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Abstract

Feedingstuffs are frequently contaminated with sclerotia (ergot) of the phytopathogenic fungus Claviceps purpurea. Ergot
contains ergot alkaloids (EA), but the amount and composition of these substances may be highly variable hampering the
extrapolation of the amount of EA from the ergot content. 600 different feed samples from the harvest years 2011-2014 (rye,
triticale, wheat, mixed cereal grains or compound feed), preferably those with visible ergot infestation, were analyzed for
both parameters ergot and EA content in a German monitoring program. The analytical results were employed for statistical
evaluation using the software JMP® 13. The data show that the correlation between the ergot and the EA content was rather
poor, especially for rye, the grain most frequently contaminated with ergot and EA. Consequently, effects on animal health
correlated much better with EA than with ergot content. Furthermore, it shows that the current European law for undesirable
substances (Directive 2002/32/EC) restricting the ergot content in feed materials and compound feed containing unground
cereals is not fully sufficient to protect animal health. Therefore, preliminary guidance values for species-specific critical
values for total EA content in the diets are derived and suggested for practical use. Further research is needed to verify these
preliminary guidance values and to improve risk evaluation in consideration of the significant variability in the species-
specific sensitivity.
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1 Introduction

The term “ergot” (sclerotia) refers to the compact mass of
fungal mycelia from Claviceps spp. Ergot may form on grain
ears of infested cereal plants and thereby replace healthy
kernels. Normally, ergot is coloured blackish-brown, partly
reflecting a purple shimmer. Apart from amines, amino
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acids, enzymes, oils, sterols and other substances, ergot
contains up to 40 different ergot alkaloids (EA). These EA
are chemically amide or peptide derivatives of lysergic acid.
Based on the toxic properties of EA and other ergot com-
pounds, the ingestion of contaminated food or feed may
cause undesirable effects in humans or in animals [summa-
rized e.g. in EFSA (2005; 2012)].

In principle, ergot may occur in a wide variety of grasses
and cereals. In Germany, however, rye and triticale are the
most frequently infected cereals. Ergot is harvested along
with the cereal grains and thus contaminates the cereals
intended for animal or human consumption. Development
and distribution of ergot may vary between years (Sciurba
et al. 2017) due to different climate conditions, but can be
minimized by good agricultural and manufacturing practice
(BMEL 2014).

Within the European Union (EU), the Directive 2002/32/
EC sets a maximum level (ML) of 1000 mg rye ergot/kg
feed materials and compound feed containing unground
cereals with a moisture content of 12%. As ergot may vary
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considerably not only in size, weight and composition
but also in the EA content (EFSA 2005; 2012), the Euro-
pean Commission recommended an EU-wide monitoring
of the presence of EA in feed and food (Recommendation
2012/154/EU). The member states followed that, and in
2012, the Federal States of Germany agreed to initiate a
national monitoring on EA.

One aim of the present study was to evaluate German
monitoring data of the years 2012-2014 on preferably vis-
ible ergot infested cereal grains. For this purpose, the con-
tent of ergot was determined by the physical method while
EA was analyzed chemically. The objective was to evaluate
the general contamination level and to scrutinize possible
correlations between ergot and EA. Six predominantly pre-
sent EA, i.e. ergocornine, ergocristine, ergocryptine, ergo-
metrine, ergosine and ergotamine and their related -inines
forms, were considered as total EA and used for the evalu-
ation of toxic effects in farm animals. Based on the conclu-
sion of the Panel on Contaminants of the European Food
Safety Authority (EFSA) that data on the sensitivity of farm
animals to EA are incomplete and do not allow the estab-
lishment of tolerance levels for individual EA and mixtures
thereof (EFSA 2005; 2012), a toxicological evaluation of
EA content of complete diets is urgently necessary to protect
animal health.

Hence, a second aim of the study was to derive prelimi-
nary guidance values for critical dietary EA concentrations
based on recent literature and to use the German monitoring
data for a risk evaluation.

2 Materials and methods

2.1 Monitoring and statistical evaluation of parallel
contamination of cereal grains with ergot
and with EA

In close collaboration with the competent authorities of its
Federal States, Germany established a national monitoring
program for the years 2012, 2013, and 2014. It was agreed
that the monitoring should focus on sampling and analysis
of unground rye and possibly triticale with preferably vis-
ible ergot infestation. The sampling was consequently not
representative but more risk-oriented. Both ergot content
and occurrence of analytically detectable EA (ergocornine,
ergocristine, ergocryptine, ergometrine, ergosine, and ergot-
amine) as well as their epimers should be analyzed.
Furthermore, the competent authorities of the Federal
States of Germany agreed on a certain procedure regard-
ing the preparation for the laboratory analyses of the final
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sample. For analytical purposes, the final feed sample of
500 g was homogenized and divided into two portions of
250 g each. One of these portions was used for the micro-
scopic analysis of the ergots. The whole fraction result-
ing from the microscopic analysis was then homogenized,
crushed to particle sizes <0.5 mm and afterwards homog-
enized again. After this preparation, an aliquot of 20 g was
analyzed for the content of EA. The concentration of EA
was preferably examined by high-performance liquid chro-
matography fluorescence detection (HPLC), as described
in method F 0104 according to § 64(2) of the German
Food and Feed Code (BVL; Amtliche Sammlung von
Untersuchungsverfahren nach § 64(2) LFGB 2012) BVL
(Bundesamt fiir Verbraucherschutz und Lebensmittelsi-
cherheit) (2010). 46 samples were analyzed via LC-MS/
MS method. Depending on the laboratory accuracy and the
analytical matrices the limit of quantification (LOQ) for
EA and its related -inine forms ranged from 1 to 20 pg/kg.

The analytical results concerning the amount of ergot
and of individual EA were reported to the Federal Office
of Consumer Protection and Food Safety (BVL) and used
for statistical evaluation. EA were expressed as sum of
EA and its related -inine forms. Data below the limit of
quantification were calculated as zero (lower bound).
Statistical evaluation was performed using the software
JMP® 13. Different types of statistical analyses were used
for data interpretation, e.g., descriptive statistics, bi- and
multivariate regressions, estimation of Pearson correlation
coefficient, pairwise comparisons and others.

2.2 Toxicity evaluation, derivation of preliminary
guidance values for critical diet concentrations
and risk evaluation

In 2012, the EFSA released an opinion on EA as undesir-
able contaminants in feed and food. Since then a number
of studies have been published dealing with toxic effects
on animals hitherto not examined comprehensively includ-
ing pigs, poultry and ruminant species. Most of these
studies were performed according to the dose-response
principle allowing derivation of lowest observed effect
levels (LOAEL) and/or no-observed adverse effect lev-
els (NOAEL). Other studies reported critical diet levels
defined by authors themselves and concluded from their
results. Although the current database has to be considered
still as incomplete preliminary guidance values for critical
diet concentrations of total EA were proposed.

In a second step, these guidance values served as the
base for a risk evaluation by using the German monitoring
data on the occurrence of the analyzed EA.



German monitoring 2012-2014: ergot of Claviceps purpurea and ergot alkaloids (EA) in... 323

3 Results and discussion

3.1 Monitoring and statistical evaluation of parallel
contamination of cereal grains with ergot
and with EA

In the context of the monitoring programs from 2012 to
2014, the competent authorities of the Federal States of
Germany analyzed 600 feed samples, especially whole
grain cereals including rye (n = 321), triticale (n = 197),
wheat (n = 52), as well as mixed cereal grains and com-
pound feed (n = 30). Whereas most of those samples were
derived from whole grain cereals with visible ergot infes-
tation (n = 451), data analysis also included 149 samples
from cereals without apparent ergot infestation. The cereal
samples of the three monitoring years were harvested from
2011 to 2014.

Ergots and EA (above LOQ) were not detected in 13%
(n = 78) of investigated samples. The proportion of sam-
ples exceeding the maximum limit (ML) of 1000 mg ergot
per kg feed was close to 16%. It should be noted that in
some samples the levels of ergot and EA were both high
e.g. 10,307 mg ergot/kg and 14,474 ng EA/kg, while in
some patterns the levels of EA were high but the ergot
content was comparatively low (e.g. 19,441 ng EA/kg and
624 mg ergot/kg), or vice versa (e.g. 847 ug EA/kg and
2059 mg ergot/kg).

11.7% (n = 70) of the analyzed samples did not contain
any ergot at the same time containing considerable levels
of EA: a median of 33 pg/kg, a mean of 137 pg/kg, a 90th
percentile of 321 ug/kg and a maximum content of total
1305 pg of total EA/kg feed.

In 9% (n = 54) of the analyzed samples no EA were
found although the ergot content showed a median of
183 mg/kg, a mean of 285 mg/kg, a 90th percentile of
640 mg/kg and a maximum content of 1829 mg ergot/kg
feed.

Overall, in 2013 the levels of ergot and EA content in
the studied samples were higher than the occurrence in
the feed samples from the harvest years 2011, 2012 and
2014 (Table 1).

An extensive data cloud appears when the ergot content
is plotted logarithmically against the EA content (Fig. 1).
It is evident that the variation of the EA content is high
regarding a given ergot content: at a given ergot content
of about 1000 mg/kg, the sum of EA contents ranges from
about 10 pg/kg up to more than 20,000 pg/kg EA.

The first set (set 1) of analysis investigated all samples,
whereas set 2 concentrated on samples with ergot content
less than the existing ML for feed of 1000 mg/kg. The later
correlation procedure using set 2 was chosen to avoid that
the small number of highly contaminated samples had an

unintentionally great influence on the calculation of cor-
relation. In addition, the samples above the ML should
be rejected in practice and are therefore of minor interest
when looking at the calculation of correlation between
the EA content and the ergot content of one sample for
monitoring purposes.

Over the whole number of analyzed samples (n=600),
a correlation coefficient of 0.6796 was estimated using the
statistical evaluation software JMP® 13 (procedure: correla-
tions multivariate). The exclusion of those samples above
the ML of 1000 mg ergot per kg decreased the correlation
coefficient to 0.3485 (Table 2).

Calculating correlations considering different years and
grain types led to the minimum coefficient 0.2250 of set 2
(min to ML) in the year 2011 and the maximum coefficient
0.9746 of set 1 (min—max) in wheat. The second-best cor-
relation between the ergot and the EA content appeared in
the grain group “others” with 0.9359 (set 1 and set 2, respec-
tively). By contrast, the poorest correlation between the EA
content and ergot content was found in rye of set 2 (min to
ML) (Table 2).

Interestingly, the majority of calculated correlation
coefficients were below 0.7; the value that in the authors’
view differentiates poor from acceptable correlations.
Only in the years 2012 and 2013, in triticale, wheat and
others higher correlation coefficients could be determined
with the data set 1. However, these higher correlation
coefficients must be interpreted with caution due to a
small amount of extraordinary highly contaminated sam-
ples, which might be responsible for shaping the linear
relationship. The values of correlation coefficients cal-
culated with set 2 are all smaller than 0.7 (except for the
limited number of grain type “others”) and thus confirm-
ing the before mentioned “shaping-factor”.

Our findings regarding the poor correlation of ergot
and EA content contrast with the findings published
by EFSA (2017). Therein data of two providers (638
samples) were analyzed and a linear relationship was
observed between the ergot content and the levels of EA
analyzed with higher Pearson correlation coefficients
ranging between 0.806 for rye and 0.972 for triticale
(EFSA 2017). To the best of our knowledge, the EFSA
statement is based on the calculated Pearson correla-
tion coefficient (PCC) of the whole data set. The present
study shows that the PCC decreased strongly by excluding
the few samples above the ML from statistical analysis
(Table 2). Thus, a few highly contaminated samples might
be responsible for shaping the linear relationship extraor-
dinarily and thus encourage a misleading interpretation of
the relationship between ergot content and analyzed EA
in other studies. However, it has to be emphasized that
the samples of the study at hand were collected solely in
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Germany. Nevertheless, the authors agree that correla-  rye, the grain with the highest risk of infection, the lowest
tions between the EA and the ergot content are less char-  correlation was observed.
acteristic in the given sample sets. However, especially in

Table 1 Summary: results of the study of German feed samples from the harvest years 2011-2014 on ergot and ergot alkaloids (EA)

Statistical parameter Ergo-cornine Ergo-cristine Ergo-cryptine Ergo-metrine Ergo-sine Ergo-tamine Sum of EAs Ergot

Content Content [mg/kg]
(ne/kel

LOQ [pg/kg] 1-20 1-20 1-20 1-20 1-20 1-20

Years 2011 to 2014 (n=600)
Median 0 0 0 12 0 12 86 162
70th perc. 35 42 32 34 54 68 402 478
80th perc. 78 118 68 53 111 145 728 788
90th perc. 288 354 207 106 278 381 1759 1661
Mean 134 231 159 90 124 223 961 620
SD 591 1067 1253 479 445 965 4065 1412
Max 10,114 15,743 20,826 6511 6654 14,502 61,951 14,798

Year 2011 (n=17)
Median 0 0 0 0 0 0 46 65
70th perc. 31 3 25 12 25 16 94 208
80th perc. 37 17 33 15 64 20 316 227
90th perc. 135 107 142 18 81 232 819 975
Mean 37 31 38 8 34 65 214 262
SD 69 75 73 12 65 152 360 455
Max 242 245 233 43 258 572 1081 1406

Year 2012 (n=198)
Median 0 0 0 13 0 0 79 161
70th perc. 26 45 30 36 43 38 305 357
80th perc. 58 91 49 53 70 115 573 623
90th perc. 225 291 129 83 159 264 1181 1762
Mean 71 134 43 38 82 114 482 519
SD 184 431 98 91 256 328 1203 998
Max 1533 4170 644 1002 2565 2437 10,289 7157

Year 2013 (n=273)
Median 0 5 0 17 19 24 162 264
70th perc. 59 84 43 41 100 105 650 646
80th perc. 141 218 123 82 183 244 1099 1006
90th perc. 365 592 307 220 451 592 2541 1914
Mean 202 379 290 157 184 364 1577 847
SD 821 1508 1842 698 593 1374 5806 1839
Max 10,114 15,743 20,826 6511 6654 14,502 61,951 14,798

Year 2014 (n=112)
Median 0 0 0 0 0 0 46 0
70th perc. 15 0 13 17 10 47 188 196
80th perc. 33 35 37 38 38 73 303 445
90th perc. 77 142 114 52 148 118 746 917
Mean 92 73 64 28 68 95 419 299
SD 382 370 233 73 270 338 1504 629
Max 2812 3756 1638 601 2609 2757 14,173 3863

The sum of the ergot-in and -inine forms of the respective alkaloids are indicated. Values < LOQ were calculated as zero values (lower bound)

n number of samples, perc. percentile, SD standard deviation, max maximum, LOQ limit of quantification
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Fig. 1 Logarithmic presentation of the ergot content (x-achses) and
the total ergot alkaloids (EA) content (y-achses) in the examined sam-
ples (“zero” values are excluded)

3.2 Toxicity evaluation, derivation of preliminary
guidance values for critical diet concentrations
and risk evaluation

3.2.1 Preamble

The toxic effects of ergot are mainly due to the EA therein,
although other constituents such as ricinoleic acid contribute
to the overall effect in animals (Mainka et al. 2003). The
individual alkaloids primarily contributing to the total EA

content and thereby to the total toxicity of ergot are routinely
analyzable. With regard to animal health, risk management
based on the chemically analyzable EA content of the daily
ration, therefore, offers advantages over that based on ergot
content physically determinable in unground cereals only
(EFSA 2005, 2012). Figure 2 exemplifies this generic con-
sideration with growing pigs and illustrates it by means of
dose-response relationships between ergot content (abscissa
values) and performance characteristics (ordinate values) on
the one hand, and those between EA content (abscissa val-
ues) and the same performance characteristics (ordinate val-
ues) on the other hand. The proportion of variation that can
be explained by the respective negative linear relationships
(coefficient of determination =r2?) is significantly greater
with respect to the EA content of the feed compared to that
of ergot (Dénicke and Diers 2013).

It must be added that the reference to the EA content
can only be a first approximation to the toxic principle of
ergot, since even with the same EA content of feed dif-
ferent effects can be observed in the animal, which are
probably caused by different patterns of individual alka-
loids (Didnicke and Diers 2012; Mainka et al. 2007). An
approach to cope with different alkaloid patterns was pro-
posed by Craig et al. (2015) and included the vascular
potency of ergovaline, ergonovine, ergocristine, ergocorn-
ine, ergocryptine, and lysergic acid relative to ergotamine.
The authors used concentration at the onset of contractile
response, half-maximal effective concentration or potency
(ECsp), and maximal response or efficacy (Eypx) of EA in
bovine lateral saphenous veins as endpoints while ergot-
amine was assigned an ergotamine equivalence level of 1.
Ergovaline, a main EA produced by Epichloé coenophiala

Table 2 Mean and maximum content of EA in different grain types and Pearson correlation coefficients of EA and ergot content grouped by year
and grain type for two different sample sets: set 1 includes all samples with ergot contents from min. to max., whereas set 2 represents a sub-
quantity of set 1 comprising only samples with an ergot content < ML of 1000 mg/kg

Sum of EA content [ug/kg] Set 1 Set 2
Mean Maximum n Pearson correlation Pearson correlation n
coefficient” coefficient”

2011 214 1081 17 0.3889 0.2250 15
2012 482 10,289 198 0.7626 0.6213 169
2013 1577 61,951 273 0.7080 0.3039 204
2014 419 14,173 112 0.2485 0.3725 91
Wheat 13 8855 52 0.9746 0.6532 50
Triticale 81 46,319 197 0.7560 0.4520 170
Rye 112 61,951 321 0.6507 0.2867 259
Blends 91 216 14 0.4382 0.5329 11
Others* 91 989 16 0.9359 0.9359 16
All 86 61,951 600 0.6796 0.3485 506

n number of samples

*oats, other grains, feed supplements, complete feeding stuff for cattle, pigs, etc

#calculation by using JIMP® 13, correlations multivariate
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Table 3 Preliminary guidance values for critical concentrations of
total EA (sum of all analyzed individual alkaloids) in the daily ration
of livestock (mg/kg diet, 88% dry matter)

Animal species/category Preliminary guid-

ance value [mg/kg]

Pigs
Rearing piglets, growing fattening pigs 0.6
Sows 0.03
Cattle and sheep (all categories) 0.1
Poultry
Fattening chickens (broilers) 1.9
Laying hens 3.7
Fattening pekin ducks 0.06

The values take into account only an average alkaloid pattern, which
is typically expected for ergot on rye in Germany. Variations in the
alkaloid patterns as well as the remaining chemical (toxic) compo-
nents could not be used for the derivation due to a lack of experimen-
tal data. Uncertainty factors were applied to account for these incom-
plete data

infecting tall fescue (Festuca arundinacea), was shown as
potent as ergotamine; therefore, an ergotamine equivalence
level of 1 was assigned to this EA. All other considered
EA reached ergotamine equivalence levels of lower than
1, ranging from 0.1 to 0.001. This system assumes the
vasoconstriction activities of EA as the main toxic prin-
ciple but does not consider possible interactions between
alkaloids and non-vasoconstriction effects.

Based on the uncertainties regarding variations in EA
patterns and the consequences in terms of toxicity, the
derived guidance values for the sum of all EA strictly

r’=0.424
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apply only to those EA patterns (variations in ergot of
German origin) used in the underlying studies (Fig. 1).

3.3 Derivation of preliminary guidance values

All EA concentrations discussed in this section refer to a
basic dry matter content of 88%.

The preliminary guidance value (Table 3) for pigs of
0.6 mg EA/kg feed corresponds to the lowest NOAEL found
for pigs of various categories, which was determined from
the studies of Mainka et al. (2005a) on fattening pigs for
different endpoints (feed intake, body mass gain, clinical-
chemical traits, organ weights). This value is significantly
lower than the NOAEL of 3.57 mg EA/kg diet or 5.6 mg
EA/kg feed for rearing piglets, which can be derived from
the significant changes in feed intake and live weight gain
compared to the respective control groups (Mainka et al.
2005b; 2007).

Based on the significant reductions in prolactin concen-
trations in systemic blood, Kopinski et al. (2007) reported
critical concentrations of 0.33 and 1 mg EA/kg feed for pri-
miparous and pluriparous sows, respectively. These values,
however, have to be interpreted restrictively as they were
derived after exposure to Claviceps africana whose con-
tent of total EA is predominantly determined by dihydro-
ergosine that is rarely found in C. purpurea. In view of this
significantly different alkaloid pattern, it does not appear
justified to apply C. africana-derived critical concentra-
tions to C. purpurea which predominantly occurs on non-
sorghum cereals without taking into account a safety fac-
tor. The need to employ a safety factor also arises from the

r’=0.522

0
0 10 20 30 40 50 60 70 80

r’=0.642

0 Yal
0 10 20 30 40 50 60 70 80
Total ergot alkaloids [mg/kg diet]

Fig.2 Literature compilation of dose-response relationships between the ergot content (left) and the total EA content (right) of feed and various

performance characteristics of growing pigs (Dénicke and Diers 2013)
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Fig.3 Risk evaluation for different animal species and categories,
based on the preliminary guidance values for critical concentrations
of EA in feed: the intersections between the horizontal dotted lines
(=preliminary guidance values) with the rising straight lines charac-
terize the critical cereal proportions in feed at EA concentrations in
the grain which represent the median, the maximum concentration,
the 90th percentile of the monitoring data, and an assumed average
concentration of 1300 pug EA/kg (corresponds to the upper limit, UL,
of mg ergot/kg)

fact that dihydroergosine is significantly less toxic than the
C. purpurea-originating alkaloids (Kopinski et al. 2007).
Conservatively, a preliminary guideline value of 0.03 mg
EA/kg for sows is derivable when assuming a safety factor
(LOAEL-to-NOAEL Uncertainty Factor, UF) (Opresko et al.
1998) of 10, and for the more sensitive primiparous sows a
critical dietary concentration of 0.33 mg EA/kg.

Mares appear to respond also quite sensitively to the pres-
ence of EA in endophyte infected tall fescue manifested in a
marked reduction in prolactin levels and associated agalac-
tia exhibiting a prolonged gestation length and an increased
incidence of Retentio secundinarum (Monroe et al. 1988).
However, no data on EA concentrations were reported in that
study. Therefore, mares can presently not be considered and
require further investigations.

The dose-response studies published for growing cattle
of the German Holstein breed do not allow the derivation
of either a LOAEL or a NOAEL, since the maximum tested
levels for calves (~0.85 mg EA/kg) and bulls (0.37 mg EA/
kg) were too low to cause adverse effects (Schumann et al.
2007a, b). In dairy cows of the same breed, rectal tempera-
ture, which was not recorded in the studies on growing cat-
tle, was significantly increased up to a concentration higher
than 0.44 mg EA/kg (Schumann et al. 2008), which can
be interpreted as a LOAEL. However, this physiological
deviation had no negative impact on a number of endpoints
recorded in these studies. Thus, neither milk yield, liver
cell damage-indicating enzyme activities in blood serum
nor rumen fermentation parameters were influenced by EA
exposure (Schumann et al. 2008; 2009). Obviously, the rec-
tal temperature as an expression of the vasoactive effects

of some EA represents a sensitive toxicological endpoint
in dairy cows. This preliminary LOAEL of 0.44 mg EA/kg
is close to the level of 0.473 mg EA/kg mainly consisting
of ergotamine which was found to be associated with clini-
cal cases of tail losses in cattle putatively due to the vaso-
constriction activity of EA (Craig et al. 2015; Klotz 2015).
Other clinical signs in cattle observed at higher EA levels
between 1.5 and 62 mg EA/kg included lameness, sloughing
of hooves, decreased feed intake, early term abortions and
low milk yield (Klotz 2015).

However, since other animal health, physiological and
performance characteristics were unaffected in the study by
Schumann et al. (2008), a LOAEL-to-NOAEL UF of only 5
is assumed. Therefore, a LOAEL of 0.44 mg EA/kg deter-
mined in dairy cows results in a preliminary guidance value
of 0.1 mg EA/kg, which is applied conservatively to growing
cattle as well.

In sheep (ram lambs), increasing doses of EA from cereals
raising up to 2447 mg/kg resulted in a linear dose-dependent
decrease in serum prolactin concentration (Coufal-Majewski
et al. 2017). Even the lowest concentration of 0.93 mg EA/
kg caused a significant decrease in prolactin levels com-
pared to the control group and would consequently represent
an estimate for a LOAEL since other recorded endpoints
responded nothing at all (nutrient digestibility) or only at
higher concentrations (performance). Applying a LOAEL-
to-NOAEL UF of 10 would lead to a preliminary guidance
value of 0.09 mg EA/kg or rounded up to 0.1 mg EA/kg,
which is similar to that for cattle. Conservatively, this value
should apply to all sheep categories.

In the case of poultry, there are dose-response studies
on chickens and laying hens which enabled the derivation
of both a LOAEL and a NOAEL. According to that, the
NOAEL of 1.9 mg EA/kg for fattening chickens (broilers)
(Dénicke 2017) and 3.7 mg EA/kg for laying hens (Dénicke
2016) are taken as the respective preliminary guidance
values. In the case of fattening Pekin ducks, the lowest
tested dose of 0.6 mg EA/kg was already proved effective
in terms of performance and animal health as a result of a
dose-response study so that it corresponds to the LOAEL
(Dénicke 2015). Assuming a LOAEL-to-NOAEL UF of 10
results in a preliminary guidance value of 0.06 mg EA/kg.

3.3.1 Risk evaluation

Although monitoring the occurrence of EA in feedstuffs
as discussed above mainly included samples that were sus-
pected for ergot contamination, the descriptive statistical
parameters such as median, 90th percentile and maximum
concentrations of total EA were used for a first risk evalu-
ation based on the preliminary guidance values. Thus, this
approach can be regarded as conservative and should be
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qualified in the future by monitoring data based on sampling
plans and not on suspect samples.

In doing so, maximum tolerable cereal proportions in the
daily ration can be derived for different animal species and
categories. For this purpose, EA contents in feed are to be
related to the preliminary guidance values representing the
median, the 90th percentile and the maximum concentra-
tion from the above discussed EA monitoring, as well as a
value of 1300 ug EA/kg corresponding to the upper limit of
1000 mg ergot/kg on average (SANCO/1525/2006 -rev. 2).

When applying the median concentration, the use of con-
taminated cereals for sows, Pekin ducks and cattle seems
limited. However, under practical feeding conditions, the
median appears to be less suitable for a risk evaluation than
the concentrations corresponding to the 90th percentile or
the maximum EA concentration in the feed, since in indi-
vidual cases a specific damage situation in livestock will
be associated with such (higher) concentrations. Assuming
such scenarios, there are, however, limitations for all animal
species and categories considered. At concentrations corre-
sponding to the 90th percentile and the assumed concentra-
tion of 1300 pg/kg, there are limitations for not only sows,
fattening Pekin ducks and cattle for grain use, but also for
rearing pigs and fattening pigs (46%).

EFSA-estimations of EA contents in diets for various ani-
mal species and categories would suggest that guidance val-
ues for sows, fattening Pekin ducks, cattle and sheep would
be exceeded irrespective of exposure scenario (i.e. lower
and upper bound mean levels), but particularly when rye
was included in the diets (EFSA 2017). In contrast, earlier
estimations by the EFSA (2012) suggested no exceedance of
the preliminary guidance values for any of the farm animal
species or categories. Only when rye was included in the
scenarios, the guidance value for sows was surpassed.

Based on these apparently contradictory estimations a
systematic monitoring of complete feed seems to be advis-
able in order to evaluate the exposure of the animals more
realistically.

3.3.2 Conclusions for toxicity evaluation

Individual species or categories of animals are insufficiently
protected by the currently applicable upper limit of 1000 mg
ergot per kilogram of unground cereals. This is true for dif-
ferent scenarios of presumed EA levels in ergot contami-
nated cereal grains. Assuming an average EA content of
1.3 mg/kg in cereals, for sows no more than 2, for fattening
Pekin ducks 4, for cattle and rearing piglets 8 as well as for
growing fattening pigs 46% of the contaminated cereals can
be mixed into the ration in order to comply with preliminary
guidance values for the critical EA concentrations (Fig. 3).
Assuming a median concentration of 0.086 mg EA/kg in

@ Springer

cereals, as determined in the present study, these acceptable
cereal levels for sows and fattening Pekin ducks increase
up to 30 and 64%, respectively, while for cattle and rearing
piglets as well as for growing fattening pigs there would
exist no limitations.

As these preliminary guidance values are based on only a
few studies and selected farm animal species and categories
further dose-response experiments are required enabling the
titration of both LOAEL and NOAEL. Such trials should not
only cover hitherto less considered species like horses, pets
etc. but also varying EA patterns at comparable total EA
contents as a precondition for an improved risk management.

4 Overall conclusions

1. The analyzed feed samples showed a significant vari-
ability of EA content, even if the ergot content remained
the same. Therefore, the calculation of the EA content
is not possible based on the weight of ergot counted in
the feed.

2. As a consequence, feeding studies have shown that the
evaluation of the risk for animal health should be based
on the EA content rather than the ergot content.

3. Taking the evaluation of the feeding studies into account,
the current regulation restricting the ergot content in
feed materials and compound feed containing unground
cereals has to be considered insufficient to protect ani-
mal health.

4. Based on the current knowledge preliminary guidance
values for species-specific critical values for total EA
content in the diets could be derived (Table 3).

5. Since differences in the effects on animals could be
observed even when the EA content within the feed
remained the same, further research is needed to ver-
ify the preliminary guidance values on the basis of a
broader data base and to improve the risk evaluation in
view of the significant variability in the species-specific
sensitivity.
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