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INTRODUCTION 

The genus Fusarium is a large group of filamentous fungi which are widely distributed and 

infect various economically important cereal crops, including wheat, maize, barley and oats 

(LOGRIECO et al. 2002). Fusarium infection can not only result in reduced quality and size 

of the harvest, but also causes contamination with various mycotoxins which might have 

consequences in terms of both human and animal health (ANTONISSEN et al. 2014). 

However, the often unavoidable contamination of feedstuffs with mycotoxins even with the 

best quality control systems is of worldwide concern and causes losses in animal production 

and poses health problem to livestock and humans consuming contaminated cereal products 

(BOTTALICO and PERRONE 2002; ANTONISSEN et al. 2014). 

Deoxynivalenol (DON), commonly referred to as vomitoxin, belongs to one of the largest 

group of mycotoxins, the type B-trichothecene, is probably the most prevalent toxin in cereal 

crops worldwide (LARSEN et al. 2004). It is produced by several species of the genus 

Fusarium such as F. graminearum and F. culmorum; and is of outstanding importance due to 

its frequent occurrence at toxicological relevant levels worldwide (BOTTALICO and 

PERRONE 2002). 

In animals, the exposure to DON was described to cause symptoms like vomiting (especially 

in pigs), reduced feed intake and weight loss, altered immune function, embryonic mortality 

and reduced productivity in farm animals, including chicken (YEGANI et al. 2006). The 

sensitivity to DON varies considerably between animal species, with swine being the most, 

and poultry and ruminates being the least sensitive (PRELUSKY 1994). 

Based on the effects of DON on animals, risk assessment studies were conducted to provide 

the critical dietary concentration of DON in products intended for animal feeding. Based on 

the species-specific sensitivity differences, the recommended guidance values were set more 

than 5 times higher in poultry diets (5 mg/kg diet) than for the pigs (0.9 mg/kg diet) 

(EUROPEAN-COMMISSION 2006). 

Arguably, and due to the high tolerance of poultry to DON (compared with swine), the 

contaminated and suspicious cereal batches may be diverted to poultry feeding resulting in 

higher exposure of this animal category. Moreover, the most data on DON contamination are 

derived from grains and grains products used for human consumption. Therefore, it could be 

suggested that the poorer quality grain is probably diverted to poultry feed (SCF 1999).  
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While several published experiments studied the effects of feeding DON-contaminated diets 

on the health and performance of poultry, only little information are available on DON effects 

on reproductive and progeny performance of hens and roosters, carry-over into poultry tissues 

and eggs, rooster’s fertility and nutrient digestibility.  

Likewise, there are no studies available about the effect of the breed of laying hens on the 

sensitivity toward DON, as the genetic background of a bird or a flock has a deep impact on 

its ability to resist disease -and possibly intoxications- and is a main tenet in all considerations 

of poultry diseases (LAMONT 1998). 
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BACKGROUND 

1. Deoxynivalenol and other Trichothecenes 

1.1. Physical and Chemical Properties and Structure  

Trichothecene mycotoxins are a large family of chemically related compounds produced by 

several plant pathogens. The fungal species of the Fusarium genus are the most important 

(SCOTT 1989). 

Approximately 180 trichothecene derivatives have been isolated, characterized and 

subdivided into four different groups (GROVE 2007); they all contain a 12, 13-

epoxytrichothecene skeleton, but differ in their chain substitutions. Two types (type A, B) 

comprise about 100 of the isolated toxins and have been defined according to substitution at 

C8 (Fig. 1) (UENO et al. 1975). Type C are characterized by a second epoxide group at C-7, 8 

or C-9, 10 and type D are characterized by a macrocyclic ring system between C-4 and C-15 

with two ester linkages. However, Type C and Type D trichothecenes are not discussed any 

further, since they occur rarely in food and feed (KRSKA et al. 2001). 
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Type A Type B 
Figure 1: Basic structure of the trichothecene mycotoxins (type A and B). Substituents R1 - R3 are 

given in Table 1. 

Table 1: Chemical structure of substituents R1 - R3 of type A and B trichothecenes 

Toxin R1 R2 R3 
Type A 

   T-2 toxin OCOCH3 OCOCH2CH(CH3)2 OCOCH3 
HT-2 toxin OH OCOCH2CH(CH3)2 OCOCH3 
Diacetoxyscirpenol OCOCH3 H OCOCH3 

Type B 
   Deoxynivalenol OH H OH 

3-acetyl-deoxynivalenol OCOCH3 H OH 
15-acetyl-deoxynivalenol OH H OCOCH3 
Nivalenol OH OH OH 
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Deoxynivalenol, a type B trichothecene, was initially isolated in Japanese barley where it was 

first identified as “Rd-toxin” (MOROOKA et al. 1972). It is chemically described as 12,13-

epoxy-3α,7α,15-trihydroxy-trichothec-9-en-8-one and crystallizes as colourless needles, it is 

thermally stable (stable at 120ºC, moderately stable at 180ºC) and soluble in water and in 

some polar solvents (aqueous methanol, acetonitril, and ethyl acetate) (EFSA 2004). 

Table 2: Physical-chemical properties of deoxynivalenol, Reference: (SOBROVA et al. 2010) 

Empirical formula C15H20O6 

Molecular weight 296.32 g/mol 

Physical state Colourless fine needles 

Boiling Point (°C) 543.9 ± 50.0°C 

Melting Point (°C) 151–153°C 
 

1.2. Formation of DON 

DON (probably the most frequently detected trichothecene) is a secondary metabolite mainly 

produced by two typical field fungi, Fusarium graminearum and Fusarium culmorum. The 

two Fusarium species are plant pathogens and cause outbreaks of Fusarium head blight (also 

called wheat scab) in wheat and Gibberella ear rot in maize (EFSA 2004). Once the fungi 

infect the host, they germinate within 2 hours and form a myceral network within 30 hours on 

the surface, which is followed by sporulation within 48 hours. The necrotropic pathogens of 

Fusarium species include the consumption of their host by killing its organic tissue. They 

deceive the plant’s defensive system into incorrectly perceiving that it is a biotroph trying to 

parasitize the plant, as a reaction, the host activate a protection process containing among 

many mechanisms the sacrifice of its own cells by reactive oxidative bursts. One of the 

compounds the Fusarium species use to deceive the host to conduct this suicide behaviour is 

the DON (JANSEN et al. 2005; DESMOND et al. 2008). Therefore, DON production is 

reported to correlate with the virulence of pathogens (MESTERHAZY 2002). Moreover, 

climate is the driving force of both fungal colonisation and mycotoxin production as the 

infection with Fusarium species mainly occurs during the early seed development stages 

under warm and humid climate conditions (20-30°C, 13-18% moisture and about 1-2% 

oxygen) (SANTIN 2005). However, the presence of DON in cereals may result in 

contamination of cereal-based food and feed products, as DON is not eliminated by various 

food processes, including milling and cooking (KUSHIRO 2008). 
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1.3. Occurrence of DON 

A worldwide incidence of DON contamination has been reported for cereals, cereal products 

or feed mixtures. This occurrence is also considered to be an indicator of the possible 

presence of other trichothecenes, mainly type B trichothecenes and zearalenone (ZEN) 

(KRSKA et al. 2007). 

A survey on the worldwide occurrence of DON shows that 57% of the wheat samples, 59% of 

barley samples, 40% of the maize samples and 49% of rye samples were found to be 

contaminated with DON in different concentrations up to more than 30 mg/kg (JECFA 2001). 

In Germany, the evaluation of 6 published investigations shows that more than 80 % of the 

wheat samples collected from 5 different regions between the years 1987 and 2007 were 

contaminated with DON. Moreover, a survey on the occurrence of DON in wheat samples 

from Germany between the years 1998 and 2012 shows different levels of DON up to 43600 

µg/kg in so-called Fusarium years (Table 3). 

Table 3: Deoxynivalenol levels in wheat samples from Germany (mean values of positive samples); 

so-called "Fusarium-years" are marked in bold 

Region Year Samples 
N (Pos. %) 

Mean 
DON 

Min Max Reference 

   µg/kg µg/kg µg/kg  
Baden-
Württemberg 

1987 84(96) 1620 4 20538 (MÜLLER et al. 1997) 

 1998, 
2000 

115(96) 471 15 7730 (SCHOLLENBERGER et al. 
2002) 

Bayern 1991 51(88) 420 100 1200 (MARX et al. 1995) 
Thüringen 1998 150(71) 1410 110 11080 (DÖLL et al. 2002) 
Schleswig-
Holstein 

1998 116(86) 2700 - 10800 (REUTTER 1999) 

Brandenburg 2002 46(67) 470 - 4870 (MEISTER 2009) 
 2006 43(48) 200 - 1020  
 2007 43(93) 1211 - 10400  
Germany 1998 52(85) 6820 100 43600 (ELLNER 1999) 
 2007 481 163 10 12249 (BMELV 2012) 
 2008 486 70 5 2506  
 2009 473 118 5 7236  
 2010 458 127 5 5005  
 2011 462 68 3 2024  
 2012 473 367 3 29266  
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2. Toxicity of DON 

2.1. Mode of Action 

Trichothecenes are well known inhibitors of protein, RNA and DNA synthesis. They bind to 

the 60S subunit of eukaryotic ribosomes and impair the function of peptidyl transferase 

(FEINBERG and MCLAUGHLIN 1989). Depending on the substituent, there are two type of 

mechanisms of protein inhibition (EHRLICH and DAIGLE 1987) (Figure 2).

 
 

Figure 2: Trichothecenes protein synthesis inhibition mechanism modified according to DÄNICKE et 

al. (2000).  

1. I-Type: inhibition of the initial step of protein synthesis (e.g.: T-2, HT-2). 

2. E-Type: inhibition of the elongation-termination step of protein synthesis (e.g.: DON). 

Polypeptide chain initiation inhibitors (I-Type) will accumulate free ribosomes (40S + 60S), 

while elongation and termination inhibitors (E-Type) will inhibit the uncoupling from mRNA 

and release of peptide chain resulting in increased amount of polyribosomes (Figure 2). 

Unlike most of the trichothecenes which predominantly inhibit the initiation, the mechanism 

for the inhibition by DON involves interference with peptidyl transferase function on the 

ribosome with consequent impairment of elongation (EHRLICH and DAIGLE 1987). 

However, recent in vitro studies suggest other mechanisms might be involved to transiently 

induce expression of specific gene transcripts. First, DON induces ribosome-associated kinase 

activation known as double-stranded RNA-associated protein kinase (PKR) (ZHOU et al. 
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2003). Second, DON can elevate the degradation of 28S rRNA which could prevent ribosome 

function and translation (LI and PESTKA 2008). Finally, DON can induce gene up-regulation 

by up-regulate a large number of microRNAs (mRNAs) (HE and PESTKA 2010), this effect 

leads to alterations in cell signaling at the level of mitogen-activated protein kinases 

(MAPKs) that modulate cell growth, differentiation, and apoptosis (PESTKA 2010). 

Leukocytes were suggested to be highly sensitive to deoxynivalenol and other trichothecenes. 

Trichothecenes affect leukocytes by up-regulating cytokine production and by inducing 

apoptosis. DON was shown to stimulate the immune associated genes at low doses resulting 

in increased serum IgA levels, as well as chemokines, cytokines and other immune related 

proteins. The stimulatory effects were related to the induction of immune and inflammation-

associated genes by protein synthesis inhibitors (PESTKA et al. 2004) (Figure 3). 

 
Figure 3: Depiction of interactive molecular and cell-signaling mechanisms involved in 

trichothecene-induced toxicity; adapted from PESTKA et al. (2004). 

Along with the inhabitation of protein syntheses, trichothecenes are considered to cause 

multiple inhibitory effects on eukaryotic cells, inhibition of RNA and DNA synthesis and 

adverse effects on mitochondrial function (UENO et al. 1975). However, these effects are 

probably secondary effects to the inhibition of protein synthesis (THOMPSON and 

WANNEMACHER 1990). 

2.2. Acute and Chronic Toxicity 
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In animals, the effects of DON are dependent on the dose and duration of exposure. However, 

numerous DON toxicity studies have targeted a specific toxicological outcome or mechanism, 

and although DON is less toxic than other trichothecenes such as T-2 toxin, extremely high 

DON doses (unlikely to occur in food and feed) can produce shock-like death (PESTKA and 

SMOLINSKI 2005). In female mice, the LD50 values of DON were 78 mg/kg orally and 49 

mg/kg intraperitoneal injection (FORSELL et al. 1987). In contrast, LD50 values for male 

mice were 46 mg/kg and 70 mg/kg given orally and intraperitoneal injection, respectively 

(YOSHIZAWA et al. 1983). For 10-day old duckling LD50 values for DON were estimated to 

be 27 mg/kg when the toxin was administered subcutaneously and 140 mg/kg for 1-day old 

broiler chicks with DON oral administration (DÄNICKE 2001). The differences in LD50 

values reported in the above mentioned studies indicate that differences among species, strain, 

sex and age may vary DON absorption and distribution and therefore its toxicity. 

DON acute/subacute toxicity was characterised by vomiting (especially in pigs where the 

minimum emetic dose was 0.05 - 0.2 mg/kg BW), feed refusal (pigs are sensitive to DON and 

reduced feed intake was seen at 1 - 2 mg DON/kg feed), weight loss and diarrhoea. Necrosis 

in various tissues such as lymphoid tissues (such as spleen and thymus), gastrointestinal tract 

and bone marrow was also observed (EFSA 2004). 

Chronic exposure of animals to DON was described to cause anorexia, decreased live weight 

gain and altered nutritional efficiency leading to great economic losses resulted from these 

adverse effects of DON on performance of livestock (PESTKA and SMOLINSKI 2005). 

All animal species evaluated to date have been shown to be susceptible to DON. However, 

the sensitivity to DON varies between animal species. The tolerance of farm animals 

decreased according to the following rank order: ruminants ≈ poultry > rats > mice > pigs 

(PRELUSKY 1994). The reasons for the pig’s susceptibility to DON are not fully understood, 

but the relative tolerance of poultry (for example) can be explained, in part, by the very poor 

systemic absorption of DON following oral administration, and the small amount which is 

absorbed undergoes rapid elimination from these species (OSSELAERE et al. 2013).  

3. DON in Poultry 

3.1. Effect on Performance 

The results of most of the available studies with poultry show highly variable effects of DON 

on performance. However, compared with the rarely noticed intoxication associated with the 

exposure to high concentrations of DON, the chronic exposure to lower levels is of major 
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interest. Although there are some reports indicating no adverse effect of feeding DON to 

laying hens and broiler chicks on feed intake, body weight gain and egg production 

(BERGSJO and KALDHUSDAL 1994; HARVEY et al. 1997), numerous other studies 

reported, however, that poultry is sensitive to the presence of Fusarium mycotoxins in 

feedstuff with regard to health and performance (Table 4). However, despite this high 

variation, it seems that no adverse effects of DON on performance occur at dietary 

concentration up to 5 mg/kg (DÄNICKE et al. 2001). 

Table 4: Summary of the toxicity of deoxynivalenol in laying hens and broiler chicks 

Ref. Duration DON level Birds Breed Effects 
  mg/kg feed    
1 5 days 210 Broiler chicks White 

mountain X 
Hubbard 

Reduced feed intake, 
increased feed conversion 

2 70 days <0.5-0.7 Laying hens White Leghorn Decreased egg weight, shell 
thickness 

3 35 days 9, 18 Laying hens White Leghorn Reduced liver weight, 
increased gizzard weight 

4 3 weeks 16 Broiler chicks Hubbard Reduced growth, anaemia, 
decreased LDH and serum 
triglycerides 

5 48 weeks 18 Laying hens White Leghorn Increased shell weight, shell 
thickness, decreased serum 
uric acid, glucose, 
triglycerides and cholesterol 

6 12 weeks 18 Laying hens White Leghorn Reduced B.W. after 4 and 8 
weeks, but not 12 weeks, 
increased rel. gizzard weight 
at 4 weeks 

7 3 weeks 16 Broiler chicks Hubbard Decreased B.W., reduced 
feed efficiency 

8 18 weeks 18 Laying hens White Leghorn Reduced immune response to 
vaccine 

9 16 weeks 12.3 Laying hens Lohmann 
Brown 

Decreased serum titer NDV 

10 35 days 3.5, 7, 10.5, 
14 

Broiler chicks Male 
Lohmann 
broilers 

linearly toxin-related 
decrease in feed intake 

11 12 weeks 12.1 Laying hens ISA Brown  Decrease egg production and 
egg mass in wk 4 and 8 
compared with controls 

12 35 days 1, 5 Broiler chicks Ross 308 
males 

Altered the small intestinal 
morphology 

13 3 weeks 4, 8.7, 10, 
18 

Broiler chicks Ross 708 male linearly increased the mid-
ileal villus height  
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References: 1 (MORAN et al. 1982); 2 (HAMILTON et al. 1985); 3 (KUBENA et al. 1985); 4 (HUFF 

et al. 1986); 5 (KUBENA et al. 1987a); 6 (KUBENA and HARVEY 1988); 7 (KUBENA et al. 1989); 8 

(HARVEY et al. 1991); 9 (DÄNICKE et al. 2002); 10 (DÄNICKE et al. 2003); 11 (CHOWDHURY and 

SMITH 2004); 12 (AWAD et al. 2011); 13 (XU et al. 2011) 

3.2. Effect on Health 

There is clear evidence that the physiological changes resulted from feeding DON- 

contaminated diets might occur even in the absence of any obvious effects on performance 

(DÄNICKE 2002). These include liver damage indicated by an increase in the serum activity 

of γ-glutamyl transferase and liver lipid metabolism in hens (FARNWORTH et al. 1983; 

KUBENA et al. 1987b) and decreased liver relative and absolute weight (KUBENA et al. 

1985); modulate immune response, as evidenced by decreased serum titers against the 

Newcastle disease virus (NDV) (DÄNICKE et al. 2002); stimulate the IgA synthesis of the B-

lymphocytes via up-regulation pro-inflammatory cytokine produced by the T-lymphocytes 

(ROTTER et al. 1996) and reduced the percentage of lymphocytes (SWAMY et al. 2004). 

3.3. Carry-over of DON 

Only few studies to date dealt with the carry-over of DON to poultry eggs (EL-BANNA et al. 

1983; LUN et al. 1986; PRELUSKY et al. 1987; SYPECKA et al. 2004; VALENTA and 

DÄNICKE 2005). However, DON levels in eggs of laying hens fed 4-5 and 83 mg/kg diet, 

respectively, were lower than the detection limits of 10 µg/kg (EL-BANNA et al. 1983; LUN 

et al. 1986). Likewise, the nontransmission of DON and its metabolites into hen’s eggs was 

also reported by VALENTA and DÄNICKE (2005). In contrast, PRELUSKY et al. (1987) 

demonstrated DON and DON metabolites transmission level of 0.31% into eggs of laying 

hens following a single oral dose according to the measurement of radioactivity. Additionally, 

SYPECKA et al. (2004) measured trace levels of DON in the range of 0.13 - 0.79 ng/g in 

whole eggs of laying hens fed diets containing DON at 5, 7.5 and 10 mg/kg, respectively. 

This high variation in the outcome of the previous studies is due to the different analytical 

methods used in each and the different detection limits for mycotoxin analysis. In addition, 

only radioactivity was measured in the older works and not the content of DON and de -

epoxy- DON (PRELUSKY et al. 1987). 

3.4. Source of Variation 

The high variation in the results of the available studies with poultry are likely due to different 

DON concentrations, duration of the experiments and the form of DON used within each 
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study. Meaning whether it is naturally occurring or from purified source, as the artificially 

contaminated diets with purified DON seem to be less toxic than naturally contamination 

because the use of a blend of naturally contaminated grains would increase the potential for 

toxicological synergies arising from the interactions between multiple mycotoxins (SMITH et 

al. 2007). Additionally, and although laying hens seem to be quite resistant to the adverse 

effects of DON, there seems to be a variance in the responses to the presence of DON in diet. 

The laying performance was found to vary between 6 and 12% in laying hens fed DON when 

compared to the control groups fed the uncontaminated diet according to a literature 

compilation (DÄNICKE 2002). This variation seemed to be independent of dietary DON 

level and might therefore be caused by other sources. The genetic background could be such a 

source of variation; for example, various laying hybrids such as Lohmann Brown (LB) and 

Lohmann selected Leghorn (LSL) differ in general performance, robustness and behaviour 

(Figure 4) and could therefore display a different sensitivity to different levels of DON. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Overview on the performance of        LB and      LSL hens; LM: laying month; adapted 

from: (http://www.ltz.de/produkte/Layers) 
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SCOPE OF THE THESIS 
 

There is a dearth of information regarding the effect of the genetic background of birds as a 

possible factor can affect the sensitivity toward DON. Therefore, the main objectives of the 

present thesis were to elucidate the effects of the Fusarium toxin deoxynivalenol in diets of 

laying hens of different genetic background and roosters on the health, performance, 

reproductive performance and health of the hatched chicks. 

 

Since a contamination of poultry feed with DON cannot completely be prevented, and no 

studies on the effect of the breed of laying hens on the sensitivity toward DON are available. 

Therefore, a long-term feeding trial with laying hens of two different genetic backgrounds 

was conducted to evaluate the effect of feeding of DON-contaminated wheat on performance, 

egg components and health of the hens and to verify the hypothesis that the genetic 

background of the hens determines the tolerance of laying hens to DON (Paper I).  

 

Additionally, the impact of feeding DON-contaminated wheat on roosters was an issue of 

Paper II, since so far only little information regarding this aspect are available. For that 

reason, similar control and DON-contaminated diets used in Paper I were fed to adult 

roosters and the effects of DON on rooster’s health, semen quality, nutrient digestibility as 

well as the excretion of DON and its metabolite, de-epoxy DON, into excreta were 

investigated. 

 

Moreover, hens were individually inseminated with fresh pooled semen from the roosters to 

differentiate the specific effects of DON on the reproductive performance (hatchability, 

fertility and mortality) and health of the newly hatched chicks (Paper III) as there is a dearth 

of literature with regard to DON effects on the reproductive performance of hens and roosters.  

 

Furthermore, to verify the potential effect of genetic background of the hens on the carry-over 

of DON, the transfer of residual DON into the eggs, plasma and bile of the hens was 

evaluated (Paper IV). 
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Summary 

A 12-laying months experiment with laying hens of two different genetic backgrounds was 

conducted to evaluate the effect of feeding of DON contaminated wheat on performance, egg 

components and health of the hens and the effect of the breed of the laying hens on the 

sensitivity towards DON. 

A total of 216, 23 weeks old laying hens (108 Lohmann Brown, LB, and Lohmann Selected 

Leghorn, LSL, respectively) were assigned to the feeding trial with increasing concentrations 

of DON (0, 3.4, 9.9 mg/kg) resulting in 6 experimental groups of 36 hens each. All birds were 

caged individually and had free access to feed and water. Eggs were collected three times 

during the experiment for the evaluation of egg quality. At the end of the experiment 20 

laying hens per group were slaughtered. Blood was collected for haematology. Liver, spleen, 

heart, breast muscle, glandular stomach and gizzard were dissected, emptied (glandular 

stomach and gizzard), and weighed. Tissues for histological examination were collected 

directly after slaughtering. 

Significant adverse effect of DON was noticed on the laying intensity, body weight and 

weight gain of the laying hens; laying intensity was significantly decreased due to the 

presence of DON in the diet in the second laying period while laying intensity of the LSL 

hens was significantly higher than the LB hens. Moreover, a decrease in life body weight and 

lower weight gain ratio was detected in the LB hens fed 9.9 mg/kg DON, while the LSL hens 

were not significantly affected by the dietary treatment. The relative weight of breast muscle 

of the LB hens fed 9.9 mg/kg DON was significantly lower than that of other LB groups, 

while the relative weight of liver was significantly higher. On the other hand, breast muscle 

and liver relative weights of the LSL hens were not significantly affected by the dietary 

treatment. Haematocrit and concentrations of white blood cells were not significantly affected 

by the dietary treatment while significant breed differences were observed. Moreover, DON 

contaminated wheat resulted in reduction in the eggshell proportion of the eggs of the LB 

hens fed 9.9 mg DON/kg diet at the 40th and 60th week of life while LSL eggs were not 

significantly affected. Overall, it can be concluded that the performance and health of the 

laying hens was adversely affected by the presence of DON in hen’s diet at the highest level 

(9.9 mg/kg) but to a different extent and depending on the breed of the laying hens. 

Keywords: (Deoxynivalenol, laying hens, different genetic background, performance) 
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Introduction 

 

Deoxynivalenol (also called DON or vomitoxin) is one of an array of trichothecene 

mycotoxins produced by several species of the genus Fusarium such as F. graminearum and 

F. culmorum; commonly found on wheat, maize, barley and oats.  

Surveys to date indicate that DON is of outstanding importance because of its frequent 

occurrence in toxicologically levels worldwide (BOTTALICO and PERRONE 2002). 

DON causes toxic effects in all animal species investigated so far. The initial adverse effect 

observed after DON exposure is a reduction in feed intake while chronic exposure can result 

in anorexia, reduced weight gain, altered nutrient efficiency, immunotoxicity and necrosis in 

gastrointestinal tract (PESTKA and SMOLINSKI 2005). 

At the cellular level, DON binds to the 60S subunit of eukaryotic ribosomes and impairs the 

function of peptidyl transferase and inhibits protein synthesis. Actively dividing cells and 

tissues with high protein turnover, such as small intestine, liver and immune system are 

primary target for DON (for review see FREINBERG and MCLAUGHLIN 1989). 

Among animal species, laying hens are regarded as very resistant to DON compared with 

other species such as swine, the reasons for the swine’s susceptibility to DON are not fully 

understood, but the relative tolerance of poultry can be explained, in part, by the very poor 

systemic absorption of DON in these animals following oral administration, and the small 

amount which is absorbed undergoes rapid elimination from these species (PRELUSKY et al. 

1989). The diversion of DON contaminated and suspicious cereal batches into laying hens 

feeding due to the high tolerance of laying hens to DON is expected to result in higher 

exposure of this animal category. Moreover, the most data on DON contamination are derived 

from grains and grains products used for human consumption. Therefore, it could be 

suggested that the poorer quality grain is probably diverted to poultry feed (EFSA 2004).  The 

toxic effects of feeding DON contaminated diets on health and performance of laying hens 

have been well studied (DÄNICKE et al. 2002; CHOWDHURY and SMITH 2004; SWAMY 

et al. 2002; SWAMY et al. 2004) by contrast, there is a dearth of information regarding the 

effect of laying hens breed as a possible factor can probably affect the sensitivity toward 

DON, as the  genetics of a bird or a flock defines the disease-resistance potential and is a 

basic tenet in all considerations of disease in poultry (LAMONT 1998).   



PAPER I 

24 
 

Although laying hens seem to be quite resistant to the adverse effects of DON there seems to 

be a variance in particular responses to the presence of DON in feed. The laying performance 

was found to vary between 6 and 12% in laying hens fed DON when compared to the control 

groups fed the uncontaminated diet according to a literature compilation (DÄNICKE 2002). 

This variation seemed to be independent on dietary DON level and might therefore be caused 

by other sources. The genetic background could be such a source variation. For example, 

various laying hybrids such as Lohmann Brown (LB) and Lohmann LSL differ in general 

performance, robustness and behavior (http://www.ltz.de/produkte/Layers) and could 

therefore display a different sensitivity to DON. 

The objectives of the current study were, therefore, to investigate the effects of increasing 

concentrations of dietary DON on health and performance of laying hens of different genetic 

background and to verify the hypothesis about the effect of the genetic background on the 

tolerance of laying hens to dietary DON. 

 

Material and Methods 

 

Experimental Design and Diets 

Three wheat-based diets with increasing concentrations of DON (0, 3.4, 9.9 mg/kg) were 

investigated in a feeding trial with 216 laying hens from two different genetic backgrounds; 

half of the birds were Lohmann LB and LSL hens, respectively, resulting in six experimental 

groups of 36 hens in each. 

In order to achieve increasing concentrations of DON in the diets, non-contaminated wheat 

(control) was progressively substituted by DON contaminated wheat (Table 1). 
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Table 1. Composition of the experimental diets (g/kg as fed) 

 Group 

Item   1 + 4  2 + 5  3 + 6  
 
Components     
Wheat  100 100 100 
Control-wheat 600 400 0 
Contaminated-wheat  0 200 600 
Soybean meal  173 173 173 
Lime stone  84 84 84 
Soya oil  15 15 15 
Dicalcium phosphate  10.2 10.2 10.2 
Premix¹   10 10 10 
L-lysine HCL  0.8 0.8 0.8 
Calculated composition     
CP   159 159 159 
AMEn (MJ/kg)  11.1 11.1 11.1 
Lysine   8 8 8 
Methionine +cystine  7.9 7.9 7.9 
Methionine   5.6 5.6 5.6 
Ca   35.1 35.1 35.1 
P   5 5 5 
Na  1.7 1.7 1.7 
DON [mg/kg]²  0 3.3 10 
Analyzed composition     
DM [g/kg]  887 891 897 
Organic matter [g/kg DM]  754 753 763 
N-free-extracts [g/kg DM]  499 500 514 
Crude Protein [g/kg DM]  179 181 181 
Crude ash [g/kg DM]  133 138 135 
Ether extract [g/kg DM]  38.8 37.8 34.9 
Crude fibre [g/kg DM]  36.8 33.7 33.3 
DON [mg/kg]  0.408  3.42  9.91 

¹ Provided per kg diet: Fe, 40 mg; Cu, 10 mg; Zn, 80 mg; Mn, 100 mg; Se, 0.25 mg; I, 1.2 mg; vitamin A, 10000 
IU; vitamin D3, 2500 IU; vitamin E, 20 mg; vitamin K3, 4 mg; thiamine, 2.5 mg; riboflavin, 7 mg; pyridoxine, 4 
mg; nicotinic acid, 40 mg; pantothenic acid, 10 mg; folic acid, 0.6 mg; biotin, 25 μg; choline chloride, 400 mg.  
² DON = deoxynivalenol 
 
The wheat inclusion rates were based on the analyzed concentrations of DON in the 

contaminated wheat. 

The inoculation of the contaminated wheat was performed with three isolates of Fusarium 

culmorum at a concentration of 200,000 to 400,000 spores/ml. The inoculum suspension was 
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sprayed onto the wheat spikes at the beginning of full blossom at a rate of 500 l/ha (50 

ml/m²). Immediately before inoculation, Tween 20 was added to the suspension in a final 

concentration of 0.05% in order to ensure uniform dispersion of conidia (MATTHÄUS et al. 

2004). 

Animal Management and Procedures 

The experiment lasted 12 laying months. Starting at 23 weeks of age; hens were weighed and 

caged individually. The mean BW of the LB and LSL hens was 1620 g ± 134 g and 1411 g ± 

121 g, respectively. Temperature and lightning regimens were in accordance with the 

recommendations of the breeder. Feed and water were supplied for ad libitum consumption 

and feed intake was determined weekly during the experiment while laid eggs were counted 

daily. Moreover, four eggs from each hen were collected every two weeks and egg weight 

was recorded. 

At the 30th, 40th and 60th week of life, two eggs were collected from each hen to evaluate egg 

quality (egg weight, proportion of albumen, yolk and egg shell). Eggs were individually 

weighed; yolk and egg shell were separated and weighed, whereas the weight of the albumen 

was calculated by difference. 

Slaughtering and Collecting Samples 

At the end of the experiment, all hens were weighed and 20 laying hens per group were killed 

by cutting the jugular vein after electrical stunning. Mixed trunk blood was collected into 

heparinised tubes for hematology (blood smears and haematocrit). 

Liver, spleen, heart, breast muscle, glandular stomach and gizzard were dissected, emptied 

(stomach and gizzard), and weighed. Relative weight of each organ was calculated by 

dividing the individual absolute weight by the body weight (BW) and expressed as g organ 

weight/kg BW. 

Tissues for histological examinations were taken immediately after the slaughter; samples 

were collected from 10 hens of the control groups (1, 4) and highest DON concentration 

groups (3, 6). Segments of liver, gizzard, kidney, and spleen were sampled and fixed in 10% 

neutralized formalin (Roti®-Histofix 10%, Carl Roth GmbH + Co KG, Karlsruhe, Germany). 

Analyses 

Nutrients. Samples from each diet were analysed for the content of crude nutrients [Dry 

matter (DM), crude ash (Ash), crude fibre (CF), crude protein (CP), ether extract (EE)] as 
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described by NAUMANN and BASSLER (1993), whereas the N-free-extractives and the 

organic matter were calculated by difference. 

Mycotoxins. DON in wheat and diets was analysed by high performance liquid 

chromatography (HPLC) with diode array detection (DAD) after a clean up with immuno-

affinity columns (IAC) (DON: DONprepTM, R-Biopharm Rhone, Darmstadt, Germany) 

according to a modified VDLUFA-method as described by OLDENBURG et al. (2007). The 

limits of detection were 30 μg/kg DM. 

In the wheat samples, further mycotoxins were determined by the Institute for 

Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by 

VISHWANATH et al. (2009), except for DON in contaminated wheat which was determined 

with HPLC/UV. 

Haematology. Hematocrit was determined by using heparinised capillaries for blood 

sampling after 6–8 minutes of centrifugation at 13,000 RPM (RCF: 16,060 × g) in a micro-

haematocrit centrifuge. 

Differential white blood cell counts were performed using blood smears from each blood 

sample stained with Wright-Giemsa stain (WGS) according to an established protocol by 

SAMOUR and PENDL (2009). Two hundred cells were counted to each ratio per light 

microscope (Carl Zeiss Microscopy GmbH, Jena, Germany) at a magnification of × 100, and 

heterophils, lymphocytes, monocytes, eosinophils, and basophils were identified. 

Absolute counts of heterophils, lymphocytes, monocytes, eosinophils, and basophils as well 

as H/L ratios were determined by routine methods as previously described by CAMPBELL 

and DEIN (1984). 

Histopathology. After 24 hours, the initial fixating solution was replaced with new 

formaldehyde (10%) and after that samples were embedded in paraffin blocks, microtome 

sections were stained with haematoxylin and eosin (HE) and then examined for tissue changes 

by two veterinary pathologists blind to the experimental treatments. 

The histological examination was carried out in the Institute of Pathology, University of 

Veterinary Medicine Hannover. 
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Statistical analyses 

Excluding laying performance (laying intensity, daily feed intake, daily egg mass and feed 

conversion) and egg quality parameters (egg weight, proportion of albumen, yolk and egg 

shell), all other measures were analyzed by twofactorial design of ANOVA: 

yijk = µ + ai + bj + (a x b)ij + eijk 

Where yijk = parameter of an observation k, subjected to DON level i and breed j; ai = DON 

(0, 3.3, 10 mg/kg diet); bi = breed (LB, LSL); (a x b)ij = interactions; eijk = error term.  

Laying performance and egg quality parameters were analyzed according to three-factorial 

design of ANOVA with repeated measurements: 

yijk1 = µ + ai + bj + ck + (a x b)ij + (a x c)ik + (b x c)jk + (a x b x c)ijk + d1(axb) + eijk1 

where yijk1 = parameter of an observation 1, subjected to DON i, breed j, and laying period k; 

ai = DON (0, 3.3, 10 mg/kg diet); bj = breed (LB, LSL); ck =laying period (1….6); (a x b)ij , (a 

x c)ik, (b x c)jk, (a x b x c)ijk = interactions; d1(axb) = effect of repeated measurement 

(consecutive laying period) within the same hen 1; eijk1 = error term. 

Significant mean value differences were evaluated by the Tukey HSD test. 

The differences among the pathological changes were evaluated by the Exact Wilcoxon Two-

Sample Test. 

All statistics were carried out using the Statistica for the WindowsTM operating system 

(Version 10, Stat Soft Inc. 1984-2011). 

 

Results 

 

Wheat and Diet Analyses 

The contents of crude nutrients for the control diet and DON contaminated diets are 

summarized in Table 1, the contaminated diets differed only slightly from the control diet. 

The mycotoxin compositions of contaminated and uncontaminated wheat are shown in Table 

2. The contaminated wheat contained high concentrations of DON (13448 μg/kg), 

aurofusarin, culmorin, 15- and 5- hydroxy culmorin. In contrast, the control wheat contained 

trace amounts of DON and nivalenol, whereas ZEN was even lower than detection limits. 
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Table 2. Mycotoxin composition of contaminated and uncontaminated wheat (µg/kg as fed) corrected 

for recovery¹ 

    UCW  CW  
Deoxynivalenol (DON) 54  13448  
Deoxynivalenol-3-glucoside 3.81  761  
3-Acetyldeoxynivalenol < 4  223  
15-Acetyldeoxynivalenol 63.9  < 8  
Nivalenol 4.13  8.33  
Zearalenon (ZEN) < 1.5  20.6  
Zearalenon-4-sulfate 0.125  3.91  
α-Zearalenol  < 0.5  < 0.5  
β-Zearalenol < 0.8  2.59  
Enniatin B 0.675  3.65  
Enniatin B1 1.64  3.56  
Enniatin A1 0.959  0.827  
Enniatin A 0.142  0.059  
Beauvericin 0.600  0.387  
Butenolid < 4  600  
Moniliformin < 0.5  0.532  
Apicidin 1.53  0.819  
Equisetin 1.66  2.37  
Fusaproliferin 12.1  < 12  
Aurofusarin 79.7  4734  
Avenacein Y 6.00  < 4  
Chlamydosporol < 0.8  < 0.8  
Culmorin 16.03  2763  
15-Hydroxy-Culmorin 15.18  2267  
5-Hydroxy-Culmorin < 10  1065  
Alternariol 0.185  < 0.15  
Alternariolmethylether < 0.1  < 0.1  
Tentoxin 0.575  0.176  
Altertoxin-I < 0.2  < 0.2  
Emodin 1.53  1.16  
Chrysophanol < 1  < 1  

¹ UCW = uncontaminated wheat; CW = Fusarium toxin-contaminated wheat. Determined by the Institute of 
Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by VISHWANATH et al. 
(2009), except for DON in contaminated wheat which was determined with HPLC/UV as described by 
OLDENBURG et al. (2007). 
 
Performance 

The performance results are summarized in Table 3. Significant effect of DON (p = 0.025) 

was noticed on the laying intensity. Laying intensity of the control groups, which did not 

receive contaminated wheat was higher than the groups exposed to the highest dietary DON 

concentration in the second laying period (7–12 laying months); Moreover, laying intensity 

was decreased during the experiment while LSL hens were characterized by a higher laying 
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persistency compared to LB hens as indicated by the significant interactions between breed 

and laying period (p < 0.001). 

Table 3. Performance of laying hens from two different genetic backgrounds fed increasing DON 

concentrations in diet1) 

   Daily Daily Laying Feed 
Laying DON  feed intake egg mass intensity conversion 
Period (LP) mg/kg Breed g/hen g/hen % g/g egg mass 
1 to 6 0 LB 111 57.0 95.4abcd 1.96 
 3.4 LB 111 57.2 95.9abc 1.96 
 9.9 LB 112 58.8 94.3bcd 1.96 
 0 LSL 111 58.2 98.2a 1.94 
 3.4 LSL 113 57.5 97.2ab 1.98 
 9.9 LSL 111 57.3 96.6abc 1.94 
7 to 12 0 LB 107 56.1 88.1e 1.95 
 3.4 LB 108 54.1 87.1ef 2.19 
 9.9 LB 108 55.3 84.1f 2.01 
 0 LSL 110 58.0 92.7d 2.07 
 3.4 LSL 113 57.3 94.0cd 1.99 
 9.9 LSL 111 56.5 89.7e 2.02 
ANOVA (probability)   
DON  0.721 0.642 0.025 0.517 
Breed  0.137 0.139 <0.001 0.718 
LP   <0.001 <0.001 <0.001 0.016 
DON x breed   0.757 0.493 0.978 0.426 
DON x LP   0.486 0.119 0.121 0.700 
Breed x LP   <0.001 <0.001 <0.001 0.784 
DON x breed x LP  0.525 0.305 0.309 0.098 
PSEM     1.62  0.956 1.14 0.065 

1) Data are means of 36 hens for each treatment; LB = Lohmann Brown; LSL = Lohmann LSL; LP = laying 
period; a - f, different superscript letters indicate significant differences p < 0.05 evaluated applying the Tukey 
HSD test; PSEM = pooled standard error of means. 
 
The daily feed intake and egg mass were not affected by the dietary treatment, only 

interaction effect between laying period and the breed of the laying hens was noticed (p < 

0.001), whereas the feed intake and egg mass of the LB hens were decreased during the 

experiment while the LSL hens were not significantly affected. 

Feed conversion was not affected by the dietary treatment, only period effect was noticed as 

the feed conversion was increased in course of experiment (p = 0.016). 

Body and Organ Weights 

Life body weight of the LB hens was decreased by the presence of DON in the diet (p = 

0.045) (Table 4). Moreover, LB hens fed highest concentrations of DON gained significantly 
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less weight than control group while the body weight and weight gain of the LSL hens fed 9.9 

mg/kg DON was slightly (not significantly) lower than of the control LSL hens. 

Table 4. Effect of increasing concentrations of DON on hen’s body weight at the end of the trial and 

weight gain of laying hens of different genetic background1) 

DON  Body weight Weight gain2) 

(mg/kg) Breed (g/hen) g/hen  
0 LB 1928a 308a 
3.4 LB 1871ab 250ab 
9.9 LB 1798b 173b 
0 LSL 1619c 207ab 
3.4 LSL 1639c 228ab 
9.9 LSL 1589c 177b 
ANOVA (probability)   
DON  0.045 0.018 
Breed  <0.001 0.108 
DON x breed 0.278 0.191 
PSEM   32.99 29.90 

1) Data are means of 36 hens for each treatment; LB = Lohmann Brown; LSL = Lohmann LSL; PSEM = pooled 
standard error of means; a - c, different superscript letters indicate significant differences, p<0.05 evaluated 
applying the Tukey HSD test. 
 
2) Difference between body weight at the beginning and end of the trial. 

An interaction effect (p = 0.012) between DON and breed were observed on the relative 

weight of breast muscle and liver (Table 5). 

Table 5. Effect of increasing concentrations of DON on organs relative weight of laying hens of 

different genetic background1) 

  Organ weight (g/kg of BW) 
DON  Breast    Glandular  
(mg/kg) Breed muscle Liver Heart Spleen stomach Gizzard 
0 LB 44.7ab 16.6c 4.06ab 0.969 4.54 15.5a 
3.4 LB 45.6a 19.5bc 3.73b 0.901 3.84 13.9ab 
9.9 LB 36.3d 24.0a 4.41a 1.15 4.12 10.2d 
0 LSL 39.7bcd 21.5ab 4.26ab 1.06 3.50 12.9bc 
3.4 LSL 44.1abc 21.8ab 4.17ab 0.901 3.32 11.7cd 
9.9 LSL 38.9cd 23.1a 4.47a 1.05 3.54 6.58e 
ANOVA (probability)       
DON  <0.001 <0.001 0.007 0.167 0.163 <0.001 
Breed  0.215 <0.001 0.073 0.967 <0.001 <0.001 
DON x breed 0.012 <0.001 0.485 0.681 0.480 0.142 
PSEM  1.26 0.474 0.155 0.105 0.232 0.514 
1) Data are means of 20 hens for each treatment; LB = Lohmann Brown; LSL = Lohmann LSL; DON = 
deoxynivalenol; PSEM = pooled standard error of means. 
a – e, different superscript letters indicate significant differences, p<0.05 evaluated applying the Tukey HSD test. 
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The relative weight of breast muscle of the LB hens fed the highest concentrations of DON 

was lower than for other LB groups, while the liver relative weight was significantly higher. 

On the other hand, breast muscle and liver relative weights of the LSL hens were not affected 

by the dietary treatment. 

The relative weight of gizzard decreased progressively as the concentrations of DON in the 

diet increased. 

The relative weight of heart was lower in the LB hens fed 3.4 mg/kg DON compared with the 

hens fed 9.9 mg/kg DON (p = 0.007). 

Neither spleen nor glandular stomach relative weight was affected by dietary treatment. 

Haematology 

Haematocrit and the concentrations of white blood cells (Differential white blood cell counts) 

were not affected by the dietary treatment (Table 6). However, breed significant differences 

were observed on the percentage of haematocrit (LB: 27.4; LSL: 29.3), lymphocytes (LB: 

47.1; LSL: 57.3), heterophils (LB: 48.1; LSL: 36.9) and the ratio between heterophils and 

lymphocytes (LB: 1.7; LSL: 0.9). 

Table 6. Effect of DON on Haematocrit and differential leukocyte count of laying hens of different 

genetic background1) 

DON Breed HCT  WBC Lymphs Het H / L Eos 
(mg/kg)  (Vol. %) x10³/µl (%) (%) ratio (%) 
0 LB 28.1 15.3 45.3 49.7 1.89 3.81 
3.4 LB 27.9 13.9 43.3 51.6 1.66 4.24 
9.9 LB 26.3 14.6 52.4 43.2 1.54 3.71 
0 LSL 29.3 14.5 56.9 37.8 0.796 3.57 
3.4 LSL 29.8 12.7 51.9 42.6 1.23 3.69 
9.9 LSL 28.8 13.3 62.8 30.7 0.614 4.76 
ANOVA (probability)       
DON  0.131 0.585 0.139 0.099 0.517 0.733 
Breed  <0.001 0.397 0.015 0.004 0.002 0.871 
DON x breed 0.652 0.985 0.951 0.920 0.571 0.491 
PSEM   0.691 1.54 5.04 4.69 0.319 0.701 
1) Data are means of 20 hens for each treatment; LB = Lohmann Brown; LSL = Lohmann LSL; DON = 
deoxynivalenol; HCT = haematocrit; WBC = white blood cells; Lymphs = lymphocytes; Het = heterophils; H / L 
= heterophils / lymphocytes ratio; Eos = eosinophils; PSEM = pooled standard errors of means; basophils and 
monocytes proportion were in the range: 0 – 5% with no dietary effect. 
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A trend effect of DON (P = 0.099) was noticed on the proportion of heterophils, whereas the 

percentage of the heterophils was decreased in the blood of the hens fed the highest dietary 

DON concentrations. 

Histopathology 

Histological examination of samples from liver, gizzard, spleen and kidney of both control 

and highest DON groups revealed no pathological changes or abnormalities in the tissues 

examined to be related to the dietary treatment. 

In spleen tissue, moderate, granulomatous, partly purulent perisplenitis was noticed in 7 birds 

from the LB hens only (not dietary related). Moreover, all liver tissues studied from hens of 

all groups show moderate vacuolation of hepatocytes. 

Egg Components 

Egg quality parameters as recorded at the 30th, 40th and 60th week of life are shown in Table 7. 

Egg weight was increased during the experiment in all groups while egg weight of the LB 

hens fed 9.9 mg/kg DON was significantly higher when compared with the other groups in 

the three collection points. 

Significant interactions between DON, breed and life week were observed on the proportion 

of yolk, albumen and egg shell. 

Egg shell proportion of the LB hens fed 9.9 mg/kg DON was decreased at the 40th and 60th 

week of life compared with the other groups (p < 0.001) while the egg shell proportion of the 

LSL hens was not affected. 

Albumen proportion was decreased during the experiment while the albumen proportion of 

the LB hens was higher than of the LSL hens (p < 0.001). Moreover, at the 30th and 60th week 

of life, albumen proportion of the LB hens fed 9.9 mg/kg DON was significantly increased 

and decreased in LSL hens fed 9.9 mg/kg DON. 

Yolk proportion increased during the experiment, at the 30th and 60th week of life, yolk 

proportion of the LB hens fed 9.9 mg/kg DON was decreased, while yolk proportion of the 

LSL hens fed 9.9 mg/kg DON was increased (p < 0.001). 
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Table 7. Egg-quality parameters of laying hens from two different genetic backgrounds fed increasing 

DON concentrations in diet1) 

Life week DON Breed Egg weight Yolk Albumen Shell 
(LW)  mg/kg    (g/egg) (%) (%) (%) 
 0 LB 59.1 26.6 61.6 11.8 
 3.4 LB 60.6 26.4 61.9 11.8 
30 9.9 LB 62.9 25.7 62.1 12.1 
 0 LSL 59.3 27.1 60.3 12.7 
 3.4 LSL 58.4 27.8 59.2 13.0 
 9.9 LSL 58.3 28.7 58.6 12.7 
 0 LB 61.7 28.0 59.5 12.4 
 3.4 LB 62.8 28.1 59.4 12.5 
40 9.9 LB 64.4 28.5 60.3 11.2 
 0 LSL 61.4 30.6 56.5 12.9 
 3.4 LSL 61.5 30.7 56.3 13.0 
 9.9 LSL 62.8 30.8 56.6 12.6 
 0 LB 64.5 29.4 58.1 12.5 
 3.4 LB 65.4 29.4 57.9 12.7 
60 9.9 LB 66.6 28.1 60.4 11.5 
 0 LSL 64.0 30.6 57.0 12.4 
 3.4 LSL 63.3 31.7 56.3 12.0 
 9.9 LSL 64.0 33.3 54.7 12.1 
ANOVA (probability)      
DON   0.033 0.182 0.385 <0.001 
Breed   <0.001 <0.001 <0.001 <0.001 
LW   <0.001 <0.001 <0.001 0.003 
DON x breed   0.070 <0.001 <0.001 0.081 
LW x DON   0.620 0.548 0.073 <0.001 
LW x breed   0.071 <0.001 0.043 <0.001 
LW x DON x breed 0.089 <0.001 <0.001 <0.001 
PSEM     0.683 0.311 0.353 0.147 

1) LB = Lohmann Brown; LSL = Lohmann LSL; DON = deoxynivalenol; PSEM = pooled standard error of 
means. 
 

Discussion 

The analysis of the contaminated wheat used in this study showed the occurrence of high 

levels of DON (13448 μg/kg) compared with the control wheat which contained only trace 

amounts of DON (54 μg/kg). However, this contamination is more representative of 

commercial conditions than the feeding of purified DON. 

The analysis of DON in the utilised diets was performed four times in the course of 

experiment while the analysis of contaminated and uncontaminated wheat was performed on 

wheat samples collected before the formulation of the diets at the begin of the experiment. 
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The concentrations of deoxynivalenol in the analysed diets were higher than in contaminated 

wheat (wheat analysis yielded about 18.5% lower DON concentrations). This difference in 

DON concentrations is probably due to the increase of DON concentrations in the naturally 

contaminated wheat during storage (BACKES and KRAMER 1999; BIRZELE et al. 2000). 

Performance, Body Weight and Weight Gain 

The most available studies with poultry show highly variable effects of DON on performance, 

this variation is likely due to the form of DON used within each study, meaning whether it is 

naturally occurring or from purified source as the artificially contaminated diets with purified 

DON seem to be less toxic than naturally contamination because the use of blend of naturally 

contaminated grains would increase the potential for toxilogical synergies arising from the 

interactions between multiple mycotoxins (SMITH et al. 1997). 

In the present study, feed intake was not affected by the dietary treatment (Table 3), which 

can explain, in part, why there was no overall effect of DON on daily egg mass and feed 

conversion of the laying hens. 

In accordance with the present findings, BERGSJO et al. (1993a); BERGSJO and 

KALDHUSDAL (1994); HARVEY et al. (1997); KUBENA et al. (1987) also noticed no 

effect of feeding DON to laying hens and broiler chicks on feed intake. Moreover, in another 

study with laying hens fed diet with 82.8 mg/kg DON for 27 days, laying hens tolerated the 

feeding of DON without any effect on body weight or feed consumption (LUN et al. 1986). 

In contrast; numerous other studies reported, however, that poultry is sensitive to the presence 

of Fusarium mycotoxins in feedstuff with respect to feed intake. DÄNICKE et al. (2003) 

found that an increase in dietary Fusarium mycotoxins concentrations (major toxin was DON) 

resulted in a linearly related decrease in feed intake in broilers. Moreover, CHOWDHURY 

and SMITH (2004) observed that feeding grains naturally contaminated with Fusarium 

mycotoxins to laying hens for 12 weeks reduced feed consumption. 

The reason for this conflict is possibly due to the difference in the source of contamination 

(natural contamination with Fusarium fungi, or purified DON), and the level and duration of 

exposure. The different experimental conditions may also influence the effect of feeding 

contaminated grains on feed intake. 

Significant adverse effect of DON was noticed on laying intensity (Table 3), body weight and 

weight gain of the laying hens (Table 4). 
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Laying intensity was significantly decreased due to the presence of DON in the diet in the 

second laying period while laying intensity of the LSL hens was significantly higher 

compared to LB hens (Table 3). Similar decrease in egg production was reported in a study 

with laying hens fed DON contaminated Sorghum (BRANTON et al. 1989). Moreover, 

DÄNICKE et al. (2003) reported that the feeding of laying hens with naturally contaminated 

grains containing 12.3 mg/kg DON for 16 wk resulted in reduction in BW. 

Although feeding DON did not affect the feed intake; the decrease in the laying intensity and 

body weight can be related to the possible decrease in nutrient absorption in the intestinal 

tract caused by the presence of DON in diet and the injury to the gastrointestinal tract, 

including the intestinal histology, especially the duodenum, as evidenced by villus atrophy. In 

addition, feeding DON impairs the intestinal transfer and the uptake of nutrients such as 

glucose (AWAD et al. 2004). In another study, MARESCA et al. (2002) reported that DON 

modulates the activity of specific intestinal transport in human intestinal epithelial cells. In 

addition, the impact of DON on the hens ovarian functions cannot be ruled out. Indeed, 

RANZENIGO et al. (2008) observed that DON caused reduction in Estradiol production at 

high doses of the toxin by porcine granulosa cells. Moreover, KOLESAROVA et al. (2012) 

suggested direct effect of DON on ovarian functions in rat ovarian cells. 

In another in vitro study, NDOSSI et al. (2012) demonstrated that DON and some other 

trichothecenes have effects on cell viability, steroidogensis and altering gene expression 

indicating their potential of endocrine disruption. 

Given the effects of DON on intestine morphology and the possible endocrine disrupting 

effects of DON we can explain the adverse effect of DON on laying intensity, body weight 

and weight gain of the laying hens. 

It should be stressed that the decrease in body weight and weight gain was only detected in 

significant level in the LB hens fed 9.9 mg/kg DON while the LSL hens were not 

significantly affected by the dietary treatment. 

Organs Relative Weight 

The breast muscle relative weight was decreased in the LB hens fed 9.9 mg/kg DON while 

the relative weight of liver was increased compared with other LB groups (Table 5). 

Conflicting results were observed for the effect of DON on organs weight. BERGSJO et al. 

(1993b) reported an increase in liver weight in study with pigs, similar increase in liver 

weight was also noticed in another study in Sprague-Dawley rats (PESTKA 2007). Moreover, 
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DÄNICKE et al. (2002) found that liver and spleen weights of hens were not affected by 

dietary treatment with Fusarium contaminated maize, similar results were also noticed by 

KUBENA et al. (1988) who also observed no changes in the weight of liver, kidney and 

spleen. Furthermore, the absolute and relative weight of liver were decreased in growing 

chicks fed grains contaminated with DON (KUBENA et al. 1985). 

The relative weight of gizzard was significantly decreased in the laying hens fed 9.9 mg/kg 

DON, this decrease was very clear in the LSL hens as the gizzard weight of the 9.9 DON hens 

was about half the weight of the gizzard of the control hens (Table 5). 

In the evaluation of the impact of the infected cereal grains on animal health and performance; 

a view on the fungus related alterations of the grain itself is required. Indeed, KANG and 

BUCHENAUER (2000) reported a series of alterations in host tissues after the colonisation of 

the wheat spikes indicating that the fungus invades the pericarp and aleurone and penetrates 

the cell walls quickly to enter the starchy endosperm. In another study, KANG and 

BUCHENAUER (1999) noted that the cell wall components cellulose, xylan and pectin were 

significantly reduced in Fusarium contaminated wheat. Moreover, SCHWARZ et al. (2001) 

suggested that Fusarium fungi produces starch degrading enzymes. Thus alterations in the 

grain matrix and the changes in the cell wall structure may affect the mechanical stimulation 

of the gizzard resulting in muscular atrophy and decreased relative weight. Moreover, the 

systemic effects of DON on the nerve system cannot be excluded. MARION et al. (2012) 

concluded that DON acts at the brain level to modify neurochemistry and neuronal activity, in 

neurons, such alteration can result in modification of neuronal activity which could reduce the 

innervation of the gizzard and result in gizzard atrophy. 

Haematology and Histopathology 

Feeding DON contaminated wheat did not affect the haematocrit and the different leukocyte 

count of the collected blood samples; this absence of the dietary effect on the blood 

hematological parameters indicate that feeding DON contaminated wheat did not result in 

hematoxicity in the laying hens. In accordance with this study, HARVEY et al. (1991); 

HARVEY et al. (1997) reported no effect of feeding broiler chicks with contaminated diets 

containing 12 and 50 mg/kg DON for 3 wk on hematological values. 

In our study, significant differences were observed on some hematological parameters 

between the two breeds. Indeed, ISLAM et al. (2004) reported in a study with three local 

breeds of chickens significant effect of the breed on the differential leukocyte count. 
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Moreover, IHEUKWUMERE and HERBERT (2003) and MUSHI et al. (1999) also reported 

that blood profile varied among different broiler breeds. 

The histological examination of segments from liver, gizzard, spleen and kidney revealed no 

pathological changes in the tissues examined to be related to the dietary treatment. These 

findings are in accordance with BERGSJO and KALDHUSDAL (1994) and HARVEY et al. 

(1997). 

Egg Quality Parameters 

Egg weight was significantly increased at the three collection points, and the egg weights of 

the LB hens fed 9.9 mg DON/kg diet were significantly higher than for the other experimental 

groups (Table 7), KUBENA et al. (1987) also reported that the overall egg weights were 

significantly higher for hens receiving the DON contaminated diet. It was reported that 

feeding Fusarium contaminated wheat to broilers improved apparent protein digestibility and 

total protein utilization (DÄNICKE et al. 2003). The authors noticed that although both 

Fusarium contaminated wheat and control wheat contained comparable crude protein 

concentrations, the contaminated wheat contained considerably higher levels of essential 

amino acids lysine, arginine and threonine. 

Such increase in the concentrations of the essential amino acids, especially lysine, in the 

contaminated wheat can explain the significant increase in egg weight. 

Decreased eggshell proportion was noticed in the eggs of the LB hens fed 9.9 mg DON/kg 

diet at the 40th and 60th week of life, this reduction in eggshell proportion is caused mainly by 

the increase of the egg weight of this group. Similar decrease in egg shell weight was also 

reported by CHOWDHURY and SMITH (2004). 

It should be stressed that egg weight and eggshell proportion of the LSL hens were not 

significantly affected by the dietary treatment. 

Conclusion 

In conclusion, the current study indicate that laying hens are susceptible to the feeding of 

DON contaminated diet but to a different extent and depending on the breed of the laying 

hens. This difference in the sensitivity of the LB and LSL hens toward the presence of DON 

in diet indicate that the breed of the laying hens seems to be additional factor influencing the 

effect of DON on laying hens. Consequently, it could be suggested that LSL hens can tolerate 

even higher orientation values of DON in diets than LB hens. 
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Zusammenfassung 

Effekte steigender Konzentrationen von Deoxynivalenol im Futter auf die Leistung und 

Gesundheit von Legehennen verschiedener genetischer Herkunft  

Ein 12 Legemonate umfassendes Experiment mit Legehennen aus zwei verschiedenen 

genetischen Herkünften wurde durchgeführt, um den Effekt der Fütterung von DON-

kontaminiertem Weizen auf die Leistung, Eiqualität und Gesundheit der Hennen und den 

Effekt der Rasse der Legehennen auf die Empfindlichkeit gegenüber DON zu prüfen. 

Insgesamt 216 Legehennen der Herkünfte Lohmann Braun (LB, n = 108) sowie Lohmann 

Selected Leghorn (LSL, n = 108), die zu Versuchsbeginn 23 Wochen alt waren, wurden im 

beschriebenen Fütterungsversuch mit Futtermischungen mit steigenden DON 

Konzentrationen (0, 3.4, 9.9 mg/kg) gefüttert, so dass insgesamt auf 6 Versuchsgruppen 

resultierten. Somit wurde jede Futtergruppe an jeweils 36 Hennen getestet. Alle Hennen 

wurden einzeln in Käfigen untergebracht und hatten freien Zugang zu Futter und Wasser. Die 

Eier wurden dreimal während des Experiments zur Bewertung der Eiqualität gesammelt. Am 

Ende des Experiments wurden 20 Legehennen aus jeder Gruppe geschlachtet. Blut wurde für 

die Hämatologie gesammelt. Leber, Milz, Herz, Brustmuskel, Drüsenmagen und 

Muskelmagen wurden seziert, entleert (Drüsenmagen und Muskelmagen) und gewogen. 

Gewebe zur histologischen Untersuchung wurde direkt nach der Schlachtung gewonnen. 

Es wurden signifikant negative Effekte von DON auf die Legeintensität, das Körpergewicht 

und die Gewichtszunahme der Legehennen festgestellt. Die Legeintensität war durch die 

Anwesenheit von DON in der Diät in der zweiten Legeperiode bei beiden Herkünften deutlich 

verringert, wobei die Legeintensität der LSL Hennen signifikant höher war als die der LB 

Hennen. Außerdem wurde eine geringere Gewichtszunahme der LB-Hennen der Gruppe, die 

9.9 mg DON/kg Futter erhalten hatte, nachgewiesen, während bei den LSL-Hennen kein 

Einfluss zu verzeichnen war. 

Das relative Gewicht der Brustmuskel der am höchsten mit DON exponierten LB-Hennen war 

signifikant niedriger als das der anderen LB Hennen, während das relative Gewicht der Leber 
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signifikant höher war. Dagegen waren die relativen Gewichte von Brustmuskel und Leber der 

LSL Hennen nicht signifikant beeinflusst. 

Der Hämatokrit und das Differentialblutbild wurden nicht von der diätetischen Behandlung 

beeinflusst, während deutliche genetische Unterschiede festgestellt wurden. 

Bezüglich der Eiqualität führte der DON-kontaminierte Weizen zu einer Verringerung des 

Eierschalenanteils der Eier der LB-Hennen der Gruppe, die 9.9 mg DON/kg Futter erhalten 

hatte (40. und 60. Lebenswoche), während die von den LSL-Hennen gelegten Eier nicht 

beeinflusst wurden. 

Insgesamt konnte festgestellt werden, dass die Leistung und die Gesundheit der Legehennen 

durch die Anwesenheit von DON in der Diät bei der höchsten geprüften Konzentration (9.9 

mg/kg) negativ beeinflusst wurden; allerdings in unterschiedlichem Ausmaß und in 

Abhängigkeit von genetischen Herkunft der Legehennen. 

 

Stichworte 

Deoxynivalenol, Legehennen, unterschiedliche genetische Herkunft, Leistung 
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Summary 
 

A ten-month-feeding trial was conducted with twenty four adult cockerels of a commercial 

strain “New Hampshire hybrids” to evaluate the effect of feeding  of wheat, mainly 

contaminated with the Fusarium toxin deoxynivalenol, on cockerel’s health, nutrient 

digestibility, semen quality and DON metabolism. Birds were individually weighed and 

randomly assigned to one of three treatment groups (control, 4.7 mg DON/kg and 11 mg 

DON/kg). 

Feed intake and cockerels’ body weight were not affected by the dietary treatment, nor were 

the relative organ weights affected. On the other hand, breast muscle relative weight was 

increased in the cockerels fed DON contaminated diets, while the relative weight of ileum and 

caecum were significantly decreased at the same time. 

The content of urea was significantly increased in plasma of cockerels fed the highest DON 

concentrations, while the triglyceride concentration was significantly lower in plasma of 

cockerels fed 4.7 mg/kg DON. Haematological and other clinical-chemical parameters 

remained unaffected. Moreover, crude fat utilization was progressively increased as the 

concentrations of DON in the diet increased. Utilizations of organic matter, carbohydrates and 

nitrogen balance were not affected by the dietary treatment. Furthermore, the long term 

feeding of cockerels with DON contaminated wheat had no negative impact on semen 

parameters. 

Taken together, it might be concluded that cockerels are quite resistant to the effects of DON 

regarding reproductive traits, nutrient digestibility and feed intake. The dose-dependent 

alterations in the relative weights of breast muscle and digestive organs require further 

consideration. 

 

Keywords: (Deoxynivalenol, adult cockerels, health, digestibility, semen quality) 
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Introduction 

Deoxynivalenol, also called DON or vomitoxin, is a well-known type B trichothecene 

mycotoxin produced mainly by several species of the genus Fusarium such as F. 

graminearum and F. culmorum. It contaminates cereals worldwide and it frequently occurs in 

toxicologically relevant levels in grains such as wheat, barley, oats, and maize (LOGRIECO 

et al. 2002). 

Poultry is considered to be quite resistant to DON compared with swine (DÖLL and 

DÄNICKE 2011). However, the high tolerance of poultry to the presence of DON in 

feedstuffs resulted in possible diversion of the infected and suspected cereal batches from 

swine feeding into poultry which may probably result in higher exposure of this animal 

category. Additionally, there is clear evidence of the diversion of contaminated grains and 

grain products destined for human consumption, suggesting that the poor quality grains are 

probably diverted to poultry feeding. Moreover, the by-products, such as bran, often serve as 

animal feed and usually contain even higher concentrations of DON (EFSA 2004). 

DON was found to impair the synthesis of various proteins in broilers and laying hens 

(CHOWDHURY and SMITH 2004). One important consequence of the impaired protein 

synthesis could be decreased spermatogenesis as protein synthesis is required for 

seminiferous tubules for the production of semen (GONZALES et al. 2004). In addition, the 

intestinal tract represents the first barrier to ingested food contaminates and the first line of 

defence against them. Indeed, GIRGIS and SMITH (2010), in a recent study, demonstrate 

histopathological and electrophysiological changes in the small intestine of birds fed 3.5 

mg/kg DON in diet. Moreover, the morphological modifications in the small intestine during 

the long term exposure to DON can be characterized by the decrease in villus height and area 

(AWAD et al. 2006; GIRGIS and SMITH 2010). In addition, feeding DON alters the 

intestinal permeability by repressing the expression of tight junction proteins such as ZO-1 

and occludin (PINTON et al. 2010); such effects can probably affect the nutrient digestibility 

and the semen quality. 

There are many published studies on the effects of feeding DON contaminated diets on the 

health and performance of poultry (CHOWDHURY and SMITH 2004; CHOWDHURY et al. 

2005; DÄNICKE et al. 2003; DÄNICKE et al. 2002; SWAMY et al. 2004) but there is a 

dearth of literature regarding the effects of DON on cockerel’s health, fertility and nutrient 

digestibility. The objectives of this study were, therefore, to investigate the effect of long term 
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feeding of DON to adult cockerels on health, nutrient digestibility, semen quality and the 

excretion of DON and its metabolite, de-epoxy DON into excreta. 

 

Material and Methods 

 

Birds, Diets and Housing  

 

Twenty four adult cockerels (40 weeks old) of a commercial strain “New Hampshire hybrids” 

were individually weighed and randomly assigned to individual cages, serving as 8 replicates 

for each of the three treatment groups. Non-contaminated wheat was progressively substituted 

by DON contaminated wheat to create 3 diets with target DON concentrations of 0, 5, 10 

mg/kg (Table 1). 

The contaminated wheat was obtained by artificial inoculation using three isolates of 

Fusarium culmorum at a concentration of 200,000 – 400,000 spores/ml. The inoculum 

suspension was sprayed onto the wheat spikes at the beginning of full blossom at a rate of 500 

l/ha. Immediately before inoculation, Tween 20 was added to the suspension in a final 

concentration of 0.05% in order to ensure uniform dispersion of conidia (MATTHÄUS et al. 

2004). 

 The feeding trial lasted 10 months; all birds had unlimited access to feed and water whereas 

feed intake was determined every two weeks during the experiment. No signs of morbidity 

were noticed on the birds during the trial. 
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Table 1. Composition of the experimental diets (g/kg as fed) ¹ 

                     Group 

Item   1 2 3 
Components           
Wheat   287  287  287 
Control-wheat   600  400  0 
Contaminated-wheat   0  200  600 
Soybean meal   60  60  60 
Lime stone   18  18  18 
Soya oil    15  15  15 
Premix¹   10 10 10 
Salt    6  6  6 
Dicalcium phosphate   3  3  3 
L-lysine HCL   1  1  1 
Calculated composition        
CP    128.8  128.8  128.8 
AMEn (MJ/kg)    12.3  12.3  12.3 
Lysine    5.4  5.4  5.4 
Methionine + cystine   4.8  4.8  4.8 
Methionine    2.9  2.9  2.9 
Ca    8.1  8.1  8.1 
P    3.6  3.6  3.6 
Na    2.4  2.4  2.4 
DON (mg/kg)²   0  5  10 
Analyzed composition        
Dry matter DM [g/kg]   888  878  880 
Organic matter [g/kg DM]  818  818  820 
Crude ash [g/kg DM]   60  60  60 
Crude protein [g/kg DM]   148  153  154 
Ether extract [g/kg DM]   36  37  38 
Crude fibre [g/kg DM]   27  27  29 
N-free-extractives [g/kg DM]  606  601  599 
DON (mg/kg)     0.844   4.72   11.0 

¹ Provided per kg diet: Fe, 40 mg; Cu, 10 mg; Zn, 80 mg; Mn, 100 mg; Se, 0.25 mg; I, 1.2 mg; vitamin A, 10000 IU; 
vitamin D

3
, 2500 IU; vitamin E, 20 mg; vitamin K

3
, 4 mg; thiamine, 2.5 mg; riboflavin, 7 mg; pyridoxine, 4 mg; 

nicotinic acid, 40 mg; pantothenic acid, 10 mg; folic acid, 0.6 mg; biotin, 25 μg; choline chloride, 400 mg. ² DON = 
deoxynivalenol. 
Balance Experiment  

The balance experiment was performed according to the total collection methods as described 

by SCHIEMANN (1981) and lasted for 9-d. 
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 All cockerels were weighed before and after the experiment, birds had an average body 

weight of 3.4 ± 0.3 kg. Cockerels were adjusted to a daily feed amount of 90 g/cockerel in a 

pre-collection period of 2 days before excreta were collected quantitatively for 7 days. 

Excreta were collected twice a day (morning and afternoon) from the plastic trays beneath the 

cages and kept temporarily frozen between collections. Finally excreta were freeze dried and 

ground to pass through a 1 mm screen and analyzed. 

Feed consumption and excreta weight during the 7-d collection period were used to calculate 

nutrients intake and excretion. 

Semen Collection  

Semen was collected from each cockerel by the abdominal massage method (LAKE, 1957) to 

assess semen quality and characteristics (ejaculate volume, sperm concentration, motility and 

velocity estimated by computer-assisted sperm analysis, viability and sperm morphology). 

Within 10 months, from September until July, the semen samples were collected 13 times (at 

days 7, 16, 23, 30, 36, 57, 79, 98, 190, 243, 264, 285 and 305 after the beginning of the 

experiment). The intervals between the semen collections were irregular with a 3-month 

interruption between December and March. The animals were 80 weeks old at the last semen 

collection. 

The ejaculated semen was diluted 1:2 immediately after collection with an extender at room 

temperature. The extender was prepared as described by HANZAWA et al. (2006): Sodium 

glutamate (H2O) 1.2 g, potassium acetate (anhydrous) 0.3 g, trehalose 3.8 g, glucose 

(anhydrous) 0.2 g, N,N-Bis (2-hydroxyethyl)-2-aminoethansulfonic acid (BES) 0.5 g, Bis(2-

hydroxyethyl) iminotris (hydroxymethyl) methane (Bis-tris) 0.5 g, gentamicin sulfate 0.001 g 

per 100 ml distilled water, osmolarity 360 mOsm/kg, pH 6.8. The diluted semen was 

transported in a box with 4°C during 1 hour to the laboratory. 

Slaughtering and Collecting Samples 

At the end of the experiment all birds were killed by cutting the jugular vein after electrical 

stunning, blood was collected into heparinised tubes for haematological evaluation (blood 

smears and haematocrit) and preparation of the plasma. Organs (breast muscle, heart, liver, 

spleen, glandular stomach, gizzard, small and large intestine and testes) were excised, emptied 

(glandular stomach, gizzard, small and large intestine) and weighed. The relative weight of 

each organ was calculated by dividing the individual absolute weight by the body weight 

(BW) and expressed as g organ weight /kg BW (relative organ or tissue weight).  



PAPER II 

52 
 

Tissues for histological study were taken directly after the slaughter of the cockerels. 

Analyses 

Nutrients. Diets and freeze-dried excreta were analysed for crude nutrients [Dry matter 

(DM), crude ash (Ash), crude fibre (CF), crude protein (CP), ether extract (EE)] according to 

the methods described by NAUMANN and BASSLER (1993), whereas the N-free-extractives 

and the organic matter were calculated by difference. 

Mycotoxins. Deoxynivalenol in wheat and diets was analysed by HPLC with UVdetection 

after a clean-up with immuno-affinity columns (IAC) (DONprepTM, R-Biopharm Rhone, 

Darmstadt, Germany) as described elsewhere in detail (OLDENBURG et al. 2007), the limit 

of detection was 30 µg/kg DM.  Deoxynivalenol and its metabolite de-epoxy-deoxynivalenol 

in freeze-dried excreta were analyzed with LC-MS/MS (liquid chromatography/tandem mass 

spectrometry). 

 The sample preparation was done according to VALENTA et al. (2003) with modifications. 

Briefly, freeze-dried excreta were incubated with ß-glucuronidase (type H-2, min. 98 800 

U/ml, Sigma, Steinheim, Germany) at pH 5.5 (acetate buffer) and 37°C overnight and 

extracted with a mixture of acetonitrile and water. Subsequently, the extracts were defatted 

with petroleum ether, pre-cleaned with a mixture of charcoal, alumina and celite and cleaned-

up with IAC (DONprepTM, R-Biopharm Rhone). DON and de-epoxy-DON in the samples 

were determined with LC-ESI-MS/MS in negative mode as briefly described by GOYARTS 

et al. (2010). The detection limits for DON and de-epoxy-DON in excreta were approximately 

0.8 and 1.6 ng/g DM, respectively, with mean recoveries of 93% and 92%, respectively. 

In wheat samples, further mycotoxins were determined by the Institute of Agrobiotechnology 

(IFA) (Tulln, Austria) applying a LC-MS/MS method as described by VISHWANATH et al. 

(2009). 

Histopathology. Organ specimens of liver, kidney, spleen and the left testes from Groups 1 

and 3 (control cockerels and cockerels fed highest DON concentration) were sampled at 

slaughter for histopathological examination. 

Samples were collected directly after slaughtering and then fixed in 10% neutralized 

formaldehyde solution (Roti®-Histofix 10 %, Carl Roth GmbH + Co KG, Karlsruhe, 

Germany); after 24 hours, the initial fixating solution was replaced with new formaldehyde 

(10%) and after that samples were embedded in paraffin blocks, microtome sections were 



PAPER II 

53 
 

stained with haematoxylin and eosin (HE) and then examined for tissue changes by two 

veterinary pathologists blind to the experimental treatments. 

 The histological examination was carried out at the Institute of Pathology, University of 

Veterinary Medicine Hannover. 

Haematology. Blood was collected into heparinised tubes from the jugular veins at the 

slaughtering point. Haematocrit was determined by using heparinised capillaries for blood 

sampling after 6–8 minutes of centrifugation at 13,000 RPM (RCF: 16,060 x g) in a micro-

haematocrit centrifuge. 

 Differential white blood cell counts were performed using blood smears from each blood 

sample stained with Wright-Giemsa stain (WGS) according to an established protocol by 

SAMOUR and PENDL (2009). Two hundred cells were counted to each ratio per light 

microscope (Carl Zeiss Microscopy GmbH, Jena, Germany) at a magnification of x 100, and 

heterophils, lymphocytes, monocytes, eosinophils, and basophils were identified. Heterophil / 

lymphocyte (H / L) ratios were determined by dividing the number of heterophils by the 

number of lymphocytes. The absolute counts of heterophils, lymphocytes, monocytes, 

eosinophils, and basophils as well as H / L ratios were determined by methods described by 

CAMPBELL and DEIN (1984). 

Plasma Clinical Chemistry. After collecting blood, samples were centrifuged at 5000 rpm at 

15°C for 15 minutes, 1 ml of the separated plasma was removed into 1.5 ml tubes and 

samples were frozen at -70°C until analysis. Activities of aspartate amino-tranferase (AST), 

glutamate dehydrogenase (GLDH), γ-glutamyltransferase (GGT) as well as total protein, 

albumin, glucose, bilirubin, cholesterol, triglycerides and urea concentrations in plasma were 

determined photometrically by an automatic clinical chemistry analyser (Eurolyser, Qinlab 

Diagnostic GbR, Martinsried, Germany). 

Semen Evaluation. Ejaculate volume was measured visually. Sperm cell concentration was 

determined by measuring the Spermatocrit (percent packed cell volume) by centrifugation of 

micro-haematocrit capillary tubes filled with native sperm as described by GOWE (1961). 

The motility characteristics of spermatozoa were evaluated by means of CASA (computer-

assisted sperm analysis) with a Hamilton Thorne Biosciences-IVOS (Beverly, USA) and 4- 

Leja analysis chambers of a thickness of 20 µm (Minitube, Tiefenbach, Germany). 

 The instrument’s setting was adapted from KLIMOWICZ et al. (2008); only the temperature 

of analysis was increased from 24°C to 30°C. Semen was diluted 1:200 in HS1 medium 
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before measurement. The parameters measured were: percentage of total motile sperm 

(MOT%), percentage of progressive motile sperm (ProgMot%), average path velocity (VAP, 

µm/s), progressive velocity (VSL µm/s), curvilinear velocity (VCL, µm/s), amplitude of 

lateral head displacement (ALH, µm), beat cross frequency (BCF, Hz), straightness of track 

(STR %, ratio of VSL/VAP) and linearity of track (LIN %, ratio of VSL/VCL). 

For the morphological examination, sperm cells were fixed in formol citrate solution and 

microscopically evaluated using a 100x oil immersion objective (ALKAN et al. 2002). In 

each preparation, 100 spermatozoa were counted, and the percentage of defect types was 

calculated. 

 Sperm membrane integrity was assessed flow cytometrically using a FACScan® (BD 

Bioscience, Heidelberg, Germany). The cells were diluted with their respective extender 

to1x106 sperm/ml and stained with propidium iodide (3 µM final). Measures were always 

performed as duplicates. 

Calculations and Statistics  

The Statistica for the WindowsTM operating system (Version 10, Stat Soft Inc. 1984-2011) 

was used for the data analysis (except for semen data). With the exception of feed intake, 

pathological changes, values of GLDH and the semen data, all other measures were subjected 

to analysis of variance (ANOVA) according to a one-factorial design: yij = µ + ai + eij 

Where yij = jth observation related to DON-level i; µ = overall mean; ai = effect of dietary 

DON-level; eij = error term. 

Mycotoxin residue concentrations in excreta which were lower than the detection limits were 

considered with a concentration of zero in evaluating the data. This implies that calculated 

mean values might be lower than the detection limits. 

Feed intake was analysed by 1-way ANOVA with repeated measurements. The values of 

GLDH were not normally distributed and therefore evaluated using the Kruskal-Wallis test. 

The differences among the pathological changes were evaluated by the Exact Wilcoxon Two-

Sample Test. 

Significant mean value differences were evaluated by the Tukey HSD test. 

For the semen data a repeated measures analysis of variance was performed using the JMP 7 

software. The mixed model contained cockerels as random effect and date, treatment group 

and interaction date*treatment group as fixed effects. 
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Apparent digestibility of the nutrient contents of the experimental diets were calculated 

according to the total collection method by the difference between total quantities ingested 

and excreted by the cockerels. 

                                             Nutrient intake - Nutrient output 

Nutrient digestibility (%) = ------------------------------------------     x     100 

                                                            Nutrient intake 

Results 

Wheat and Diet Analyses 

The composition of the contaminated diets differed only slightly from the control diet (Table 

1); the analyzed DON concentrations of the three feeding diets were (0.8, 4.7, 11.0 mg/kg). 

The mycotoxin compositions of contaminated and uncontaminated wheat are shown in Table 

2. The contaminated wheat contained high concentrations of DON (13448 µg/kg), 

aurofusarin, culmorin, 15- and 5- hydroxy culmorin. In contrast, the control wheat contained 

trace amounts of DON and nivalenol, whereas ZEN was even lower than detection limits. 

Table 2. Mycotoxin composition of contaminated and uncontaminated wheat (µg/kg) corrected for 

recovery¹ 

    UCW  CW  
Deoxynivalenol (DON) 54  13448  
Deoxynivalenol-3-glucoside 3.81  761  
3-Acetyldeoxynivalenol < 4  223  
15-Acetyldeoxynivalenol 63.9  < 8  
Nivalenol 4.13  8.33  
Zearalenon (ZEN) < 1.5  20.6  
Zearalenon-4-sulfate 0.125  3.91  
α-Zearalenol  < 0.5  < 0.5  
β-Zearalenol < 0.8  2.59  
Enniatin B 0.675  3.65  
Enniatin B1 1.64  3.56  
Enniatin A1 0.959  0.827  
Enniatin A 0.142  0.059  
Beauvericin 0.600  0.387  
Butenolid < 4  600  
Moniliformin < 0.5  0.532  
Apicidin 1.53  0.819  
Equisetin 1.66  2.37  
Fusaproliferin 12.1  < 12  
Aurofusarin 79.7  4734  
Avenacein Y 6.00  < 4  
Chlamydosporol < 0.8  < 0.8  
Culmorin 16.03  2763  
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15-Hydroxy-Culmorin 15.18  2267  
5-Hydroxy-Culmorin < 10  1065  
Alternariol 0.185  < 0.15  
Alternariolmethylether < 0.1  < 0.1  
Tentoxin 0.575  0.176  
Altertoxin-I < 0.2  < 0.2  
Emodin 1.53  1.16  
Chrysophanol < 1  < 1  

¹ UCW = uncontaminated wheat; CW = Fusarium toxin-contaminated wheat. Determined by the Institute of 
Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by VISHWANATH et al. 
(2009), except for DON in contaminated wheat which was determined with HPLC/UV as described by 
OLDENBURG et al. (2007). 
 

Feed Intake, Body and Organ Weights  

The dietary treatment had no significant effect on the cockerel’s feed intake. However, feed 

intake was significantly decreased in the course of the study from 97.5 g/cockerel/day at the 

beginning of the feeding trial to 90.5 g/cockerel/day at the end of the study (Table 3). 

Cockerels’ live body weight at the end of the trial and the relative weight of selected organs 

are summarized in Table 4. 

Table 3. Effect of dietary DON on feed intake1) 

Experimental DON Feed intake 
month mg/kg g/cockerel 

 0.8 105 
1-5 4.7 89.0 

 11.0 98.1 
 0.8 92.9 

6-10 4.7 89.6 

 11.0 89.0 
ANOVA (probability)  
DON  0.449 
Time  <0.001 
DON x time 0.488 
PSEM  3.511 
1) Data are reported as means; PSEM = pooled standard error of means. 

 

 

Cockerels’ live body weight was not affected by the dietary treatment, likewise the relative 

weight of liver, heart, spleen, glandular stomach, gizzard, duodenum, jejunum, rectum and 

testis (left and right testis) were also not affected by the presence of DON in cockerels’ diet. 

The relative weight of breast muscle was significantly increased in the cockerels fed DON 
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contaminated diets compared with the control group, while relative weights of ileum and 

caecum were significantly decreased. 

 

Table 4. Effect of dietary DON on body weight and the relative weight of selected organs of adult 

cockerels1) 

1) Data are reported as means ± SE; DON = deoxynivalenol, (a-c) within the same row, means with different 
letters are significantly different (Tukey HSD test). 
 
Balance Study  

Fat digestibility was progressively increased as the concentrations of DON in the diet 

increased (p<0.001) (Table 5). Utilizations of organic matter, carbohydrates and nitrogen 

balance were not affected by the dietary treatment. 

 

 

 

 

 

 

 

Organ                                  DON in diet (mg/kg)   

g/kg of BW 0.8  4.7  11.0   P-values 

Body weight 3449 ± 105  3289 ± 112  3394 ± 105  0.580 

Breast muscle 39.2b  ± 1.8  46.5a ± 1.9  46.9a ± 1.8  0.013 

Liver  8.4 ± 0.45  8.0 ± 0.48  7.8 ± 0.45  0.599 

Heart  5.9 ± 0.33  5.6 ± 0.35  5.0 ± 0.33  0.136 

Spleen  1.3 ± 0.1  1.3 ± 0.1  1.2 ± 0.1  0.696 

Glandular stomach 2.7 ± 0.3  2.8 ± 0.3  2.7 ± 0.3  0.969 

Gizzard  11.5 ± 0.7  11.0 ± 0.8  10.8 ± 0.7  0.774 

Duodenum 1.9 ± 0.1  2.0 ± 0.1  2.2 ± 0.1  0.516 

Jejunum  5.5 ± 0.3  5.0 ± 0.3  5.1 ± 0.3  0.526 

Ileum  6.2a ± 0.3  3.3c ± 0.3  4.4b ± 0.3  <0.001 

Rectum  1.0 ± 0.1  0.9 ± 0.1  0.9 ± 0.1  0.719 

Caecum  3.6a ± 0.3  2.7ab ± 0.3  2.5b ± 0.3  0.037 

Left testis 2.7 ± 0.3  2.5 ± 0.3  2.3 ± 0.3  0.690 

Right testis 2.7 ± 0.3  2.6 ± 0.3  2.6 ± 0.3   0.900 
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Table 5. Nutrient digestibility of control and DON contaminated diets fed to adult cockerels1)  

     

 Apparent digestibility / utilization (%) 

DON Nitrogen Organic   

mg/kg balance matter Fat Carbohydrates² 

0.8 19.5 79.9 64.3c  92.1 

4.7 20.4 79.8 74.5b  91.9 

11.0 20.0 79.9 77.0a  92.3 

ANOVA     

P values 0.848 0.939 <0.001 0.627 

PSEM 1.163 0.257 0.647 0.267 
1) Data are reported as means, (a-c) within the same row, means with different letters are significantly different 
(Tukey HSD test), PSEM = pooled standard errors of means. 2) Sum of N-free extractives and crude fiber. 
 

Excretion of DON and De-epoxy-DON into Excreta 

The daily DON intake by the cockerels was determined by the dietary DON concentration. 

The contaminated diets resulted in average exposure of 130-291 µg/kg body weight daily, 

thus exposure was approximately 6-10 times higher than the control group (Table 6). 

 

Table 6. Effect of dietary DON on the fate of DON and metabolites in adult cockerels exposed to 

control and DON contaminated diets1) 

DON  DON  DON  de-epoxy-DON de-epoxy-DON DON + de-epoxy- 

in diet intake excretion excretion excretion (% of DON 

    DON + de-epoxy- excretion (% of 

mg/kg (μg/kg b.w/d) (μg/kg b.w/d) (μg/kg b.w/d) DON excretion) DON intake) 

0.8 21.2c 0.44b 0.00b 0.0b 2.10a 

4.7 130.6b 1.36a 0.02ab 1.75ab 1.07b 

11.0 291.0a 1.46a 0.09a 4.97a 0.54c 

ANOVA      

P values <0.001 <0.001 0.038 0.025 <0.001 

PSEM 4.9 0.2 0.0 1.2 0.1 
1) Data are means of 8 cockerels for each treatment; (a-c) within the same row, means with different letters are 
significantly different (Tukey HSD test), PSEM = pooled standard errors of means. 
 

 The excretion of DON of the cockerels fed the DON contaminated diet was significantly 

higher compared with the control group, while the absolute excretion of de-epoxy-DON and 

its proportion of the DON plus de-epoxy-DON were significantly higher in the highest DON 
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fed group. Moreover, excretion of DON and de-epoxy-DON, when related to feed intake, was 

progressively decreased as the concentrations of DON in diets increased. 

Haematology  

Haematocrit and the concentrations of white blood cells (Differential white blood cell counts) 

were not significantly affected by the dietary treatment (Table 7). 

Table 7. Effect of dietary DON on Haematocrit and differential leukocyte count1) 

DON HCT WBC Lymphs Het H / L Eos 

mg/kg Vol.% x10³/µl % % Ratio % 

0.8 43.5 15.4 57.3 34.9 0.6 7.0 

4.7 42.8 13.6 60.9 33.2 0.6 4.6 

11.0 40.3 14.8 63.3 29.8 0.5 6.1 

ANOVA       

P values 0.26 0.66 0.58 0.59 0.59 0.38 

PSEM 1.45 1.37 4.10 3.65 0.09 1.19 
1) Data are reported as means; DON = deoxynivalenol; HCT = haematocrit; WBC = white blood cells; Lymphs = 
lymphocytes; Het = heterophils; H/L = heterophils/lymphocytes ratio; Eos = eosinophils; PSEM = pooled 
standard errors of means; basophils and monocytes proportion were in the range: 0 – 2 % with no dietary effect. 
Clinical Chemistry  

The plasma concentrations of total protein, bilirubin, albumin and cholesterol were not 

influenced by the dietary treatment. The plasma urea content was significantly increased in 

the cockerels fed the highest DON concentrations (Table 8). Moreover, triglyceride 

concentration was significantly lower in plasma of cockerels fed 4.7 mg/kg DON compared 

with the control group. A trend effect of DON (P = 0.053) was noticed on the concentration of 

glucose as it increased slightly in the in plasma of cockerels fed 11.0 mg/kg DON. 

Table 8. Effect of dietary DON on plasma biochemistry in adult cockerels1)    

DON Protein Urea Glucose Bilirubin Triglyceride Albumin Cholesterol 

(mg/kg) (g/l) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (g/l) (mg/dl) 

0.8 44.4 5.9b 262 1.3 47.6a 22.0 105 

4.7 39.5 5.7b 233 1.3 34.5b 18.9 91 

11.0 47.6 9.5a 310 1.4 40.7ab 25.1 111 

ANOVA        

P values 0.469 0.049 0.053 0.804 0.015 0.077 0.327 

PSEM 4.486 1.164 21.04 0.031 2.833 1.790 9.196 
1) Data are reported as means; DON = deoxynivalenol. (a-b) within the same row, means with different letters are 
significantly different (Tukey HSD test); PSEM = pooled standard errors of means. 
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The plasma activity of aspartate amino transferase (AST), γ-glutamyl transferase (GGT) and 

glutamate dehydrogenase (GLDH) were not altered by the dietary treatment (Table 9). 

Table 9. Effect of dietary DON on Plasma enzyme activities of adult cockerels1) 

DON AST GGT GLDH 2) 

mg/kg (U/l) (U/l) (U/l) 

0.8 296 12.58 1.95 (<d.l. - 7.3) 

4.7 254 9.61 0.5 (<d.l. - 3.5) 

11.0 372 11.69 2.4 (<d.l. - 5.7) 

ANOVA    

P Valeus 0.219 0.634  

PSEM 46.64 2.19  
1) Data are reported as means; DON = deoxynivalenol; 2) Evaluated applying the Kruskal-Wallis test, mean 
(minimum-maximum); PSEM = pooled standard errors of means. 
Histopathology  

Histological examination of liver, spleen, kidney and testis of both the control and highest 

DON groups revealed no pathological changes related to the dietary treatment. 

It should be stressed that a moderately to severely active spermatogenesis, and slight 

multifocal exfoliation of a gamete cells in the lumen of sperm canal, was observed in all testis 

samples, this slight exfoliation of cells into the lumen of sperm canal may indicate an 

incipient degeneration (not to be assigned to the presence of DON in diet). 

Semen Quality and Characteristics 

The long lasting feeding of DON had no significant effects on the quality parameters of 

cockerel semen studied (Table 10). 

Table 10. Quality parameters of cockerel’s semen (Least Sq Mean ± SEM) in the treatment groups1)   
Sperm 
Parameters 

 DON in diet  P values 

0.8 4.7 11.0  

Volume (ml) 0.77 ± 0.04 0.77 ± 0.04 0.80 ± 0.04 0.76 
Spermatocrit 8.7 ± 0.68 8.4 ± 0.68 8.8 ± 0.68 0.91 
% motile 87.0 ± 1.59 89.1 ± 1.59 89.9 ± 1.59 0.43 
% ProgMot 76.8 ± 2.78 78.4 ± 2.78 79.0 ± 2.78 0.85 
VAP (µm/s) 77.4 ± 2.14 76.4 ± 2.14 74.1 ± 2.14 0.55 
VSL (µm/s) 66.7 ± 2.53 65.6 ± 2.53 63.4 ± 2.53 0.64 
VCL (µm/s) 116.8 ± 2.22 115.4 ± 2.22 113.6 ± 2.22 0.59 
ALH (µm) 4.9 ± 0.08 4.9 ± 0.08 4.9 ± 0.08 0.94 
BCF (Hz) 34.8 ± 0.69 35.4 ± 0.70 34.6 ± 0.69 0.67 
STR (%) 84.2 ± 1.17 83.9 ± 1.17 83.6 ± 1.17 0.95 
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LIN (%) 56.9 ± 1.36 56.5 ± 1.37 55.7 ± 1.37 0.82 
% abnormal 11.0 ± 1.15 10.0 ± 1.15 8.3 ± 1.15 0.26 
% live 99.2 ± 0.15 99.1 ± 0.15 98.8 ± 0.15 0.14 

1) Volume, ejaculate volume; spermatocrit, percent packed cell volume; % motile, percentage of motile sperm; % 
ProgMot, percentage of progressive motile sperm; VAP, velocity average path; VSL, velocity straight line; VCL, 
velocity curve line; ALH, average lateral head displacement; BCF, beat-cross frequency; STR, straightness 
((VSL/VAP)x100); LIN, linearity ((VSL/VCL)x100); % abnormal, percentage of morphologically abnormal 
sperm; % live, percentage of live sperm. 

No significant influence of DON on semen parameter had to be proved; the date had well an 

influence. At some semen parameters there was an inconsistent interaction of date*treatment 

group (P<0.05). 

Discussion 

Feed Intake, Cockerel’s Body and Organ Weights  

The prolonged dietary DON exposure was described to cause anorexia, decreased live weight 

gain and altered nutrient efficiency (PESTKA and SMOLINSKI 2005); However, poultry 

shows obviously low sensitivity towards DON and feed refusal and the reduction of weight 

gain are only observed when the dietary DON concentrations reach 16-20 mg/kg feed 

(HARVEY et al. 1991; KUBENA and HARVEY 1988). 

Feeding DON to the adult cockerels did not affect feed intake; in accordance with that 

BERGSJO et al. (1993a) and BERGSJO and KALDHUSAL (1994) also reported no effects 

of feeding DON on feed intake. Moreover, LUN et al. (1986) noticed that laying hens 

tolerated the feeding of high levels of DON (82.8 mg/kg) without any effect on body weight 

or feed consumption. Moreover, poultry seems to be able to adapt to DON. Indeed, 

DÄNICKE et al. (2002) noticed an overall adverse effect of DON (17.6 mg/kg) on laying hen 

performance (resulting from feed intake reduction); however these hens were able to adapt to 

the diet over the course of experiment. 

 The absence of any effect of the dietary treatment on cockerel’s feed intake can explain the 

non-affected body weight. Accordingly, HAMILTON et al. (1985) and KUBENA et al. 

(1987) also demonstrated no effect of DON on body weight. 

 In the present study, a decrease was noticed in the relative weight of ileum and caecum due to 

the presence of DON in the diet. Indeed, AWAD et al. (2006a) found that the weight of small 

intestine decreased in broilers fed DON contaminated wheat. DÄNICKE et al. (2002) also 

found a slight decrease in the weight of small intestine in laying hens. AWAD et al. (2006a, 
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b) reported an intestinal change due to the dietary inclusion of DON (slight villus atrophy and 

irregular crypts) resulting from the cytotoxicity and inhibition of protein synthesis following 

the exposure of the intestinal epithelial cells to DON. This alteration can explain the decrease 

in ileum relative weight. All other organ’s relative weights (liver, heart, spleen, glandular 

stomach, gizzard, duodenum, jejunum, left and right testis and rectum) were not significantly 

affected by the dietary treatment; these findings are in accordance with the findings of 

DÄNICKE et al. (2002) and SWAMY et al. (2004). 

Balance Study 

The impact of DON on nutrient utilization in poultry has rarely been studied. The dietary 

treatment resulted in increased fat utilization. A similar increase in fat digestibility was also 

noticed in pigs (DÄNICKE et al. 2004; GOYARTS and DÄNICKE 2005). However, the 

impact of the Fusarium fungus on the wheat kernel might probably result in changes in the 

feeding value of the infected feedstuff. Indeed, it could be shown by MATTHÄUS et al. 

(2002) that Fusarium infection resulted in changes in the nutrient composition of the 

contaminated wheat compared to the uncontaminated wheat. Moreover, KANG and 

BUCHENAUER (2000) reported a series of alterations in host tissues after the colonisation of 

the wheat spikes indicating that the fungi invade the pericarp and aleurone and penetrate the 

cell walls quickly to enter the starchy endosperm. 

Therefore, it could be hypothesised that the impact of the Fusarium infected wheat on the 

cockerels resulted from both DON toxic effects and the structural changes caused by the 

fungal growth. 

Excretion of DON and De-epoxy-DON into excreta  

The total recovery of DON and de-epoxy DON was approximately 0.5 - 2.1 %. Similarly low 

recovery (approximately 2 - 5 %) was also reported by DÄNICKE et al. (submitted). On the 

other hand, experiments with radioactively labelled DON usually show a high recovery range 

of between 7 - 69 % (LUN et al. 1989) and reach more than 90 % of the single radioactively 

labelled DON (PRELUSKY et al. 1986). 

 In the both mentioned studies, radioactivity was exclusively analyzed, while we analyzed both 

DON and de-epoxy-DON directly in the excreta by LC-MS/MS. The relatively low recovery 

of ingested DON from excreta indicates that it has been absorbed and/or transformed into 

unidentified metabolites that were not detectable in the used analysis methods and suggests 
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that other metabolites might have been generated which need to be identified in further 

studies. 

 De-epoxy-DON was only detected in the excreta of cockerels fed DON contaminated diets. 

This finding is in accordance with study of LAUBER et al. (2000) who demonstrated that the 

gut microflora adapts to increasing amounts of DON with increasing ability for de-

epoxidation. 

De-epoxy metabolites of trichothecenes have been detected in the excreta of chickens (LUN 

et al. 1986). Moreover, ROTTER et al. (1996) and SWANSON and CORLEY (1989) 

assumed that the de-epoxidation reaction occurs in the gastrointestinal tract of monogastrics 

before the absorption. This de-epoxidation is the most important step in the detoxification of 

the trichothecenes. If a significant proportion of the trichothecenes is de-epoxidised before the 

absorption or any alteration occurs on the GIT epithelial layer, this ability may significantly 

reduce the toxicity of trichothecenes (AWAD et al. 2008). This gastrointestinal de-

epoxidation in the gut of some species can contribute to species differences in sensitivity 

towards DON, which may partly explain the relatively high tolerance of poultry.  

Haematology 

Feeding DON did not affect cockerels’ haematology. In accordance with these results, 

DÄNICKE et al. (2003) and HARVEY et al. (1991) also noticed no effect of feeding DON 

contaminated diets on the haematological parameters. Thus, DON appeared to be non-

hematotoxic in cockerels. 

Clinical Chemistry 

Urea is formed by the liver and carried by the blood to the kidneys for excretion. Because 

urea is cleared from the bloodstream by the kidneys, urea concentration in plasma can be used 

as a test of renal function. In the present study, urea concentration was significantly higher in 

plasma samples of cockerels fed 11 mg/kg DON (Table 8). However, the increase in plasma 

urea levels observed suggests possible kidney damage induced by this mycotoxin. Indeed, 

DINISCHIOTU et al. (2007) also reported an increase in the urea concentrations in piglets 

after 15 days of DON treatment. 

A similar decrease in triglyceride concentrations was reported in a study with white Leghorn 

chicks and broiler chicks (FAIXOVA et al. 2010; ZUGEL et al. 1998), suggesting that the 

presence of DON in diets probably affects the metabolism of proteins and lipids in the 

cockerels (GHAREEB et al. 2012). 
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Plasma AST, GGT and GLDH activity indicating liver damage and other plasma chemical 

parameters (concentrations of total protein, bilirubin and cholesterol) remained unchanged in 

the cockerels fed DON contaminated diets. Indeed, YEGANI et al. (2006), in a study with 

broiler breeders, noticed that the consumption of 12.6 mg/kg DON for 12 weeks did not affect 

any of blood biochemical parameters including AST, GGT and GLDH. Moreover, DÄNICKE 

et al. (2003) and MORRIS et al. (1999) also reported no effect of DON on serum parameters. 

It should be stressed that glucose concentrations were slightly increased (P= 0.053) in plasma 

samples from cockerels fed 11 mg/kg DON, a similar increase in blood glucose was reported 

in growing Wistar rats which received 250 ml/150 g B.W DON (SZKUDELSKA et al. 2002). 

This finding is in contrast with the suggested decrease of glucose absorption reported by 

AWAD et al. (2004). However, the effect of DON on insulin levels may also play an 

important role. Indeed, KOBAYASHI-HATTORI et al. (2011) noticed that the insulin level 

was significantly decreased in pooled plasma samples from female mice fed DON. 

Albumin concentrations tended to be lower (P= 0.077) in plasma samples from cockerels fed 

4.7 mg/kg DON. However, it has been reported that dietary contamination with Fusarium 

mycotoxins (8.6 mg/kg DON) resulted in a reduction of the albumin levels in serum of 

growing piglets (DÖLL et al. 2004). Moreover, BERSJO et al. (1993b) also reported a 

significant decrease in serum albumin in growing pigs fed a diet containing 3.5 mg/kg DON. 

Histopathology 

The histological examination revealed no pathological changes in tissues examined to be 

related to the dietary treatment. These findings are in accordance with the findings of 

BERGSJO and KALDHUSDAL (1994); BOSTON et al. (1996) and MORRIS et al. (1999). 

The absence of DON effects on liver weight and plasma AST, GGT and GLDH activities, in 

addition to the histopathological findings indicate that feeding DON to cockerels did not 

induce detectable liver damage. 

Semen Quality and Characteristics 

There are only a few reports on the effects of feeding Fusarium mycotoxin- contaminated 

feed on the reproductive performance of Cockerels (see review of GIRGIS and SMITH 2010). 

YEGANI et al. (2006) fed Cockerels with DON contaminated grains (6.4 mg/kg of feed) for 

about 12 weeks. It was found that Cockerel semen volume, sperm concentration, viability and 

motility were not affected by the feeding of contaminated diets. 

Conclusion 
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The outcome of the present study indicates that feeding of cockerels with DON contaminated 

wheat had no negative impact on semen quality, nutrient digestibility and feed intake. 

With the exception of the content of urea and triglyceride in plasma; feeding DON did not 

affect the blood haematology and plasma clinical chemistry parameters. Moreover, 

utilizations of organic matter, carbohydrates and nitrogen balance were not affected by the 

dietary treatment while fat digestibility was even improved. 
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Zusammenfassung 

Einfluss von mit Fusarium kontaminiertem Weizen auf die Gesundheit, 

Nährstoffverdaulichkeit und Spermienqualität von erwachsenen Hähnen 

 

Ein 10-monatiger Fütterungsversuch mit 24 erwachsenen Hähnen der Rasse "New Hampshire 

Hybride" wurde durchgeführt, um den Effekt der Fütterung von mit dem Fusarium-Toxin 

Deoxynivalenol (DON) kontaminierten Weizen auf die Gesundheit, Nährstoffverdaulichkeit, 

Spermaqualität und den DON Stoffwechsel zu prüfen. Die Hähne wurden einzeln gewogen 

und zufällig einer von drei Behandlungsgruppen (Kontrolle, 4,7 mg DON/kg und 11 mg 

DON/kg) zugeordnet. 

Es gab keinen signifikanten Effekt von DON auf die Futteraufnahme und auf das 

Körpergewicht der Hähne. Dagegen waren die relativen Gewichte vom Brustmuskel der 

Hähne die DON mit dem Futter erhalten haben erhöht, während die relativen Gewichte des 

Ileums und des Blinddarms deutlich verringert waren. 

Die Harnstoff Konzentration war im Plasma der Hähne der höchsten DON-Gruppe (11 

mg/kg) signifikant angestiegen, während die Triglycerid Konzentration im Plasma der Hähne 

der 4.7 mg/kg DON-Gruppe signifikant niedriger war. Der Hämatokritwert, das 

Differentialblutbild und die anderen klinisch-chemischen Parameter waren nicht betroffen. 



PAPER II 

66 
 

Darüber hinaus war die Verdaulichkeit des Rohfetts schrittweise parallel zu einer steigenden 

Konzentration von DON in der Diät erhöht. Die Verdaulichkeit der Organischen Substanz, 

Kohlenhydrate sowie die Stickstoffbilanz und Spermienparameter wurden nicht beeinflusst.  

Zusammengefasst könnte gefolgert werden, dass Hähne relativ resistent gegenüber den 

Auswirkungen von DON auf Reproduktionsmerkmale, Nährstoff-Verdaulichkeit und 

Futteraufnahme sind. Die dosisabhängigen Veränderungen der relativen Gewichte des 

Brustmuskels und der Verdauungsorgane benötigen weitere Klärung. 

 

Stichworte 

Deoxynivalenol, Erwachsene Hähne, Gesundheit, Verdaulichkeit, Spermienqualität 
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Summary 

A total of 216, 23-week-old laying hens from two different genetic backgrounds; half of the 

birds were Lohmann brown LB and LSL hens, respectively and 24 adult roosters were 

assigned to a feeding trial to study the effect of increasing concentrations of deoxynivalenol in 

diet (0, 5, 10 mg/kg) on the reproductive performance of hens and roosters and health of the 

newly hatched chicks. Hatchability was adversely affected by the presence of DON in LB 

hen’s diet while the hatchability of the LSL chicks was significantly higher than LB chicks.  

An interaction effect between DON in hen´s diet and hen´s breed was noticed on fertility as 

the fertility was decreased in the eggs of the 10-DON-LB and increased in the 10-DON-LSL 

eggs. Moreover, spleen relative weight was significantly decreased in the chicks hatched from 

eggs of hens fed contaminated diets while gizzard relative weight was significantly decreased 

in the 10-DON-LB-chicks compared with control group. On the other hand, chicks 

haematology and organs histopathology were not affected by the dietary treatment. 

Additionally, the presence of DON in rooster’s diet had no effect on fertility (the percentage 

of fertile eggs of all laid eggs). 

Consequently, the current results indicate a negative impact of DON in LB hen’s diet on 

fertility and hatchability indicating that the breed of the hens seems to be additional factor 

influencing the effect of DON on reproductive performance of the laying hens. 

 

(Keywords: Deoxynivalenol, different genetic background, hatchability, fertility) 
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Introduction 

 

Deoxynivalenol (DON) is one of the most important type B trichothecenes due to its frequent 

occurrence at toxicologically relevant levels worldwide; DON is mainly produced by 

Fusarium fungi. Major DON-producing fungi include the Fusarium species F. graminearum 

and F. culmorum, plant pathogens that occur predominantly in grains such as wheat, maize, 

barley, oats, etc. 

The trichothecenes were recognized to have multiple inhibitory effects on eukaryotic cells, 

including the inhibition of protein synthesis and mitosis, and to interfere with cell-membrane 

integrity (ROCHA et al. 2005). Moreover, the impact of DON on animal health was described 

to include feed refusal, decreased weight gain, vomiting (especially in pigs), gastrointestinal 

irritation and immunological alterations (PESTKA 2007). 

The sensitivity to DON varies considerably between animal species. All animal species 

evaluated to date are susceptible to DON according to the rank order of swine → mice → 

poultry and ruminants (PRELUSKY 1994). The reasons for the swine’s susceptibility to DON 

are not fully clear, but the differences in absorption, distribution, metabolism and elimination 

of DON among animal species might account for this differential sensitivity (PESTKA 2007; 

EFSA 2013). 

Arguably, and due to the high tolerance of poultry to DON, the diversion of contaminated and 

suspicious cereal batches into poultry feeding is expected to result in higher exposure of this 

animal category. Moreover, based on the relative tolerance of poultry to the presence of DON 

in feedstuff, the critical dietary concentration of DON in poultry diets (5 mg/kg) was set more 

than 5 times higher than for the pigs (0.9 mg/kg) (EUROPEAN-COMMISSION 2006). 

However, DON adversely affected the intestinal histomorphology, electrophysiology, 

absorption and barrier function in chickens (AWAD et al. 2004; AWAD et al. 2005; GIRGIS 

and SMITH 2010). Moreover, the long term exposure of animals to dietary DON was 

described to cause decreased live weight gain, altered nutrient efficiency and increased 

susceptibility to infectious diseases (HUSSEIN and BRASEL 2001; SWAMY et al. 2004).  

There are many published studies on the effects of feeding DON-contaminated diets on the 

health and performance of poultry (DÄNICKE et al. 2002; DÄNICKE et al. 2003; 

CHOWDHURY and SMITH 2004; YEGANI et al. 2006a) but there is a dearth of literature 

regarding the effects of DON on the reproductive performance of hens and roosters. 
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Moreover, there is evidence for the excretion of DON and DON metabolites into eggs 

(PRELUSKY et al. 1987; PRELUSKY et al. 1989; EBRAHEM et al. submitted); although 

mycotoxin levels in eggs were too low to cause food safety concerns, an effect upon the 

reproductive performance and health of the hatched chicks cannot be ruled out. In addition, 

there are no studies available about the effect of the breed of laying hens on the sensitivity 

toward DON with regard to reproductive performance. 

The objectives of the current study were, therefore, to investigate the effects of increasing 

concentrations of dietary deoxynivalenol (DON) in diets of laying hens of different genetic 

background and roosters on the reproductive performance and health of the hatched chicks. 

Material and Methods 

Experimental design and Diets 

A total of 216 23-week-old laying hens from two different genetic backgrounds (half of the 

hens were Lohmann Brown LB and the other half LSL) and 24 adult roosters (New 

Hampshire hybrids) were investigated in a long term feeding trial with three wheat-based 

diets with increasing DON concentrations (0, 5, 10 mg/kg) resulting in 6 experimental groups 

of 36 hens each and 3 feeding groups of 8 roosters each. 

A non-restricted feeding regimen with unlimited access to feed and water was applied 

throughout the experiment and feed consumption was determined weekly during the 

experiment. 

Non-contaminated wheat was substituted by DON contaminated wheat to make 3 diets with 

increasing targeted DON concentrations of 0, 5, 10 mg/kg as briefly described by EBRAHEM 

et al. (2014) (Table 1 and 2). 

The wheat inclusion rates were based on the analyzed concentrations of DON in the 

contaminated wheat. 

The inoculation of the wheat was carried out with three isolates of Fusarium culmorum at a 

concentration of 200, 000 – 400, 000 spores/ml. The inoculum suspension was sprayed onto 

the wheat spikes at the beginning of full blossom at a rate of 500 l/ha. Immediately before 

inoculation, Tween 20 was added to the suspension in a final concentration of 0.05% in order 

to ensure uniform dispersion of conidia. 

The current study was a part of two feeding trials carried out to investigate the effects of DON 

in diets of laying hens of different genetic background on performance (laying intensity, egg 

mass, feed conversion, feed intake);  health (organs weight, haematology and histopathology) 
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and egg quality (egg weight, yolk%, albumen%, shell%) (EBRAHEM et al. 2014a); and in 

diets of adult roosters on health (organ weights, haematology and histopathology), nutrient 

digestibility and semen quality (EBRAHEM et al. 2014b). The same diets and the same birds 

were used in the previous studies but different parameters were investigated. 

Table 1. Composition of the laying hens experimental diets (g/kg as fed) 

              Group 

Item   0 DON  5 DON  10 DON  
 
Components     
Wheat  100 100 100 

Control-wheat 600 400 0 

Contaminated-wheat  0 200 600 

Soybean meal  173 173 173 

Lime stone  84 84 84 

Soya oil  15 15 15 

Dicalcium phosphate  10.2 10.2 10.2 

Premixa   10 10 10 

L-lysine HCL  0.8 0.8 0.8 

Calculated composition     

CP   159 159 159 

AMEn (MJ/kg)  11.1 11.1 11.1 

Lysine   8 8 8 

Methionine +cystine  7.9 7.9 7.9 

Methionine   5.6 5.6 5.6 

Ca   35.1 35.1 35.1 

P   5 5 5 

Na  1.7 1.7 1.7 

DON (mg/kg)  0 5 10 

Analyzed composition     

DM (g/kg)  887±1.7 891±1.7 897±6.7 

Organic matter (g/kg DM)  754±7.5 753±7.4 763±7.8 

Crude ash (g/kg DM)  133±7.5 138±8 135±5.9 

Crude Protein (g/kg DM)  179±3.6 181±3.5 181±1.9 

Ether extract (g/kg DM)  38.8±2.2 37.8±1.3 34.9±1.1 

Crude fibre (g/kg DM)  36.8±5.6 33.7±7.3 33.3±3.4 

N-free-extractives (g/kg DM)  499±12 500±15.6 514±6.1 

DON (mg/kg)  0.4 3.4 9.9 
a Provided per kg diet: Fe, 40 mg; Cu, 10 mg; Zn, 80 mg; Mn, 100 mg; Se, 0.25 mg; I, 1.2 mg; vitamin A, 10000 IU; 
vitamin D

3
, 2500 IU; vitamin E, 20 mg; vitamin K

3
, 4 mg; thiamine, 2.5 mg; riboflavin, 7 mg; pyridoxine, 4 mg; 

nicotinic acid, 40 mg; pantothenic acid, 10 mg; folic acid, 0.6 mg; biotin, 25 μg; choline chloride, 400 mg.  
DON = deoxynivalenol, DM = dry matter 
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Table 2. Composition of the roosters experimental diets (g/kg as fed) 

  Group 

Item   0 DON 5 DON 10 DON 
Components           
Wheat   287  287  287 
Control-wheat   600  400  0 
Contaminated-wheat   0  200  600 
Soybean meal   60  60  60 
Lime stone   18  18  18 
Soya oil    15  15  15 
Premixa   10 10 10 
Salt    6  6  6 
Dicalcium phosphate   3  3  3 
L-lysine HCL   1  1  1 
Calculated composition        
CP    128.8  128.8  128.8 
AMEn (MJ/kg)    12.3  12.3  12.3 
Lysine    5.4  5.4  5.4 
Methionine +cystine   4.8  4.8  4.8 
Methionine    2.9  2.9  2.9 
Ca    8.1  8.1  8.1 
P    3.6  3.6  3.6 
Na    2.4  2.4  2.4 
DON (mg/kg)   0  5  10 
Analyzed composition        
DM (g/kg)   887.5±3.4  877.5±2.6  879.5±1.7 
Organic matter (g/kg DM)  817.8±6.5  818±5.6  819.9±4.9 
Crude ash (g/kg DM)   59.7±3.2  59.5±2.9  59.6±3.2 
Crude protein (g/kg DM)   148.3±9.7  152.6±9.7  153.9±10.3 
Ether extract (g/kg DM)   36.3±4.9  36.8±1.5  38.3±2.3 
Crude fibre (g/kg DM)   27±2.6  27.3±2.5  28.6±2.5 
N-free-extractives (g/kg DM)  606.2±4.6  601.2±3.5  599±2.7 
DON (mg/kg)     0.8   4.7   11.0 

a Provided per kg diet: Fe, 40 mg; Cu, 10 mg; Zn, 80 mg; Mn, 100 mg; Se, 0.25 mg; I, 1.2 mg; vitamin A, 10000 IU; 
vitamin D

3
, 2500 IU; vitamin E, 20 mg; vitamin K

3
, 4 mg; thiamine, 2.5 mg; riboflavin, 7 mg; pyridoxine, 4 mg; 

nicotinic acid, 40 mg; pantothenic acid, 10 mg; folic acid, 0.6 mg; biotin, 25 μg; choline chloride, 400 mg.  
DON = deoxynivalenol, DM = dry matter 
 

Semen Collection and Insemination Design 

In the 30th and 60th week of hens’ lives, eggs were collected three times for hatching after the 

artificial insemination with mixed semen from the roosters. 
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The artificial insemination started at the 29th / 59th week of hen’s lives. Hen feeding groups 

were divided into 3 insemination groups (12 hens each) and then individually inseminated 

three times with mixed semen from roosters of one feeding group after an establishment of an 

insemination design providing the insemination of each hen with semen from each rooster 

group; so that each hen was inseminated three times every time with semen from roosters of 

different feeding groups. 

Semen was collected from each rooster by the abdominal massage method to assess artificial 

insemination (LAKE 1957). The collected semen of each feeding group was then mixed and 

used in the insemination of the laying hens. 

Artificial Insemination and Eggs Incubation 

Hens were individually inseminated 4 times every two days (two times before the beginning 

of egg collection and two times during egg collection) with 0.1 ml fresh pooled semen from 

the roosters of one feeding group. Nine to ten eggs per hen were collected over a period of 14 

days (starting 2 days after the second artificial insemination) and set in an automatically 

turning egg incubator (Poultry hatchery, Ehret Labor und Pharmatechnik GmbH & Co KG, 

Emmendingen, Germany).  

The incubator was maintained at 37.8º C and 50-60 % RH. All eggs were transferred to the 

Hatcher at 19 d of incubation until 21 days, whereas the eggs of each hen were allocated in a 

separate box. 

Hatchability, Fertility and Mortality 

Hatchability was expressed as the percentage of the hatched chicks from the total number of 

fertile eggs set. All remaining unhatched eggs were opened at 21 d of incubation and 

examined to determine the embryonic development stage and classified as infertile eggs or 

dead embryo. Moreover, fertility was expressed as the percentage of fertile eggs of all laid 

eggs. 

Progeny Study 

At the 60th week of life and directly after hatching, 30 chicks of selected groups (control hens 

X control roosters; 10-DON hens X 10-DON roosters) were weighed and killed by cutting the 

neck after manual stunning. Blood was collected in heparinised tubes. Liver, spleen, gizzard, 

heart, yolk sack, and intestine were dissected and weighed. Relative weight of each organ was 

calculated by dividing the individual absolute weight by the body weight (BW) and expressed 

as g organ weight /kg BW. Tissues for histological study were taken directly after killing. 



PAPER III 

80 
 

Analyses 

Nutrients. Samples from each diet were analysed for the content of crude nutrients [Dry 

matter (DM), crude ash (Ash), crude fibre (CF), crude protein (CP), ether extract (EE)] 

according to the methods of the Association of German Agricultural Analysis and Research 

Centres (VDLUFA) as described by NAUMANN and BASSLER (1993), whereas the N-free-

extractives and the organic matter were calculated by difference. 

Mycotoxins. Deoxynivalenol in wheat and diets was analysed by HPLC with diode array 

detection (DAD) after a clean-up with immuno-affinity columns (IAC) (DON: DONprepTM, 

R-Biopharm Rhone, Darmstadt, Germany) according to a modified VDLUFA-method as 

described by OLDENBURG et al. (2007), the limit of detection was 30 µg/kg DM.  

In wheat samples, further mycotoxins were determined by the Institute of Agrobiotechnology 

(IFA) (Tulln, Austria) by applying a LC-MS/MS method as described by VISHWANATH et 

al. (2009), the detection limit of DON was 1 µg/kg. 

Histopathology. Organ specimens of liver, kidney and spleen were sampled for the 

histopathological examination. 

Samples were collected directly after killing the chicks and then fixed in 10% neutralized 

formaldehyde solution, the initial fixating solution was replaced after 24 hours with new 

formaldehyde (10%) and after that samples were embedded in paraffin blocks, microtome 

sections were stained with haematoxylin and eosin (HE) and then examined for tissue changes 

by two veterinary pathologists blind to the experimental treatments. 

The histological examination was carried out in the Institute of Pathology, University of 

Veterinary Medicine Hannover. 

Haematology. Haematocrit was determined by using heparinised capillaries for blood 

sampling after 6-8 minutes of centrifugation at 13,000 RPM (RCF: 16,060 x g) in a micro-

haematocrit centrifuge. 

Differential white blood cell counts were performed using blood smears from each blood 

sample stained with Wright-Giemsa stain (WGS) according to an established protocol by 

SAMOUR and PENDL (2009). Two hundred cells were counted to each ratio per light 

microscope (Carl Zeiss Microscopy GmbH, Jena, Germany) at a magnification of x 100, and 

heterophils, lymphocytes, monocytes, eosinophils, and basophils were identified. Heterophil / 

lymphocyte (H/L) ratios were determined by dividing the number of heterophils by the 

number of lymphocytes. 
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Absolute counts of heterophils, lymphocytes, monocytes, eosinophils, and basophils as well 

as H / L ratios were determined by methods described by CAMPBELL and DEIN (1984). 

Statistics 

The Statistica for the WindowsTM operating system (Version 10, Stat Soft Inc. 1984-2011) 

was used for the data analysis. With the exception of hatchability, fertility and mortality all 

other measures were analyzed by two-factorial design of ANOVA. 

Hatchability, mortality and fertility were analyzed according to multi-factorial design of 

ANOVA with repeated time-dependent measurements on the same individual. Parameters of 

an observation were subjected to DON concentrations in the diets of hens and roosters (0, 5, 

10), the breed of the hens (LB, LSL) and the life week (30th, 60th) and all corresponding 

interactions; with effect of repeated measurement (life week). 

Significant mean value differences were evaluated by the Tukey HSD test. 

The differences among the pathological changes were evaluated by the Exact Wilcoxon Two-

Sample Test. 

Results 

Wheat and Diet Analyses 

The contents of crude nutrients for the control diet and DON contaminated diets fed to hens 

and roosters are summarized in Tables 1 and 2, the contaminated diets differed only slightly 

from the control diet. 

The mycotoxin composition of contaminated and uncontaminated wheat is shown in Table 3. 

The contaminated wheat contained high concentrations of DON (13448 µg/kg), aurofusarin, 

culmorin, 15- and 5- hydroxy culmorin. In contrast, the control wheat contained trace 

amounts of DON and nivalenol, whereas Zearalenon (ZEA) was even lower than detection 

limits. 
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Table 3. Mycotoxin composition of contaminated and uncontaminated wheat (µg/kg as fed) corrected 

for recovery a 

    UCW  CW  
Deoxynivalenol (DON) 54  13448  
Deoxynivalenol-3-glucoside 3.8  761  
3-Acetyldeoxynivalenol < 4b  223  
15-Acetyldeoxynivalenol 63.9  < 8  
Nivalenol 4.1  8.3  
Zearalenon (ZEA) < 1.5  20.6  
Zearalenon-4-sulfate 0.2  3.9  
α-Zearalenol  < 0.5  < 0.5  
β-Zearalenol < 0.8  2.6  
Enniatin B 0.7  3.7  
Enniatin B1 1.6  3.6  
Enniatin A1 0.9  0.8  
Enniatin A 0.1  0.1  
Beauvericin 0.6  0.4  
Butenolid < 4  600  
Moniliformin < 0.5  0.5  
Apicidin 1.5  0.8  
Equisetin 1.7  2.4  
Fusaproliferin 12.1  < 12  
Aurofusarin 79.7  4734  
Avenacein Y 6  < 4  
Chlamydosporol < 0.8  < 0.8  
Culmorin 16  2763  
15-Hydroxy-Culmorin 15.2  2267  
5-Hydroxy-Culmorin < 10  1065  
Alternariol 0.2  < 0.2  
Alternariolmethylether < 0.1  < 0.1  
Tentoxin 0.6  0.2  
Altertoxin-I < 0.2  < 0.2  
Emodin 1.5  1.2  
Chrysophanol < 1  < 1  

a UCW = uncontaminated wheat; CW = Fusarium toxin-contaminated wheat. Determined by the Institute of 
Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by VISHWANATH et al. 
(2009), except for DON in contaminated wheat which was determined with HPLC/UV as described by 
OLDENBURG et al. (2007). b Below the detection limit 
Reproductive Performance 

The reproductive performance parameters are summarized in Table 4. 

Significant effect of DON in hen’s diet was noticed on hatchability (P=0.028) as the 

hatchability of the 10-DON-LB chicks was significantly lower than the control-LB at the 60 

life week while the hatchability of the LSL chicks was slightly but not significantly decreased 

due to the presence of DON in diet. The breed of the hens was also a significant factor 

affecting hatchability as the hatchability of the LSL chicks was significantly higher than LB 

chicks. In addition, a significant interaction effect between hen´s breed and life week was 
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noticed; hatchability of the LB chicks was significantly decreased in the course of study while 

the hatchability of LSL chicks was not affected. However, no significant effect of DON in 

rooster’s diets was noticed. An interaction effect between DON in hen´s diet and breed was 

noticed on fertility as the fertility of 10-DON-LB eggs was significantly lower than that of the 

10-DON-LSL eggs. Moreover, there was no significant effect of DON in rooster’s diets on 

eggs fertility. Furthermore, there were no significant differences in the hatchability and 

fertility between the hens of the 5-DON groups and the control hens. The embryonic mortality 

was not affected by the dietary treatment. 

Table 4. Effect of increasing concentrations of DON in diet of hens and roosters on reproduction 

performance of laying hens of different genetic background¹ 

Life week (LW)  
DON- 
hens³ Breed-hens 

Hatchability 
% 

Fertility4 
% 

Mortality 
% 

    0 LB 84.8 bcd 95.6 ab 0.3 
    5 LB 83.3 cd 96.9 ab 0.3 
    10 LB 81.9 d 94.5 bc 0.1 

30    0 LSL 91.5 a 96.7 ab 0.4 
    5 LSL 91.5 a 94.9 bc 0.0 
    10 LSL 90.2 ab 97.9 a 0.0 
    0 LB 78.8 d 94.7 bc 0.2 

    5 LB 75.7 de 95.2 abc 0.3 
60    10 LB 69.9 e 92.3 c 0.1 

    0 LSL 88.7 abc 96.3 ab 0.5 
    5 LSL 88.2 abc 94.6 bc 0.0 
    10 LSL 85.3 bcd 96.4 ab 0.0 

ANOVA (probability)        
(1)DON-hens      0.028 0.803 0.082 
(2) DON-roosters2)        0.577 0.180 0.637 
(3) Breed-hens      0.000 0.075 0.543 
DON-hens x DON-roosters      0.955 0.586 0.747 
DON-hens x Breed-hens      0.562 0.013 0.143 
DON-roosters x Breed-hens      0.912 0.700 0.201 
DON-hens x DON-roosters x Breed-hens  0.840 0.848 0.946 
(4) LW      0.000 0.003 0.566 
LW x DON-hens      0.057 0.454 0.558 
LW x DON-roosters      0.577 0.036 0.300 
LW x Breed-hens      0.001 0.297 0.304 
LW x DON-hens x DON-roosters 0.363 0.871 0.368 
LW x DON-hens x Breed-hens 0.508 0.818 0.230 
LW x DON-roosters x Breed-hens 0.202 0.464 0.430 
4 x 1 x 2 x 3      0.825 0.865 0.641 
PSEM           3.073 1.739 0.234 

1) Data are means of 12 laying hens and 8 roosters for each treatment; LB = Lohmann brown; LSL = Lohmann 
LSL; DON = deoxynivalenol; PSEM = pooled standard error of means. 2)  Pooled DON concentrations in 
rooster’s diets. 3)  DON concentrations in hen’s diets.  4)  The percentage of fertile eggs of all laid eggs. 
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a - e, Values in one column with no common superscript are significantly different; p<0.05 evaluated applying 
the Tukey HSD test. 
Progeny Performance 

Hatched chick’s weight and organs relative weight are summarized in Table 5. 

The 10-DON-LB-chicks had significantly higher body weight when compared with the 

control-LSL-chicks. Moreover, spleen relative weight was significantly decreased in the 

chicks hatched from eggs of hens fed contaminated diets while gizzard relative weight was 

significantly decreased in the 10-DON-LB-chicks compared with control group. However, 

gizzard relative weight of the LSL chicks was not significantly affected. The presence of 

DON in hen’s diet had no significant effect on the relative weight of heart, liver, yolk sack 

and intestine. However, a significant breed effect on heart and yolk sack relative weights was 

observed. 

Table 5. Effect of DON in diet of laying hens of different genetic background on body weight and 

organs relative weight of the newly hatched chicks of selected groups (control hens x control roosters; 

10-DON hens x 10-DON roosters)¹ 

   Organ weight (g/kg BW) 

DON  

in diet 

Hens  

breed 

Chick 

weight Heart Liver Spleen Yolk sack Gizzard Intestine 

mg/kg  g/chick       

0 LB 45.6 ab 7.3 b 20.6 0.48 a 125.1 a 48.8 a 35.7 

10 LB 47.0 a 7.2 b 20.7 0.39 b 118.9 a 44.3 b 34.9 

0 LSL 43.4 b 8.3 a 22.0 0.44 a 106.1 b 44.4 b 33.2 

10 LSL 45.5 ab 8.0 a 21.0 0.39 b 115.2 b 42.9 b 34.8 

ANOVA (probability) 

DON  0.017 0.195 0.294 0.031 0.773 0.011 0.746 

Breed  0.012 <0.001 0.068 0.603 0.024 0.013 0.269 

DON x breed 0.636 0.563 0.191 0.553 0.129 0.198 0.321 

PSEM  0.731 0.195 0.452 0.031 4.98 1.138 1.184 
1) Data are means of 30 one day old chicks for each treatment; LB = Lohmann brown; LSL = Lohmann LSL; a - 
b, Values in one column with no common superscript are significantly different; p<0.05 evaluated applying the 
Tukey HSD test; PSEM = pooled standard error of means. 
 

Chick Haematology  

Haematocrit and the concentrations of white blood cells (Differential white blood cell counts) 

were not significantly affected by the dietary treatment. However, breed significant 

differences were observed on the percentage of haematocrit (LB: 27.05; LSL: 25.2) (Table 6). 
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Table 6. Effect of DON in diet of laying hens of different genetic background on haematocrit and 

differential leukocyte count of the newly hatched chicks of selected groups (control hens x control 

roosters; 10-DON hens x 10-DON roosters) ¹ 

1) Data are means of 30 one day old chicks for each treatment; LB = Lohmann brown; LSL = Lohmann LSL; 
DON = deoxynivalenol; HCT = haematocrit; WBC = white blood cells; Lymphs = lymphocytes; Het = 
heterophils; H / L = heterophils / lymphocytes ratio; Eos = eosinophils; Baso = basophils; Mono = monocytes; 
PSEM = pooled standard errors of means. 
 

Chick Organ Histopathology 

Histological examination of samples from liver, spleen and kidney of the hatched chicks 

revealed no pathological changes or abnormalities in the tissues examined to be related to the 

dietary treatment. The absence of DON effects on liver relative weight and the 

histopathological findings indicate that feeding DON to laying hens and roosters did not 

induce detectable liver damage in the newly hatched chicks. 

 

Discussion  

Reproductive Performance 

Hatchability and fertility are the major parameters of reproductive performance. Fertility 

refers to the percentage of the incubated eggs that are fertile while hatchability is the 

percentage of fertile eggs that hatch. 

The most influential egg parameters that affect fertility and hatchability are: egg weight, shell 

thickness and porosity, shape index and the consistency of the contents (KING’ORI 2011). 

Indeed, KUBENA et al. (1987) reported that the overall egg weights were significantly higher 

DON in diet Hens HCT WBC Lymphs Het H/L Eos Baso Mono 

mg/kg breed % x10³/µl % % Ratio % % % 

0 LB 27.2 10.1 30.9 63.4 2.5 4.1 1.3 0.3 

10 LB 26.9 11.2 32.2 62.6 2.2 3.7 1.1 0.4 

0 LSL 25.2 10.4 34.4 59.8 2.3 4.1 1.5 0.2 

10 LSL 25.2 10 29.5 63.1 2.7 5.4 1.7 0.3 

ANOVA (probability)        

DON  0.709 0.742 0.449 0.582 0.920 0.358 0.994 0.369 

Breed  <0.001 0.708 0.852 0.455 0.542 0.098 0.055 0.589 

DON x breed 0.733 0.481 0.195 0.345 0.301 0.107 0.546 0.835 

PSEM  0.536 1.047 2.404 2.224 0.296 0.501 0.211 0.116 
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for hens receiving the DON contaminated diet. Moreover, CHOWDHURY and SMITH 

(2004) and EBRAHEM et al. (2014a) also reported decreased egg shell proportion caused by 

dietary DON. Egg shells can affect moisture loss during incubation and hatching which can 

reduce the hatchability as the shell quality deteriorates because of the easier evaporation 

through the thin shell (LEESON and SUMMERS 2000). However, thin shelled eggs also 

resulted in increased cracked eggs and bacterial contamination which can also significantly 

affect hatchability. In addition, large eggs had a lower hatchability; the ideal hatchability is 

achieved when the egg weight ranges between 55-65 g (NORTH and BELL 1990). 

Moreover, the hatchability of the LSL chicks was significantly higher than that of the LB 

(Table 4). Indeed, SWAN (1977) reported higher percentage of hatchability in meat strains 

than that in egg strains. Moreover, several studies also reported that the genotype of the hen 

had significant effect on the hatchability (JAYARANJAN 1992; ISLAM et al. 2002). 

Additionally, a decrease was noticed in hatchability in the course of experiment. It is reported 

that the efficiency of reproduction of hens decreases with age which is related to the internal 

egg composition, increase of egg weight and poor shell quality (TONA et al. 2004; JOSEPH 

and MORAN 2005). 

Eggs fertility can be affected by many factors some are originating from the male include 

sperm quality parameters (motility, viability etc.) and factors from the female include egg 

quality parameters (SIEGEL 1965). However, in the present study there was no significant 

effect of DON in rooster’s diets on eggs fertility. The absence of any effect of DON in 

rooster’s diet on fertility is in accordance with the reports of YEGANI et al. (2006b) who 

found that roosters semen volume, sperm concentration, viability and motility were not 

affected by the feeding of DON contaminated diets. 

In a recent study, EBRAHEM et al. (2014a) reported a significant effect of DON on egg 

quality parameters (yolk % and albumen %) but to different extents and depending on the 

breed of the laying hens. Such effects on egg parameters can significantly affect the egg’s 

fertility. Taken together, and with the absence of any effect of DON in rooster’s diet on 

fertility and the significant interaction between DON in hen´s diet and breed, it could be 

hypothesized that hen’s breed is a significant factor influencing the effect of DON regarding 

fertility. 

There was significant effect of life week on fertility (Table 4). However, it was reported that 

older hens demonstrated lower fertility (FASENKO et al 1992). 
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Chick mortality was not affected by the presence of DON in the diet of hens and roosters. 

Indeed, embryonic mortality arising from the feeding of DON contaminated diets has not 

been previously described (MORAN et al. 1987; BERGSJO et al. 1993). 

There were no significant differences between the 5-DON groups and the control groups; 

these findings indicate that critical dietary concentration of DON in poultry diets (5 mg/kg) 

recommended by EUROPEAN-COMMISSION (2006) could be considered as a safe level for 

maximum DON regarding reproductive performance of the hens and roosters. 

Progeny Performance 

It is not clear if the feeding of DON contaminated diets can cause any changes in the 

composition and availability of the nutrients in the setting eggs. Such effect might have 

consequences on the embryonic development. Moreover, there are no studies available on the 

effect of feeding DON to hens and roosters on the organ relative weight and on 

histopathology of the newly hatched chicks, although there are many studies concerning the 

embryo-toxicity of the Fusarium toxins in mammals (KHERA et al. 1982; KHERA et al. 

1984; KHERA et al. 1986), but this effect is not fully understood in poultry. On the other 

hand, BERGSJO et al. (1993) demonstrated chick development anomalies when laying hens 

were fed diets with 4.9 mg/kg DON for 10 weeks. 

However, conflicting results were observed for the effect of DON on organs weight in 

poultry. Similar decrease in the relative weight of gizzard was reported in laying hens fed 

DON contaminated diets (EBRAHEM et al. 2014). On the other hand, DÄNICKE et al. 

(2002) found no significant effect of feeding Fusarium contaminated maize on the relative 

weights of liver, spleen, or heart of hens. Likewise, CHOWDHURY et al. (2005) reported 

that feeding DON did not alter the gross weight of lymphoid organs such as the bursa and 

spleen in turkeys. 

 In addition, the most available studies indicate that only trace amounts of Fusarium 

mycotoxins are transferred into the eggs of the laying hens (PRELUSKY et al. 1987; LUN et 

al. 1989; PRELUSKY et al. 1989; SYPECKA et al. 2004). However, these trace amounts are 

unlikely to be significant with respect to embryonic mortality but can result in changes in the 

internal organ weights and affect chick’s development during incubation. 

Chick Haematology  

There was no significant effect of DON on the haematocrit and the concentrations of white 

blood cells of the hatched chicks. Such an effect of feeding DON to hens and roosters on the 
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hatched chicks has not been previously reported but this finding is in agreement with studies 

of HARVEY et al. (1991) and HARVEY et al. (1997) who reported no effect of feeding 

broiler chicks with contaminated diets containing 12 and 50 mg/kg DON for 3 weeks on 

hematological values. This absence of the dietary effect on the blood haematological 

parameters reflects that feeding DON contaminated wheat did not result in hematoxicity in 

poultry. 

Moreover, haematocrit of the chicks hatched from LB hens was significantly higher than that 

hatched from LSL hens. Indeed, MUSHI et al. (1999); IHEUKWUMERE and HERBERT 

(2003) reported that the blood profile varied among different broiler breeds. 

Chicks Organs Histopathology 

The histological examination of segments from liver, spleen and kidney revealed no 

pathological changes in the tissues examined to be related to the dietary treatment. It has been 

reported, however, that only trace amounts of DON are transferred into the eggs. Indeed, 

EBRAHEM et al. (submitted) measured trace levels of DON in the range of 0 - 0.35 ng/g in 

the whole eggs of laying hens, these low levels of DON are unlikely to be of significance with 

respect to histological alteration of chick organs. 

The current results indicate a negative impact of DON in LB hen’s diet on fertility and 

hatchability indicating that the breed of the hens seems to be an additional factor influencing 

the effect of DON on the reproductive performance of the laying hens.  
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Summary 

The potential for carry-over of deoxynivalenol (DON) into eggs and DON residues in plasma 

and bile of laying hens of different genetic background after long-term feeding trial was 

investigated in the present study. A total of 80, 23-wk-old laying hens were assigned to a 

feeding trial with two diets, control and DON contaminated diet (0.4, 9.9 mg kg-¹). In the 60th 

week of hen’s life, 10 eggs from each group were collected. In the 70th week of life all hens 

were slaughtered and samples of blood and bile were collected for residues analysis. The 

samples were analyzed by liquid chromatography tandem mass spectrometry (LC-MS/MS) 

for DON and de-epoxy-DON. DON was only detected in samples of hens fed DON 

contaminated diet while none of the samples analyzed had detectable levels of de-epoxy-

DON. DON levels were in the range of 0.2 – 0.6 ng ml-¹ and 1.8 – 4.1 ng ml-¹ in plasma and 

bile samples, respectively. Moreover, DON levels in egg yolk and albumen ranged between 

0.0 – 0.46 ng g-¹ and 0.0 – 0.35 ng g-¹, respectively, corresponding to carry over rates of DON 

into eggs in the range 0.0 – 0.000016. Moreover, no differences in DON levels or carry-over 

rates between the two breeds were noticed. These results show that very low levels of DON 

were transmitted into eggs indicating that although eggs could contribute to human exposure 

to DON, the levels are very low and insignificant. 

 

Keywords: (Deoxynivalenol, laying hens, eggs, carry-over) 
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Introduction 
 

Deoxynivalenol (DON, vomitoxin) is a toxic secondary metabolite produced by some species 

of several fungal genera, most notably Fusarium species. Fusarium fungi are widespread in 

nature and commonly contaminate cereal grains intended for human and animal consumption 

such as wheat, corn, barley, oats and rye; they are of concern from a food safety perspective 

regarding human and animal health. 

DON as well as other trichothecenes exhibit toxicity at the sub-cellular, cellular, and systemic 

level largely due to its ability to inhibit protein synthesis. DON binds to the 60S subunit of 

eukaryotic ribosomes and impairs the function of peptidyl transferase (for review see 

FREINBERG and MCLAUGHLIN 1989). In animals, which are more likely to be exposed to 

higher dose levels of DON than humans, the effects of exposure to DON are mainly decreased 

live weight gain and altered nutrient efficiency in addition to impaired resistance to infection 

(PESTKA and SMOLINSKI 2005).  

It is well known that the susceptibility of farm animals to DON varies between animal 

species, with poultry regarded to be less sensitive to DON compared with other species such 

as pigs. The reasons for the pig’s susceptibility to DON are not fully understood, but the 

relative tolerance of poultry can be explained, in part, by the very poor systemic absorption of 

DON in these animals following oral administration, and the small amount which is absorbed 

undergoes rapid elimination from these species (PRELUSKY et al. 1988; OSSELAERE et al. 

2013). However, due to the high tolerance of poultry to DON the recommended guidance 

values of DON in poultry feed is more than 5 times that of pigs and was set at 5 mg/kg 

complete feed with a dry matter content of 88 % (EUROPEAN-COMMISSION 2006). 

Recent analytical results of animal feed samples collected between 2007 and 2012 show 

higher levels of DON in compound feeds for poultry than other animal species (EFSA 2013). 

Moreover, the diversion of DON contaminated and suspicious cereal batches into poultry 

feeding due to the high tolerance of poultry to DON is expected to result in higher exposure 

of this animal category. Additionally, the most data on DON contamination are derived from 

grains and grain products used for human consumption. Therefore, it could be suggested that 

the poorer quality grain is probably diverted to poultry feed (SCF 1999). One possible route 
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of human exposure with Fusarium toxins might be due to consumption of contaminated food 

of animal origin, such as eggs. 

There are few studies to date dealing with the carry-over of DON to poultry tissues and eggs 

(LUN et al. 1986; VALENTA and DANICKE 2005; SYPECKA et al. 2004; PRELUSKY et 

al. 1986; PRELUSKY et al. 1987). However, the detection limits for mycotoxin analysis, 

which were used in some of the previous studies (20 ng g-¹ and 15 ng g-¹ in freeze dried yolk 

and albumen, respectively (VALENTA and DANICKE 2005)), were much higher than the 

LC-MS/MS detection limits used in the present study (0.4 ng g-¹ for freeze-dried yolk and 0.6 

ng g-¹ for freeze-dried albumen). In addition, only radioactivity was measured in the older 

works and not the content of DON and de -epoxy- DON (PRELUSKY et al. 1986; 

PRELUSKY et al. 1987). 

The aim of the present study was to evaluate the transfer of residual DON into the eggs, 

plasma and bile of laying hens of two different genetic backgrounds after long term of 

exposure to DON contaminated diets and to verify the potential effect of genetic background 

of the hens on the carry-over of DON. It is well known that various laying hybrids such as 

Lohmann Brown (LB) and Lohmann LSL differ in general performance (feed intake, laying 

intensity...) (http://www.ltz.de/produkte/Layers), for example, the differences in feed intake  

can affect DON exposure (per kg body weight). In addition, the total carry-over of DON into 

eggs after equal exposure can also be affected by the different egg mass which is also 

correlated with the genetic background of the hens. 

Material and Methods  
Experimental Design and diets 

A total of 80 laying hens from two different genetic backgrounds; half of the birds were 

Lohmann LB and Lohmann selected Leghorn LSL, respectively, were assigned into 4 

experimental groups (20 hens in each) and investigated in a feeding trial with two diets, 

control and DON contaminated diet (0.4 and 9.9 mg DON kg-¹). 

The experiment lasted 12 laying months. Starting at 23 weeks of age; hens were weighed and 

caged individually. Temperature and lightning regimens were in accordance with the 

recommendations of the breeder. Feed and water were supplied for ad libitum consumption 

and feed intake was determined weekly during the experiment. In order to achieve the target 

http://www.ltz.de/produkte/Layers
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concentration of DON in the diet, non-contaminated wheat (control) was substituted by DON 

contaminated wheat (see Table 1).  

Table 1. Composition of the experimental diets (g kg-¹ as fed) 1 

                                             Group 

Item  1+3  2+4 
 
Components     
Wheat  100  100 
Control-wheat 600  0 
Contaminated-wheat  0  600 
Soybean meal  173  173 
Lime stone  84  84 
Soya oil  15  15 
Dicalcium phosphate  10.2  10.2 
Premix¹  10  10 
L-lysine HCL  0.8  0.8 
Calculated composition    
Crude protein  159  159 
AMEn (MJ kg-¹)2  11.1  11.1 
Lysine  8  8 
Methionine +cystine 7.9  7.9 
Methionine  5.6  5.6 
Ca  35.1  35.1 
P  5  5 
Na  1.7  1.7 
Analyzed composition     
DM (g kg-¹)  887  897 
Organic matter (g kg-¹ DM)  754  763 
N-free-extracts (g kg-¹ DM)  499  514 
Crude Protein (g kg-¹ DM)  179  181 
Crude ash (g kg-¹ DM)  133  135 
Ether extract (g kg-¹ DM)  38.8  34.9 
Crude fibre (g kg-¹ DM)  36.8  33.3 
DON3 (mg kg-¹)  0.41  9.91 

¹ Provided per kg diet: Fe, 40 mg; Cu, 10 mg; Zn, 80 mg; Mn, 100 mg; Se, 0.25 mg; I, 1.2 mg; vitamin A, 10000 
IU; vitamin D3, 2500 IU; vitamin E, 20 mg; vitamin K3, 4 mg; thiamine, 2.5 mg; riboflavin, 7 mg; pyridoxine, 4 
mg; nicotinic acid, 40 mg; pantothenic acid, 10 mg; folic acid, 0.6 mg; biotin, 25 μg; choline chloride, 400 mg. 
2AMEn = the metabolisable energy. 
3 DON = deoxynivalenol; 
The inoculation of the wheat was performed with three isolates of Fusarium culmorum at a 

concentration of 200 000 to 400 000 spores ml-¹. The inoculum suspension was sprayed onto 
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the wheat spikes at the beginning of full blossom at a rate of 500 l ha-¹ (50 ml m-²). 

Immediately before inoculation, Tween 20 was added to the suspension in a final 

concentration of 0.05 % in order to ensure uniform dispersion of conidia (MATTHÄUS et al. 

2004). 

The current study was a part of a 12 laying months feeding trial carried out to investigate the 

effects of dietary DON on health and performance of laying hens of different genetic 

background (EBRAHEM et al. 2014a). 

Eggs Collection  

In the 60th week of hen´s life, one egg was collected from each hen. Yolk and albumen were 

separated. The samples were freeze-dried and ground to pass through a 1-mm screen. Ten 

eggs (10 yolk and 10 albumen samples) from each group were selected randomly and used in 

the mycotoxin analysis. 

Slaughtering and Collecting Samples 

In the 70th week of hen´s life, hens were killed by cutting the jugular vein after electrical 

stunning. Mixed trunk blood was collected into heparinised tubes for preparation of the 

plasma. After collecting blood, samples were centrifuged at 5000 rpm at 15°C for 15 minutes, 

and frozen at -70ºc until analysis. 

Bile fluid was sampled by puncturing the gall bladder and pooled for 4 laying hens because of 

the small quantity. 

Mycotoxin Analysis 

Mycotoxin analysis in wheat and diets 

DON in wheat and diets was analysed by high performance liquid chromatography (HPLC) 

with diode array detection (DAD) after a clean-up with immunoaffinity columns (IAC) 

(DONprepTM, R-Biopharm Rhone, Darmstadt, Germany) according to a slightly modified 

VDLUFA-method as described by OLDENBURG et al. (2007). The limit of detection was 

approximately 30 µg kg-¹; the mean recovery was 94%. 

In the wheat samples, further mycotoxins were determined by the Institute for 

Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by 

VISHWANATH et al. (2009). 

 

Mycotoxin analysis in yolk, albumen, bile and plasma 
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For determination of DON and de-epoxy-DON in freeze-dried yolk and albumen the samples 

were extracted and cleaned-up according to VALENTA and DÄNICKE (2005) with a 

modification of the incubation step. Briefly, the samples were incubated with β-glucuronidase 

solution (Sigma G 0876, 100 000 U ml-¹) at pH 5.5 (acetate buffer) and 37°C overnight. 

Subsequently, the samples were extracted with acetonitrile-water, defatted with petroleum 

ether, pre-cleaned with a mixture of charcoal, alumina and celite and cleaned-up with IAC 

(DONprepTM, R-Biopharm Rhone, Darmstadt, Germany). 

The extraction and clean-up of plasma and bile for the determination of DON and de-epoxy-

DON were according to VALENTA et al. (2003) with modifications. Briefly, the samples 

were incubated with β-glucuronidase solution as described for yolk and albumen, following 

extraction with ethyl acetate (bile after pH adjusting to 7) on disposable ChemElut columns 

(Varian Deutschland, Darmstadt) and clean-up with IAC (DONtestTM, Vicam, Klaus 

Ruttmann, Hamburg, Germany, in the case of plasma and DONprepTM, R-Biopharm, in the 

case of bile).  

DON and de-epoxy-DON in the purified extracts were determined with LC-ESI-MS/MS 

(liquid chromatography-electrospray ionization tandem mass spectrometry) in negative mode 

as briefly described by GOYARTS et al. (2010). The detection limits for DON/de-epoxy-

DON (signal to noise (S/N) ≥ 3) were 0.4/0.8 ng g-¹ for freeze-dried yolk corresponding to 

approximately 0.2/0.4 ng g-¹ in fresh yolk, 0.6/1.2 ng g-¹ for freeze-dried albumen 

corresponding to approximately 0.08/0.16 ng g-¹ in fresh albumen, 0.2/0.4 ng ml-¹ for plasma 

and 0.4/0.8 ng ml-¹ for bile. Mean recoveries amounted to 92%/83% for freeze dried yolk, 

91%/86% for freeze-dried albumen, 81%/80% for plasma and 70%/68% for bile. 

Calculations and Statistics 

DON residue concentrations in bile fluid, yolk, albumen and plasma which were lower than 

the above indicated detection limits were considered with a concentration of zero in 

evaluating the data. This implies that calculated mean values might be lower than the 

detection limits. Data were given as mean and range (min - max).  

Differences in mycotoxin residual data and carry over factors/rates were subjected by the non-

parametric method using Kruskal-Wallis-test (p<0.05), as the data were not normally 

distributed. The total carry-over factor of DON for eggs was calculated as follows: 

(Concentration yolk x yolk weight plus concentration albumen x albumen weight) divided by 

(yolk weight plus albumen weight) divided by (concentration in diet). 
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The total carry-over rate of DON into eggs was calculated as follows: 

(Concentration yolk x yolk weight plus concentration albumen x albumen weight) divided by 

daily intake (DON concentration in feed x feed intake). 

All statistics were carried out using the Statistica for the WindowsTM operating system (Version 

10, Stat Soft Inc. 1984-2011). 

Results 
Mycotoxin contamination in wheat and diets 

The inoculation of the wheat used in the present study with spores of F. culmorum resulted in 

very high DON concentration compared with the control wheat. The latter contained only 

trace amount of DON (54 µg kg-¹), nivalenol and further trichothecenes (Table 2), whereas 

zearalenone ZEN was even lower than detection limits. In contrast, the contaminated wheat 

contained high concentrations of DON (13448 µg kg-¹), 3-Acetyl-DON, aurofusarin, 

culmorin, 15- and 5- hydroxy culmorin and trace of ZEN (20.6 µg kg-¹). The analyzed DON 

concentration of the diet prepared from the contaminated wheat was (9.91 mg kg-¹). 

Table 2. Mycotoxin composition of contaminated and uncontaminated wheat (µg kg-¹) corrected for 

recovery1 

    CON  DON  
Deoxynivalenol (DON) 54  13448  
Deoxynivalenol-3-glucoside 3.81  761  
3-Acetyldeoxynivalenol < 4*  223  
15-Acetyldeoxynivalenol 63.9  < 8  
Nivalenol 4.13  8.3  
Zearalenon (ZEN) < 1.5  20.6  
Zearalenon-4-sulfate 0.1  3.9  
α-Zearalenol  < 0.5  < 0.5  
β-Zearalenol < 0.8  2.6  
Enniatin B 0.7  3.7  
Enniatin B1 1.6  3.6  
Enniatin A1 0.9  0.8  
Enniatin A 0.1  0.1  
Beauvericin 0.6  0.4  
Butenolid < 4  600  
Moniliformin < 0.5  0.5  
Apicidin 1.5  0.8  
Equisetin 1.7  2.4  
Fusaproliferin 12.1  < 12  
Aurofusarin 79.7  4734  
Avenacein Y 6  < 4  
Chlamydosporol < 0.8  < 0.8  
Culmorin 16  2763  
15-Hydroxy-Culmorin 15.2  2267  
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5-Hydroxy-Culmorin < 10  1065  
Alternariol 0.2  < 0.2  
Alternariolmethylether < 0.1  < 0.1  
Tentoxin 0.6  0.2  
Altertoxin-I < 0.2  < 0.2  
Emodin 1.5  1.2  
Chrysophanol < 1  < 1  

¹ CON= control uncontaminated wheat; DON= Fusarium toxin-contaminated wheat. Determined by the Institute 
of Agrobiotechnology (IFA) (Tulln, Austria) applying a LC-MS/MS method as described by VISHWANATH et 
al. 2009, except for DON in contaminated wheat which was determined with HPLC/UV as described by 
OLDENBURG et al. (2007); * Below the detection limit. 
 
Residues of DON and de-epoxy DON in bile and plasma 

DON was only detected in plasma and bile samples of laying hens fed DON contaminated 

diet while no trace of DON was detected in samples from the control hens. DON levels were 

in the range of (0.2 – 0.6 ng ml-¹) in plasma samples and (1.8 – 4.1 ng ml-¹) in bile samples 

(Table 3). Moreover, de-epoxy-DON was not detected in any of the analysed samples. 

Furthermore, no differences between the two breeds were observed in any of the analysed 

samples (P>0.05). 

Table 3.  Concentrations of deoxynivalenol (DON) and de-epoxy-DON (DOM-1) in plasma and bile of 

laying hens of different genetic background fed control or DON contaminated diet (median (minimum-

maximum)) ¹ 

Group DON Breed Plasma Bile 

 

mg kg-¹ 

 

DON DOM-1 DON DOM-1 

 

diet 

 

ng ml-¹ ng ml-¹ ng ml-¹ ng ml-¹ 

1 0.4 LB 
ND b ND ND b ND 

    

2 9.9 LB 
0.37 a ND 3.4 a ND 

(0.2-0.6) 
 

(1.8-4.1) 
 

3 0.4 LSL 
ND b ND ND b ND 

    

4 9.9 LSL 
0.39 a ND 2.6 a ND 

(0.2-0.6) 
 

(1.8-3.3) 
 

¹ Data are median of 10 plasma samples and 5 pooled bile samples for each treatment LB = Lohmann Brown; 
LSL = Lohmann LSL; a, b= different superscript letters indicate significant differences within columns 
(Kruskal-wallis test, p<0.05), ND= not detected. 
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Residues of DON and de-epoxy DON in yolk and albumen 

DON levels in yolk and albumen samples and the calculated concentrations in the complete 

egg are summarized in Table 4. De-epoxy-DON was not detected in any of the analysed 

samples either. DON values ranged from 0.0 to 0.46 ng g-¹ in fresh yolk samples and from 0.0 

to 0.33 ng g-¹ in albumen. Moreover, DON calculated levels in total eggs were in the range 

0.0 – 0.35 ng g-¹. 

Table 4. Concentrations of deoxynivalenol (DON) and de-epoxy-DON (DOM-1) in yolk, albumen and 

total egg of laying hens of different genetic background fed control or DON contaminated diet (n=10, 

median (minimum-maximum))¹ 

Group DON Breed Yolk Albumen Total egg 

 mg kg-¹  DON DOM-1 DON DOM-1 DON DOM-1 

 diet  ng g-¹ ng g-¹ ng g-¹ ng g-¹ ng g-¹ ng/g 

1 0.4 LB ND b ND ND b ND ND b ND 

2 9.9 LB 0.21 a ND 0.18 a ND 0.19 a ND 

   (0.0-0.36)  (0.0-0.28)  (0.0-0.31)  

3 0.4 LSL ND b ND ND b ND ND b ND 

4 9.9 LSL 0.31 a ND 0.24 a ND 0.26 a ND 

   (0.0- 0.46)  (0.09-0.33)  (0.17-0.35)  
1) LB = Lohmann Brown; LSL = Lohmann LSL; a, b= different superscript letters indicate significant differences 
within columns (Kruskal-wallis test, p<0.05), ND= not detected. DON levels in eggs were calculated as follow: 
DON concentration in egg = [concentration yolk x yolk weight plus concentration albumen x albumen weight] 
divided by [yolk weight plus albumen weight]. 

 

Carry-over of DON and into eggs 

Carry-over rate and carry-over factor of DON into egg are summarized in Table 5. The mean 

daily feed intake during egg collection period was 103-109 g/hen/day for LB hens and 105- 

110 g/hen/day for LSL hens, corresponding to mean daily amount of dietary DON consumed 

by each hen of 1081.6 and 41.3 µg/hen/day for the LB hens and 1094.2 and 42.3 for LSL 

hens, respectively (Table 5). Moreover, the carry-over rate ranged from 0.0 and 0.000016 

while the carry-over factor was in the range 0.0 – 0.00004. 
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Table 5.   The carry over rate and Carry-over factor of DON in eggs of laying hens of different genetic 

background fed control or DON contaminated diet (n= 10, median (minimum-maximum)) ¹ 

Group DON Breed DON 2 Carry-over Carry-over 
mg kg-¹ 

diet 

 

intake 

µg/hen/d rate factor 

 1 0.4 LB 41.3 b 0.0 b 0.0 b 

      2 9.9 LB 1081.6 a 0.00001 a 0.000019 a 

    

(0.0-0.000015) (0.0-0.00003) 

3 0.4 LSL 42.3 b 0.0 b 0.0 b 

      4 9.9 LSL 1094.2 a 0.00001 a 0.000027 a 

    

(0.0009-0.000016) (0.00002-0.00004 

1) LB = Lohmann Brown; LSL = Lohmann LSL; a, b= different superscript letters indicate significant differences 
within columns (Kruskal-wallis test, p<0.05). 
2) DON intake calculated during the egg collection period. 

 

Discussion 

The potential impact of DON on human health probably results from the ingestion of 

contaminated foods of plant origin, such as oats, barley, wheat, corn or other grains. However, 

the transfer of residual DON into the eggs, plasma and bile of laying hens was assessed in our 

feeding trial. 

In the present study, low levels of DON were detected in plasma samples of laying hens 

exposed to the DON contaminated diet (Table 3) with mean values of plasma DON of 0.38 ng 

ml-¹. 

In poultry, the ability to tolerate DON probably results from the low degree of absorption into 

plasma and tissues (OSSELAERE et al. 2013). Indeed, DÄNICKE et al. (2004a) in a study 

with Pekin ducks reported that neither DON nor de-epoxy-DON could be detected in plasma 

samples at dietary DON concentrations up to 6–7 mg kg-¹. In addition, no residues of DON or 

de-epoxy-DON could be detected in plasma, bile, liver and breast meat of broilers fed a diet 

with DON concentration which reached approximately 1.5 mg/kg diet (DÄNICKE et al. 

2007). The authors used high performance liquid chromatography with UV detection (HPLC-
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UV) in the last studies, with detection limits of approximately 2 and 4 ng ml-¹ for plasma and 

bile, respectively, and 4 ng g-¹ for freeze-dried liver and breast meat, while we used liquid 

chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) in 

analysing our samples which gives the advantage of much higher sensitivity compared with 

HPLC-UV. 

Our results are to some extent lower than the previously results of the toxicokinetic study with 

14C-labelled DON reported by PRELUSKY et al. (1986); the authors fed leghorn chickens 

with 2.2 mg DON/ bird and noted peak plasma levels of labelled DON to be 0.64 % after 2 - 

2.5 h post feeding. However, the radioactivity was measured in the previous study and not the 

content of DON and de-epoxy-DON. Moreover, YUNUS et al. (2010) reported in another 

toxicokinetic study similar low levels of DON in plasma of broilers fed mashed oats naturally 

contaminated with 9.5 mg DON kg-¹ at a dose of 20 g per bird; the average values of plasma 

DON were 0.35 ng ml-¹, 0.20 ng ml-¹ and 0.15 ng m l-¹ at 1 h, 3 h and 5 h post-feeding, 

respectively. 

In case of pigs, DÄNICKE et al. (2004b) reported DON concentrations of 10.5 and 14.0 ng 

ml-¹ in serum of pigs fed 2.6 and 4.4 mg kg-¹ DON in diet. The mean daily amount of dietary 

DON consumed was 74.3 and 125.7 µg kg-¹ body weight, respectively; while hens of the 

present study fed DON contaminated diets consumed 647.7 µg DON per kg body weight 

daily. Therefore, in comparison to our present results, the relatively low systemic absorption 

of DON in hens might explain, at least in part, the high tolerance of poultry towards dietary 

DON compared with pigs. However, the low plasma DON levels measured in our study can 

also be related to the hypothesis of a protective effect of the renal first pass effect known to 

exist in chickens (ROTTER et al. 1996). 

The highest DON levels measured in our study were found in bile samples (Table 3). In 

agreement with that, PRELUSKY and TRENHOLM (1991) found also higher levels of DON 

in bile fluid than other pig’s tissues. Moreover, PRELUSKY et al. (1986) also reported high 

radioactivity in liver and bile after oral administration of 14C-DON to chicken. In addition, 

DÄNICKE and BREZINA (2013) reported an increase in bile DON concentrations with 

increasing blood DON concentrations in pigs. However, DON levels in bile were more than 

10 times higher than DON concentrations in blood samples. Similar correlation between DON 

in plasma and bile of the laying hens was also noticed in our study. DÄNICKE et al. (2013) in 
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recent study with pullets also measured higher levels of DON in bile than in plasma. The 

outcome of the above mentioned previous studies suggests that biliary excretion played very 

important role in the elimination of DON from the body which is supported by the present 

results. 

There are only few reports of the nontransmission of DON and its metabolites into poultry 

eggs (EL-BANNA et al. 1983; VALENTA and DÄNICKE 2005). However, the methods for 

mycotoxin analysis, which were used in the previous studies, have much higher detection 

limits (20 ng g-¹ and 15 ng g-¹ in freeze dried yolk and albumen, respectively) than the LC-

MS/MS used in our study. On the other hand, PRELUSKY et al. (1989) reported DON and 

DON metabolites transmission level of 0.31% to eggs of laying hens following a single oral 

dose according to the measurement of radioactivity. However, this high transmission levels 

are due to the fact that radioactivity was measured in this study and not the content of DON.  

In accordance with our findings, SYPECKA et al. (2004) measured trace levels of DON in the 

range of 0.13 - 0.79 ng g-¹ in whole eggs of laying hens which were fed diets containing DON 

at 5, 7.5 and 10 mg kg-¹, respectively, for three weeks; these trace levels corresponded to 

estimated carry-over rates ranging between 0.00003 and 0.00007. The authors used LC-

MS/MS with similar low detection limits in DON analysis as in our study. However, de-

epoxy-DON was not analysed in the previous study. These results are in accordance with our 

findings indicating very low carry-over rates of DON into eggs of laying hens. 

To our knowledge, there are no reports concerning Fusarium mycotoxins residues in eggs that 

discuss the distribution of residues between yolk and egg albumen. DON can apparently enter 

the egg of the laying hens fed DON contaminated diets at any stage of egg development prior 

to shell formation. PRELUSKY et al. (1987) demonstrated that a direct transfer of residues to 

yolk tissue can occur before ovulation and egg formation in the oviduct. Moreover, DON 

residues can be entered directly into the albumen as well, during the period of egg white 

formation as the egg passes through the oviduct (PRELUSKY et al. 1987). The outcome of 

the present study indicates no major differences between DON levels in yolk and albumen 

samples. Moreover, DON level in plasma of hens fed DON contaminated diet was little 

higher than DON concentration in eggs indicating no accumulation of DON in eggs.  
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The principal DON metabolite detected in urine and faeces of animals is de-epoxy-DON 

(DOM-1) (YOSHIZAWA et al. 1986). The intestinal microflora can convert DON to DOM-1 

in poultry (LUN et al. 1986). Indeed, DOM-1 was detected in excreta of roosters fed 4.7 and 

11 mg kg-¹ DON in diets (EBRAHEM et al. 2014b). On the other hand, previous studies were 

also unable to detect any de-epoxidised type B trichothecenes in plasma of poultry. Likewise, 

none of the plasma, bile, yolk or albumen samples analyzed in the present study had 

detectable levels of DOM-1. In this regard, DÄNICKE et al. (2004a) did not find DON or de-

epoxy-DON in the plasma of ducks fed on DON-contaminated diets. This demonstrates the 

general ability to metabolize DON in chicken. However this seems to be of minor importance 

for the birds as metabolism is not reflected in the systemic circulation. 

No statistical difference between the two breeds for concentrations of DON in all samples and 

DON carry-over was found. This indicates no effect of the breed of the laying hens on the 

residues of DON in eggs, plasma and bile. 

Conclusion 
This paper reports the transmission of DON from laying hens feed into plasma, bile, yolk and 

albumen. Taken together, and although DON levels in the contaminated diet of 9.9 mg kg-¹ 

were relatively high, the carry-over was rather low. Comparable with the risk arising from 

DON contaminated foodstuffs such as muscle, liver and fat of pigs (DÄNICKE and 

BREZINA 2013) the DON the levels are very low and insignificant indicating that eggs do 

not contribute significantly to the dietary DON intake of the consumer. Moreover, no 

differences in DON levels or carry-over rates between the two breeds were noticed. 
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GENERAL DISCUSSION 

1. Impact of DON on Hens and Roosters 

1.1. Effect on Health and Performance 

Most experimental studies with poultry show that the impact of DON on health and 

performance is highly variable; the form of DON used within each study could be a source of 

variation, meaning whether it is naturally occurring or from purified source. Therefore, wheat 

contaminated with Fusarium culmorum was used in the present experiments to imitate DON 

exposure under practical conditions. Although further Fusarium toxins were present in the 

wheat and 3-acetyl-DON (233 μg/kg) and 15-acetyl-DON (>LOD) may be metabolized 

rapidly into DON (ERIKSEN et al. 2003), the observed effects can mainly be attributed to 

DON (13448 μg/kg) as the level of the other toxins amounted to only about 1.7 %. 

Additionally to DON form, a number of factors are responsible for this variation (e.g. DON 

levels, duration of the experiments, genetic background). However, dietary concentrations up 

to 5 mg/kg seem to have no adverse effect on laying intensity, daily egg mass, feed intake and 

feed conversion (Figure 5 - 8). 

 
Figure 5: Effect of DON in hen’s diet on laying intensity (• literature data, Paper I:  LB,  LSL); 
evaluation of 27 DON levels in published experiments, References: (HAMILTON et al. 1985; 
KUBENA et al. 1987a; KUBENA et al. 1987b; BERGSJO et al. 1993; KESHAVARZ 1993; SMITH et 
al. 1997; DÄNICKE et al. 2002; CHOWDHURY and SMITH 2004; SYPECKA et al. 2004; LEE et al. 
2012; EBRAHEM et al. 2014). 
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Figure 6: Effect of DON in hen’s diet on daily egg mass (• literature data, Paper I:  LB,  LSL); 
evaluation of 26 DON levels in published experiments, References: (HAMILTON et al. 1985; 
KUBENA et al. 1987a; KUBENA et al. 1987b; BERGSJO et al. 1993; KESHAVARZ 1993; SMITH et 
al. 1997; DÄNICKE et al. 2002; CHOWDHURY and SMITH 2004; SYPECKA et al. 2004; LEE et al. 
2012; EBRAHEM et al. 2014). 

 

 
Figure 7: Effect of DON in hen’s diet on feed conversion (• literature data, Paper I:  LB,  LSL); 
evaluation of 26 DON levels in published experiments, References: (HAMILTON et al. 1985; 
KUBENA et al. 1987a; KUBENA et al. 1987b; BERGSJO et al. 1993; KESHAVARZ 1993; DÄNICKE 
et al. 2002; CHOWDHURY and SMITH 2004; SYPECKA et al. 2004; LEE et al. 2012; EBRAHEM et 
al. 2014). 
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Figure 8: Effect of DON in hen’s diet on daily feed intake (• literature data, Paper I:  LB,  LSL); 
evaluation of 26 DON levels in published experiments, References: (HAMILTON et al. 1985; 
KUBENA et al. 1987a; KUBENA et al. 1987b; BERGSJO et al. 1993; KESHAVARZ 1993; DÄNICKE 
et al. 2002; CHOWDHURY and SMITH 2004; SYPECKA et al. 2004; LEE et al. 2012; EBRAHEM et 
al. 2014) 
The results of the present investigation indicate no adverse effects of DON on daily feed 

intake (hens and roosters), daily egg mass and feed conversion (hens). The absence of DON 

effect on feed intake can explain, in part, why daily egg mass and feed conversion of the 

laying hens were not adversely affected. However, laying intensity of the hens exposed to 9.9 

mg/kg DON was significantly lower than the control groups which did not receive 

contaminated wheat in the second laying period (7–12 laying months) (Figure 9). 

 
Figure 9: Effect of DON in hen’s diet on laying intensity in the second laying period (7–12 laying 
months) 
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The reduction in laying intensity was observed only in the feeding groups receiving the 

highest proportion of DON in the second laying period with a significant reduction by 4 % as 

compared to the control (Paper 1, Table3). However, in groups receiving 3.4 mg/kg DON the 

reduction in laying intensity by 1 % was not significant. Although feed intake was not 

affected by the presence of DON in hen’s diet, the impact of DON on the hen’s ovarian 

functions cannot be ruled out. Indeed, RANZENIGO et al. (2008) reported a reduction in 

estradiol production at high doses of DON by porcine granulosa cells. Moreover, 

KOLESAROVA et al. (2012) suggested a direct effect of DON on ovarian functions of rat 

ovarian cells. However, an evaluation of literature data on the adverse effect of DON on 

laying intensity, regardless of additional experimental conditions such as breed, age, duration 

of experiment, DON-source and presence of further mycotoxins, show high variation in 

laying intensity in the range of 10 - 12% in hens fed up to 18 mg/kg DON when compared to 

the control groups indicating no relationship between DON levels up to 18 mg/kg and laying 

intensity (Figure 5). Although conflicting results were observed for the effect of DON on 

chicken organ weights, a remarkable decrease in gizzard relative weight was noticed in the 

laying hens fed 9.9 mg/kg DON (Table 5, Paper I); this decrease was very clear in the LSL 

hens as the gizzard weight of the hens fed 9.9 mg/kg DON was decreased by 50 % as 

compared to the control LSL hens (Figure 10). 

 
Figure 10: Effect DON on gizzard relative weight of laying hens from two different genetic 
backgrounds (n=20,        LB,       LSL, means ± SD, a-e: different letters show significant differences, p 
< 0.05 evaluated applying the Tukey HSD test) 
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Since the histopathological examination of the gizzard revealed no pathological changes to be 

related to the dietary treatment, the decrease in the gizzard weight could be related to an 

indirect effect of DON. The alterations in the wheat matrix and the changes in the cell wall 

structure caused by the Fusarium fungi (KANG and BUCHENAUER 2000) may affect the 

mechanical stimulation of the gizzard resulting in muscular atrophy and decreased relative 

weight. Moreover, DON was reported to modify neurochemistry and neuronal activity 

(MARION et al. 2012); in neurons, such alteration can result in modification of neuronal 

activity which could reduce the innervation of the gizzard and result in gizzard atrophy. 

The impact of DON in rooster’s diets was characterized by increased urea content in plasma 

of roosters fed highest DON levels and decreased triglyceride concentration in plasma of 

roosters fed 4.7 mg/kg (Table 8, Paper II). Similarly increase in urea concentrations was 

reported in piglets after 15 days of DON treatment (DINISCHIOTU et al. 2007); the increase 

in plasma urea levels observed suggested a possible kidney damage induced by this 

mycotoxin. Moreover, the decrease in triglyceride concentrations was reported in study with 

white leghorn chicks and broiler chicks (FAIXOVA et al. 2010), suggesting that the presence 

of DON in diets probably affects the metabolism of proteins and lipids. On the other hand, 

plasma AST, GGT and GLDH activity indicating liver damage and other plasma chemical 

parameters (concentrations of total protein, bilirubin and cholesterol) remained unchanged in 

the roosters fed DON-contaminated diets. Likewise, feeding DON to hens and roosters has 

neither an effect on the haematological parameters (haematocrit, concentrations of white 

blood cells) nor on histology of selected organs (Paper I, Paper II). 

The absence of DON effects on liver weight and rooster’s plasma AST, GGT and GLDH 

activities (Table 4 and 9, Paper II); in addition to the histopathological findings indicate that 

feeding DON did not induce detectable liver damage. 

1.2. Effect on Reproductive and Progeny Performance 

To our knowledge, there are no studies available about the effect of the breed of laying hens 

on the sensitivity toward DON with regard to reproductive performance. Moreover, there are 

only a few reports on the effects of feeding Fusarium mycotoxin-contaminated diets on the 

reproductive performance of roosters (GIRGIS and SMITH 2010). However, the presence of 

certain anti-nutritional factors (such as mycotoxins) in feed may adversely influence semen 

production and characteristics and may have detrimental effects on fertility.  
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The long lasting feeding of DON had no significant effect on the quality parameters of rooster 

semen studied (Table 10, Paper II); this is in accordance with the histopathological 

examination of testis and testis relative weight reported in Paper II, and the absence of any 

effect of DON in rooster’s diet on fertility (the percentage of fertile eggs of all laid eggs) 

(Paper III). Although it has been previously reported in male rat, that DON influence various 

aspects of male reproductive function, for instance sperm quality and quantity (SPRANDO et 

al. 2005). Nevertheless, these effects were not observed in roosters fed 6.4 mg/kg DON 

(YEGANI et al. 2006). 

Regarding hatchability, significant effect of DON in hen’s diet was noticed on hatchability as 

the hatchability of the LB chicks was progressively decreased as the concentrations of DON 

in the diet increased while the hatchability of the LSL chicks was not significantly affected 

(Figure 11). This effect of DON was very clear in the 60th week of life with a significant 

reduction by 11 % as compared to the control LB hens (Table4, Paper III). 

 
Figure 11: Effect of increasing DON concentrations in hen’s diet on hatchability (   LB,  LSL; 

means ± SE, n=108) 

In the evaluation of the reduction of hatchability of the LB chicks; a view on the impact of 

DON on egg characteristics is useful. Indeed, egg weights of the LB hens fed 9.9 mg DON/kg 

diet were significantly higher than for the other experimental groups in the 30th, 40th and 60th 

week of life. Moreover, decreased eggshell proportion was also noticed in the eggs of the 

same hens at the 40th and 60th week of life (Table 7, Paper I). Egg weight and shell thickness, 
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however, are the most influential egg parameters that affect hatchability. The correlation 

between egg weight and hatchability was reported to result in lower hatchability in large eggs 

since large eggs tend to have relatively less shell surface, and that can affect normal gas 

exchange for the embryo (NARUSHIN and ROMANOV 2002), while thin shell has very 

significant effect on moisture loss during incubation and may result in increased cracked eggs 

and bacterial contamination which can also significantly affect hatchability (ROQUE and 

SOARES 1994). However, the absence of any effect of DON on the LSL chicks’ hatchability 

indicate the significant differences in the sensitivity to DON between the two breeds 

regarding reproductive performance. 

The progeny performance of chicks hatched from eggs of hens and roosters fed DON-

contaminated diets has been rarely studied. The results of Paper III show significant effects 

of DON on hens and roosters diet on the hatched chicks with regard to chick’s weight, spleen 

and gizzard relative weight. However, the effect on LB chick’s weight is a reflection of effect 

of DON on eggs weight and a positive correlation between egg’s weight and hatched chick’s 

weight. Moreover, it is not clear if the feeding of DON-contaminated diets can cause any 

changes in the composition and availability of the nutrients in the setting eggs; such effect 

might have consequences on the embryonic development. 

In comparison with other trichothecene toxins, such as T-2 toxin, DON seems to have no 

effect on embryonic development. T-2 toxin, on the other hand, was reported to have dose- 

dependent effects on embryonic development varying from early embryonic mortality and 

infertile eggs in high levels to late embryonic mortality or fully developed embryo fail to 

hatch due to its reduced vitality (GLAVITS and SALYI 1998). The difference in the carry-

over rates into eggs between the two toxins is probably responsible for the differences in 

embryonic toxicity. Indeed, the carry-over of T-2 into eggs was observed by CHI et al. (1978) 

in birds fed 0.25 mg radiolabelled T-2 toxin/kg body weight with maximum levels of 0.04% 

of the total dose in yolk and 0.13% in albumen after 24 hours of dosing. On the other hand, 

only trace levels of DON in the range of 0 - 0.35 ng/g in the whole eggs corresponding to 

carry over rates in the range 0.0 – 0.000016 were measured (Paper IV); these low levels of 

DON are unlikely to be significant with respect to embryonic toxicity. 
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2. Effect of Hen’s Breed on the Sensitivity to DON 

To our knowledge, no reports to date regarding the effect of DON in diets of hens of different 

genetic background are available. However, critical question still remains as to how the breed 

of the hens affects the sensitivity to DON.  

The results of Paper I and Paper III indicate significant differences in the sensitivity of the 

hens toward DON with regard to performance (laying intensity), reproductive performance 

(hatchability and fertility), egg quality parameters (egg weight, shell proportion (Figure 12)) 

and organs relative weight (breast muscle, liver) to be related with the breed of the hens. 

 
Figure 12: Statistical interactions between DON levels (0, 3.4, 9.9), breed of the laying hens (LB, 

LSL) and life week (30, 40, 60) for egg shell proportion (Paper I). 

In general, LB hens were found to be more sensitive to the presence of DON in diets when 

compared with LSL hens. LB hens’ laying intensity was significantly decreased due to the 

presence of DON in the diet while laying intensity of the LSL hens was not affected by the 

dietary treatment. Moreover, life body weight of the LB hens was decreased by the presence 

of DON in the diet while LSL hens were not affected (Paper I). Since feed intake was not 

affected by the presence of DON in diet, the reduction of laying intensity of the LB hens was 

suggested to result from the direct impact of DON on hen’s ovarian functions. However, it 

seems valid to assume that LSL hens are relatively less sensitive to this impact of DON as the 

LB hens. 
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The difference in the response of hens to DON regarding hatchability was generated from the 

different impact of DON on egg quality parameters (egg weight, shell proportion) in the two 

different breeds (Paper I, Table 7). Egg weights of the LB hens fed 9.9 mg DON/kg diet were 

significantly higher than for the other experimental groups while eggshell proportion was 

significantly lower. These findings clearly demonstrate the higher sensitivity of the LB hens 

to DON. 

Additional difference between the two breeds was noticed in fertility (Figure 13) as egg’s 

fertility of LB hens fed the highest DON levels was significantly lower than of the LSL eggs. 

This indirect impact of DON on egg fertility is probably resulted from the significant effect of 

DON on egg quality parameters (yolk % and albumen %) but to different extents and 

depending on the breed of the laying hens reported in Paper I. However, and with the 

absence of any effect of DON in rooster’s diet on fertility and the significant interaction 

between DON in hen’s diet and breed, it could be hypothesized that hen’s breed is a 

significant factor influencing the effect of DON regarding fertility. 

 
Figure 13: Effect of increasing DON concentrations in hen’s diet on fertility (   LB,  LSL; 

means ± SE, n=108) 

Significant differences in the progeny performance of the hatched chicks between the two 

breeds were also observed (Paper III). 9.9-DON-LB chicks had significantly higher body 

weight when compared with the control-LSL-chicks. However, this impact of DON on chicks 

weight resulted from the direct effect of DON on egg weights of the LB hens fed highest 
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DON levels. Moreover, gizzard relative weight was significantly decreased in the 9.9-DON-

LB-chicks compared with control group. 

On the other hand, no statistical difference between the two breeds for concentrations of DON 

in all samples and DON carry-over was found (Paper IV). This indicates no effect of the 

breed of the laying hens on the residues of DON in eggs, plasma and bile. Moreover, and 

although feeding DON-contaminated wheat did not affect the haematocrit and the different 

leukocyte count, significant differences were observed on some hematological parameters 

between the two breeds (Paper I, Table 6). Although these differences were not related to the 

dietary treatment, there was clear evidence of the differences between the two laying hybrids. 

Taken together, these findings suggested that the genetic background exerts a strong 

modulatory effect on the sensitivity of the laying hens toward DON. The impact of hen’s 

breed on the sensitivity toward DON can explain, in part, the high variation in laying 

performance reported in various studies (Figure 5 - 8). 

In swine, the most sensitive livestock species, sensitivity to DON toxicity was reported to be 

influenced by age (BRYDEN et al. 1987) and gender (COTE et al. 1985). Similar differences 

were also noticed in male and female mice (FORSELL et al. 1987). These differences in the 

sensitivity to DON raise an important question as to whether the impact of DON depends on 

the genetic background. However, there is also a paucity of information related to potential 

genotype or breed sensitivities to the presence of DON in other animal species diets. 

3. DON Excretion and Residues 

The toxicokinetic properties of DON, defined by absorption, distribution, metabolism, and 

elimination, play a critical role in the overall toxicity. However, the animal models tested 

show high variation in sensitivity to DON due to the differences in the pharmacokinetic fate 

of DON. The results of Paper II indicate significant low excretion of DON and de-epoxy-

DON into excreta of roosters fed DON-contaminated diets with relative low recovery of both 

compounds of approximately 0.5 - 2.1 % of the ingested DON. In accordance with our results, 

DÄNICKE et al. (2014) also reported similarly low recovery (approximately 2 - 5 %) in 

pullets fed DON-contaminated diets. In comparing these low recoveries with older 

experiments employing radioactively labeled DON which reported higher recoveries in the 

range of 7 - 69 % (LUN et al. 1989) and reach more than 90 % of the single radioactively 

labelled DON (PRELUSKY et al. 1986) it needs to be stressed that the radioactivity was 

measured in the previous studies and not the content of DON and de-epoxy-DON. 
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In discussing the relatively low DON and de-epoxy-DON recovery, the method for detecting 

DON and its metabolites need to be considered. Consequently, it could be suggested that 

DON has been transformed into unidentified metabolites and/or conjugates that were not 

detectable in the used analysis methods. This conclusion could be confirmed by the new 

findings of WAN et al. (2013). Authors studied the disposition of DON in rats and chickens 

using a radio tracer method in coupled with a novel γ-ARC 16 radio-HPLC-IT-TOF-MS/MS 

system and identified a new metabolite (deoxynivalenol-3α-sulfate) as major metabolite in 

chickens. The new metabolite deoxynivalenol-3α-sulfate accounted for about 88.63 ± 6.53% 

of the dose. This high capability of chicken to bio-transform DON to the new identified 

metabolite (Deoxynivalenol-3α-sulfate) through O-sulfate conjugation can explain the relative 

low recovery noticed in our study. DON and de-epoxy-DON were determined in bile, plasma, 

fresh yolk and albumen samples with LC-ESI-MS/MS (liquid chromatography-electrospray 

ionization tandem mass spectrometry). This analysis method measures free and glucose 

conjugated forms of DON after incubation with β-glucuronidase. Bound forms, however, such 

as deoxynivalenol-3α-sulfate are not accessible through this analysis method. The results of 

DON analysis in bile, plasma, fresh yolk and albumen and the calculated levels of DON in 

total eggs of laying hens fed DON-contaminated diet are shown in Figure 14. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Concentrations of deoxynivalenol in plasma (ng/ml), bile (ng/ml), fresh yolk, fresh 
albumen and total egg samples (ng/g) of laying hens of different genetic background fed DON 
contaminated diet (median, 25-75%, min-max) 
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DON levels in plasma indicate the very low absorption and rapid elimination of DON in 

chicken. Moreover, O-sulfate conjugation reported by WAN et al. (2013) and extensive 

detoxification of DON in poultry due to the specific capacity to bio-transform DON can 

explain the relative low levels of DON measured in plasma samples. Moreover, DON 

concentrations in plasma samples were little higher than the calculated levels in total eggs 

(0.0 - 0.35 ng/g) indicating no accumulation of DON in eggs. 

The highest DON levels measured in bile samples were about 8 times higher than DON 

concentrations in plasma suggesting that biliary excretion played very important role in the 

elimination of DON from the body in chicken. 

Additionally, and although DON levels in the contaminated diet of 9.9 mg/kg were relatively 

high, the carry-over rates of DON into eggs ranging between 0.0 and 0.000016 were rather 

low. In comparison with the risk arising from DON-contaminated foodstuffs such as muscle, 

liver and fat of pigs (DÄNICKE and BREZINA 2013), DON levels are very low and 

insignificant indicating that eggs do not contribute significantly to the dietary DON exposure 

of the consumer. 

Furthermore, no differences in DON levels or carry-over rates between the two breeds were 

noticed indicating that the genetic background appear to play no role in absorption, 

distribution and metabolic pathway of DON. 
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CONCLUSIONS 
 

It was shown that the performance of laying hens was adversely affected by the presence of 

DON in diet at the highest level (9.9 mg/kg) but to a different extent and depending on the 

breed. However, feeding diets with up to 5 mg/kg DON seem to have no adverse effects on 

the health and performance of the laying hens and roosters. 

Laying intensity, body weight and egg quality parameters were significantly affected by the 

presence of DON in LB hens’ diet while LSL hens were not affected. This variation in the 

responses to the presence of DON in hen’s diet indicates that the breed of the laying hens 

seems to be an additional factor influencing the effect of DON on laying hens. 

Likewise, a negative impact of DON in LB hen’s diet on fertility and hatchability was noticed 

indicating the significant impact of hen’s breed on the sensitivity toward DON with regard to 

reproductive performance. 

Histological examination of selected organs and haematological parameters of hens, roosters 

and newly hatched chicks revealed no adverse effect of the dietary DON. 

Feeding DON-contaminated wheat to adult roosters had no negative impact on feed intake, 

body weight, semen quality and plasma AST, GGT and GLDH activity indicating liver 

damage. Moreover, utilizations of organic matter, carbohydrates and nitrogen balance were 

not affected by the dietary treatment while fat digestibility was improved. 

The presence of DON in diets of hens and roosters had significant effect on the newly hatched 

chicks with regard to chick’s weight, spleen and gizzard relative weight. 

The sum of the concentrations of DON and its metabolites de-epoxy-DON in the excreta of 

roosters fed DON-contaminated diets suggests that other metabolites might have been 

generated which were not detectable in the used analysis methods. 

The concentrations of DON in plasma and bile samples of hens reflect the very low 

absorption and biliary excretion of DON in chicken. 
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The relative low levels of DON measured in yolk and albumen samples indicate that although 

eggs could contribute to human exposure to DON, the levels were very low and insignificant. 
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SUMMARY 

Mohammad Ebrahem (2014) 

Effects of feeding deoxynivalenol (DON) contaminated wheat to laying hens of different 

genetic background and roosters on health, performance and reproductive performance 

of hens and roosters 

 

The genus Fusarium comprises a high number of fungal species, is diverse, widespread and 

commonly found world-wide. Fusarium species can produce over one hundred secondary 

metabolites and can cause economic losses at all levels of food and feed production including 

crop and animal production. Deoxynivalenol (DON or vomitoxin), is one of the most 

abundant, widely occurring and important Fusarium mycotoxins which contaminates grains 

and cereal-based food and feed. However, DON-contaminated grain maybe downgraded from 

food to feed grade, and since poultry is regarded to be less sensitive to DON compared to 

other species, such as swine, the diversion of the contaminated cereal batches into poultry 

feeding will probably result in a higher exposure of this animal category. Moreover, the high 

variance in responses of poultry to the presence of DON in diet reported in previous studies 

suggests that the genetic background of the birds could be a significant factor influencing the 

effect of DON. 

Therefore, the present thesis aimed to investigate the effects of feeding DON-contaminated 

diets to laying hens of different genetic background and roosters on health, performance, 

reproductive performance and DON excretion and residues. 

To evaluate the effects of DON on health and performance of laying hens, a total of 216, 23 

weeks old laying hens (108 Lohmann Brown, LB, and Lohmann Selected Leghorn, LSL, 

respectively) were assigned to a 12-laying months feeding trial with increasing concentrations 

of DON (0, 3.4, 9.9 mg/kg diet) resulting in 6 experimental groups of 36 hens each. 

Laying intensity of hens exposed to the highest level of DON was significantly decreased in 

the second laying period (7-12 laying months). Moreover, a decrease in live body weight and 
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reduction in the eggshell proportion of the eggs of the LB hens fed highest DON levels was 

detected while the LSL hens were not significantly affected by the dietary treatment. 

Additionally, remarkable decrease in gizzard relative weight in the LSL hens fed highest 

DON concentrations by 50% as compared to the control LSL hens was noticed. On the other 

hand, feed intake, daily egg mass and feed conversion were not affected by the dietary 

treatment. Furthermore, chronic dietary DON exposure was not shown to modulate 

haematocrit and concentrations of white blood cells while significant breed differences were 

observed. 

Another long term feeding trial with similar DON levels was conducted with 24  roosters (40 

weeks old) of a commercial strain “New Hampshire hybrids” to evaluate the effect of feeding 

DON on rooster’s health, nutrient digestibility, semen quality and DON metabolism. 

Feed intake and rooster’s body weight were not affected by the dietary treatment. Likewise, 

haematological and histopathological examination of selected organs remained unaffected. On 

the other hand, breast muscle relative weight was increased, while the relative weight of ileum 

and caecum were significantly decreased at the same time in the roosters fed DON-

contaminated diets. Furthermore, the long term feeding of roosters with DON-contaminated 

wheat had no negative impact on semen parameters (ejaculate volume, spermatocrit, % motile 

sperms). DON affected the utilization of nutrients as the crude fat utilization was 

progressively increased as the concentrations of DON in the diet increased. Moreover, relative 

low recovery of DON and de-epoxy DON in excreta with approximately 0.5 - 2.1 % of the 

ingested DON was found. 

In order to evaluate the reproductive performance of hens and roosters, hens feeding groups 

were divided into 3 insemination groups (12 hens each) and then individually inseminated 

three times with mixed semen from roosters of one feeding group after an establishment of an 

insemination design providing the insemination of each hen with semen from each rooster 

group. The LB hens fed highest DON levels were characterized by lower hatchability while 

the hatchability of the LSL chicks was not affected. An interaction effect between DON in 

hen’s diet and hen’s breed was noticed on fertility (the percentage of fertile eggs of all laid 

eggs) as the fertility was decreased in the eggs of the LB hens fed highest DON levels and 

increased in the LSL eggs. 
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After artificial insemination, a total of 30 newly hatched chicks of selected groups (control 

hens X control roosters; highest DON hens X highest DON roosters) were used in the 

evaluation of the progeny performance of hens and roosters. 

Spleen relative weight was significantly decreased in the chicks hatched from eggs of hens 

fed contaminated diets while gizzard relative weight was significantly decreased in the LB-

chicks compared with control group. On the other hand, chicks haematology and organ 

histopathology were not affected by the dietary treatment. 

The potential for carry-over of (DON) into eggs and DON residues in plasma and bile of 

laying hens fed control and highest DON diets was also investigated. DON was only detected 

in samples of hens fed DON-contaminated diet while none of the analyzed samples had 

detectable levels of de-epoxy-DON.  

DON levels were in the range of 0.2 - 0.6 ng/ml and 1.8 - 4.1 ng/ml in plasma and bile 

samples, respectively. Moreover, DON levels in fresh yolk and albumen ranged between 0.0 - 

0.46 ng/g and 0.0 - 0.35 ng/g, respectively, corresponding to calculated levels in total eggs of 

0.0 - 0.35 ng/g and carry over rates of DON into eggs in the range 0.0 - 0.000016. 

Furthermore, no differences in DON levels or carry-over rates between the two breeds were 

noticed.  

In conclusion, DON was shown to adversely affect the health, performance and reproductive 

performance of laying hens of different genetic background and the progeny performance of 

hens and roosters at the highest DON level of 9.9 mg/kg (2 times higher than the 

recommended guidance values of 5 mg/kg DON in poultry diets). However, these effects 

were to a different extent and depending on the breed of the hens suggesting that the genetic 

background of hens appear to play a significant role in the sensitivity toward DON. Moreover, 

based on the low levels of DON measured in yolk and albumen samples, it could be 

concluded that human exposure to DON through eggs of hens fed DON-contaminated diets 

up to approximately 10 mg DON/kg is negligible. 
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ZUSAMMENFASSUNG (German) 

Mohammad Ebrahem (2014) 

Untersuchungen zum Einfluss von Deoxynivalenol (DON) im Futter auf die Leistung 

und Gesundheit von Legehennen verschiedener genetischer Herkunft sowie auf 

Reproduktionsmerkmale von Hennen und Hähnen 

 

Die Gattung Fusarium umfasst eine große Anzahl von Pilzarten, sie ist vielfältig, weit 

verbreitet und kann allgemein weltweit gefunden werden. Fusarium-Arten können eine 

Vielzahl von toxischen Sekundärmetaboliten bilden und dadurch erhebliche wirtschaftliche 

Verluste auf allen Ebenen der Lebensmittel- und Futterproduktion sowie in der pflanzlichen 

und tierischen Produktion generell verursachen. 

Deoxynivalenol (DON oder Vomitoxin) ist eines der am häufigsten vorkommenden und somit 

wichtigsten Fusarium-Mykotoxine, welches Getreide und getreidebasierte Lebens- und 

Futtermittel kontaminiert. 

Allerdings kann DON-kontaminiertes Getreide, das ursprünglich als  Lebensmittel 

vorgesehen war, als Futtermittel verwendet werden. Da Geflügel gegenüber DON im 

Vergleich zu anderen Tierarten, z.B. Schweinen, weniger empfindlich ist, kann solches 

Getreide in die Geflügelfütterung gelangen, was zu einer erhöhten Exposition dieser Tierart 

führt. Darüber hinaus wird in früheren Studien von einer hohen Varianz in den Reaktionen 

von Geflügel auf DON in der Diät berichtet. Es wird angenommen, dass die genetische 

Herkunft der Tiere ein Einflussfaktor für die unterschiedliche Wirkung von DON sein könnte. 

Daher war es das Ziel der vorliegenden Dissertation, die Effekte einer Fütterung von DON-

kontaminiertem Weizen an Legehennen und Hähne verschiedener genetischer Herkunft 

bezüglich Gesundheit, Leistung, Reproduktionsmerkmale sowie DON-Ausscheidung und 

Rückständen zu untersuchen. 

Um die Auswirkungen von DON auf die Gesundheit und die Leistung von Legehennen zu 

bewerten, wurden insgesamt 216 Legehennen der Herkunft Lohmann Braun (LB, n=108) 
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sowie Lohmann Selected Leghorn (LSL, n=108), die zu Versuchsbeginn 23 Wochen alt 

waren, in einem 12-Legemonate dauernden Fütterungsversuch verwendet. Die Hennen 

wurden im beschriebenen Versuch mit Futtermischungen mit steigenden DON-

Konzentrationen (0, 3,4, 9,9 mg/kg) gefüttert, so dass insgesamt 6 Versuchsgruppen 

resultierten. Somit wurde jede Futtergruppe an jeweils 36 Hennen getestet. 

Die Legeintensität war durch die höchste DON-Konzentration in der Diät in der zweiten 

Legeperiode (7 - 12 Legemonat) signifikant verringert. Darüber hinaus wurde ein verringertes 

Lebendgewicht und eine Reduzierung des Eischalenanteils der Eier der LB-Hennen der 

Gruppe, die 9,9 mg DON/kg-Futter erhalten hatte, nachgewiesen, während die LSL-Hennen 

nicht signifikant von dieser diätetischen Behandlung betroffen waren. 

Weiterhin wurde eine deutliche Verringerung um 50% des relativen Gewichtes des 

Muskelmagens der am höchsten mit DON exponierten LSL-Hennen im Vergleich zur LSL-

Hennen-Kontrollgruppe registriert. 

Andererseits wurden die Futteraufnahme, die tägliche Eimasse und die Futterverwertung 

durch die diätetische Behandlung nicht beeinflusst. Weiterhin wurden auch der Hämatokrit 

und das Differentialblutbild nicht von dem langfristigen Fütterungsversuch mit DON-

kontaminiertem Weizen beeinflusst. 

Ein weiterer Langzeitfütterungsversuch mit ähnlichen DON-Konzentrationen wurde mit 24 

Hähnen (40 Wochen alt) der Herkunft New Hampshire-Hybriden durchgeführt, um den Effekt 

der Fütterung von mit dem Fusarium-Toxin Deoxynivalenol (DON) kontaminierten Weizen 

auf Gesundheit, Nährstoffverdaulichkeit, Spermaqualität und den DON-Stoffwechsel zu 

prüfen.  

Es gab keinen signifikanten Effekt von DON auf die Futteraufnahme und auf das 

Körpergewicht der Hähne. Ebenfalls nicht betroffen waren der Hämatokrit, das 

Differentialblutbild sowie die histopathologischen Untersuchungen ausgewählter Organe der 

Tiere. Dagegen war das relative Gewicht des Brustmuskels der Hähne, die DON mit dem 

Futter erhalten hatten, erhöht, während das relative Gewicht des Ileums sowie des Blinddarms 

signifikant verringert war. Auf die Spermienparameter (Volumen des Ejakulats, Spermatokrit, 
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% beweglich) hatte die langfristige Fütterung der Hähne mit DON-kontaminiertem Weizen 

keinen negativen Einfluss. 

DON beeinflusste die Verwertung der Nährstoffe, indem die Verwertung von Rohfett mit der 

DON-Konzentration in der Diät anstieg. Darüber hinaus wurde eine relativ geringe 

Wiederfindung von DON und De-epoxy-DON in den Exkrementen mit etwa 0,5 bis 2,1% des 

aufgenommenen DON festgestellt. 

Um die Reproduktionsmerkmale der Hennen und Hähne zu bewerten, wurden die Hennen 

jeder Fütterungsgruppe in 3 Besamungsgruppen aufgeteilt (12 Hennen je Gruppe), so dass zu 

jedem Besamungs-Zeitpunkt ein Teil der Hennen jeder Versuchsgruppe mit dem Sperma der 

Hähne jeder Fütterungsgruppe besamt wurde. Zu den Besamungs-Zeitpunkten wurde das 

Sperma der Hähne so verteilt, dass jede Henne einer Versuchsgruppe mit einem Hahn jeder 

Versuchsgruppe gepaart wurde. 

Die LB-Hennen der Gruppe, die 9,9 mg DON/kg-Futter erhalten hatte, waren durch eine 

niedrigere Schlupfrate gekennzeichnet, während die Schlupfrate der LSL-Küken nicht 

beeinflusst war. Eine signifikante Wechselwirkung zwischen der DON-Konzentration in der 

Diät der Hennen sowie der Hennenherkunft wurde hinsichtlich der Befruchtungsfähigkeit 

festgestellt. Die Befruchtungsfähigkeit ist hier als Anteil der befruchteten Eier an der Zahl 

aller gelegten Eier definiert. Die Befruchtungsfähigkeit der LB-Hennen, die 9,9 mg DON/kg-

Futter erhalten hatten, war verringert, die der LSL-Hennen dagegen gesteigert.  

Nach künstlicher Besamung wurden insgesamt 30 frisch geschlüpfte Küken von ausgewählten 

Gruppen (Kontrollgruppe Hennen x Kontrollgruppe Hähne,  Hennengruppe mit höchstem 

DON-Wert x Hahnengruppe mit höchster DON-Exposition) in der Bewertung einbezogen. 

Das relative Gewicht der Milz war signifikant verringert bei Küken aus den Eiern von 

Hühnern, die mit kontaminiertem Weizen gefüttert worden waren. Das relative Gewicht des 

Muskelmagens von LB-Küken war im Vergleich zur Kontrollgruppe ebenfalls signifikant 

verringert. Die diätetische Behandlung mit kontaminiertem Futter ergab hingegen keinerlei 

Effekte auf die Hämatologie und die histopathologischen Untersuchungen ausgewählter 

Organe der betreffenden Tiere. 
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Das Potenzial für den Transfer von DON in die Eier (Carry-over) sowie die DON Rückstände 

in Plasma und Galle von Legehennen, die entweder 9,9 mg DON/kg Futter oder die 

Kontrolldiät erhalten hatten, wurde ebenfalls untersucht. 

DON wurde nur in Proben festgestellt bei Legehennen, denen die DON kontaminierten 

Diäten gefüttert worden waren, dagegen wurde in keiner Probe De-epoxy-DON detektiert. 

Die DON-Konzentrationen variierten im Plasma im Bereich von 0,2 bis 0,6 ng/ml und in der 

Galle zwischen 1,8 und 4,1ng/ml. Die DON-Konzentrationen in frischem Eiweiß und Eigelb 

lagen zwischen 0,0 und 0,46 ng/g bzw. 0,0 und 0,35 ng/g und die korrespondierende Carry-

over-Rate von DON in die Eier rangierten zwischen 0,0 – 0,000016. Ein Unterschied 

zwischen den Rassen wurde nicht registriert. 

Zusammenfassend konnte gezeigt werden, dass DON negative Auswirkungen auf die 

Gesundheit, die Leistung und auf Reproduktionsmerkmale von Legehennen verschiedener 

genetischer Herkunft sowie gleichfalls auf die Leistung der Nachkommenschaft der Hühner 

und Hähne hat, wenn der Orientierungswert für eine kritische Futterkonzentration von 5 mg 

DON/kg um das doppelte überschritten wurde. Diese Effekte zeigten sich in 

unterschiedlichem Ausmaß und in Abhängigkeit von der genetischen Herkunft der Hühner, 

was darauf hindeutet, dass die diese eine wichtige Rolle bei der Empfindlichkeit gegenüber 

DON spielt. 

Außerdem kann mit Bezug auf die niedrigen Gehalte von DON, die in Eigelb und Eiweiß 

gemessen wurden, geschlussfolgert werden, dass die  Exposition des Menschen gegenüber 

DON durch Eier von Hühnern, die mit DON-kontaminiertem Futter mit bis zu etwa 10 mg 

DON pro kg Futter gefüttert wurden, vernachlässigbar gering ist. 
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