH, NABE and 
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BAR at different times of the trial. Although the determination of NABE and BAR failed to 

reveal consistent results, the examination of the urine revealed additional hints for an acidotic 

burden in Group Myco-60 which is in accordance with the results of the ruminal fermentation 

patterns discussed above.  

 

5. Conclusions 

A higher DMI resulted in ruminal pH values partly critical for developing SARA in cows fed 

50% concentrate and 5.3 mg DON/kg DM. An elevated concentrate proportion of 60% did 

not lead to critical pH values; but a temporary exceeding of the threshold values cannot be 

excluded. Although the pH was not critical, the cows fed 60% concentrate and 4.6 mg 

DON/kg DM exhibited a higher acidotic burden as indicated by a lower ruminal pH, NABE 

and BAR. 

Beside the factor concentrate proportion, the presence of Fusarium toxin-contaminated 

triticale influenced the ruminal fermentation patterns possibly due to direct mycotoxin effects 

and/or indirect effects of the Fusarium infection-related alterations of the physico-chemical 

properties of the infected cereal on ruminal microbes. 

Further research is necessary to evaluate the effects of Fusarium toxins on the ruminal 

fermentation patterns under more pronounced acidotic ruminal conditions and its effects on 

animal health and Fusarium toxin metabolism. 
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Abstract 

To examine the carry over of deoxynivalenol (DON) and its metabolite de-epoxy DON 

(DOM-1) in milk, lactating German Holstein cows (n=13) were fed an isoenergetic total 

mixed ration in Period 1 with 50% concentrates and 5.3 mg deoxynivalenol (DON)/kg dry 

matter (DM) over 11 weeks and were compared with control cows (n=14).  

In Period 2 (18 weeks) an elevated concentrate proportion was compared to a low concentrate 

ration by dividing the cows into 4 Groups (n=8): Control-30 (30% concentrates), Myco-30 

(30% concentrates, 4.4 mg DON/kg DM), Control-60 (60% concentrates) and Myco-60 (60% 

concentrates, 4.6 mg DON/kg DM). 

Taken both periods together, no unmetabolised DON was detected using the HPLC-UV 

method after β-glucuronidase incubation. DOM-1 concentrations ranged between below the 

detection limit and 3.2 µg/kg milk in mycotoxin fed cows, while control cows did not excrete 

any measurable amounts of DOM-1.  

Regarding the concentrate effects, the carry over of DON as DOM-1 in milk was negligible 

(between 0.0001 and 0.0011) but significantly higher in Group Myco-30 than in Group Myco-

60. This effect may result from an altered bioavailability of DON from maize silage which 

made up a higher proportion of the daily ration. 

 

Keywords: Carry over, dairy cow, deoxynivalenol, diet composition, milk 
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1 Introduction 

In Europe, deoxynivalenol (DON), a secondary metabolite (mycotoxin) of moulds of various 

Fusarium species, is frequently found in toxicologically relevant concentrations for farm 

animals [1]. Ruminants are regarded as relatively resistant to toxic effects of DON due to the 

potential of its ruminal microbes to degrade DON to the less toxic metabolite de-epoxy DON 

(DOM-1), and the carry over from DON in milk is generally regarded as negligible [2-4]. In 

previous studies DOM-1 was detected in blood, duodenal chyme, urine, faeces and milk 

mostly in higher concentrations than the parent toxin [2;5-8].  

The intact ruminal epithelium was shown to be an effective barrier for DON and ZON [9]. 

However, Sabater Vilar et al. [10] found very high concentrations of unmetabolised DON (up 

to 58 µg/l) in the serum of dairy cows showing an increased mastitis incidence at the same 

time. DON in milk was not determined. In serum, DON was detected by an ELISA-method, 

but no applicability of the applied method was provided by the authors. The estimated daily 

DON intake was, with 4.5 mg, rather low, but the authors concluded that the rumen was not 

able to metabolize this amount of DON. Unpublished reports about high concentrations of 

unmetabolised DON in the serum of clinically affected dairy cows raise the question what 

factors influence the degradation of DON and if disease related alterations in the ruminal 

environment and/or ruminal mucosa may lead to an elevated absorption of the parent toxin in 

the blood circulation and therewith connected an elevated carry over rate in milk. 

It was shown for ochratoxin A (OA) that the concentrate proportion significantly influences 

the degradation of OA to the less toxic metabolites ochratoxin α (Oα) and phenylalanine [11-

13]. Sheep that consumed 14 μg OA per kg body weight (BW) from a ration containing 70% 

concentrate showed a decreased ruminal pH post-feeding, a delayed OA disappearance from 

the rumen and an increased OA concentration in blood compared to sheep fed 30% 

concentrates [13]. Accordingly, He et al. [14] reported about a pH dependent 

biotransformation of DON in the large intestines of chicken, which was completely inhibited 

by pH values below 5.2.  

The possible influence of the composition of the diet on the metabolism of DON in ruminants 

has not been examined sufficiently. In rations for high yielding dairy cows, high concentrate 

proportions of 60% are used which can lead to a condition described as subacute ruminal 

acidosis (SARA) with decreased ruminal pH values down to 5.5-5.6 [15-17], adaptive 
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changes up to degenerative processes in the ruminal mucosa and changed ruminal conditions 

[18-20]. In this situation the absorption of bacteria causing necrosis and pus, primarily in the 

liver, were facilitated through the impaired ruminal mucosa [21].  

Therefore the aim of the present study was to investigate whether unmetabolised DON can 

pass the ruminal epithelium; whether it appears in various biological substrates including milk 

in cows fed a diet with a high concentrate proportion, and whether the metabolite profile of 

DON is altered compared to cows fed a low concentrate diet. 

This paper is part of a comprehensive study in which Fusarium toxin-contaminated triticale 

was fed to lactating dairy cows in rations with 30%, 50% and 60% concentrate. In this paper 

the focus is on the carry over of DON in milk and the DON residues in serum and bile in 

Fusarium toxin-exposed lactating cows, while effects on performance parameters, ruminal 

fermentation and parameters of the acid-base metabolism are discussed at Keese et al. [22;23]. 

 

2 Material and Methods 

2.1 Treatments, experimental design and animals 

The experimental design is described in more detail by Keese et al. [22]. In brief, in Period 1, 

27 lactating German Holstein cows (mean BW=522 ±56 kg, mean DIM=31 at the beginning 

of the trial) were divided into two groups for a duration of 11 weeks. A total of 14 animals 

(Control Group) received the Control diet (50% concentrate, 25% maize silage and 25% grass 

silage on DM basis) and 13 animals (Myco Group) received the Fusarium toxin-contaminated 

diet (mean DON concentration of 5.3 mg/kg DM; 50% concentrate, 25% maize silage and 

25% grass silage) (Table 1 and 2).  

Directly after finishing Period 1, the same 27 cows plus 5 additional cows were divided into 

four feeding groups. Cows fed the control diet in Period 1 also received the control diets in 

Period 2. Animals that were fed the Fusarium toxin-contaminated diet in Period 1 were fed 

the Fusarium toxin-contaminated diets in Period 2 as well. Because of a later calving date, the 

5 additional cows were not available for Period 1. Two of them were used as control animals 

and had received the same diet as the Control Group for 8 weeks before Period 2 started; the 

other three animals were fed the same diet as the Myco Group for 8 weeks as well.  
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In Period 2, the concentrate proportion in two groups was elevated to 60% in the presence and 

absence of Fusarium toxin-contaminated triticale (Group Control-60 and Group Myco-60), 

and the effects were compared to two low level concentrate groups (30% concentrates on DM 

basis; Group Control-30 and Group Myco-30) (compare Tables 3 and 4). The DON 

concentration was, with 4.8 mg/kg DM (on a DM basis of 88%), calculated to be similar in 

Group Myco-30 and Group Myco-60 and similar to the DON concentration used in Period 1, 

so that the effects of different concentrate levels could be examined.  

 

Table 1. Composition of the concentrates (n=1) and silages (n=2, means) used in Period 1. 
  Concentrate Maize silage Grass silage
    Control Myco   
Components (%)     

Triticale  50 21   
Fusarium contaminated 
Triticale  0 29   
Soybean meal  26.7 26.7   
Maize  20.7 20.7   
Mineral feed*  1.4 1.4   
Calcium Carbonate  1.2 1.2   

      
Dry matter (g/kg) 866 867 354  335  
Nutrients (g/kg DM)     

Crude ash  57 57 37 93  
Crude protein  195 201 87  123  
Crude fat  26 28 26  24  
Crude fibre  34 35 188  316  
Acid detergent fibre  47 47 205  328  
Neutral detergent fibre  131 135 396  561  

      
Mycotoxins      

Deoxynivalenol  (mg/kg DM) 0.2 9.6 1.8  <0.03 
Zearalenone  (μg/kg DM) 9.8 129.0 191.2  1.7  

* Per kg mineral feed: 140 g Ca; 120 g Na; 70 g P; 40 g Mg;  6g Zn; 5.4g Mn; 1g Cu; 100mg I; 40 mg Se; 25 mg 
Co; 1,000,000 IU vitamin A; 100,000 IU vitamin D3; 1500 mg  vitamin E 
Abbreviations: Period 1= week 1-11, DM= dry matter, Control= cows fed the control diet with 50% concentrate 
(based on DM), Myco= cows fed the Fusarium- toxin-contaminated diet with 50% concentrate (based on DM) 
 
 

During both periods all groups were housed in group pens equipped with slatted floors and 

cubicles equipped with rubber mattresses and wood litter. All rations were fed as a total 

mixed ration (TMR) for ad libitum intake from self feeding stations (Type RIC, Insentec, 

B.V., Marknesse, The Netherlands). The daily individual feed intake was recorded by using 
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an ear transponder for each cow. For technical reasons only the total feed intake of both 

groups was documented daily in Period 1. Freshly prepared feed was given once daily around 

10.30 am. Water was available at all times. Cows were milked at 5.30 and 15.30 h daily. The 

milk yield was determined at each milking and, after leaving the milking parlour, the body 

weights of the cows were measured automatically. 

 

Table 2. Composition of the TMR used in Period 1 (n=1). 
    Group 
    Control Myco 
Dry matter (g/kg) 452 465 
Nutrients (g/kg DM)  

Crude ash  61 61 
Crude protein  150 153 
Crude fat  25 26 
Crude fibre  143 143 
Acid detergent fibre 157 157 
Neutral detergent fibre 305 307 

    
Energy* (MJ/kg DM)   

ME  11.6 11.6 
NEL  7.1 7.1 

    
Mycotoxins¹     

Deoxynivalenol  (mg/kg DM) 0.6  5.3  
Zearalenone  (μg/kg DM) 53.1  112.7  

 *Calculation based on formulas of the GfE [51] 
 ¹Calculation based on analysed concentrations in concentrates and silages 
Abbreviations: Period 1= week 1-11, DM= dry matter, Control= cows fed the control diet with 50% concentrate 
(based on DM), Myco= cows fed the Fusarium toxin-contaminated diet with 50% concentrate (based on DM), 
ME=metabolizable energy, NEL= net energy lactation 
 

2.2 Measurement and sample collection 

In the Period 1 milk was sampled in the morning and afternoon of one day in Week 0, 2, 4 

and 8 and pooled based on the weight of milk produced at the morning and afternoon milking. 

Milk samples were frozen at -20 ºC, freeze-dried and kept at -20 ºC until further analysis. 

Blood samples (using serum tubes) were drawn from the Vena jugularis of each cow between 

8.30 a.m. and approximately 10.30 a.m. of one day in Weeks 0, 2, 4, 6 and 8 of the trial. On 

the sampling days cows had no access to any feed between 5.30 a.m. (start of milking) and the 

end of sampling procedure. Serum was separated by centrifugation at 2000 x g and 15º C for 
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20 min and afterwards stored by -20º C. On one day in Weeks 0, 4 and 8, samples of the bile 

were taken from each cow by percutaneous ultrasound-guided cholecystocentesis [24]. Bile 

samples were stored at -20º C until further analysis. Milk, serum and bile samples of all cows 

fed the contaminated diets (n=13) and of 50% of the control cows (n=7) were analysed for 

DON and DOM-1 at each time of sampling.  

In Period 2, milk and blood samples were collected in Weeks 16, 18, 20, 22, and 28, and bile 

samples were taken in Weeks 16, 20 and 28 following the same procedure as described for 

Period 1. Milk, serum and bile samples of all cows fed the contaminated diets (n=16) and of 

50% of the control animals (n=8) were analysed for DON and its metabolite at each time of 

sampling. 

In Period 1, samples of the grass- and maize silage were collected twice a week and pooled 

together over approximately five weeks. Once weekly concentrates were sampled and pooled 

over the entire Period 1. Silage samples were dried at 60° C for 72 hours. All feed samples 

were ground to pass through a 1 mm screen for further analysis.  

In Period 2, TMR samples were collected four times a week directly after the feeding from 

each trough and pooled over approximately four weeks. The sampling procedures for 

concentrates and silages were the same as described above but the concentrates were pooled 

approximately every four weeks. A pooled sample of the used grass silage and maize silage 

was built when the silo was changed. 

In the following depletion period, all cows were fed the control diet with a concentrate 

proportion of 30% and a mean DON concentration of 0.4 mg/kg DM for the duration of four 

weeks. Samples of the morning and afternoon milking were collected twice weekly and 

pooled to one sample per week. The milk samples were frozen at -20º C, freeze-dried and 

kept at -20º C until further analysis. After three weeks of feeding the control ration, blood and 

milk samples were taken again from each cow following the same procedures as described 

above. 

Sampling procedures for the TMR were similar as described above, but one sample was built 

for the entire depletion period. Pooled samples of the silages were built correspondingly.  
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Table 3. Composition and mycotoxin concentrations of the concentrates (n= 3) and silages 
used in Period 2 (n=4) (means and SD) 

    Concentrate 
Maize 
silage 

Grass 
silage 

    Control-30 Myco-30 Control-60 Myco-60   
Components (%)       

Triticale  50 0 50 25   
Fusarium contaminated 
 triticale 0 50 0 25   
Soybean meal  26 26 26.8 26.8   
Maize  20 20 20.8 20.8   
Mineral feed*  1.5 1.5 1.2 1.2   
Calcium 
Carbonate  2.5 2.5 1.2 1.2   

        
Dry matter (g/kg) 883 ±18 890 ±17 884 ±17 883 ±11 336 ±41 291 ±86
Nutrients (g/kg DM)       

Crude ash  66 ±3 67 ±10 52 ±1 54 ±1 37 ±2 93 ±6 
Crude protein  205±8 198±4 203 ± 4 203±4 87±0 123 ±20
Crude fat  22 ±6 23 ±5 23 ±3 26 ±5 26 ±3 24 ±5 
Crude fibre  35 ±2 35 ±0 37 ±2 35 ±2 188 ±0 316 ±13
ADF  47 ±1 47 ±1 49 ±3 47 ±2 205 ±2 328 ±12
NDF  134 ±5 120 ±5 143 ±23 123 ±3 396 ±1 561 ±14

        
Mycotoxins        

Deoxynivalenol  (mg/kg DM) 0.5 ±0.4 13.1 ±2.9 0.3 ±0.0 7.2 ±0.7 1.3 ±1.0 <0.03 

Zearalenone (μg/kg DM) 17.3 ± 12.5 146.4 ±24.3 12.3 ± 2.8 92.4 ±3.6 
85.3 

±98.1 <1.1 
 

*Per kg mineral feed: 140 g Ca; 120 g Na; 70 g P; 40 g Mg;  6g Zn; 5.4g Mn; 1g Cu; 100mg I; 40 mg Se; 25 mg Co; 
1,000,000 IU vitamin A; 100,000 IU vitamin D3; 1500 mg  vitamin E  
Abbreviations: Period 2= week 12-29, Control-30= cows fed the control diet with 30% concentrate (on DM 
basis), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (on DM basis), 
Control-60= cows fed the control diet with 60% concentrate (on DM basis), Myco-60= cows fed the Fusarium 
toxin-contaminated diet with 60% concentrate (on DM basis), ADF= acid detergent fibre, NDF= neutral 
detergent fibre, 
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Table 4. Composition and mycotoxin concentrations of the TMR used in Period 2 (n=5). 
    Group 
    Control-30 Myco-30 Control-60 Myco-60 
Dry matter (g/kg) 386 ±62 394 ±66 456 ±59 475 ±63 
Nutrients (g/kg DM)     

Crude ash  68 ± 6 69 ±6 61 ± 3 66 ±9 
Crude protein  135 ±12 139 ±11 165 ±15 154 ±15 
Crude fat  28 ±5 28 ±5 26 ±4 27 ±5 
Crude fibre  203 ±10 196 ±12 142 ±19 128 ±53 
Acid detergent fibre  220 ±15 212 ±16 161 ±17 169 ±20 
Neutral detergent fibre 391 ±47 394 ±41 349 ±34 349 ±36 

      
Energy* (MJ/kg DM)     

ME  11.4 11.6 12.4 12.1 
NEL  7.0 7.1 7.8 7.5 

      
Mycotoxins¹      

Deoxynivalenol  (mg/kg DM) 0.6 4.4  0.4 4.6  
Zearalenone  (μg/kg DM) 35.0 73.8 24.4 72.5 

* Calculation based on nutrient digestibilities measured with wethers [52] 
¹ Calculation based on analysed concentrations in concentrates and silages 
Abbreviations: Period 2= week 12-29, Control-30= cows fed the control diet with 30% concentrate (based on 
DM), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% concentrate (based on DM), Control-
60= cows fed the control diet with 60% concentrate (based on DM), Myco-60= cows fed the Fusarium toxin- 
contaminated diet with 60% concentrate (based on D), ME= metabolizable energy, NEL= net energy lactation 
 

2.3 Analysis 

The crude nutrients in feed samples were determined according to the methods of the 

`Verband Deutscher Landwirtschaftlicher Untersuchungs- und Forschungsanstalten` 

(VDLUFA; [25]). 

DON in feedstuffs was analysed by HPLC with diode array detection (DAD) after clean-up 

with immunoaffinity columns (IAC) (DONprep®, r-biopharm AG, Darmstadt, Germany) 

according to Oldenburg et al. [26]. The detection limit was 0.03 mg/kg. The mean recovery 

was 92%.  

ZON contamination in feedstuffs was determined with HPLC with fluorescence detection 

according to a modified VDLUFA method according to Ueberschär [27] described by 

Dänicke et al. [28] with a detection limit of 1.1 ng/g DM. The mean recovery was 86%.  

DON, further trichothecene mycotoxins (nivalenol, scirpentriol, T2-tetraol, fusarenon-X, 

monoacetoxyscirpenol, 15-acetyldeoxynivalenol, neosolaniol, 3-acetyldeoxynivalenol, 
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diacetoxyscirpenol, T2-triol, HT-2 toxin and T-2 toxin) and ZON were determined by the 

Department of Animal Nutrition, Hohenheim University, Stuttgart, in the contaminated and 

the control triticale according to a GC-MS method [29]. 

DON and DOM-1 in serum, freeze-dried milk and bile were determined by HPLC with UV 

detection according to Valenta et al. [30] with modifications. Briefly, 1.5 ml serum, 1 ml bile 

fluid and 2.4 g freeze-dried milk, respectively, were incubated with 6000 U (serum), 8000 U 

(bile) and 58000 U (milk) β-glucuronidase (type H-2, min. 98800 U/ml, Sigma, Steinheim, 

Germany) at pH 5.5 (acetate buffer) and 37 ° C overnight (serum and bile) and for 10 h 

(milk), respectively. Subsequently, serum and bile were extracted with ethyl acetate (bile after 

pH adjustment to 7) on disposable ChemElut® columns (Varian, Darmstadt, Germany) and 

cleaned up with IAC (DONtest®, VICAM, Watertown, USA in case of serum and 

DONprep®, r-biopharm AG, Darmstadt, Germany in case of bile). Freeze-dried milk was 

extracted with a mixture of acetonitrile and water, defatted with petroleum ether, precleaned 

with a mixture of charcoal, alumina and celite and cleaned up with IAC (DONprep®, r-

biopharm AG, Darmstadt, Germany). 

The detection limits (S/N greater than 3:1) for DON and DOM-1 were approximately 2 ng/ml 

in serum, 4 ng/g in freeze dried milk (corresponds to 0.5 ng/g milk with 12.5% DM) and 4 

ng/ml in bile. The mean recoveries were 90% and 91% for DON and DOM-1 in serum, both 

87% in milk and 95% and 93% in bile.  

To confirm the results of the milk analysis, the milk samples of all cows fed contaminated 

diets and half of the control cows collected in Week 28 (n=24) were additionally analysed by 

LC-ESI-MS/MS (liquid chromatography – electrospray ionization tandem mass 

spectrometry). The remainder of the purified sample extracts which were used in HPLC-UV 

analysis was diluted 1:2 with the HPLC-UV eluent (acetonitrile:water, 13:87 (v/v) and 

applied for the LC-MS/MS analysis. The measurements were conducted on an API 4000 

QTrap tandem mass spectrometer system (Applied Biosystems, Darmstadt, Germany), 

conducted to a 1200 series HPLC system of Agilent Technologies (Böblingen, Germany). The 

LC-ESI-MS/MS method will be described in detail elsewhere (Valenta et al., in preparation). 

Briefly, the separation was carried out on a Betasil Phenyl/Hexyl column (100x2.1 mm, 3µm; 

Thermo Electron Corporation, Runcorn, UK), using a binary gradient of 0.13 mM ammonium 

acetate in water (pH 7.4, solvent A; described by Klötzel et al. [31], and acetonitrile (solvent 
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B). The measurements were performed with multiple reaction monitoring (MRM) in the 

negative mode, selecting the mass transitions 295 → 265 (DON) and 279 → 249 (DOM-1) 

for quantification and 295 → 138 (DON) and 279 → 231 (DOM-1) for additional qualifying.  

Quantification was done by means of calibration curves in the range of 1 ng/ml – 500 ng/ml 

for both toxins. The limit of detection (S/N greater than 3:1) for both DON and DOM-1 in 

freeze-dried milk was 0.4 ng/g (corresponds to 0.05 ng/g milk with 12.5% DM) the mean 

recovery was 86% (DON) and 89% (DOM-1), respectively. 

Results of analysis of mycotoxins and their metabolites were not corrected for recovery. 

 

2.4 Calculations and statistical analysis 

Different statistical procedures were applied as residues measured in serum, bile and milk 

were not normally distributed in the groups fed the mycotoxin free diets (Control-30, Control-

60) whereas the corresponding residues of cows fed the mycotoxin containing diets (Myco-30 

and Myco-60) followed the normal distribution. Therefore, in order to compare all 4 

experimental groups statistically, the Kruskal-Wallis median test implanted in the Statistica 

for WindowsTM operating system (Statsoft Inc. 1994) was used. 

If data were pooled for the “concentrate proportion” in Period 2, a normal distribution was 

achieved and data were analysed using the SAS package (Version 9.1.3, procedure mixed, 

SAS Institute Inc., Cary, NC, USA). The fixed effect was “CONC” (concentrate proportion, 

1= 30% concentrate in the diet, 2= 60% concentrate in the diet). As a regressive component 

“INTAKE” (DON intake) and for carry over “MILK” (milk yield) was considered. We used 

the ESTIMATE statement to test the differences between the regression coefficients estimated 

for the dose dependent (INTAKE) and milk yield (MILK) dependent changes, respectively. 

By using the REPEATED statement, the individual cow (“Cow”) effects resulting from the 

frequent measurements on the same animal in the course of the experiment were considered. 
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The following SAS code was used to test the residues in bile and serum (y):  

PROC MIXED METHOD = REML; 

CLASS CONC COW; 

MODEL Y= CONC INTAKE (CONC)/ DDFM=KR S; 

LSMEANS CONC /PDIFF e adjust=TUKEY 

ESTIMATE INTAKE (CONC) 1 -1; 

REPEATED/TYPE=SP (exp) SUB=COW LOCAL; 

RUN; 

 

In case of the carry over into milk (y), the “INTAKE” was replaced by “MILK” in the above 

model. 

DON and DOM-1 concentrations which were lower than the detection limit were considered 

as zero. Only values higher than the detection limit were enclosed in the calculation of the 

metabolite profile and the total carry over rate. Therefore the metabolite profile is frequently 

missing in the control groups. In Figure 1, the estimation of the arithmetic means included 

values lower than the detection limit with “0”. 

DOM-1 concentrations in milk and its excretion in milk were recalculated on the mean 

original substance of milk (mean DM of milk in this trial: 12.5%). 

Differences were considered to be significant at p<0.05, and a tendency was discussed when 

p<0.1. 

Where appropriate, dose-response relationships were considered by a simple linear regression 

analysis using the Statistica for Windows TM operating system (StatSoft Inc., 1994) (Figure 

2). 

 

Metabolite profile was calculated as following: 

Metabolite profile 

100*
ubstratesinionconcentratDONepoxy-deplusDONTotal

ubstratesinionconcentratDONepoxy-deorDON
=  
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The carry over rate in milk was estimated as follows: 

Total carry over rate into milk  

/d)gμ(intakeDONDaily
g/d)μ(milkinDONepoxy-deand/orDONofexcretionTotal

=  

3 Results 

For the interpretation of the results, it has to be taken into account that the time between the 

last feed intake and the sampling varied from cow to cow as feed was available for ad libitum 

intake and that the time of sampling differed as well (in a range of approximately 2 hours). 

In general, for the graphic presentation of the results (Figure 1), the arithmetic group means 

were used to get an impression of the time dependent course (i.e., experimental week) of the 

analysed parameters. For the statistical analyses we firstly used the non parametric Kruskal-

Wallis test which is based on the comparison of medians in order to compare all experimental 

groups. Therefore Tables 6 and 7 show the medians and the ranges (minimum-maximum) for 

the analysed parameters. Secondly the least square means (LS means) and the regression 

coefficients according to the described SAS procedure were calculated for selected parameters 

and are presented in Tables 8 and 9 for the pooled effect of concentrate. As the regression 

coefficients were not significantly different, a pooled graphical presentation was chosen in 

Figure 2.  

In the physiological substrates, DON and DOM-1 were generally analysed after treatment 

with glucuronidase so that all concentrations include the sum of unconjugated and conjugated 

metabolites. 

 

3.1 Triticale 

In both periods we used the same naturally contaminated triticale batch to reach the DON 

concentration of 4.8 mg/kg (on a reference DM of 88%) in the diet. The Fusarium toxin-

contaminated triticale contained on average 40.9 mg DON/kg DM (GC-MS method) and 0.4 

mg ZON/kg DM, whereas the control triticales contained DON concentrations between 0.06 

and 0.2 mg/kg DM (Table 5). The ZON concentrations were below the detection limit in both 

control triticales. The analyses of further mycotoxins revealed 0.97 mg Nivalenol/kg DM, 
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0.09 mg Scirpentriol/kg DM, 0.52 mg 15-acetyldeoxynivalenol/kg DM and 0.20 mg 3-

acetyldeoxynivalenol/kg DM in the contaminated triticale, while the concentration of theses 

Fusarium toxins were lower than the detection limit in the control triticales (Table 5). 

 

Table 5. Analyses of Fusarium toxins in Fusarium toxin-contaminated and in control triticale 
(measured by a gas chromatography mass spectrometry (GC-MS)-method) 
  Period 1 Period 2 Period 1+2 

  Control triticale 1 Control triticale 2 
Contaminated 

triticale 
Mycotoxins (μg/kg DM)    
Deoxynivalenol 58 238 40872 (36980*) 
Zearalenone <1.1¹ <1.1¹ 434.7¹ 
Nivalenol <20 <20 965 
Scirpentriol <5 <5 91 
T2-tetraol <45 <45 <45 
Fusarenon-X <10 <10 <10 
Monoacetoxyscirpenol <2 <2 <2 
15-acetyldeoxynivalenol <4 <4 522 
3-acetyldeoxynivalenol <9 <9 204 
T2-triol <6 <6 <6 
Neosolaniol <4 <4 <4 
Diacetoxyscirpenol <6 <6 <6 
HT-2 toxin <2 <2 <2 
T-2 toxin <3 <3 <3 
* Measured by a HPLC-method [26]  
¹ Measured with a HPLC method with fluorescence detection [27] 
 

3.2 Mycotoxin intake 

Period 1 

In the Control Group the daily DON intake stayed on a nearly constant level (between 15 and 

20 μg/kg BW) from Week 1 on, whereas, in the Myco Group, the intake increased from 

approximately 150 μg/kg BW in Week 1 to a peak in Week 6 (225 μg/kg BW). Afterwards 

the DON intake decreased to approximately 200 μg/kg BW and stayed at this level (Figure 

1a). 

The DON intake originating from the DON contamination in the used maize silage batches is 

shown in Figure 1b. Over the entire Period 1, maize silages from 3 different silos were used in 

which the DON concentration ranged from 1.7 mg DON/kg DM to 2.1 mg DON/kg DM.  
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Period 2 

In both control groups, the daily DON intake showed a similar course with a slight increase 

by Week 15, with a plateau phase between Weeks 15 and 20, and a decrease to a constantly 

lower level from Week 21 on (Figure 1a). The daily intakes ranged between 6 – 33 μg/kg BW 

in Group Control-30 and 6 – 23 μg/kg BW in Group Control-60, respectively. 

The DON intake in cows in Group Myco-60 had a decreasing tendency over the course of 

trial and ranged from 121 – 183 μg/kg BW, in Group Myco-30 the intake showed some 

variations and ranged from104 – 154 μg/kg BW (Figure 1a). 

In Period 2 the DON concentration in the maize silages from 3 different silos ranged between 

0.3 and 2.4 mg/kg DM. In all groups the highest DON intake from maize silage was reached 

between Weeks 15 and 20, when the maize silage contained 2.4 mg DON/kg DM (Figure 1b). 

 

Depletion period 

In Weeks 30-34 the used maize silage batch contained 0.7 mg DON/kg DM, which was 

approximately 50% higher than the maize silage used in Weeks 26-29. Therefore the DON 

intake from maize silage increased after Week 29. 

 

3.3 Mycotoxin residues in serum 

Period 1 

Cows fed the contaminated diet had significantly higher serum concentrations of DON and 

DOM-1 than cows fed the control diet at all times of sampling during the trial (Table 6). 

Unmetabolised DON was only detected in concentrations close to the detection limit in most 

cases. The metabolite DOM-1 was detectable in the serum of all cows fed the contaminated 

diet at all times of sampling. In the Myco Group, the values (min-max) for DON and DOM-1 

ranged from between below the detection limit and 18 ng/ml, and between 22 and 123 ng/ml; 

while in the Control Group, the values ranged between below the detection limit and 2 ng/ml 

for DON, and below the detection limit and 25 ng/ml for DOM-1 (Table 6). Prior to the initial 

exposure (week 0), DON and its metabolite were sporadically detected in concentrations 

between below the detection limit up to 4 ng/ml and up to 7 ng/ml for DON and DOM-1, 

respectively. In Weeks 6 and 8, DON concentrations slightly higher than the detection limit 
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were detected in one cow fed the control diet. The metabolite profile of DON (data not 

shown) and DOM-1 (Table 6) was not significantly influenced by dietary treatment. 

The time dependent course is shown in Figure 1c.  

 

  

 

 

 

 

 

    

 

 

 

 

 

  

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 1. Development of DON intake (a), DON intake from maize silage (b), de-epoxy DON (DOM-1) 
concentration in serum (c), DON concentration in serum (d), DOM-1 concentration in bile (e), DON 
concentration in bile (f) and DOM-1 concentration in milk (g) in the feeding groups  
The arrow indicates the beginning of the depletion period (end of feeding the experimental diets) 
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Table 6. Concentrations of DON and DOM-1 in serum, bile and milk of cows in Period 1 (Weeks 0-8) (median, range)   

  
Concentration in serum 

[ng/ml]   
Metabolite 
Profile¹ [%]  

Concentration in bile    
[ng/ml]  

Metabolite 
Profile¹ [%]   

Concentration in 
milk [µg/kg]  

Metabolite 
Profile¹ [%]  

Excretion in 
milk [µ/d]  

Total carry over 
rate² 

Group DON DOM-1   DOM-1  DON DOM-1  DOM-1   DON DOM-1  DOM-1  DOM-1  DOM-1 
Week 0                       
Control 0.0 0.0  100.0 0.0 0.0   0.0 0.0    0.0   

 (0.0-2.0) (0.0-7.0)  (0.0-100.0) (0.0-0.0) (0.0-7.0)   (0.0-0.0) (0.0-0.0)    (0.0-0.0)   
Myco 0.0 1.0  100.0 0.0 0.0 100.0  0.0 0.0    0.0   

  (0.0-4.0) (0.0-4.0)   (0.0-100.0)  (0.0-0.0) (0.0-6.0)  (100.0-100.0)   (0.0-0.0) (0.0-0.0)      (0.0-0.0)    
Week 2                
Control 0.0b 3.0b  100.0     0.0 0.0b   0.0b   

 (0.0-0.0) (0.0-5.0)  (100.0-100.0)     (0.0-0.0) (0.0-0.0)   (0.0-0.0)   
Myco 2.0a 52.0a  97.3     0.0 1.0a  100 28.7a  0.0004 

 (0.0-12.0) (22.0-123.0)  (68.8-100.0)       (0.0-0.0) (0.6-1.4)  (100.0-100.0)  (13.3-42.9)  (0.0002-0.0005) 
Week 4                        
Control 0.0b 6.0b  100.0 0.0b 8.0b 100.0  0.0 0.0b   0.0b   

 (0.0-0.0) (5.0-8.0)  (100.0-100.0) (0.0-0.0) (0.0-24.0) (100.0-100.0)  (0.0-0.0) (0.0-0.0)   (0.0-0.0)   
Myco 0.0a 54.0a  100.0 0.0a 113.0a 100  0.0 1.3a  100 37.0a  0.0004 

 (0.0-3.0) (38.0-70.0)  (93.5-100.0) (0.0-34.0) (10.0-391.0) (22.7-100.0)   (0.0-0.0) (0.9-1.5)  (100.0-100.0)  (22.6-44.0)  (0.0002-0.0005) 
Week 6                        
Control 0.0b 7.0b  100.0            

 (0.0-2.0) (0.0-11.0)  (0.0-100.0)            
Myco 2.0a 70.0a  96.9            

 (0.0-18.0) (42.0-79.0)  (70.0-100.0)                    
Week 8                        
Control 0.0b 9.0b  100.0 0.0 17.0b 100.0  0.0 0.0b   0.0b   

 (0.0-2.0) (6.0-25.0)  (92.6-100.0) (0-6.0) (0-29.0) (81.2-100.0)  (0.0-0.0) (0.0-0.0)   (0.0-0.0)   
Myco 4.0a 67.0a  95.2 0.0 73.0a 98.1  0.0 1.5a   100 46.1a  0.0004 

  (0.0-7.0) (48.0-79.0)   (87.3-100.0)  (0-9.0) (0-175.0)  (87.5-100.0)   (0.0-0.0) (1.2-2.2)  (100.0-100.0)  (33.3-67.6)  (0.0003-0.0006) 
a,b  data with various superscript are significantly different within a column (p<0.05, Kruskal-Wallis test)         
 

¹ Proportion of DOM-1 of the sum of DON plus DOM-1  
² Total excretion of DOM-1 in milk (μg/d) in relation to the daily DON intake (μg/d)         
Concentrations below the detection limit were referred as "0"         
Abbreviations: DON= deoxynivalenol, DOM-1= de-epoxy-DON, Control= cows fed the control diet with 50% concentrate (based on dry matter (DM)), Myco= cows fed the 
Fusarium  toxin-contaminated diet with 50% concentrates (based on DM) 

PA
PE

R
 III 

100 



 

 

Table 7. Concentrations of DON and DOM-1 in serum, bile and milk of cows in Period 2 (Week 16-33) (median, range)   

  
Concentration in 

serum [ng/ml]   
Metabolite 
Profile¹ [%]  

Concentration in bile 
[ng/ml]  

Metabolite 
Profile¹ [%]   

Concentration in milk 
[µg/kg]  

Metabolite 
Profile¹ [%]  

Excretion in 
milk [µ/d]  

Total carry over 
rate² 

Group DON DOM-1   DOM-1  DON DOM-1  DOM-1   DON DOM-1   DOM-1  DOM-1  DOM-1 
Week 16                  
Control-30 0.0 5.0b  100.0 0.0 8.0b  100.0  0.0 0.0b       

 (0.0-0.0) (3.0-8.0)  (100.0-100.0) (0.0-0.0) (7.0-10.0)  (100.0-100.0)  (0.0-0.0) (0.0-0.0)       
Myco-30 0.0 48.0a  98.0 0.0 38.5a  100.0  0.0 1.1a  100  32.5  0.0005 

 (0-6.0) (0-69.0)  (88.9-100.0) (0.0-0.0) (6.0-74.0)  (100.0-100.0)  (0.0-0.0) (0.8-2.1)  (100.0-100.0)  (18.0-47.8)  (0.0002-0.0006) 
Control-60 0.0 4.5b  100.0 0.0 0.0b    0.0 0.0b       

 (0.0-0.0) (4.0- 5.0)  (100.0-100.0) (0.0-0.0) (0-5.0)    (0.0-0.0) (0.0-0.0)       
Myco-60 0.0 40.5a  100.0 0.0 45.0a  100.0  0.0 1.1a  100  34.6  0.0004 

  (0-9.0) (17.0-52.0)   (65.4-100.0)  (0.0-0.0) (23.0-93.0)  (100.0-100.0)   (0.0-0.0) (0.5-3.2)   (100.0-100.0)  (12.2-104.9)  (0.0001-0.0011) 
Week 18                  
Control-30 0.0 7.5b  100.0      0.0 0.0b       

 (0.0-0.0) (6.0-36.0)  (100.0-100.0)      (0.0-0.0) (0.0-0.0)       
Myco-30 0.0 40.0a  100.0      0.0 1.6a  100  40.40  0.0006a 

 (0.0-0.0) (26.0-47.0)  (100.0-100.0)      (0.0-0.0) (0.8-2.6)  (100.0-100.0)  (20.5-65.6)  (0.0003-0.001) 
Control-60 0.0 5.5b  100.0      0.0 0.0b       

 (0.0-0.0) (0-7.0)  (100.0-100.0)      (0.0-0.0) (0.0-0.0)       
Myco-60 0.0 33.0a  100.0      0.0 1.1a  100  28.01  0.0003b 

  (0.0-0.0) (15.0-38.0)   (100.0-100.0)           (0.0-0.0) (0.0-1.8)   (100.0-100.0)  (0.0-53.9)  (0.0002-0.0005) 
Week 20                    
Control-30 0.0 11.0a  100.0 0.0 9.5b  100.0  0.0 0.0b       

 (0.0-0.0) (7.0-19.0)  (100.0-100.0) (0.0-0.0) (7.0-17.0)  (100.0-100.0)  (0.0-0.0) (0.0-0.0)       
Myco-30 0.0 31.25b  100.0 0.0 38.5a  100.0  0.0 0.6a  100.0  13.90  0.0002 

 (0-14.0) (21.0-49.0)  (68.2-100.0) (0.0-0.0) (30.0-114.0)  (100.0-100.0)  (0.0-0.0) (0.0-1.2)  (100.0-100.0)  (0.0-25.6)  (0.0002-0.0003) 
Control-60 0.0 8.5a  100.0 0.0 7.0b  100.0  0.0 0.0b       

 (0.0-0.0) (6.0-12.0)  (100.0-100.0) (0.0-0.0) (5.0-8.0)  (100.0-100.0)  (0.0-0.0) (0.0-0.0)       
Myco-60 0.0 26.5b  100.0 0.0 42.0a  100.0  0.0 0.7a  100.0  19.82  0.0002 

  (0.0-0.0) (13.0-43.0)   (100.0-100.0)  (0-34.0) (20.0-63.0)  (61.8-100.0)   (0.0-0.0) (0.0-1.3)   (100.0-100.0)  (0.0-37.8)  (0.0001-0.0004) 
Week 22                  
Control-30 0.0 2.0b  100.0      0.0 0.0b       

 (0.0-0.0) (0-4.0)  (100.0-100.0)      (0.0-0.0) (0.0-0.0)       
Myco-30 0.0 29.0a  100.0      0.0 1.5a  100.0  37.00  0.0004 

 (0.0-0.0) (19.0-50.0)  (100.0-100.0)      (0.0-0.0) (1.0-1.8)  (100.0-100.0)  (21.1-57.1)  (0.0002-0.0006) 
Control-60 0.0 0.0b        0.0 0.0b       

 (0.0-0.0) (0-2.0)        (0.0-0.0) (0.0-0.0)       
Myco-60 0.0 33.0a  100.0      0.0 1.2a  100.0  33.70  0.0003 

  (0.0-0.0) (4.0-43.0)   (100.0-100.0)           (0.0-0.0) (0.9-1.6)   (100.0-100.0)  (25.2-47.2)  (0.0003-0.0005) 
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Week 28                  
Control-30 0.0 2.0b  100.0 0.0 2.0b  100.0  0.0 0.0b       

 (0.0-0.0) (0-2.0)  (100.0-100.0) (0.0-0.0) (0-4.0)  (100.0-100.0)  (0.0-0.0) (0.0-0.0)       
Myco-30 0.0 30.5a  100.0 0.0 41.0a  100.0  0.0 1.1a  100.0  24.20  0.0004 

 (0.0-0.0) (20.0-45.0)  (100.0-100.0) (0.0-0.0) (22.0-74.0)  (100.0-100.0)  (0.0-0.0) (0.6-1.3)  (100.0-100.0)  (11.5-34.4)  (0.0002-0.0006) 
Control-60 0.0 0.0b   0.0 0.0b    0.0 0.0b       

 (0.0-0.0) (0.0-0.0)   (0.0-0.0) (0.0-0.0)    (0.0-0.0) (0.0-0.0)       
Myco-60 0.0 29.0a  100.0 0.0 26.0a  100.0  0.0 1.1a  100.0  25.70  0.0004 

  (0.0-0.0) (4.0-33.0)   (100.0-100.0)  (0.0-0.0) (4.0-36.0)  (100.0-100.0)   (0.0-0.0) (0.7-1.4)   (100.0-100.0)  (18.9-41.8)  (0.0002-0.0006) 
Week 32 (Depletion period°)                
Control-30 2.0 1.0  50.0b              

 (0.0-3.0) 0.0-4.0)  (0.0-66.7)              
Myco-30 0.0 2.5  100.0a              

 (0.0-0.0) (0.0-6.0)  (100.0-100.0)              
Control-60 0.0 3.0  100.0a              

 (0.0-0.0) (0.0-7.0)  (100.0-100.0)              
Myco-60 0.0 3.0  100.0a              

  (0.0-0.0) (0.0-6.0)  (100.0-100.0)              
a, b data with various superscript are significantly different within a column (p<0.05, Kruskal-Wallis test) 
¹ Proportion of DOM-1 of the sum of DON plus DOM-1 
² Total excretion of DOM-1 in milk (μg/d) 
° Depletion period: all cows received the Control-30 diet (30% concentrates, based on DM) after finishing Week 29 
Concentrations below the detection limit were referred as “0” 
Abbreviations: DON= deoxynivalenol, DOM-1= de-epoxy-DON, Control-30= cows fed the control diet with 30% concentrates (based on DM), Myco-30= cows fed the Fusarium toxin- 
contaminated diet with 30% concentrates (based on DM), Control-60= cows fed the control diet with 60% concentrates (based on DM), Myco-60= cows fed the Fusarium toxin-contaminated  
diet with 60% concentrates (based on DM) 
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Period 2 

Cows fed the Fusarium toxin-contaminated diets had significantly higher values of DON and 

DOM-1 in serum compared to the control animals (Table 7). DOM-1 was detected in the 

serum of all cows fed the contaminated diet at all times of sampling, except from one Myco 

cow in Week 16. Over the whole Period 2, unmetabolised DON was only detectable four 

times in four different cows of Group Myco-30 in concentrations between 2-14 ng DON/ml, 

and 2 times in Group Myco-60 (4 and 9 ng DON/ml). The time dependent course is shown in 

Figure 1d. 

 

Table 8. DOM-1 concentration in serum and bile of all cows in Period 2  
(LS means ±standard error) 
    Concentrate proportion 
    Concentrate-30 Concentrate-60 
DOM-1 in serum [ng/ml] 27.7a  ±1.5 19.3b ±1.4 
β (DON intake¹ * DOM-1 in serum) 0.24 0.19 
   
DOM-1 in bile [ng/ml] 35.2a ±3.4 22.4b ±3.4 
β (DON intake¹ * DOM-1 in bile) 0.33 0.28 

¹ intake in µg per kg body weight per day 
Abbreviations: β= regression coefficient, Period 2= week 12-29,  
Concentrate-30= control and myco cows fed 30% concentrates,  
Concentrate-60= control and myco cows fed 60% concentrates 

 

DOM-1 concentrations ranged between below the detection limit and 69 ng/ml in Group 

Myco-30 and between 4 and 52 ng/ml in Group Myco-60. Cows fed the low concentrate diets 

had significantly higher DOM-1 concentrations in serum (Table 8). 

DON concentrations in both control groups were below the detection limit at any time of 

sampling while DOM-1 was detectable in concentrations between below the detection limit 

and 36 ng/ml. The concentrations of DOM-1 in serum were significantly linearly correlated 

with the daily DON intake per kg body weight (Figure 2a).  

Similarly to Period 1, Fusarium toxin contamination had no effect on the metabolite profile of 

DON (data not shown) and DOM-1 (Table 7). 

 

 

 

 



 
   
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
Figure 2a and b) Relationship between DON intake and DOM-1 concentration in serum and bile (b), respectively, in control and mycotoxin groups. 
c and d) Relationship between DON intake and DOM-1 excretion in milk (c) and between milk yield and total carry over rate of DON as DOM-1 in 
milk in mycotoxin-fed groups.  
    Group Control-30 (30% concentrates, on DM basis) 
    Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet) 
    Group Control-60 (60% concentrates) 
    Group Myco-60 (60% concentrates, 4.6 mg DON/kg DM in the diet) 
(a): y= 2.27 + 0.206*** · x, r²=0.66, ***p<0.001   (c): y= 14.54 + 0.0002° · x, r²=0.04, °p<0.1 
(b): y= 1.97 + 0.282*** · x, r²=0.48, ***p<0.001   (d): y= 1.405e-4 + 8.25e-6°· x, r²=0.04, °p<0.1 
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Depletion period 

After 3 weeks of feeding a control diet to all cows, the DOM-1 residues in serum of cows fed 

the contaminated diets were on the same level as found in the serum of control cows., 

Unmetabolised DON was found in concentrations close to the detection limit in three cows in 

Group Control-30. Therefore the metabolite profile differed significantly from the other 

groups, despite feeding an identical diet. 

 

3.4 Mycotoxin residues in bile 

Period 1 

Before the trial started (Week 0) DOM-1 was detected in both groups in concentrations 

ranging between below the detection limit and 7 ng/ml. In Week 4, DON and DOM-1 

concentrations were significantly higher in the bile of cows in the Myco Group, in Week 8 a 

significant difference only occurred for DOM-1. Bile samples contained DON and DOM-1 

concentrations between below the detection limit and 34 ng/ml, and below the detection limit 

and 391 ng/ml in the Myco Group, and between below the detection limit and 6 ng/ml, and 29 

ng/ml, respectively, in the Control Group (Table 6).  

In the Control Group the DON and DOM-1 concentration increased slightly over the weeks of 

the trial while in the Myco Group the concentrations for both DON and DOM-1 reached a 

peak in Week 4 and decreased afterwards (Figure 1e). 

The DOM-1 concentration in bile was significantly linearly correlated with the DOM-1 

concentration in serum (y = 15.78 + 1.33** • x; r² =0.18; **p<0.01) if the residues of cows of 

the control and the mycotoxin fed groups were considered together. 

Similarly to the results in serum, the metabolite profile in bile remained unaffected by the 

dietary treatment. 

 

Period 2 

Unmetabolised DON was only detected in the bile of one animal in Group Myco-60 in Week 

20. Cows fed the contaminated diets had significantly higher concentrations of DOM-1 in bile 

compared to cows fed the control diets. Concentrations of DOM-1 ranged between 6 and 114 

ng/ml (Group Myco-30) and between 4 and 93 ng/ml (Group Myco-60). In bile of control 
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cows the values ranged between below the detection limit and 17 ng/ml (Table 7). Cows fed 

the low concentrate diets had significantly higher DOM-1 concentrations in the bile (Table 8). 

The DOM-1 concentration in bile was significantly linearly correlated with the DON intake 

per kg body weight (Figure 2b) and with the DOM-1 concentration in serum (y = 7.583 + 

0.891*** • x; r² = 0.38; ***p<0.001) if the residues in control and Fusarium toxin fed cows are 

taken together. The metabolite profile was not influenced by Fusarium toxin-contamination. 

 

3.5 Mycotoxin residues in milk 

Period 1 

Using the HPLC method with β-glucuronidase incubation, no unmetabolised DON could be 

detected in any milk sample. Concentration of DOM-1 in milk of cows fed the Fusarium 

toxin-contaminated diet ranged between 0.6 and 2.2 μg/kg. Milk samples of control cows did 

not contain measurable amounts of DOM-1. As shown in Figure 1g, the DOM-1 

concentration in milk increased until week 8. The daily DOM-1 excretion in milk ranged 

between 13.3 and 67.6 μg (Table 6). The total carry over rate of ingested DON as DOM-1 

into milk ranged between 0.0002 and 0.0006 (Table 6).  

 

 

Table 9. DOM-1 concentration in milk of cows fed the Fusarium toxin-
contaminated diets in Period 2 (LS means ±standard error) 
    Group 
    Myco-30 Myco-60 
DOM-1 concentration in milk [µg/kg] 1.3 ±0.2 1.0 ±0.2 
β (DON intake¹ * DOM-1 concentration in milk) 0.010 0.005 
   
DOM-1 excretion in milk [µg/d] 34.9 ±3.2 29.1 ±3.1 
β (DON intake² * DOM-1 excretion in milk) 0.615 0.146 
   
Total carry over rate*  0.0004a ±0.0 0.0003b ±0.0 
β (Milk yield * total carry over rate) 0.00001 0.00003 

¹ intake in µg per kg body weight per day 
² intake in µg per day 
*Total excretion of DOM-1 in milk (μg/d) in relation to the daily DON intake (μg/d)  
Abbreviations: β= regression coefficient, Period 2= week 12-29, Myco-30= cows fed the Fusarium toxin-
contaminated diet with 30% concentrate, Myco-60: cows fed the Fusarium toxin-contaminated diet with 60% 
concentrate 
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Period 2 

Unmetabolised DON could not be detected in any sample with the HPLC-UV method. In 

cows fed the Fusarium toxin-contaminated diets DOM-1 was found in concentrations ranging 

between below the detection limit and 3.2 μg/kg milk whereas DOM-1 was not detectable in 

milk of cows fed the control diets (Table 7).  

The time dependent course revealed a decrease in the DOM-1 concentration in week 20, 

which was more pronounced in Group Myco-30. Afterwards the concentration stayed on 

similar levels until the depletion period started (Figure 1 g). 24 milk samples from Week 28 

were further analysed by using the more sensitive LC-ESI-MS/MS method. Unmetabolised 

DON was found in only two samples (both in Group Myco-60) in very low concentrations 

(0.1 μg DON/kg and 0.2 μg DON/kg milk). The HPLC-UV results for DOM-1 were highly 

significantly correlated with the LC-ESI-MS/MS results so that the HPLC results were 

confirmed (for DOM-1: y(LC-ESI-MS/MS)= 0.01+0.889 • x(HPLC-UV); ***p<0.001, r²= 0.99). DOM-1 

concentrations determined with the LC-ESI-MS/MS were approximately 11% lower than the 

corresponding results determined with the HPLC-UV method.  

The concentrate proportion neither influenced the DOM-1 concentration in milk nor the 

DOM-1 excretion in milk but the total carry over rate was significantly higher in cows fed the 

low concentrate diets (Table 9) which is reflected by a significantly higher median in Group 

Myco-30 in Week 18 (Table 7) as well. 

In cows fed the contaminated diets the daily excretion of DOM-1 in milk tended to be linearly 

correlated with the daily DON intake (Figure 2c). The total carry over rate of ingested DON 

as DOM-1 into milk ranged between 0.0002 and 0.001 in Group Myco-30 and between 

0.0001 and 0.001 in Group Myco-60 (Table 7). The total carry over rate did not correlate with 

the DON intake but was significantly linearly correlated with the DOM-1 concentration in the 

serum of mycotoxin fed cows (y =1.946e-4 + 5.253e-6 ** • x; r2 =0.11, **p<0.01). The total carry 

over rate tended to be linearly correlated with the milk yield (Figure 2d).  
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4 Discussion 

DON intake 

The present study was conducted to investigate the influence of the concentrate proportion in 

the ration of dairy cows on the metabolism of DON and its residues in serum, bile and milk 

after feeding Fusarium toxin-contaminated diets over a total period of 29 weeks. As discussed 

by Keese et al. [22] naturally contaminated triticale was used to achieve a DON concentration 

of 5.5 mg/kg DM (corresponds to 4.8 mg/kg on a reference DM of 88%) in both periods. The 

calculated DON concentration was achieved in Period 1 whereas, in Period 2, the average 

DON concentrations were approximately 20 % lower than calculated although the same 

triticale was used. This difference probably resulted from the heterogeneity of the used 

triticale batch and an unequal distribution among contaminated kernels [32-35]. The DON 

concentration in the diets was calculated by using the analysed values from the maize silage 

and the concentrates. We analysed the TMR samples as well but found approximately 20% 

lower concentrations in the TMRs than by calculating the concentration from the analysed 

values of the concentrates and silages. This discrepancy can only be explained by the 

procedure of sampling. The TMR samples were taken directly after feeding by hand from 

each trough. The content of pelleted concentrate in the sample might not always correspond to 

the concentrate content in the trough. Furthermore an unequal distribution of the Fusarium 

toxins within the pellets may lead to an underestimation of the DON concentration in the 

TMR. A failure in mixing the TMR is not likely as the nutrient composition of the TMRs did 

not reveal major deviations from the calculated values from concentrate and silages. 

As shown by Keese et al. [22] cows fed the Fusarium toxin-contaminated diet had a 

significantly higher DON intake in Periods 1 and 2 (Period 1: 18 μg/kg body weight (BW) vs. 

187 μg/kg BW; Period 2: 17 μg/kg BW (Control-30) and 14 μg/kg BW (Control-60) vs. 123 

μg/kg BW and 154 μg/kg BW in Group Myco-30 and Myco-60, respectively). In the control 

groups the DON intake resulted mainly from the background contamination of the used maize 

silage batches (compare Figure 1b). The slightly fluctuant DOM-1 concentrations in the 

serum of the control cows reflected the variability in the DON concentrations in the used 

maize silages. Furthermore the time dependent course corresponds to the time dependent 

course of the total DM intake (shown at Keese et al [22]). 
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Compared to Period 1 the DON concentration in the diet fed to the mycotoxin groups in 

Period 2 were on average 0.7 mg/kg DM (Group Myco-30) and 0.9 mg/kg DM (Group Myco-

60) lower than in the ration fed in Period 1. Accordingly the daily DON intakes were lower, 

which is reflected by lower DON residues in serum and bile in Period 2. 

 

General aspects of residues in serum, milk and bile 

Data about DON residues in physiological substrates and the carry over of DON in milk of 

dairy cows fed rations with a practically relevant DON concentration is still rare. In both 

periods of the present study, and independent of the concentrate proportion, DOM-1 was the 

predominant component found in the serum samples of cows fed the Fusarium toxin-

contaminated diets. These results are in accordance with Seeling et al. [2] who fed a ration 

with 60 % concentrate and 3.9 mg DON/kg DM to 14 fistulated dairy cows over a period of 4 

weeks and detected DOM-1 concentrations between 4 and 28 ng/ml in the serum, but no 

unmetabolised DON. Accordingly Prelusky et al. [5] found that less than 1% of DON were 

systemically absorbed in two cows fed a very high single oral dose of 1.9 mg pure DON/kg 

BW (920 mg per animal). Peak concentrations of DON in the serum were detected after 4.7 

(200 ng/ml) and 3.5 hours (90 ng/ml), respectively, and only trace amounts were measurable 

after 24 hours. DOM-1 residues were not considered in this study. These authors [5] did not 

detect DON residues above the detection limit of 10 ng/ml in the serum when the oral dose 

was 0.1 mg/kg BW.  

In the current study unmetabolised DON was found in serum in concentrations close to the 

detection limit in Period 1 and occurred only sporadically in Period 2. The DON 

concentrations in the diets were, with 4.4 (Myco-30) and 4.6 mg/kg DM (Myco-60; Period 2) 

and 5.3 mg/kg DM (Period 1), respectively, higher than by Seeling et al. [2] and this is 

reflected in higher DON and DOM-1 concentrations in the serum samples. DOM-1 

concentrations were significantly linearly correlated with the DON intake (Figure 2a). Seeling 

et al. [2] detected DOM-1 in serum of cows fed the control diet (0.3 mg DON/kg DM) in 

concentrations ranging from below the detection limit and 5 ng/ml. In the present study we 

sporadically found DON concentrations slightly above the detection limit, and DOM-1 

concentrations up to 7 ng/ml, already before the trial started in individual cows fed the control 

diets, and up to 25 ng/ml (DOM-1) during the trial, respectively. These residues can be 
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explained by the background contamination coming from the maize silage fed to all 

experimental groups. Contrasting results were reported by Sabater Vilar [10] who observed a 

massive average concentration of 32 μg/l of unmetabolised DON in the serum of cows 

belonging to a dairy herd in the Netherlands with an increased mastitis incidence at the same 

time. The estimated individual daily DON exposure was, with 4.5 mg, even lower than the 

background DON concentrations we used in the current study, and those Seeling et al. [2] fed 

to the control animals. Anyway Sabater Vilar [10] concluded that the rumen was not capable 

of degrading this amount of DON. However Seeling et al. [2] stressed that Sabater Vilar [10] 

did not reveal any information about the applicability of the applied ELISA-method for the 

detection of DON in serum.  

Studies about the kinetic behaviour of DON in ruminants are still rare (for review see Seeling 

et al.[36]). It is known that zearalenone (ZON) and its metabolites undergo an extensive 

entero-hepatic cycling in pigs [37] and were detectable in bile samples of ruminants as well 

[38;39]. In contrast, metabolism studies indicate that DON is completely degraded in the 

rumen or absorbed by the ruminal mucosa [2;8;40]. Urine seems to be the main route of 

excretion of DON in ruminants, whereas faecal and bilary excretion seems to be less 

important [2;6]. However it has been shown for pigs that the DON and DOM-1 concentration 

in bile increases with the DON intake [41]. In the current study, the DOM-1 concentrations in 

bile were linearly related to the DON intake (Figure 2b). Unmetabolised DON only occurred 

sporadically in individual cows fed the Fusarium toxin diets, which is in accordance with the 

corresponding results in serum and milk. Alkaassem et al. [42] screened 61 cows from 39 

German dairy farms treated for dislocatio abomasi in the Large Animal Medicine Clinic 

Leipzig, and 13 healthy control cows, for the occurrence of DON, DOM-1, ZON and its 

metabolites in serum and bile using HPLC-UV methods. In 20 of these 61 cows, milk and 

feed samples were examined additionally. The median for the analysed feed samples was 

0.161 mg DON/kg DM. In serum, unmetabolised DON was just detected in one sample (2 

ng/ml); DOM-1 was found in four samples (2-9 ng/ml). In bile and milk samples DOM-1 was 

only detectable in one sample in each case, both in low concentrations. In samples of the 

healthy control cows neither DON nor ZON nor its metabolites could be detected in 

concentrations above the detection limit [42]. In this survey, the authors found neither a 
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relationship between the occurrence of DON and ZON in physiological substrates and 

specific symptoms, nor in the course of disease (healing or exitus letalis).  

The DON concentration in milk of exposed cows and the carry over of DON in milk has been 

examined in different studies. Charmely et al. [43] neither detected DON nor DOM-1 

concentrations above 1 ng/ml in cows with daily DON intakes up to 104 mg by using a 

HPLC-MS method. Conjugated DON and DOM-1 was not determined. Prelusky et al. [5] 

found only very small amounts of DON (maximum of 4 ng/ml) with and without incubation 

with glucuronidase after a large single oral dose of 1.7 mg DON/kg BW (this dose was 

approximately 10-13 fold higher than the oral dosage cows consumed in the current study), 

DOM-1 was not analysed in that study. After 3 cows were exposed to daily DON intakes 

between 0.1 and 0.7 mg/kg BW over a period of 5 days, no detectable amounts of the parent 

toxin were found, but unconjugated DOM-1 was excreted in the milk of all cows over the 5 

day period of feeding in concentrations up to 26 ng/ml (conjugated DOM-1 was not analysed) 

[7]. At 24 hours after the last feeding of the contaminated diet unconjugated DOM-1 was no 

longer detectable in any milk sample [7]. Seeling et al. [2] did not detect unmetabolised DON 

using a HPLC method with β-glucuronidase incubation (detection limit: 0.5 μg/kg) while 

DOM-1 concentrations ranged between 1.6 and 2.7 μg/kg milk in cows with a daily DON 

intake between 34 up to 76 mg. Using the HPLC-UV method without β-glucuronidase 

incubation, DOM-1 was only detected in one sample [2] which indicates that DON in milk 

was mainly present in conjugated form. With a more sensitive GC-MS method (detection 

limit: 0.1 μg/kg), DON concentrations slightly above the detection limit were found.  

In agreement with Seeling et al. [2], no unmetabolised DON was detected in the present study 

using the HPLC-UV method with β-glucuronidase incubation. DOM-1 residues ranged 

between 0.6 and 2.2 μg/kg (Period 1) and between below the detection limit and 3.2 µg/kg 

milk (Period 2) in cows fed the contaminated diets whereas no DOM-1 residues were 

detectable in any milk sample of the control cows. It is noticeable that the DOM-1 

concentrations in milk were approximately 63% (Myco-30) and 36% (Myco-60) lower in 

Week 20 compared to the results in Week 18 (Figure 1g). This decrease can be traced back to 

an approximately 25% lower DMI the day before the milk samples were taken and a 

therewith connected decreased DON intake. This decreased DON intake is not visible in 

Figure 1a because for the graphic presentation the average weekly DON intake is considered. 
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In a previous study, it was shown that DON is rapidly metabolised to DOM-1 in the rumen 

and excreted rapidly via milk [5]. Any DON residues in the milk of cows dosed with a high 

single oral dose of 1.7 mg/kg BW were below the detection limit after 20h post treatment [5] 

and this dose was approximately 10-13 fold higher than the average DON intake in Period 2. 

of the present experiment. However, this decrease in the DOM-1 concentration of milk 

samples in Week 20 was more pronounced in the Group Myco-30, and the reasons for that 

remained unclear. The DOM-1 concentrations in serum were not noticeably lower compared 

to other weeks as serum samples were drawn a day after sampling for milk, and the DMI was 

already at a normal level.  

The carry over rate of DON as DOM-1 was almost negligible with values ranging between 

0.0002-0.0006 in Period 1 and 0.0002-0.001 (Myco-30) and 0.0001-0.0011 (Myco-60), 

respectively, in Period 2. Seeling et al. [2] reported about slightly higher carry over rates of 

DON as DOM-1, with values ranging between 0.0004 and 0.0024. Possible explanations 

could be a distinctly shorter experimental period (28 days) of the study by Seeling et al. [2], 

and a different bioavailability of DON from the main DON source used (wheat vs. triticale). 

In both studies the carry over was not linearly correlated with the DON intake. In the current 

experiment the carry over tended to be higher with an increased milk yield but not as 

pronounced as reported by Seeling et al. [2]. Seeling et al. [2] used 11 cows with milk yields 

between 9.6 and 42.7 kg/d for their carry over studies, whereas in the present experiment the 

milk yield was in a considerably smaller range with daily milk yields between 18.0 and 38.0 

kg/d. That could be the reason why we did not observe a more pronounced relationship 

between milk yields and carry over rate. As a reason for this increase in the total carry over 

rate with increased milk yields, Seeling et al. [2] supposed that there might be a passive 

concentration-dependent permeability from blood to alveolar cells of the mammary gland for 

DON and DOM-1, which was suggested for aflatoxin M1 as well [44]. Another factor 

influencing the blood-udder-barrier and therewith connected to the carry over rate might be 

the udder condition itself as udder infections can increase the permeability of the blood-

udder-barrier [44]. During the 29 weeks of the current trial we observed some cases of clinical 

mastitis in individual cows but we could not detect an obvious relation between the 

occurrence of clinical signs of an udder infection and elevated DOM-1 concentrations in milk 

samples of the affected cows. Anyway it has to be stressed that cows showing clinical signs of 
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mastitis were treated immediately and that the determination of the somatic cell count was 

just adequate to get an impression about the udder health of the animals in this study for the 

reasons discussed by Keese et al. [22]. 

After one week of feeding a control diet to all cows (depletion period) the milk samples 

neither contained any DON nor DOM-1 concentrations above the detection limit. This result 

was expected as in the experiment by Prelusky et al. [5] no measurable DON residues 

occurred 20h post treatment after dosing cows with an approximately 10-13 fold higher dose 

than we fed in Period 2.  

 

Specific aspects of the concentrate effects 

Our hypothesis was that cows fed diets with a high concentrate proportion of 60% may be in a 

status of SARA and that SARA-induced changes in the ruminal environment and/or in the 

ruminal mucosa may lead to an altered metabolism of DON and/or absorption of the 

unmetabolised parent toxin across the ruminal epithelium in the blood circulation. This 

hypothesis was not confirmed in the present experiment as we observed neither an altered 

metabolite profile of DON and DOM-1, nor practically relevant amounts of unmetabolised 

DON in serum and milk in cows fed 50% and 60% concentrates. Duffield et al. [45] defined 

pH values of 5.9 and 6.2 as critical threshold of developing SARA for oro-ruminal probe 

samples. As shown by Keese et al. [23] critical pH values occurred only four times in the 

Myco Group over the whole Period 1, in Period 2 the minimum observed pH values in cows 

fed on a high concentrate level were all higher than 6.3, so that no critical pH values occurred 

which would indicate the presence of SARA. However a temporary exceeding of the 

threshold values cannot be ruled out due to the technique of sampling for ruminal fluid 

(compare Keese et al. [23]) but the barrier function of the ruminal mucosa seemed to remain 

effective as no relevant amounts of unmetabolised DON were detectable in serum and milk. 

Unexpectedly, cows fed the low concentrate diets in Period 2 had significantly higher DOM-1 

concentrations in serum and bile and a significantly higher total carry over rate compared to 

cows fed the high concentrate diets. These higher residues are not explainable by a higher 

DON intake in Group Myco-30, as they consumed approximately 20% less DON per kg BW 

per day compared to Group Myco-60 due to a lower DMI. The main difference between the 

ration of the low and the high concentrate groups was –beside the concentrate proportion- the 
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proportion of maize- and grass silage. As the used grass silage batches were virtually free of 

DON the only other DON source –beside the contaminated triticale- was the maize silage 

proportion of the ration which amounted to 20% in Group Myco-60 and 35% in Group Myco-

30. A possible explanation might be that the release and bioavailability of DON coming from 

the maize silage might be different from the kinetics from the contaminated triticale but to 

date there is no data available about the bioavailability of DON in cows depending on the 

substrate. Blood samples were taken between 8:30 and 11:30 am in the morning and cows had 

no access to food from 5:30 am, when the milking started, onwards to the finish of sampling. 

As fibre compounds are degraded more slowly than carbohydrates [46;47], it could be 

possible that DON is released more slowly from maize silage and would consequently be 

detectable longer in the serum. Another reason might be the underestimation of the true DON 

concentration in the diet by the presence of conjugated DON metabolites, so-called masked 

mycotoxins, which are produced in plants as a mechanism to reduce the toxicity of 

mycotoxins [48]. Berthiller et al [49] found a DON-3-β-D-glucopyranoside (D3G) in 

naturally contaminated Fusarium infected wheat and maize samples ranging from 4 to 12% of 

the DON concentration. This conjugated metabolite cannot be detected with the applied 

HPLC-UV method. During digestion, masked mycotoxins might be hydrolysed, releasing the 

free toxin. This metabolism was shown for zearalenone-4-β-D-glucopyranoside [50]. Up to 

now, however, there is no data available about the bioavailability and stability of D3G in the 

gastrointestinal tract of ruminants. 

It can be concluded that no significant amounts of unmetabolised DON can pass the ruminal 

epithelium, neither if lactating dairy cows were fed a ration with 50% concentrate proportion 

and 5.3 mg DON/kg DM, nor if a ration with 60% concentrate and 4.6 mg/kg DM was fed for 

a total period of 29 weeks. Furthermore the metabolism of DON was not influenced by the 

concentrate proportion in the diet. No measurable amounts of the parent toxin were found in 

the milk using a HPLC-UV method after β-glucuronidase incubation, and only trace amounts 

(≤ 0.2 μg/kg) in 2 of 24 milk samples analysed with LC-MS/MS. The carry over of the less 

toxic metabolite DOM-1 into milk can be regarded as negligible. In contrast to our 

hypothesis, cows fed 30% concentrate showed higher DOM-1 concentrations in serum and 

bile, probably as a result of an underestimation of the DON concentration in their diet and/or 

an altered bioavailability of DON due to a higher proportion of maize silage in the feed of this 
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group. The metabolism and absorption of DON under different ruminal conditions (e.g., 

ruminal acidosis, disease related alterations in the ruminal mucosa) needs to be further 

investigated.  
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GENERAL DISCUSSION 

 

In cattle, the rumen plays a key role in detoxifying of the Fusarium mycotoxin 

deoxynivalenol (DON) with ruminal micro-organisms to the almost non-toxic metabolite 

DOM-1.  

However, factors affecting the metabolism and absorption of DON resulting from an altered 

ruminal environment are still poorly understood. It is well known that the concentrate 

proportion exerts a crucial impact on the fermentation conditions in the rumen. Concentrate 

proportions of 50% and higher in the rations fed to dairy cows put cows at risk for developing 

subacute ruminal acidosis (SARA). In the state of SARA, the ruminal pH is decreased below 

5.5-5.6 and the total amount and the fermentation pattern in terms of short chain fatty acids 

(SCFA) is altered, indicating a shift in the rumen microbes. Moreover, the barrier function of 

the ruminal mucosa might be impaired under such conditions, facilitating absorption of 

pathogens, e.g., agents causing necrosis and pus, primarily in the liver. Therefore, the aim of 

the present study was to test the effects of different concentrate proportions in the presence 

and absence of Fusarium toxin-contaminated triticale on health, performance and on residues 

of unmetabolized DON and ruminally generated DOM-1 in serum, bile and milk of dairy 

cows.  

To examine the effects of a practically relevant DON concentration, naturally contaminated 

triticale was used to adjust the total dietary DON concentration to the critical DON 

concentration of 5.7 mg/kg DM (corresponding to 5.0 mg/kg at 88% DM as advised by the 

Commission of the European Communities (EC) 2006). In the present study, the mean 

measured DON concentrations for the experimental groups were 5.3 mg/kg DM in Period 1, 

and 4.4 mg/kg DM and 4.6 mg/kg DM, respectively, in Period 2. The average daily DON 

intake amounted to 187 µg/kg BW in mycotoxin fed cows in Period 1, and to 123 µg/kg BW 

(Group Myco-30) and 154 µg/kg BW (Group Myco-60), respectively, in Period 2 (Paper I).  

As the contaminated triticale used was naturally infected with Fusarium, further 

trichothecenes were detected; but at much lower concentrations than DON: 0.97 mg nivalenol 

(NIV)/kg DM, 0.09 mg scirpentriol (SCT)/kg DM, 0.52 mg 15-acetyl-DON/kg DM and 0.20 

mg 3-acetyl-DON/kg DM (Paper II, Paper III). These trichothecenes share a common mode 

of action and although their toxic potential might differ, it seems to be justified to ascribe 

observed effects on the cows mainly to DON in the view that the proportions of NIV, SCT, 3-
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acetyl-DON and 15-acetyl-DON of the DON concentration amounted to only 2.4%, 0.2%, 

0.5% and 1.3%, respectively.  

Moreover, the contaminated triticale contained 0.4 mg ZON/kg DM and the mean ZON 

concentrations of the diets amounted to 113 μg/kg DM in Period 1, and 74 μg/kg DM in 

Period 2, respectively. Therefore, the ZON concentrations were clearly lower than the critical 

concentration of 568 μg/kg DM (or 500 μg/kg DM at a reference DM of 88%, EC 2006). 

Thus, ZON did probably not contribute a significant part to the toxic potential of the rations 

containing the contaminated triticale.  

In interpreting the results of the present investigations, it needs to be considered that further 

mycotoxins, which were not analyzed, could contribute to the overall effects of the 

contaminated triticale. 

Animal health  

No signs of illness were reported after feeding DON contaminated diets (for review see 

Seeling & Dänicke 2005). Even after a very high oral dose of 1.7 mg DON/kg BW, no signs 

of illness were found in the exposed cows (Cote et al. 1986). Since this dose was 

approximately 10-13 fold higher than the average DON dose in the present study, no acute 

toxic effects were expected. However, Whitlow & Hagler (1999) stated that dairy cows 

appear to be more sensitive to DON compared to beef cattle and sheep, even if there has been 

no direct comparison up to now. Differences might result from the level of production stress, 

and especially early-lactating dairy cows are exposed to a high level of stress due to the 

metabolic challenge for the production of milk, lower immunity, marginal nutrient 

deficiencies and a more rapid rumen turnover (Whitlow & Hagler 1999, Seeling & Dänicke 

2005).  

In the present study cows were regularly checked for clinical signs of illness during both 

periods. As documented in Table 1, some production diseases were diagnosed, but there was 

neither an obvious relation to the presence of the Fusarium toxin-contaminated triticale nor to 

the concentrate proportion (Paper I). Diarrhoea and lameness have been described in 

association with SARA (Kleen et al. 2003), but these diseases should not be over-interpreted 

in the present experiment as both occurred just sporadically (only once in the case of 

diarrhoea) and other potential aetiological factors and infectious agents were not examined.  

Inappetence occurred mainly in individual cows one day after sampling for ruminal fluids and 

serum, which was probably related to the use of the oro-ruminal tube after Geishauser (1993). 

In one cow, an obstruction of the oesophagus was observed one day after sampling for 

ruminal fluid. Another cow developed a subcutaneous abscess on the right abdominal wall at 
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the location of the puncture for the cholecystocentesis. Cows showing clinical signs of illness 

were treated.  

 

Table 1. Diagnosis of diseases and number of the affected cows in the feeding groups 
occurring in Period 1 (Weeks 1-11) and in Period 2 (Weeks 12-29).  
  Period 1   Period 2 

Diagnosis Control Myco   Control-30 Myco-30 Control-60 Myco-60 
Vaginitis/cervicitis/endometritis 6 6      
Ovarian cyst 3 4      
Mastitis  1  2 1 1 1 
Papillomatosis    1 1 1 2 
Lameness 2 1    1  
Diarrhoea       1 
Inappetence*    3 1 1 2 
Ketosis    1    
Obstruction of the oesophagus*  1       
Abscess (abdominal wall)         1       

* occurred one day after sampling for ruminal fluids and serum 
Abbreviations: Control= cows fed the control diet with 50% concentrate (on DM basis), Myco= cows fed the 
Fusarium toxin-contaminated diet with 50% concentrate (on DM basis), Control-30= cows fed the control diet 
with 30% concentrate (on DM basis), Myco-30= cows fed the Fusarium toxin-contaminated diet with 30% 
concentrate (on DM basis), Control-60= cows fed the control diet with 60% concentrate (on DM basis),  
Myco-60= cows fed the Fusarium toxin-contaminated diet with 60% concentrate (on DM basis) 

 

Reproductive parameters 

To the author's knowledge, up to now there are no data available about DON effects on the 

fertility of cows. Regarding the effects of ZON on the fertility of ruminants, Weaver et al. 

(1986a, 1986b) tested the effects of purified ZON on heifers and dairy cows. The oral 

administration of 250 mg/d to 18 heifers during 3 oestrus cycles resulted in a reduced 

conception rate of 62% compared to a conception rate of 87% in 18 control heifers (Weaver et 

al. 1986a), while the oral administration of 500 mg ZON/d did not affect the progesterone 

concentration nor the genital system in dairy cows during two oestrus cycles (Weaver et al. 

1986b). The authors concluded that ZON is not a major factor in bovine fertility. In the 

present study, the mean daily ZON intake was between 1.2 and 2.3 mg in the mycotoxin fed 

groups, which was more than 200-fold lower than the doses Weaver et al. (1986b) used in 

dairy cows. Reproductive data obtained in the present study were not evaluated statistically, 

since the number of cows was too small to exclude random effects and other factors which are 

known to affect the fertility, e.g., quality of the sperm, natural service vs. artificial 

insemination, herd management, month during the year, age at calving, age at insemination 

etc. (Thaller 1997) were not considered. Only the mycotoxin effect is considered, as the 
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insemination already started in Period 1 when an equal concentrate proportion was fed in both 

groups. Both natural service and artificial insemination by a veterinarian were used. Table 2 

gives an overview about the calculated reproductive parameters. Two cows fed the Fusarium 

toxin-contaminated diets (one cow fed the low concentrate level and one cow the high 

concentrate level in Period 2) did not become pregnant during this trial. Therefore, the service 

ratio (defined as the ratio between the numbers of all services to number of pregnant animals) 

was markedly increased in the Myco Group. Furthermore, the interval from calving to 

gestation was higher in the Myco Group than in the Control Group and the rate of conception 

at first service was, with 23%, rather low.  

 

Table 2: Reproductive characteristics in the Control Group (n=16) and in the Myco Group 
(n=16) 

   Group  
Reproductive parameters  Control  Myco 
Interval from calving to first service [days]  58 56 
Interval from calving to last service [days]  74 91 
Conception rate at first service [%]  50 23 
Service per conceptions*  2.0 3.0 
Service ratio**  2.0  3.9 
*Number of services in pregnant cows/number of pregnant animals 
**Number of all services/number of pregnant animals 
Abbreviations: Control= cows fed the control diet over both periods, myco= cows fed 
Fusarium toxin-contaminated diets over both periods 

 

In the German veterinary dairy herd surveillance, target values for the interval between 

calving to first service should be ≤ 85 days, the interval from calving to last service should be 

≤ 105 days, the inseminations per calving should be ≤ 1.7, the insemination ratio should be    

≤ 1.9, and the rate of success in first insemination should be 50% or more (Kruif et al. 2007). 

Comparing the reproductive parameters obtained in the present study with the target values 

recommended, neither the control nor the mycotoxin fed cows reached the recommended 

values for inseminations per calving and the insemination ratio. Cows fed the Fusarium toxin-

contaminated diet seemed to have an inferior reproductive performance, except from the 

interval from calving to first service.  

However, with regard to the small number of animals included in this study and with respect 

to the fact that the myco-related results were mainly caused by the poor reproductive 

performance of 2 out of 16 cows, these results should be interpreted carefully. Further 

research with a higher number of animals is necessary to examine long-term effects of 

moderate DON concentrations on cow fertility. 
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Performance parameter 

Data are inconsistent regarding DON effects on cow performance. While most authors did not 

find an effect on feed intake (Trenholm et al. 1985; Cote et al. 1986; Charmely et al. 1993; 

Ingalls 1996; Korosteleva et al. 2007), reported a decreased feed intake in non-lactating dairy 

cows switched from a diet containing wheat with 1.5 mg/DON/kg to a diet containing wheat 

with 6.4 mg DON/kg. In the present study it was shown that cows fed the Fusarium toxin-

contaminated diet consumed more DM during both periods (in Period 2 only significant on a 

low concentrate level; Paper I), beside a constantly lower average BW in Period 1 and a 

similar nutrient composition, when the same concentrate levels were compared. It was shown 

in Paper I that the components of the rations only differed in the origin of the triticale. 

Therefore, the effects on feed intake can only be explained from differences in the physico-

chemical properties between the contaminated and the control triticale batch differing in 

origin, variety, crop cultivation area and agro-technical treatments, which are known to 

influence the ruminal degradability and degradation rates. Such effects in turn can affect the 

ruminal ingesta passage rate and subsequently the feed intake (Ørskov 2000). In addition, the 

visual particle size of the control triticale, which was ground once, seemed to be coarser than 

that of the contaminated triticale which was first ground by the farm from which it was 

obtained, subsequently pelleted for reasons of storage stability and finally re-ground before 

being mixed in the experimental diets. These treatment differences in the physical form of the 

triticale batches could have led to a higher ruminal degradation rate and thus, might have 

influenced the DMI (Kaske 1997; Allen 2000). Furthermore, Fusarium infection can lead to 

alterations in the physico-chemical properties of infected cereal grains including increased 

cell wall degrading enzyme activities (Kang & Buchenauer 2000; Matthäus et al. 2004), 

which also might have an impact on ruminal degradation and consequently on DMI.  

In accordance with several studies it was shown, that the DMI was markedly influenced by 

the concentrate proportion in terms of a significantly higher DMI in cows fed the high 

concentrate diets (e.g., Khorasani & Kennelly 2001; Andersen et al. 2003).  

Reviewing the literature, mostly no effects on milk yield and composition were reported for 

the tested DON concentrations (Cote et al. 1986; Charmely et al. 1993; Ingalls 1996; Seeling 

et al. 2006c; Korosteleva et al. 2007). However, Whitlow et al. (1986) detected a reduced 

milk yield in North Carolina dairy herds when the DON concentration in the grain mix 

increased. In a study by Charmely et al. (1993), cows fed 5 mg DON/kg concentrate at a 

concentrate proportion of 50-56% for a period of 10 weeks produced significantly less milk 

fat, but had a similar milk yield compared with cows fed the control ration and cows fed 12 
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mg DON/kg concentrate. As no effect on the milk fat concentration was detected in cows fed 

12 mg DON/kg concentrate, the authors concluded that this was probably not a DON-related 

effect.  

In the present study, it was shown that the milk yield and composition were mainly influenced 

by the DMI (Paper I), which is in agreement with literature data (Broderick 2003).  

In Period 1, effects on milk fat, protein and milk urea in mycotoxin fed cows were explainable 

by the stimulated feed intake in this group (Paper I). Milk fat concentration and milk protein 

concentration were shown to be decreased with an increased milk yield in the Myco Group 

which is in accordance with Scholz (1990) and Spohr et al. (1992). Cows fed the mycotoxin 

diet in Period 1 had a significantly higher somatic cell count (SCC) than control cows, but this 

effect was not noticed in Period 2. However, these results should be interpreted carefully, as 

the SCC was determined in milk samples from the whole mammary gland, in which the 

increase in the SCC is less pronounced during infection than the measurement on quarter level 

due to dilution effects (Djabri et al. 2002). In Period 2, on a high concentrate level, cows fed 

the mycotoxin contaminated diet produced significantly more milk, while the DMI was only 

slightly, but not significantly, higher compared to control cows. Individual genetic differences 

probably contributed to this effect.  

The depressing effect of high concentrate proportions in the ration of dairy cows on the milk 

fat concentration is well described (Bauman & Griinari 2001; Enemark et al. 2002). This 

finding was confirmed in Period 2 of the present study, when the concentrate proportion was 

elevated to 60% (Paper I). However, the milk fat concentration was markedly depressed in 

Group Myco-60 (2.99% Myco-60 vs. 3.88% Control-60). In addition, the milk fat yield was 

consistently, but not statistically, lower in Group Myco-60. Accordingly, the fat-to-protein-

ratio (FPR) was not only significantly lower than in control cows at a comparable concentrate 

proportion, but also lower than the critical threshold value of 1.0 defined by Enemark et al. 

(2002) as indicative for SARA. Milk fat is synthesized from different sources. Acetate and 

butyrate, produced by the fermentation of cellulose in the rumen, are the carbon sources used 

for the de novo synthesis of the milk fatty acids with the chain length C4 to C14 and partly 

C16 (Bauman & Griinari 2001). The remainder of C16 and all of the longer chain fatty acids 

are derived from circulating fatty acids originating from ruminally undegraded fatty acids 

derived from feedstuffs and endogenous depot fat (Rossow et al. 1990; Bauman & Griinari 

2001). Different hypotheses about milk fat depression (MFD) are discussed in the literature 

(for review see Bauman & Griinari 2001). Recently, the role of the conjugated trans-10, cis 

12-conjugated linoleic acid (CLA) as a potent inhibitor of milk fat synthesis is discussed. 
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When the milk fat concentration was depressed, the ruminal production of trans-10, cis-12 

CLA and its content in milk fat were shown to increase (Bauman & Griinari 2001).  

In the present study, the milk fat yield was not statistically decreased in Group Myco-60 due 

to a higher milk yield, so that the effect on milk fat might only result from the higher milk 

yield. On the other hand, the presence of Fusarium infected and Fusarium toxin-contaminated 

triticale might have influenced the ruminal CLA synthesis under high concentrate proportions 

and might have contributed to the described effect on milk fat.  

Anyway, the milk fat percentage is seen as a good indicator of ruminal fermentation condition 

(Enemark et al. 2002). The described reduced milk fat concentration and synthesis in Group 

Myco-60 is probably the result of alterations in the ruminal fermentation further discussed 

under the point ruminal fermentation. As expected, the milk fat concentration was negatively 

linearly correlated with the propionate concentration and positively linearly correlated with 

the ruminal acetate concentration and the acetate-to-propionate-ratio (APR) during both 

periods (compare Figure 1 and Table 3). Although the molar percentage of propionate was 

significantly negatively linearly correlated with the ruminal pH and the net acid base 

excretion (NABE) (Table 3), it has to be stressed, that the correlation coefficient was rather 

low and the graphic plot showed that the relation was rather weak. The relation between milk 

fat concentration and ruminal pH was insignificant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Relationship between ruminal propionate [mol %] and milk fat [%]  (A) and between ruminal acetate
and milk fat [%] (B) in control and mycotoxin groups.

Group Control-30 (30% concentrates, on DM base)                               
Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet)
Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

(A): y= 6.377 – 0.116*** · x, r²=0.31, ***p<0.001
(B): y=2.958 + 0.111*** · x, r²=0.32, ***p<0.001

Figure 1. Relationship between ruminal propionate [mol %] and milk fat [%]  (A) and between ruminal acetate
and milk fat [%] (B) in control and mycotoxin groups.

Group Control-30 (30% concentrates, on DM base)                               
Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet)
Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

(A): y= 6.377 – 0.116*** · x, r²=0.31, ***p<0.001
(B): y=2.958 + 0.111*** · x, r²=0.32, ***p<0.001
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Considering the energy balance of the cows, a positive energy balance was achieved from 

Week 3 (Myco Group) and Week 4 of the trial (Control Group), respectively, onwards, which 

corresponded to an average week of lactation of 7 to 8. When the energy balance was 

calculated by using the digestibility values obtained by the balance study with wethers (Paper 

I), cows in the high concentrate groups had a marked energy surplus (Paper I). 

Approximately one third of this surplus was explained by the weekly weight gains, but the 

remaining surplus was not clearly explainable. Thus, it is questionable, if the energy measured 

with wethers fed on a 1.1 nutrition level was transferable to dairy cows fed on a more than 

threefold higher mean nutrition level.  



 

Table 3. Overall correlation coefficients between various parameters determined in Period 2 (Week 12-29; all feeding groups are included) 
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Milk yield [kg/d] 1.00 0.72¹ -0.58¹ -0.52¹ 0.26¹ 0.27¹ 0.48¹ 0.01 0.46¹ 0.09 0.34² -0.16³ -0.10 -0.41¹ 0.41¹ 0.12
FCM [kg/d] 1.00 0.13² -0.32¹ 0.15¹ 0.10³ 0.31¹ 0.06 0.28² 0.02 0.43¹ -0.18³ 0.01 0.04 -0.04 0.20¹
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Abbreviations: FCM= fat corrected milk, DMI= dry matter intake, NEL= net energy lactation, BW= body weight, NABE= net acid base excretion, SCFA= short chain fatty acid  
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In the German veterinary herd surveillance, an approach to get an impression about the energy 

supply of dairy cows is to examine the relationship between milk yield and different milk 

components (Kruif et al. 2007). These relationships are presented in Figure 2 for Period 2.  

The observed inverse relationship between milk yield and milk protein percentage is in 

accordance with the observations of other authors (Scholz 1990; Spohr et al. 1992). The 

maximum milk protein concentration is fixed genetically, but its achievement is influenced by 

nutritional and management factors (Spohr et al. 1992). In general, the relation between milk 

yield and milk protein concentration is used as a tool to estimate the performance of a herd. 

The intersection of the straight line with a line drawn at milk protein percentage of 3.2% 

indicates that the nutrient supply was basically sufficient for the production of approximately 

33 kg milk/d (Figure 2A). As the milk protein concentration is mainly dependent on the 

energy intake, values lower than 3.2% are indicative for a lack in the energy supply (Duda & 

Spann 1991), which is seen in some cows mainly in the low concentrate groups probably due 

to an insufficient DMI.  

Figure 2B shows the inverse relationship between milk yield and milk fat concentration. Milk 

fat concentrations between 3 and 5% are considered as normal, values above 5 can be a hint 

for the mobilisation of body fat (lipomobilisation) in ketotic cows, while values below 3 are 

indicative for a lack in roughage (Kruif et al. 2007). Only cows fed the high concentrate diets 

and mostly cows in Group Myco-60 showed milk fat concentrations indicating SARA, which 

is in accordance with the observed differences in the LS means (Paper I). However, the FPR 

is generally regarded as more precise in detecting ketotic and acidotic burdens than the milk 

fat concentration alone, since a lipomobilisation-related increase in milk fat might mask a 

decreased milk fat concentration due to a deficiency in roughage (Kruif et al. 2007). FPR 

values between 1.0 and 1.5 are referred as normal; a FPR below 1 is an indicator for SARA 

(Enemark et al. 2002; Kruif et al. 2007), while values above 1.5 suggest (subclinical) ketosis. 

The FPR confirmed the acidotic burden mainly in cows of Group Myco-60, which might be 

caused by the slightly (but not significantly) higher DMI in this group combined with fungus-

related alterations of the physico-chemical properties of the contaminated triticale, modified 

ruminal microbial diversity and complex effects of mycotoxins (Figure 2C). According to 

Reist et al. (2002) the FPR is the most informative indicator for the evaluation of the energy 

balance which is in accordance with the results in the present study. The energy balance was 

significantly linearly correlated with the FPR (Figure 2F). With an increased energy surplus, 

the FPR was shown to decrease.  
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Figure 2. Relationship between milk yield (kg/d) and (A) milk protein [%], (B) milk fat [%], (C) fat-to-protein-
ratio and (D) milk urea [mg/kg], and relationship between the energy balance (MJ NEL/d) and fat-to-protein-
ratio in control and mycotoxin groups in Period 2 (week 12-29).

Group Control-30 (30% concentrates, on DM base)                               
Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet)
Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

(A): y= 4.192 – 0.033*** · x, r2=0.27, *** p<0.001; (B): y= 6.567 – 0.106*** · x, r²=0.34, ***p<0.001
(C): y= 1.6.53 – 0.02*** · x, r²=0.15, ***p<0.001; (D): y=247.725 – 1.354** · x, r²=0.01, **p<0.01
(E): y=3.007 + 0.002*** · x, r²=0.11,***p<0.001; (F): y=1.241 – 0.005*** · x, r²=0.18, ***p<0.001
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Concerning the milk urea content, the reference range is between 150 and 300 mg/kg (GfE 

2001). As also shown in Paper I, higher contents were reached mainly in Group Control-60 

(Figure 2D). The so-called 6 field table, which shows the milk urea concentration in relation 

to the milk protein concentration (Kruif et al. 2007), indicated a protein surplus in Group 

Control-60 (Figure 2E). The milk urea content was strongly influenced by the dietary crude 

protein concentration in previous studies (Baker et al. 1995; Kaufman & St-Pierre 2001), 

therefore the higher milk urea content in Group Control-60 might result from a slightly higher 

crude protein concentration compared to Group Myco-60 (Paper I). The majority of cases 

were within the optimum range as suggested by Kruif et al. (2007), but some values of cows, 

mainly in the low concentrate groups, were in a range indicating an insufficient DMI.  

However, it has to be stressed that the data included in this presentation originates from only 

32 animals and that the data of each cow was recorded repeatedly, since the presented data 

were collected over the whole Period 2. 

 

Ruminal pH, ruminal fermentation patterns and parameter of the acid-base metabolism 

As one aim of the study was to examine possible interactions between SARA and the 

presence of a moderate DON concentration in the ration, ruminal spot samples were taken to 

test for critical pH values. As ruminal pH was collected using the oro-ruminal instrument 

described by Geishauser (1993) in the current experiment, and a contamination with saliva 

can not be ruled out, a higher critical threshold value was defined at 5.9 and 6.2 for oro-

ruminal probe samples according to Duffield et al. (2004). It was shown that such critical 

values were observed in Period 1 in a total of six cows (thereof four Myco cows), which 

corresponds to 10% of all samples, but no critical values were detected in Period 2, when the 

concentrate proportion was elevated to 60% (Paper II). In contrast, rather high ruminal pH 

values occurred in Period 2 (all ruminal pH values were higher than 6.2) despite a comparable 

DMI and an identical technique of sampling compared to Period 1. However, as discussed in 

Paper II, the results for the ruminal pH are of limited significance as a temporary exceeding 

of threshold values in the diurnal profile cannot be ruled out with the applied sampling 

procedure. For technical reasons, ruminal fluids were collected after the morning milking. 

Cows had no access to feed from the beginning of milking until the sampling procedures were 

completed. This time of feed restriction lasted between 3 to 5 hours during which one sample 

of ruminal pH was collected. Experiments studying the diurnal course of the ruminal pH 

demonstrated that the ruminal pH usually decreases immediately after feed intake reaching a 

nadir 8 to 16 h post-feeding and then subsequently increases overnight with a peak prior to 
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feeding (Keunen et al. 2002; Nocek et al. 2002). Thus, the described period of fasting 

probably overlapped the concentrate effect. However, as cows were housed in a loose pen 

with free access to feed, the last time of feed intake prior to sampling was different for each 

cow so that standardized conditions would only be possible in a design with fixed feeding 

times, which is not common in TMR feeding. Nevertheless, the observed changes in the 

ruminal fermentation patterns in terms of an elevated molar percentage of propionate and a 

decreased molar percentage of acetate in cows fed the high concentrate level (Period 2, Paper 

II) confirmed the results of several authors (Murphy et al. 2000; Khorasani & Kennelly 

2001). Comparing with literature data, the total concentrations of SCFA were, with average 

concentrations between 81 and 87 mMol/l in Period 1 and 65 and 72 mMol/l in Period 2, 

respectively, on a rather moderate level, even in the high concentrate groups. This was 

probably caused by the period of feed restriction prior to sampling and is in accordance with 

the relatively high level of ruminal pH. However, the applied sampling technique was still 

adequate to detect treatment-induced effects on the rumen fermentation.  

The inverse relationship between DMI and ruminal pH (Figure 3) indicated that animals with 

high feed intakes were at greater risk for ruminal acidosis. This relation is in accordance with 

the observations of Oetzel & Nordlund (1998), Krause & Oetzel (2006) and Paton et al. 

(2006) that the total DMI is a major determinant of ruminal pH.  
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Figure 3. Relationship between dry matter intake (kg/d) and ruminal pH in control and mycotoxin groups in 
Period 2 (week 12-29).

Group Control-30 (30% concentrates, on DM base)                               
Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet)
Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

y= 7.572 – 0.03*** · x, r2=0.13, *** p<0.001
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Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

y= 7.572 – 0.03*** · x, r2=0.13, *** p<0.001



GENERAL DISCUSSION 

 133

Urine samples for the determination of the net acid base excretion (NABE) and the base-to-

acid ratio (BAR) were collected independent of the ruminal samples, but did not reveal a 

distinct concentrate effect (Paper II). NABE and BAR did not correlate with the ruminal pH 

in either Period 1 or in Period 2 (compare Table 3 for Period 2), which is in accordance with 

the results of Enemark et al. (2004). Although some authors reported about a more or less 

dramatic decrease of NABE in cases of an acidotic burden (Lachmann et al. 1985; Fürll 1993; 

Fürll et al. 1994). Enemark et al. (2004) evaluated, that urine parameters were not specifically 

indicative for the presence of SARA in a screening of 6 Danish dairy herds.  

 

Regarding possible Fusarium toxin-related effects on the ruminal fermentation, no effects on 

ruminal pH were found in previous studies (Hochsteiner et al. 2000, Dänicke 2002, Dänicke 

et al. 2005b, Seeling et al. 2006c). In the present study cows fed the Fusarium toxin-

contaminated diet had significantly lower ruminal pH values in Period 1 (Paper II). This 

effect probably resulted from the approximately 12% higher DMI in the Myco Group, as an 

inverse relationship between DMI and ruminal pH is described in the literature (Paton et al. 

2006), which was found in the present study as well (Table 3 and Figure 3).  

Besides the expected concentrate effect on the ruminal fermentation patterns, additional 

effects were found in the presence of Fusarium toxin-contamination (Paper II). It was shown 

that the observed effects in mycotoxin fed cows in Period 1 (significantly lower ruminal 

molar percentage of acetate and isobutyrate, significantly higher valerate concentration in 

mycotoxin fed cows) were probably related to the significantly higher DMI in this group, 

while in Period 2, the differences in cows in Group Myco-60 (increased molar percentage of 

propionate, decreased acetate and butyrate concentration) compared to Group Control-60 

were not completely explainable by the DMI.  

Therefore, a possible antimicrobial property of the Fusarium toxin-contaminated triticale 

might be considered, which, in turn, might influence the ruminal fermentation. Anti-microbial 

properties were described for different mycotoxins in the literature (Trenholm et al. 1989), but 

studies testing the effects of DON on ruminal microbes are still rare. While no inhibitory 

effect of DON on the ruminal microbes Butyrivibrio fibrisolvens (Westlake et al. 1987), 

Ruminococcus albus and Methanobrevibacter ruminantium (May et al. 2000) was found, 

fusaric acid often co-occurring with DON, was shown to inhibit the latter microbes in the 

same study. As, in the present case, the triticale used was naturally contaminated and 

contained a cocktail of different mycotoxins, the existence of other, not analysed mycotoxins, 

e.g., fusaric acid, cannot be ruled out. Accordingly, synergistic effects of different mycotoxins 
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can not be excluded. Moreover, in Fusarium infected wheat spikes, increased non-starch 

polysaccharide hydrolysing enzyme activities and reduced cell-wall compounds were detected 

(Kang & Buchenauer 2000; Matthäus et al. 2004), so that possible alterations in the physico-

chemical properties of the Fusarium infected and Fusarium damaged triticale might have an 

impact on ruminal fermentation.  

For that reason, the influence of the Fusarium toxin-contaminated triticale, used in the present 

study, in TMRs containing  30% and 60% concentrates on the ruminal microbial communities 

using a rumen simulating technique (rusitec) was tested in a concomitant study by Strobel et 

al. (2007). Neither the copy numbers nor the microbial diversity of bacteria, archaea and fungi 

was affected by the contaminated triticale, while a significantly higher number of copy genes 

were detected in the low concentrate diet (Table 4, Strobel et al. 2007). Therefore, effects on 

the ruminal fermentation patterns in the present study are probably not a direct mycotoxin 

effect, but could be caused by fungus-induced alterations in the infected triticale.  

This conclusion is further substantiated by the findings of Seeling et al. (2006a) and Strobel et 

al. (2008), both using the same Fusarium culmorum-contaminated wheat in their rusitec 

experiments. Seeling et al. (2006a) observed a significantly higher ammonia concentration, a 

higher degradation of protein, organic matter and neutral detergent fibre in the mycotoxin 

effluents and an altered SCFA pattern. Also, Seeling et al. (2006a) found alterations in the 

composition of crude nutrients in terms of a markedly higher crude protein concentration in 

the contaminated wheat, which might be caused by the growth of the fungus. Strobel et al. 

(2008) found a higher fungal population in the contaminated wheat, as well as an effect on the 

species diversity, but no differences in the gene copy numbers of bacteria and archaea 

compared to control wheat. The higher fungal population was not due to the infection with 

Fusarium culmorum. The degradability of different nutrients was positively correlated with 

the fungal gene copy numbers, but not with the degradation rates of DON. In both mentioned 

rusitec studies, the assumption was justified that the effects probably resulted from fungus-

related modifications of the wheat rather than from a direct mycotoxicity (Seeling et al. 

2006a; Strobel et al. 2008).  

However, since the in vivo situation is not completely comparable to either rusitec 

experiments or in vitro studies with isolated mycotoxins and microorganisms, a clear 

differentiation between the effects resulting directly from the presence of Fusarium toxins, 

e.g., DON, and effects resulting from fungus-induced grain alterations on the ruminal 

fermentation is not possible in the present study.  
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Table 4. 16 rRNA copy numbers in the fermenter liquid in a concomitant study using a rumen  
simulating technique (rusitec), means and SD (according to Strobel et al. 2007). 

Ration  Copy numbers 
Concentrate Contamination  Bacteria Archaea Fungi 

   ·1010ml-1 ·109 ml-1 ·105 ml-1 
30% of DM control  11.1 1.9 2.7 1.0 2.8 1.2 

 Fusarium  14.2 5.0 3.0 0.5 2.6 0.8 
60% of DM control  9.2 0.9 2.3 0.2 1.9 0.6 

 Fusarium  8.4 0.9 1.9 0.7 1.3 0.8 
Probability         

Concentrate   0.04 0.09 0.08 
Contamination   0.48 0.96 0.53 

DM= dry matter 

 

Comparing the results on the ruminal fermentation of the present study with the results of in 

vivo studies with fistulated cows and wethers (Dänicke et al. 2002; Dänicke et al. 2005b; 

Seeling et al. 2006c), it becomes clear, that the effects associated with Fusarium toxin-

contaminated grain on the ruminal fermentation are inconsistent. In agreement with the results 

of an experiment with wethers fed hay and Fusarium toxin-contaminated wheat (4.6 mg 

DON/kg (on 88% DM); Dänicke 2002), the total concentration of SCFA was not influenced 

by the presence of Fusarium toxin-contaminated triticale in the present study, neither on a low 

nor on a high concentrate level, whereas Seeling et al. (2006c) reported about a tendency 

towards a higher SCFA production with increased organic matter (OM) intakes in fistulated 

cows fed 60% concentrate and 3.4 mg DON/kg (on 88% DM). Further effects on the 

fermentation pattern reported by Seeling et al. (2006c) (decreased molar percentage of 

propionate, increased concentration of acetate and isobutyrate with increased OM intakes) 

differed from the effects observed in the present investigation. Reasons for these variations 

could result from the different types of concentrate used (wheat vs. triticale) and variations in 

the extent of fungus-induced alterations in the cereals. In addition, it was shown that the 

technical treatment of the contaminated triticale obviously stimulated the passage rate and 

thus the DMI in the current investigation (Paper I). Therefore, it is possible that the reduced 

particle size resulting from the procedure of grinding, then pelleting and finally re-grinding 

might have an influence on the microbes’ access to the cereal components.  

Summarising the discussed effects on milk fat and protein, on the ruminal fermentation 

patterns and the result for NABE and BAR, cows fed 60% concentrate showed signs 

indicative for SARA. In the presence of Fusarium toxin contaminated-triticale this acidotic 

burden was even elevated probably due to complex effects of mycotoxins, fungus-related 
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alterations of the physico-chemical properties of the contaminated triticale, modified ruminal 

microbial diversity and probably other factors. 

 

DON residues in serum, bile and milk 

By using cows equipped with duodenal cannulas in combination with marker techniques and a 

controlled feeding regimen, some general ideas on the quantitative DON metabolism in dairy 

cows could be developed (Figure 4). Here, in the present experiment, we used intact ad 

libitum fed cows and collected blood and milk samples in order to investigate the influence of 

varying concentrate proportions on the DON residues and especially on the metabolite profile.  
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Figure 4 . Scheme of the metabolism, elimination and carry over of deoxynivalenol (DON) in 
double-fistulated dairy cows (rumen and proximal duodenum). The percentages at the 
different localizations and in the various matrices correspond to the relative recovery of DON 
or de-epoxy-DON (italic values) of ingested DON. The transfer of DON across the ruminal 
mucosa is negligibly low (determined by an Ussing-chamber experiment described by 
Dänicke et al. (2005a), illustrated by the crossed out arrow) according to Dänicke et al. 
(2008). 

 

This profile was defined as the ratio between DON of the sum of DOM-1 plus DON, and 

gives a suggestion on the efficiency of ruminal detoxification. In addition, bile samples were 

collected to check if this substrate provides additional information on DON metabolism in 

dairy cows. 
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In all tested substrates, the metabolite DOM-1 was the predominant residue (Paper III). 

Neither was the metabolite profile of DON and DOM-1 in the analysed substrates serum, bile 

and milk altered, nor did practically relevant amounts of unmetabolised DON occur in serum 

and milk of cows fed high concentrate proportions (Paper III). Our hypothesis that cows fed 

60% concentrates are in a state of SARA, under which, on the one hand, the ruminal 

metabolism of DON might be altered to the metabolite DOM-1, and, on the other hand, the 

barrier function of the ruminal epithelium might be impaired, facilitating the absorption of 

unmetabolised DON in the blood circulation, was not confirmed by the results of the present 

trial. 

In serum of cows fed the Fusarium toxin-contaminated diets, DOM-1 concentrations ranged 

between 22 and 123 ng/ml (Period 1) and between below the detection limit and 69 ng/ml 

(Period 2) (Paper III). Unmetabolised DON was found in concentrations between below the 

detection limit and 18 ng/ml in Period 1, and occurred only sporadically- and independent of 

the concentrate proportion- in concentrations between below the detection limit and 14 ng/ml 

in Period 2 in Fusarium toxin-fed cows. The background contamination of the control rations 

caused low DOM-1 residues in serum of control cows (between below the detection limit and 

36 ng/ml). DON in serum neither correlated with the ruminal pH nor with other parameters of 

the acid base metabolism (Table 3).  

In bile samples, DON and DOM-1 concentrations ranged between below the detection limit 

and 34 ng/ml, and between below the detection limit and 391 ng/ml in the Myco Group, and 

between below the detection limit and 6 ng/ml, and 29 ng/ml, respectively in the Control 

Group in Period 1. In Period 2, unmetabolised DON only occurred in one Myco cow, while 

the DOM-1 concentrations ranged between 6 and 114 ng/ml (Myco-30) and between 4 and 93 

ng/ml (Myco-60), respectively.  

An increased DON intake increased the DOM-1 concentration in serum and in bile (Paper III 

and Table 3) and tended to increase the DOM-1 excretion with milk (Paper III and Table 5). 

As in Period 1 the DMI, and consequently the DON intake, was estimated just on a group 

basis, the correlations between DON intake and the DON residues in serum, bile and milk 

were not estimated.  

Increased DOM-1 residues in serum increased the DOM-1 concentration in milk in both 

periods (shown for Period 2 in Figure 5), while the DOM-1 concentration in bile only 

increased in Period 2 (Figure 5). The DOM-1 concentration in serum was significantly 

negatively correlated with the BW. This resulted from two cows in Group Control-60 who 

were heavier than the average and had only trace amounts of DOM-1 in the serum resulting 
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from the background contamination in their control diet. Further correlations of the DOM-1 

concentration in serum with the milk fat concentration and lactation number are explainable 

from the relation with the DMI and a therewith connected DON intake (compare Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concerning the carry over of DON as DON and DOM-1 in milk, the EFSA (2004a) stated that 

milk as an animal product does not significantly contribute to the human DON exposure. 

Curtui et al. (2005) examined 32 milk samples from German retail shops using a HPLC-DAD 

method (detection limit of 1 μg/l) and detected neither DON nor DOM-1 in any sample. In 

previous studies with lactating cows, the carry over rates of DON as DON and DOM-1 in 

milk were always lower than 0.01 and mostly lower than 0.001 (Prelusky et al. 1984; Cote et 

al. 1986; Charmely et al. 1993; Seeling et al. 2006b). As DON in milk is mainly present in the 

conjugated form (Seeling et al. 2006b), milk samples were incubated with β-glucuronidase in 

the present study, so that both the unconjugated and the conjugated forms were detected 

together. No unmetabolised DON was detected in milk samples by the HPLC-UV method 

after β-glucuronidase incubation. In milk samples of mycotoxin fed cows, the DOM-1 

concentrations ranged between below the detection limit and 3.2 µg/kg, whereas control cows 

did not excrete any measurable amounts of DOM-1. To confirm the result of the HPLC-UV 

method, 24 milk samples from Week 28 were further analysed by using the more sensitive 

Figure 5. Relationship between DOM-1 concentration in serum [ng/ml] and DOM-1 
concentration in milk (A, only Myco Groups considered) and DOM-1 concentration in bile (B), 
respectively in control and mycotoxin groups

Group Control-30 (30% concentrates, on DM base)                               
Group Myco-30 (30% concentrates, 4.4 mg DON/kg DM in the diet)
Group Control-60 (60% concentrates)
Group Myco-60 (60% concentrates, 4.6 mg DON/ kg DM in the diet)

(A): y= 0.702 + 0.013* · x, r2= 0.50, ***p<0.001
(B): y= 7.583 + 0.891***· x, r2= 0.37, ***p<0.001
¹ measured by a HPLC-UV method 
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LC-ESI-MS/MS method (Paper III). Unmetabolised DON was found in only two samples 

(both in Group Myco-60) in very low concentrations (0.1 μg DON/kg and 0.2 μg DON/kg 

milk). 

The carry over rate of DON as DOM-1 ranged between 0.0002-0.0006 in Period 1, and 

between 0.0002-0.001 (Myco-30) and 0.0001-0.0011 (Myco-60), respectively, in Period 2. 

Unexpectedly, cows fed the low concentrate level showed significantly higher DOM-1 levels 

in both serum and bile samples and a significantly higher total carry over rate (Paper III), 

which is further discussed under the point concentrate proportion. 

Table 5 shows the correlation coefficients between the DOM-1 residues in serum, bile and 

milk and different other parameters determined in Period 2. Only the mycotoxin fed animals 

are included in the data, as cows fed the control diets did not excrete any measurable amounts 

of DOM-1 in milk. Although the correlations between the ruminal propionate and acetate 

concentrations and the DOM-1 concentration in milk and the total carry over rate were 

significant, it needs to be considered that approximately 69 - 83% of the respective measures 

were not linearly co-varied.  

The DOM-1 concentration in milk and the total carry over rate was neither correlated with the 

ruminal pH nor with NABE and BAR in urine. The total carry over rate of ingested DON as 

DOM-1 tended to increase with increased milk yields (Paper III and Table 5). This 

relationship was found to be more pronounced in an experiment by Seeling et al. (2006b) 

using 11 cows with milk yields between 9.6 and 42.7 kg/d. The cows in the present study had 

milk yields in a considerably smaller range (between 18.0 and 38.0 kg/d), which can be the 

reason why we did not observe a more pronounced relationship between milk yields and carry 

over rate. An explanation for the difference in carry over between cows with lower and higher 

milk yields might be a passive concentration-dependent permeability from blood to alveolar 

cells of the mammary gland for DON and DOM-1, which was suggested for aflatoxin M1 as 

well (Veldman et al. 1992). Furthermore the udder condition itself needs to be considered as 

infections of the udder can increase the permeability of the blood-udder-barrier (Veldman et 

al. 1992). In the current study the somatic cell count (SCC) was determined as an indicator of 

the udder health, but did not reveal any relation between the SCC and the carry over rates 

(data not shown). However, it needs to be stressed, that the milk samples were taken from the 

whole mammary gland of the entire milking and not on quarterly basis in the foremilk, in 

which the increase in the SCC during infection is less pronounced due to dilution effects. 

Thus, some cases of mastitis might be missed and the determination of the SCC was just



 

 

Table 5. Correlation coefficients between the DON residues in the different physiological substrates and other parameters in Period 2 (Week 12-29) 
in mycotoxin fed cows. 
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Week of trial 1.00 0.86¹ 0.07  -0.19° -0.04 0.15 0.01  -0.28³  -0.25¹ -0.13 -0.17 -0.08 -0.15  -0.74¹ -0.06  -0.25° -0.04  -0.24³ -0.08 0.15 0.00 0.25³
Days in milk 1.00 0.30²  -0.36²  -0.28³ 0.06 0.12  -0.23³ -0.11 -0.16  -0.27³  -0.19°  -0.20°  -0.34² -0.02  -0.27° -0.10  -0.23³ -0.02 0.13 0.00 0.26³
Body weight [kg] 1.00 -0.12 0.03 0.18 0.34² -0.17 0.19°  -0.21°  -0.26³  -0.31² -0.12  -0.28³ -0.06 0.07 -0.04 -0.07 0.06 0.30²  -0.27³ 0.06
Milk yield [kg/d] 1.00 0.59¹  -0.47¹ 0.30² 0.37² 0.33² -0.03 0.31² 0.21º -0.02 0.24³ 0.07 0.26°  -0.32² -0.08 -0.13  -0.39¹ 0.39¹ 0.21°
FCM [kg/d] 1.00 0.43¹ 0.17 -0.02 -0.02 -0.07 0.13 0.08 0.03 0.21° -0.01 0.43² -0.31 0.08 -0.07 0.22°  -0.22° 0.27³
Milk fat [%] 1.00 -0.15  -0.42¹  -0.36² -0.03 -0.19 -0.10 0.07 -0.06 -0.09 0.18 0.04 0.17 0.07 0.64¹  -0.64¹ 0.04
DMI [kg/d] 1.00 0.69¹ 0.81¹ 0.03 0.15 -0.09 -0.10 0.06 0.14 0.06  -0.44¹  -0.19° 0.01 -0.13 0.17 0.33²
DON intake [mg/kg BW/d] 1.00 0.94¹ 0.14 0.29² -0.02 -0.06 0.10 0.31³ 0.11 -0.18 -0.09 0.00  -0.36² 0.35² -0.05
DON intake [mg/d] 1.00 0.06 0.19° -0.13 -0.10 0.00 0.29° 0.14  -0.20° -0.11 0.02  -0.25³ 0.25³ -0.02
DOM-1 concentration in milk [µg/kg] 1.00 0.93¹ 0.93¹ -0.14 0.28³ -0.11 -0.26 0.07 0.18 -0.10 -0.17 0.12 -0.02
DOM-1 excretion in milk [µg/d] 1.00 0.93¹ -0.12 0.34² -0.09 -0.13 -0.05 0.13 -0.13  -0.31² 0.26³ 0.07
Total carry over rate as DOM-1 in milk 1.00 -0.09 0.33² -0.19 -0.19 0.01 0.17 -0.12  -0.23³ 0.17 0.09
DON in serum [ng/ml] 1.00 0.08 -0.08 -0.01 -0.06 0.12 0.08 -0.09 0.09 0.06
DOM-1 in serum [ng/ml] 1.00 -0.01 0.09 -0.18 0.19 -0.03  -0.26³ 0.18 0.25³
DON in bile [ng/ml] 1.00 0.10 0.24 -0.37 0.03 0.09 0.00  -0.32³
DOM-1 in bile [ng/ml] 1.00 -0.21 0.12 0.12 0.13 -0.18 0.11
Ruminal pH 1.00 0.16 0.07 0.29²  -0.26³  -0.82¹
NABE [mmol/l] 1.00 0.43¹ 0.19  -0.2° -0.19
Base-to-acid-ratio 1.00 0.26³ -0.16 -0.09
Acetate [mol %] 1.00  -0.89¹  -0.31²
Propionate [mol % ] 1.00 0.24³
Sum of SFCA [mmol/l] 1.00
¹ p<0.001, ² p<0.01, ³ p<0.05, °p<0.1
Abbreviations: FCM= fat corrected milk, DMI= dry matter intake, BW= body weight, NABE= net acid base excretion, SCFA= short chain fatty acid  
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adequate to get an impression of the udder health of the cows used in the present study 

(Paper I).  

The carry over factors, which are not based on a comparison between total toxin excretion and 

intake, are defined as the ratio between toxin plus metabolite concentration in the substrate 

and the toxin concentration in feedstuff and were comparable between serum and bile. The 

maximum carry over factors were 0.03 and 0.08 in the Myco Group in Period 1 for serum and 

bile, respectively. In Period 2, the maximum carry over factors were 0.02 and 0.03 for serum 

and bile, respectively, in Group Myco-30 and 0.01 and 0.03 for serum and bile in Group 

Myco-60. In contrast to ZON, which showed a pronounced entero-hepatic cycling and a 

consecutive enrichment in the bile of pigs in previous studies (for review see Dänicke et al. 

2008), the comparable carry over factors for serum and bile may implicate that DON residues 

do not accumulate in bile of cows. Therefore, DON concentrations in bile cannot be seen as 

more reliable indicator than serum for detecting a DON exposure in cows.  

Previous studies indicated that DON is rapidly excreted after exposure. No measurable 

amounts of DON occurred 20 h post treatment when cows were dosed with 1.7 mg/kg BW 

pure DON (920 mg per cow), but DOM-1 residues were not determined in that study 

(Prelusky et al. 1984). Accordingly, Cote et al. (1986) did not find any detectable amounts of 

unconjugated DOM-1 24 hours after the last DON exposure (0.1 and 0.7 mg/kg BW). 

Conjugated DOM-1 was not measured. However, no data about a long-term exposure of dairy 

cows exist so far. To exclude that DON residues accumulate in the tissue of cows fed 

Fusarium toxin-contaminated diets over a total period of 29 weeks, all cows received the 

Control-30-ration for another 4 weeks after terminating of Period 2, and further serum and 

milk samples were collected and analysed for DON and its residues. Milk samples taken after 

one week of feeding the control ration did not contain any measurable amounts of DOM-1 

(Paper III). Serum samples taken after 3 weeks of feeding the control diet were found to be 

on a similar level, containing only trace amounts of DOM-1 (Paper III). 

 

Specific aspects regarding the concentrate proportion 

Our hypothesis was that cows fed 60% concentrates are in a state of SARA, which might alter 

the metabolism of DON to the metabolite DOM-1 and might impair the barrier function of the 

ruminal epithelium, facilitating the absorption of unmetabolised DON in the blood 
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circulation. However, this hypothesis was not confirmed by the results of the present trial 

(Paper III). We did not examine the ruminal mucosa for SARA-induced lesions, but it can be 

concluded from the findings mentioned above (unaltered metabolite profile and no significant 

amounts of unmetabolised DON), that the ruminal barrier was still intact with regard to DON 

and/or that the ruminal detoxifying mechanism worked. Ruminal pH values critical for SARA 

were reached in Period 1, but not in Period 2. But as ruminal pH was measured after a period 

of feed restriction, the nadir ruminal pH values might be missed. Therefore, further indicators 

(reduced milk fat concentration, reduced milk fat-to-protein ratio, decreased NABE and BAR) 

were used for the detection of an acidotic burden, which revealed that some Myco cows in 

Period 1, and some cows in both high concentrate groups in Period 2, were probably in a 

status of SARA. However, the metabolism and absorption of DON were unaffected in these 

cows.  

Unexpectedly, the findings in the present investigation showed that cows fed the low 

concentrate level had significantly higher DOM-1 concentrations in serum and bile and a 

significantly higher carry over of DOM-1 in milk compared to cows fed the high concentrate 

diet (Paper III). Cows fed the low concentrate level had a higher maize silage proportion in 

their diet (35% maize silage in the low concentrate groups vs. 20% maize silage in the high 

concentrate group), which was shown to contribute with approximately 11% to the daily DON 

intake (Paper III). Therefore, a possible explanation could be that the release and 

bioavailability of DON from the maize silage might be different from that of the contaminated 

triticale. However, the bioavailability of DON from different plant matrices has not been 

examined yet. Another factor contributing to the higher DOM-1 residues in animals fed the 

low concentrate level could be differences in the release of DON from different feedstuffs. 

Serum samples were taken between 8:30 and 11:30 in the morning, and cows had no access to 

feed from 5:30 am onwards with the beginning of milking. Fibre compounds are degraded 

more slowly than carbohydrates (Dehority 1973; Van Soest 1973), which in turn could mean, 

that DON is released more slowly from maize silage and thus, would be measurable in the 

serum for a longer period of time. Furthermore, an underestimation of the true DON 

concentration in the ration due to the presence of glycosylated and glucuronidated DON 

conjugates should be taken into account. These so-called masked mycotoxins escape the 

routine analysis and are built in plants to reduce the toxicity of mycotoxins (Engelhardt et al. 
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1999). Recently, a DON-3-β-D-glucopyranoside (D3G) was detected in naturally 

contaminated Fusarium infected wheat and maize samples (Berthiller et al. 2005). Its 

concentration ranged from 4 to 12% of the DON content (Berthiller et al. 2005). Another 

masked mycotoxin, zearalenone-4-β-D-glucopyranoside, was shown to be hydrolysed during 

digestion and the free toxin released (Gareis 1994). However, whether D3G will be 

hydrolysed to DON in the rumen and can thus elevate the amount of bioavailable DON, has 

not yet been confirmed. Therefore, further research is required to clarify the role of masked 

mycotoxins in the ruminant nutrient. 

 

Risk assessment  

To evaluate the potential exposure of the consumer with DON via contaminated milk from the 

results obtained by the present study, a risk evaluation can be useful. The tolerable daily 

intake (TDI) of 1 µg DON/kg BW as proposed by the Scientific Committee on Food (SCF 

2002) can be used to simulate a worst case scenario. As shown in Paper III, unmetabolised 

DON was not detectable using the HPLC method, but was measured in two out of 24 milk 

samples, which were further analysed by using the more sensitive LC-MS/MS method in very 

low concentrations. For the worse case scenario, the highest DON and DOM-1 concentrations 

in milk occurring in the present study were assumed. With a DON concentration of 0.2 µg/kg 

milk (on a dry matter basis of 12.5%), a daily intake of approximately 350 kg milk 

(corresponds to approximately 360 l) would be necessary to reach the TDI of a consumer with 

a BW of 70 kg. In contrast, if humans would consume (accidentally) the TMR of the dairy 

cows, only 13.2 g DM of the contaminated ration (5.3 mg DON/kg DM, fed in Period 1) 

would be necessary to reach the TDI. 

Of course, this calculation is heavily simplified, but demonstrates the insignificant 

contribution of DON contaminated milk to the total DON exposure of the consumer.  
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CONCLUSIONS 
A long-term exposure (29 weeks) of dairy cows to triticale naturally infected by Fusarium 

and contaminated, with DON as the predominating mycotoxin in rations with concentrate 

proportions between 30-60% (between 4.4 and 5.3 mg DON/ kg DM), did not affect animal 

health.  

 

Variations in the DMI were responsible for most of the observed effects on animal 

performance and milk composition and were caused by the concentrate proportion and the 

presence/absence of Fusarium-infected triticale.  

 

The DMI was stimulated in the mycotoxin fed groups as a consequence of altered physico-

chemical properties of the Fusarium toxin-contaminated triticale due to technical treatment 

(higher degree of grinding fineness) and Fusarium infection. This long-term effect was 

observed in both periods and was responsible for most of the observed changes in the milk 

yield and composition in the Myco Groups. Also, it was shown that an elevated concentrate 

proportion of 60% resulted in a stimulated DMI in both the Control and Myco groups.  

 

A concentrate proportion of 60% had a depressing effect on the milk fat concentration. This 

effect was more pronounced in the presence of a Fusarium toxin-contaminated diet, which 

could just be a result from the higher milk production (dilution effect), but the presence of 

Fusarium infected and Fusarium toxin-contaminated triticale might have influenced the 

ruminal CLA synthesis under high concentrate proportions and might have contributed to the 

described effect on milk fat as well. 

 

The ruminal fermentation patterns were significantly influenced in the presence of Fusarium 

toxin-contaminated triticale. As neither the ruminal copy numbers nor the microbial diversity 

of bacteria, archaea and fungi were affected by the contaminated triticale in a concomitant 

rusitec study, it might be justified to assume that the effects on the ruminal fermentation 

patterns in the present study are probably not a direct mycotoxin effect, but were caused by 

fungus-induced alterations in the infected triticale. 
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Cows did not exhibit clinical signs indicating SARA, but cows fed the mycotoxin 

contaminated diet in Period 1 showed critical pH values, probably due to the stimulated DMI. 

In Period 2, no critical pH values were detected, but the milk fat percentage and the fat-to-

protein-ratio, the decreased ruminal acetate-to-propionate-ratio and parameters of the acid-

base metabolism in the urine indicated a higher acidotic burden in the groups fed the high 

concentrate level, which was more pronounced in the presence of Fusarium toxin, probably 

due to complex effects of mycotoxins, fungus-related alterations of the physico-chemical 

properties of the contaminated triticale, modified ruminal microbial diversity and other 

factors.  

 

No significant amounts of unmetabolised DON occurred in the serum of cows fed the 

mycotoxin diets with 30, 50 and 60% concentrate, which implied that the barrier function of 

the ruminal epithelium was not impaired by a high concentrate proportion of 60% fed over a 

period of 18 weeks.  

 

The metabolite profile of DON in serum, bile and milk was not influenced by the concentrate 

proportion, which might suggest that the number and/or capacity of the ruminal microbes 

responsible for the de-epoxydation of DON were not affected by concentrate proportions of 

30, 50 and 60%.  

 

In contrast to our hypothesis, cows fed 30% concentrate showed higher DOM-1 

concentrations in serum and bile and a higher carry over rate of DOM-1 in milk, which might 

be an indication for an altered bioavailability of DON from maize silage and/or the presence 

of masked mycotoxins. Further research should clarify the practical relevance of masked 

mycotoxins for dairy cows and evaluate the bioavailability of DON in dependence on the 

plant matrix. 

 

Only the far less toxic metabolite DOM-1 was detected almost exclusively in milk samples in 

very low concentrations. With regard to the protective consumer protection, it can be 

concluded that the carry over of DON as DOM-1 at daily doses not exceeding 233 μg/kg BW 

is negligible. However, the trend to increased carry over rates with increased milk yields, as 
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well as the carry over in cows with disturbances of the blood-udder barrier (mastitis) should 

be investigated further. 

The comparable carry over factors for serum and bile may implicate that DON residues do not 

accumulate in bile.  

 

Cows fed the Fusarium toxin-contaminated diets with DON concentrations between 4.4 and 

5.3 mg/kg DM over a total period of 29 weeks did not excrete any measurable amounts of 

DON and DOM-1 in milk when contaminated diets were replaced by the control diet with 

30% concentrate and fed for another week. Accordingly, DOM-1 concentrations in serum of 

cows previously fed the contaminated diets were on the same level as in control cows when 

samples were taken after 3 weeks of feeding the control ration. That demonstrates that DON 

residues are rapidly eliminated from the body and probably do not accumulate.  

 

Maize silage was shown to be a frequent source of DON, and its usage with a percentage of 

35% in the low concentrate groups contributed with approximately 11% to the total DON 

exposure of mycotoxin fed cows.  

 

Due to the limited number of cows included, the question of whether Fusarium toxins might 

play a role in cases of infertility in dairy cows cannot be answered conclusively from the 

results of this trial. However, two cows fed the Fusarium toxin contaminated diets did not 

become pregnant during this trial, and the inseminations per calving, the interval from calving 

to last service as well as the rate of success in first insemination were increased in Fusarium 

toxin-exposed cows. Thus, further research under standardized conditions and by examining a 

larger number of cows allowing a statistical evaluation is necessary to evaluate long-term 

effects of moderate DON concentrations on cow fertility.  

Furthermore, the metabolism and absorption of DON in clinically disturbed cows and in 

fattening cattle need further examination. 
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SUMMARY 
      Christina Keese 

Investigations on the interactions between the concentrate proportion in the ration of 

dairy cows and the presence or absence of a Fusarium toxin-contaminated triticale on 

animal health, performance and deoxynivalenol residues in serum, bile and milk 

 

Deoxynivalenol (DON) and zearalenone (ZON) are toxic secondary metabolites of moulds 

(referred as to mycotoxins) of the genus Fusarium, which are particularly important in 

European husbandry due to their frequent occurrence in toxicologically relevant 

concentrations. Although ruminants appear to be relatively tolerant to DON because of the 

ability of the ruminal microorganisms to metabolize DON to the almost non-toxic de-epoxy 

DON (DOM-1), data about long-term effects of moderate DON concentrations on dairy cows 

are still lacking. Furthermore, unpublished reports about high contents of unmetabolised DON 

in the serum and milk of clinically affected cows bring up the question of whether disease-

related alterations in the ruminal environment and/or in the ruminal epithelium could lead to 

an increased absorption of DON into blood and milk, which would be of particular 

importance not only with regard to animal health and performance, but also from a consumer 

protection point of view.  

As high concentrate proportions are fed to high-yielding dairy cows nowadays, subacute 

ruminal acidosis (SARA) has become a common problem in dairy herds, which is 

characterized by decreased ruminal pH values lower than 5.6, adaptive changes up to 

degenerative processes in the ruminal mucosa and changed ruminal fermentation conditions.  

Therefore, the aim of the present study was to investigate the effects of different concentrate 

proportions in the presence and absence of naturally infected Fusarium toxin-contaminated 

triticale on the health and performance of dairy cows and on the DON residues in serum, bile 

and milk in cows fed the experimental diets over a total period of 29 weeks. In Period 1, the 

acceptance and the effects of the Fusarium toxin-contaminated triticale, with DON the 

dominating mycotoxin, on animal health and performance were tested. Therefore, a total of 13 

lactating German Holstein cows (Myco Group, mean days in milk [DIM]=29) received a diet 

with 50% concentrate, 25% maize- and 25% grass silage (on dry matter [DM] basis) and 5.3 

mg DON and 0.1 mg ZON/kg DM on average as a total mixed ration (TMR) for ad libitum 
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intake over 11 weeks, while another 14 German Holstein cows received the control diet 

(mean DIM=33). In Period 2, which followed directly after finishing Period 1 and lasted over 

18 weeks, the same 27 cows, plus five additional cows (the latter after being fed the 

experimental diets for 8 weeks), were divided into four feeding groups to examine the effects 

of an elevated dietary concentrate proportion of 60% compared to a low concentrate level of 

30%: Group Control-30, (30% concentrates), Myco-30 (30% concentrates, 4.4 mg DON and 

0.07 mg ZON/kg DM), Control-60 (60% concentrates) and Myco-60 (60% concentrates, 4.6 

mg DON and 0.07 mg ZON/kg DM). Cows fed the mycotoxin diets in Period 1 further 

received one of the mycotoxin diets in Period 2. After feeding the experimental rations over a 

total period of 29 weeks, a depletion period was conducted during which all cows received the 

control diet with 30% concentrates for another four weeks, and milk (collected twice weekly 

and pooled to one sample per week), and serum samples (taken after the third week) were 

analysed for DON residues. DON and DOM-1 residues were determined in serum, bile and 

milk by HPLC with UV detection after incubation with β-glucuronidase.  

The overall performance level was characterized by an average daily dry matter intake (DMI) 

of 17.9 kg and an average daily milk production of 26.7 kg fat corrected milk (FCM) in 

Period 1, and 17.3 kg DMI and 24.5 kg FCM in Period 2, respectively. The occurring diseases 

could not be attributed to the experimental factors.  

In both periods, cows fed the Fusarium toxin-contaminated diets consumed more DM (in 

Period 2 only significant for Group Myco-30), which was probably caused by stimulating 

effects of the Fusarium-infected triticale on the ingesta passage rate. Elevating the concentrate 

proportion to 60% had a stimulating effect on the DMI in both Control- and Myco Group as 

well. These differences in DMI explained most of the observed effects on milk yield and –

composition.  

In Period 1, cows fed the Fusarium toxin-contaminated diet produced significantly more milk, 

while the milk fat concentration, the milk protein concentration, the fat-to-protein-ratio (FPR) 

and the milk urea were lower compared to control cows. Mycotoxin-fed cows had a higher 

somatic cell count (SCC), but this result should be interpreted carefully, as this effect was not 

observed in Period 2. Furthermore milk samples were taken from the whole mammary gland 

from the whole milking, so that some cases of mastitis might be missed due to dilution 

effects. 
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In Period 2, on a low concentrate level, FCM was significantly higher in the mycotoxin fed 

group. On a high concentrate level, milk yield was higher in Group Myco-60, but milk fat and 

protein concentration, FPR and milk urea were significantly lower. FCM was on a similar 

level. The depressing effect of a high concentrate proportion on milk fat was more 

pronounced in the presence of Fusarium toxin-contaminated triticale, and the milk fat 

synthesis was consistently, but not statistically, lower in Group Myco-60 than in the Control 

cows. This effect could just be a result from the higher milk production (dilution effect), but 

the presence of Fusarium infected and Fusarium toxin-contaminated triticale might have 

influenced the ruminal CLA synthesis under high concentrate proportions and might have 

contributed to the described effect on milk fat as well. 

Ruminal fluids were collected (using the Geishauser method), 1. to examine the occurrence of 

critical pH values indicating SARA and, 2.,to test the concentrate- and mycotoxin-related 

effects on the ruminal fermentation patterns. For technical reasons, ruminal fluids were 

collected after a period of feed restriction between 3 to 5 hours, and this period of fasting 

probably did overlap the critical values. However, significantly lower ruminal pH values were 

detected in Weeks 4 and 8 and lower minimum pH values critical for developing SARA 

occurred in the Myco-Group. Accordingly, the net acid base excretion (NABE) in the urine 

and the base-to-acid ratio (BAR) were lower (only significant in Week 8). These effects were 

probably caused by the higher DMI in this group and explained the observed changes in the 

ruminal fermentation patterns as well.  

In Period 2 the patterns of the SCFA were significantly influenced by an elevated concentrate 

proportion, whereas NABE and BAR did not reveal a distinct concentrate effect. The ruminal 

pH values were on a high level in all groups, and critical pH values were missed.  

Further alterations in the SCFA pattern were found in the presence of Fusarium toxin-

contaminated triticale, which were possibly caused by indirect effects of the Fusarium 

infection-related alterations of the physico-chemical properties of the infected cereal on 

ruminal microbes.  

DOM-1 was the predominant residue found in significantly higher concentrations in serum, 

bile and milk of cows fed the Fusarium toxin contaminated diets in both periods. In serum, 

unmetabolised DON was detected in low concentrations (up to 4 ng/ml) in Period 1 and 

occurred only sporadically in Period 2 in the serum of mycotoxin fed cows. In the Myco 
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Group, DOM-1 was found in the range of 22 up to 123 ng/ml in serum, up to 391 ng/ml in 

bile and between 0.6 and 2.2 μg/kg in fresh milk in Period 1. 

In Period 2, cows fed the low concentrate diets had significantly higher DOM-1 

concentrations in serum and bile, and the carry over into milk (as the ratio between daily 

excretion of DOM-1 into milk and DON intake) was significantly higher in Group Myco-30 

compared to Group Myco-60 (0.0002 and 0.001 (Myco-30) and 0.0001-0.0011 (Myco-60), 

respectively, in Period 2). Milk samples of control cows did not contain any measurable DON 

residues in either period. Independent of the concentrate proportion, unmetabolised DON was 

not detected in milk using the HPLC-UV method. With the more sensitive LC-MS/MS 

method, the parent toxin could only be detected in trace amounts (≤ 0.2 μg/kg fresh milk) in 2 

out of 24 additionally analysed milk samples. With increased milk yields, the carry over 

tended to increase as well. 

In both periods the metabolite profile in the physiological substrates was unaffected by any 

dietary treatment.  

 

After feeding the control diet with 30% concentrate for one week to all cows directly after 

terminating the feeding of the contaminated diets (Myco-30 and -60), no measurable amounts 

of DON and DOM-1 were detectable in any milk samples. Accordingly, DOM-1 

concentrations in serum were on the same low level as in control cows continuously fed the 

uncontaminated diets when samples were taken after 3 weeks of feeding the control ration, 

which implied that DON is rapidly excreted after exposure and does probably not accumulate 

in DON-fed cows. 

 

It can be concluded that the animal health and the performance of dairy cows was not 

negatively affected in cows fed rations with DON concentrations between 4.4 and 5.3 mg/kg 

DM, and concentrate proportions between 30 and 60%, over a total period of 29 weeks. No 

obvious clinical signs for SARA occurred, but there were hints for a higher acidotic burden in 

the Myco Group in Period 1 and in cows fed 60% concentrate in Period 2, which were more 

pronounced in the presence of Fusarium toxin. The higher acidotic burden in Group Myco-60 

in Period 2 was not fully explainable by a stimulated DMI and could be due to complex 
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effects of mycotoxins, fungus-related alterations of the physico-chemical properties of the 

contaminated triticale, modified ruminal microbial diversity and probably other factors.  

Due to the limited number of cows available for this study, no reliable conclusions can be 

drawn regarding possible DON effects on cow fertility.  

A high concentrate proportion of 60% did not affect the levels of DON and DOM-1 in serum, 

bile and milk in this experiment. No significant amounts of unmetabolised DON occurred in 

the serum, so that it can be concluded that the barrier function of the ruminal epithelium 

and/or the detoxification capacity of the rumen were not impaired under the described 

conditions in this trial. The carry over in milk can be regarded as negligible, but the trend to 

increased carry over rates with increased milk yields and the carry over in cows with a 

disturbed blood-udder-barrier should be examined further.  

The higher DOM-1 residues in cows fed 30% concentrate may result from an altered 

bioavailability of DON from maize silage and/or the presence of masked mycotoxins in the 

ration. Thus, the occurrence of masked mycotoxins in dairy cow rations and the 

bioavailability of DON dependent on the plant matrix should be evaluated in future research. 

Besides, further research is necessary evaluating the effects of moderate DON concentrations 

in clinically affected cows and fattening cattle.  
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ZUSAMMENFASSUNG 
 

     Christina Keese 

Untersuchungen über die Wechselwirkungen zwischen dem Konzentratanteil in der 

Ration von Milchkühen und der An- bzw. Abwesenheit von Fusarium-Toxin 

kontaminiertem Triticale auf Tiergesundheit, Leistung und Deoxynivalenol-

Rückständen in Serum, Galle und Milch 

 

Den von Schimmelpilzen der Gattung Fusarium gebildeten Mykotoxinen Deoxynivalenol 

(DON) und Zearalenon (ZON) kommt in Europa die größte praktische Bedeutung zu, da sie 

in Konzentrationen vorkommen können, die für landwirtschaftliche Nutztiere bedeutsam sein 

können. Wiederkäuer gelten als relativ unempfindlich gegenüber DON durch die Fähigkeit 

ihrer Mikroorganismen im Pansen, DON zu dem fast ungiftigen Deepoxy-DON (DOM-1) zu 

metabolisieren. Allerdings gibt es bislang keine Studien über Langzeiteffekte moderater 

DON-Konzentrationen bei Milchkühen. Zudem werfen neuere unveröffentlichte Befunde über 

das Auftreten hoher, nicht metabolisierter DON-Konzentrationen in Serum und Milch 

klinisch auffälliger Kühe die Frage auf, ob es bei krankheitsbedingten Veränderungen im 

Pansenmilieu und/oder veränderten Absorptionsbedingungen an der Pansenschleimhaut zu 

einem Übergang von DON in die Milch kommen kann, was nicht nur im Hinblick auf 

Tiergesundheit und Leistung, sondern auch in Bezug auf den Verbraucherschutz von 

erheblicher Bedeutung wäre. 

Da heutzutage hohe Konzentratanteile in der Ration von Hochleistungskühen eingesetzt 

werden, ist die subakute Pansenazidose (SARA) zu einem gängigen Problem in 

Milchkuhherden geworden. Bei SARA kommt es zum Abfall des ruminalen pH-Wertes 

unterhalb 5.6, zu adaptiven bis hin zu degenerativen Prozessen an der Pansenschleimhaut 

sowie zu veränderten Fermentationsbedingungen im Pansen.  

Ziel der Arbeit war es daher, die Effekte von unterschiedlich hohen Konzentratanteilen 

sowohl in Anwesenheit wie auch in Abwesenheit von natürlich infizierter Fusarium-Toxin 

kontaminierten Triticale auf die Gesundheit und Leistung sowie auf DON-Rückstände in 

Serum, Galle und Milch von Milchkühen über einen längeren Versuchszeitraum von 

insgesamt 29 Wochen zu untersuchen. In Periode 1 wurden die Akzeptanz und die Effekte 
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einer Fusarium-Toxin kontaminierten Triticale mit DON als hauptsächlichen Kontaminanten 

auf Tiergesundheit und Leistung getestet. Dazu erhielten 13 laktierende Deutsche Holstein-

Kühe (Myko-Gruppe, durchschnittlicher Laktatationstag=29) eine Ration mit durchschnittlich 

5.3 mg DON und 0.1 mg ZON/kg Trockensubstanz (T) und einem Konzentratanteil von 50% 

und jeweils 25% Gras- und Maissilage (auf T-basis) als totale Mischration (TMR) zur ad 

libitum Aufnahme. 14 weitere Deutsche Holstein-Kühe (durchschnittlicher Laktationstag=33) 

erhielten die Kontrollration. In Periode 2, die direkt an Periode 1 anschloss und die über 18 

Wochen durchgeführt wurde, wurden die gleichen 27 Kühe und 5 weitere Kühe (letztere nach 

entsprechender Anfütterung) in 4 Fütterungsgruppen unterteilt. In zwei Gruppen wurde der 

Konzentratanteil in der Ration auf 60% angehoben und die Effekte mit einem niedrigen 

Konzentratniveau von 30% verglichen. Dabei erhielten Kühe, die die DON-Rationen in 

Periode 1 erhalten hatten, eine der DON-kontaminierten Rationen in Periode 2. Daraus 

ergaben sich folgende Gruppen: Gruppe Kontrolle-30 (30% Konzentrat), Gruppe Myko-30 

(30% Konzentrat, 4.4 mg DON und 0.07 mg ZON/kg T in der Ration), Gruppe Kontrolle-60 

(60% Konzentrat) und Gruppe Myko-60 (60% Konzentrat, 4.6 mg DON und 0.07 mg 

ZON/kg T in der Ration). Anschließend folgte eine Abfütterungsphase, in der alle Kühe die 

Kontrollration mit 30% Konzentrat über vier Wochen erhielten und in der weitere Milch- 

(wöchentlich) und Serumproben (nach Abfütterungswoche 3) genommen wurden. Die 

Bestimmung von DON und DOM-1-Rückständen in Serum, Galle und Milch erfolgte nach 

einer Inkubation mit β-Glucuronidase mit einer HPLC-UV-Methode.  

Das Leistungsniveau der Kühe war charakterisiert durch eine durchschnittliche tägliche T-

Aufnahme von 17.9 kg and eine durchschnittliche tägliche Milchleistung von 26.7 kg fett-

korrigierter Milch (FCM) in Periode 1 und 17.3 kg T und 24.5 kg FCM in Periode 2.  

Die während des Versuches auftretenden Erkrankungen ließen sich nicht auf die 

Behandlungsfaktoren zurückzuführen. 

In beiden Perioden zeigten die Tiere in den Gruppen mit Fusarium-Toxin Kontamination eine 

höhere T-aufnahme (in Periode 2 nur signifikant für Gruppe Myko-30), die vermutlich 

verursacht wurde durch die stimulierenden Effekte der Fusarium-Toxin kontaminierten 

Triticale auf die Ingesta-Passagerate. Auch ein erhöhter Konzentratanteil von 60% stimulierte 

die T-Aufnahme. Die meisten der beobachteten Effekte auf Milchleistung und –zusammen-

setzung ließen sich auf die Unterschiede in der T-Aufnahme zurückführen.  
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In Periode 1 war die Milchleistung in der Myko-Gruppe um ca. 11% höher, während die Fett-, 

und Proteinkonzentration in der Milch sowie das Fett:Protein-Verhältnis niedriger waren als 

bei den Kontrolltieren. Gleichzeitig war die somatische Zellzahl in der Milch der Myko-

Gruppe erhöht. Da aber dieser Effekt nicht in Periode 2 auftrat, Aussagekraft dieses 

Ergebnisses fraglich. Zudem wurden die Milchproben auf Gesamtgemelksebene und 

außerdem vom Gesamtgemelk genommen wurden, so dass einzelne Mastitiden eventuell 

unbemerkt blieben aufgrund von Verdünnungseffekten.  

In Periode 2 war die FCM-Leistung der Gruppe Myko-30 signifikant höher als die der Gruppe 

Kontrolle-30. Bei den Hoch-Konzentrat-Gruppen war die Milchleistung bei den Mykotoxin-

gefütterten Tieren signifikant höher als bei den Kontrolltieren, während Milchfett-, und 

Proteinkonzentration, das Fett:Protein-Verhältnis sowie der Milchharnstoff in der Gruppe 

Myco-60 niedriger waren. Der milchfettsenkende Effekt eines hohen Konzentratanteils war 

deutlicher in Anwesenheit von Fusarium-Toxin kontaminierten Triticale, und die 

Milchfettsyntheseleistung war bei Gruppe Myko-60 konstant, wenn auch nicht signifikant, 

niedriger als bei den Kontrolltieren. Der Effekt auf die Milchfettkonzentration ist daher 

wahrscheinlich auf die erhöhte Milchproduktion zurückzuführen, andererseits könnte aber die 

ruminale CLA-Synthese auch durch die Anwesenheit der Fusarium-geschädigten und 

Fusarium-Toxin kontaminierten Triticale beeinflusst gewesen sein.  

Pansensaftproben, entnommen mit dem Pansensaftentnahmegerät nach Geishauser, wurden 

untersucht um kritische Werte in Bezug auf SARA aufzudecken sowie konzentrat- und 

mykotoxinbedingte Effekte auf das ruminale Fermentationsmuster zu untersuchen. Da aus 

technischen Gründen die Pansensaftentnahme nach dem Melken nach einem 3 bis 5-stündigen 

Futterentzug stattfand, überlappte diese Fastenperiode wahrscheinlich kritische pH-Werte. 

Trotzdem traten in der Myko-Gruppe in Periode 1 signifikant niedrigere pH-Werte auf als bei 

Kontrollkühen, und die minimalen pH-Werte waren bei Einzeltieren unterhalb des 

Grenzbereiches von 5.9 bis 6.2, der als kritisch für die Entwicklung von SARA angesehen 

wird. Übereinstimmend dazu waren die Netto-Säure-Base-Bestimmung (NABE) und der 

Basen-Säuren-Quotient (BAR) niedriger als bei den Kontrolltieren. Diese Effekte sind 

wahrscheinlich auf die höhere T-Aufnahme in der Myko-Gruppe zurückzuführen und erklären 

auch die Unterschiede im Fermentationsmuster im Pansensaft.  
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Ein erhöhter Konzentratanteil in Periode 2 beeinflusste das Fermentationsmuster im 

Pansensaft signifikant, wogegen die Bestimmung von NABE and BAR im Urin keinen 

deutlichen Konzentrateffekt aufzeigte. Die Pansen-pH-Werte waren in Periode 2 auf einem 

hohen Niveau und kritische pH-Werte traten nicht auf. In Anwesenheit von Fusarium-Toxin 

kontaminierten Triticale traten weitere signifikante Unterschiede im Fettsäuremuster im 

Pansensaft auf. Diese wurden vermutlich hervorgerufen durch indirekte Effekte auf die 

ruminale Mikroorganismen, welche induziert wurden durch die Veränderungen physikalisch-

chemischen Eigenschaften der Fusarium-infizierten Triticale.  

In Serum, Galle und Milch wurde während beider Perioden hauptsächlich DOM-1 

nachgewiesen. Nicht-metabolisiertes DON trat im Serum nur in sehr niedrigen 

Konzentrationen (maximal 4 ng/ml) in Periode 1 und nur sporadisch in Periode 2 in 

Mykotoxin-gefütterten Kühen auf. In Periode 1 lagen die DOM-1 Konzentration in der Myko-

Gruppe zwischen 22 und 123 ng/ml im Serum, bei unterhalb der Nachweisgrenze bis hin zu 

391 ng/ml in der Galle und zwischen 0.6 und 2.2 μg/kg Frischmilch. In Periode 2 zeigte sich, 

dass Kühe in den Niedrigkonzentratgruppen signifikant höhere DOM-1 Gehalte in Serum und 

Galle hatten, sowie bei Gruppe Myko-30 eine höhere Carry-over Rate verglichen mit Gruppe 

Myko-60. Die Carry-over Raten (als Verhältnis zwischen der täglichen Ausscheidung von 

DOM-1 in die Milch und der DON-Aufnahme) lagen zwischen 0.0002 und 0.0006 in der 

Myko-Gruppe in Periode 1, zwischen 0.0002 und 0.001 in Gruppe Myko-30 und zwischen 

0.0001-0.001 in Gruppe Myko-60 in Periode 2. In der Milch von Kontrollkühen konnten 

weder in Periode 1 noch in Periode 2 DON/DOM-1-Rückstände nachgewiesen werden. 

Unabhängig vom Konzentratanteil konnte mit der HPLC-UV-Methode kein nicht-

metabolisiertes DON in den Milchproben nachgewiesen werden. Mit der sensitiveren LC-

MS/MS-Methode konnte von 24 zusätzlich untersuchten Milchproben nur in 2 Proben Spuren 

(≤ 0.2 μg/kg Frischmilch) von nicht-metabolisiertem DON nachgewiesen werden. Es zeigte 

sich ein Trend zu einer höheren Carry-over Rate (gezeigt für DOM-1) bei höherer 

Milchleistung. 

Nach einwöchiger Fütterung der Kontroll-30-Ration an alle Kühe waren in den Milchproben 

keine DON-Rückstände mehr nachweisbar, und die DOM-1 Gehalte im Serum (untersucht 

nach 3 Wochen Abfütterung) waren auf ähnlich niedrigem Level wie in den Kontrolltieren. 
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Dies lässt die Vermutung zu, dass DON-Rückstände nach der Exposition schnell 

ausgeschieden werden und sich vermutlich nicht im Tier ablagern. 

Schlussfolgernd kann gesagt werden, dass keine negativen Effekte auf Tiergesundheit und 

Leistung gefunden wurden, wenn Rationen mit DON-Gehalten zwischen 4.4 und 5.3 mg/kg T 

und Konzentratanteilen zwischen 30 und 60% über einen Gesamtzeitraum von 29 Wochen 

eingesetzt wurden. Die Kühe zeigten keine klinischen Anzeichen für das Vorliegen von 

SARA. Es gab jedoch Hinweise, die auf eine höhere azidotische Belastung in der Myko-

Gruppe in Periode 1 und in den Hoch-Konzentrat-Gruppen in Periode 2, hier insbesondere in 

Anwesenheit von Fusarium-Toxin, schließen ließen. Die höhere Belastung in Gruppe Myko-

60 in Periode 2 ließ sich nicht allein durch eine stimulierte T-Aufnahme erklären und könnte 

hervorgerufen worden sein durch die komplexen Effekte von Mykotoxinen, durch die 

Pilzinfektion bedingten Veränderungen der physikalisch-chemischen Eigenschaften der 

kontaminierten Triticale, Veränderungen in der ruminalen Mikrobengemeinschaft und 

weiteren unbekannten Faktoren.  

Durch die begrenzte Tierzahl können aus diesem Versuch keine gesicherten Aussagen über 

mögliche DON-Effekte auf die Fruchtbarkeit von Milchkühen erhoben werden.  

In dieser Arbeit hatte ein hoher Konzentratanteil keinen Einfluss auf die DON und DOM-1-

Konzentrationen im Serum, Galle und Milch. Es waren keine relevanten Gehalte an nicht-

metabolisierten DON im Serum nachweisbar, woraus gefolgert werden kann, dass die 

Barrierefunktion des Pansenepithels und/oder die Entgiftungsfunktion des Pansens unter den 

beschriebenen Fütterungsbedingungen vermutlich nicht beeinträchtigt war. Der Carry-over in 

Milch kann als geringfügig eingeschätzt werden, allerdings sollte der Carry-over bei hohen 

Milchleistungen sowie bei gestörter Blut-Euterschranke weiter untersucht werden. 

Die höheren DOM-1-Rückstände bei Kühen, die 30% Konzentrat erhielten, sind vermutlich 

auf eine höhere Bioverfügbarkeit von DON aus der Maissilage und/oder auf die Präsens von 

maskierten Mykotoxinen zurückzuführen. Daher sollte das Auftreten von maskierten 

Mykotoxinen und die Bioverfügbarkeit von DON in Abhängigkeit von der pflanzlichen 

Matrix in zukünftigen Studien untersucht werden. Außerdem sind weitere Studien nötig, die 

die Effekte praktisch relevanter DON-Konzentrationen bei klinisch gestörten Milchkühen und 

Mastbullen untersuchen.  
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