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A basic tool for risk assessment: A new method for
the analysis of ergot alkaloids in rye and selected rye
products
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As a basis for the collection of occurrence and exposure data of ergot alkaloids in food, an HPLC
method coupled with fluorimetric detection (HPLC-FLD) for the determination of 12 pharmacologi-
cally active ergot alkaloids in rye and rye products was developed. Samples were extracted with a
mixture of ethyl acetate, methanol, and aqueous ammonia, followed by centrifugation and purifica-
tion by solid phase filtration (SPF) with basic alumina. After solvent adjustment, the samples were
analyzed by HPLC-FLD using a phenyl–hexyl-column. Recoveries for five major alkaloids were
between 89.3% (ergotamine) and 99.8% (a-ergokryptine) with a maximum LOQ of 3.3 lg/kg (ergo-
metrine). Precision expressed as RSD ranged from 2.8% (ergocristine) to 12.4% (a-ergokryptine) for
repeatability, and from 6.5% (ergocornine) to 14.9% (ergotamine) for within-laboratory reproducibil-
ity, respectively. In a survey of 39 rye product samples, ergocristine and ergotamine were found to be
the major alkaloids in commercially available rye products with contents of 127 lg/kg (ergocristine),
and 134 lg/kg (ergotamine) in rye flour, and 152.5 and 117.8 lg/kg in coarse meal, respectively.
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1 Introduction

Ergot alkaloids are mainly produced by the fastidious para-
sitic fungus Claviceps spp., infecting the ovaries of various
Poaceae such as rye, wheat, triticale, barley, millet, and
grasses of which rye, triticale and grasses are the most
affected ones [1–5].

These violet to black colored ergots or sclerotia (Secale
cornutum) that are formed instead of sane grains contain
0.1–0.8% of pharmacologically active indole alkaloids,
exerting toxic effects on endotherms [5–8]. Known as St.
Anthony's fire, ergot containing cereals caused numerous
epidemics of acute, gangrenous ergotism in the middle ages
[9–11]. The observed a-adrenoceptor-mediated vasocon-
striction is characterized by swelling, reddening, and, in the
last resort, by necrosis, loss of extremities, and death [7, 9,
12]. Chronic ergot alkaloid intake impacts the central nerv-
ous system inducing giddiness, formication, nausea, flexion

of extremities, paralysis, psychosis, dementia, and death
[7–10].

Acute intoxication manifests symptoms of nausea, head-
ache, paraesthesia, convulsion, death by respiratory paraly-
sis, and circulatory collapse while doses of 5–10 g can be
lethal [6, 7]. Pregnant women may come down with uterus
contraction in association with bleeding and tetanus uteri
followed by suffocation of the embryo, miscarriage, and
uterus rupture [8, 9].

All ergot alkaloids have the indole containing tetracyclic
ergoline system in common (Fig. 1). They are derivatives of
D-lysergic acid (suffix “-ine”) and D-iso-lysergic acid (suf-
fix “-inine”) that can isomerize into one another at which
D-iso-lysergic acid shows less pharmacological activity on
endotherms [5].

For the determination of ergot alkaloids in products of
plant origin, a variety of analytical techniques such as col-
orimetric analysis with van Urk's reagent [2–4], thin layer
chromatography [13–15], immunoassays [16–18], CZE
[19, 20], HPLC coupled with fluorimetric detection
(HPLC-FLD) [6, 21–28], and LC coupled with MS/MS
[26, 29–32] has been reported.

Due to decomposition in the injector system, GC is only
used for the identification of the peptide moiety, especially
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for pharmaceutical and forensic issues [33]. HPLC-FLD
analysis is themostcommonlyappliedmethoddueto fluores-
cencesensitivityof theconjugated ergolinesystem(Fig. 1).

At present, there is no method on hand that is validated
according to approved protocols such as ISO/CEN, DIN, or
German Food and Feed Code, Section 64 (Lebensmittel-
und Futtermittelgesetzbuch–LFGB, § 64). Hence, only
sparse occurrence data of ergot alkaloids in human nutri-
tion, and exposure data for humans as a basis for risk assess-
ment, are available [34]. So, it was the aim of this work to
provide an efficient, thoroughly in-house validated method,
applicable with only little effort concerning time, cleanup,
solvent demand, and detection system, and without the use
of halogenated solvents as required for German Food Mon-
itoring. Collected occurrence data will be the basis for the
risk assessment of ergot alkaloids in food.

2 Materials and methods

2.1 Chemicals, reagents, and materials

Ergocornine, ergocorninine, ergocristine, ergocristinine,
a-ergokryptine, a-ergokryptinine, ergometrine maleate,
ergometrinine, ergosine, ergosinine, ergotamine tartrate,
and ergotaminine were kindly provided as thin films by the
Federal Office of Public Health (Bern, Switzerland).

Spiking standard substances (ergocornine, ergocristine,
a-ergokryptine, ergometrine maleate, and ergotamine tar-
trate) for recovery experiments were obtained from
Sigma–Aldrich (Steinheim, Germany).

Solvents and chemicals used were all of analytical grade
or higher purity standard. ACN, ethyl acetate, and ammo-
nium carbamate were from Merck (Darmstadt, Germany).
Methanol and aqueous ammonia solution (25%) were pur-
chased from Fluka (Buchs, Switzerland).

SepPackm Alumina B cartridges (sorbent weight
1710 mg, particle size 50–300 lm) were from Waters
(Eschborn, Germany).

2.2 Calibration solutions

Stock solutions were prepared by redissolving the thin film
standard compounds in the mobile phase (ACN–ammonium
carbamate buffer (0.2 g/L) (50:50 v/v)), and were adjusted to
a concentration of 250 ng/mL per compound. Calibrants
were prepared by diluting the stock solution with the same
solvent mixture in a range from 1 to 50 ng/mL corresponding
to an analyte concentration of 5–250 lg/kg sample. Amber
glassware was used to prevent from photodegradation and
isomerization of the ergot alkaloids. Stock solutions and
diluted standard solutions were stored at –308C.

2.3 Apparatus and analytical conditions

An Agilent 1100 Series system (Agilent Technologies,
Waldbronn, Germany) consisting of a membrane degasser,
a binary pump, a thermostated autosampler with a 100 lL
loop, a thermostated column compartment, and a fluores-
cence detector set at 315 nm (excitation) and 415 nm (emis-
sion) was used for analyses. The column was a Gemini C6-
phenyl, 250 mm64.6 mm, particle size 5 lm, purchased
from Phenomenex (Aschaffenburg, Germany). The mobile
phase consisted of a mixture of ACN and ammonium carba-
mate buffer (0.2 g/L) (50:50 v/v). The column temperature
was set at 308C.

Using isocratic elution, the following flow program was
applied: 0–16 min at 0.8 mL/min, 16–29 min at 1.5 mL/
min, and 29–32 min at 0.8 mL/min.

Reproducibility tests were performed on a Shimadzu
(Duisburg, Germany) 10-A system with a membrane degas-
ser, a binary pump, a thermostated autosampler with a
500 lL loop, a thermostated column compartment, and a
fluorescence detector. The same analytical conditions as
mentioned above were applied.

2.4 Samples

Rye and rye products (flour, flakes, and coarse wholemeal)
samples were purchased from local German supermarkets,
health food stores, and flour mills. Cereals, flakes, and
coarse wholemeal samples were ground to a particle size of
0.5 mm using a Retsch ZM 100 mill (Haan, Germany). The
flour was homogenized by thorough shaking. The samples
were stored in darkness at room temperature until analysis.

2.5 Method development

Method development was based on the extraction solvent
introduced by Scott and Lawrence [28], which consists of a
mixture of dichloromethane, ethyl acetate, methanol, and
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Figure 1. Molecular structure of 13 most prominent ergot
alkaloids and related compounds.
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ammonia hydroxide solution (25%) (50:25:5:1 by volume).
To avoid halogenated solvents, the ethyl acetate content
was raised to 75 parts, entailing the necessity to adjust the
solvent polarity by adding 7 parts of ammonia hydroxide
solution (25%) in order to enhance ergometrine and ergo-
metrinine extraction efficiency, respectively.

2.6 Sample preparation

Twenty grams of the sample were extracted in 250 mL poly-
propylene bottles with 100 mL of a mixture of ethyl ace-
tate–methanol–ammonia hydroxide solution (25%)
(75:5:7 by volume) by turbulent shaking for 45 min (Turb-
ula T2C and F, Willy A. Bachofen, Basel Switzerland). The
extraction solvent was shaken thoroughly before each
removal of an aliquot. After centrifugation (Beckmann, J2-
21, Krefeld, Germany) at 108C and 5000 rpm for 20 min,
5 mL of the raw extract were transferred on a basic alumina
cartridge (Sep-Pakm Plus Alumina B cartridge sorbent
weight 1710 mg, particle size 50–300 lm, Waters). An ali-
quot of the eluate (2.0 mL) was evaporated to dryness in the
nitrogen stream at 458C and approximately 0.34 bar
(Zymark TurboVap LV, Hopkinton, MA, USA), redissolved
in 2.0 mL of the HPLC eluent by means of ultrasonic bath
(Transsonic T460, Elma, Singen, Germany) for 20 min and
centrifuged (Beckman Microfuge R, Krefeld, Germany) at
108C and 15 300 rpm for 10 min using ultrafree-MC
0.45 lm centrifugal filters (Millipore, Billerica, MA,
USA). Purified filtrate (10 lL) was analyzed by HPLC-
FLD.

3 Results and discussion

3.1 Liquid chromatographic separation

Separation of the 12 ergot alkaloids was performed within
32 min under isocratic conditions. Figure 2 shows a chro-
matogram of a calibrant (I) containing approximately 5 ng/
mL (corresponding to 25 lg alkaloid per kg sample) per
compound and a naturally contaminated rye flour (II).

3.2 Linearity

The linearity of the calibration function was verified by a
Mandel test of goodness of fit [35] within a range of
approximately 0.01–0.60 ng/Inj (5–300 lg/kg, Table 1)
per compound. In addition, analysis of residual plots did
not show any irregular pattern.

3.3 LOD and LOQ

LOD and LOQ were estimated according to German Stand-
ard, DIN 32645 [36], by analyzing a ground rye sample
with ten replicates. An a-error of 1% and a confidence
range of l33.3% (k = 3) were applied.

Blank method results ranged from 0.02 (ergocristine) to
1.10 lg/kg (ergometrine) for the LOD, and from 0.08 to
3.30 lg/kg for the LOQ, respectively (Table 2). These val-
ues are low and comparable with previously published
HPLC-FLD methods (LOD: 0.6–4.0 lg/kg [6]; 0.2–
1.1 lg/kg [37]; LOQ: 4 lg/kg [23]; 2.8–17.9 lg/kg [24]).

Mohamed et al. [29] reported LODs of 7 (ergometrine,
ergotamine, ergocornine, ergokryptine) and 11 lg/kg
(ergocristine) and LOQs of 23 and 37 lg/kg for an LC-MS/
MS-based method estimated by a modified blank method.

In a second approach, LOD and LOQ were approximated
by extrapolation from the recovery experiments (see Sec-
tion 3.4) according to DIN 32645 calibration method [36],
although the spiking level was too high and should normally
range between LOD and LOQ. The same statistical param-
eters as mentioned above were applied.

Calibration method results ranged from 8.1 (ergome-
trine) to 22.3 lg/kg (ergocristine) for the LOD, and from
25.5 to 66.5 lg/kg for LOQ, respectively (Table 2).

Assessment of the LOD and LOQ suitability was diffi-
cult, since no maximum levels or comparable limits for
ergot alkaloids in food are presently established in German
and European legislation. So, the present approach was
designed to verify the requirements resulting from the for-
mer maximum level of 0.05% for ergot sclerotia in cereals
according to German Intervention Guideline [38]. Based on
a mean alkaloid content of 0.2% in sclerotia [5, 7], 0.05%
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Figure 2. Chromatogram of an HPLC calibrant (I) containing
approximately 25 lg/kg per compound and naturally contami-
nated rye flour (II); (a) ergometrine (55 lg/kg), (b) ergometri-
nine (16 lg/kg), (c) ergosine (81 lg/kg), (d) ergotamine
(133 lg/kg), (e) ergocornine (52 lg/kg), (f) a-ergokryptine
(47 lg/kg), (g) ergocristine (127 lg/kg), (h) ergosinine (31 lg/
kg), (i) ergotaminine (54 lg/kg), (j) ergocorninine (34 lg/kg),
(k) a-ergokryptinine (27 lg/kg), (l) ergocristinine (59 lg/kg).
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sclerotia in cereals correspond to a total mean alkaloid con-
tent of 1000 lg/kg. In addition, EFSA [12] reported a mean
alkaloid distribution as listed in Table 2, so that contents for
each alkaloid could be estimated.

The demonstrated LOQs meet the requirements for quan-
titation of naturally occurring ergot alkaloid contents in
cereals and flours with one exception: a-ergokryptine esti-
mated by the calibration method.

Since the conservative calibration method provides only
additional assessment criteria, and the estimated content is
an approximation, the method for the analysis of ergot alka-
loids in cereals is considered to be sufficient.

In the following, LOQs deriving from blank method are
used for further assessment of the analyzed samples (see
Section 3.6), since DIN 32645 [36] states that this method
shall be authoritative, and LOQs according to the calibra-
tion method could only be determined for five out of a total
of twelve ergot alkaloids.

3.4 Recovery efficiencies

Recovery efficiencies were checked for five ergot alkaloids
(ergocornine, ergocristine, a-ergokryptine, ergometrine,
and ergotamine), selected as being representative, by spik-

ing blank material (ground rye). For the other compounds,
no reference standards were available in the required
amounts necessary for the spiking procedure. Tested con-
centrations ranged between 25 and 150 lg/kg in four equi-
distant steps and four replicates each.

Recoveries were linear functions of the concentration,
verified by a residual analysis and a Mandel test of good-
ness of fit [35], and ranged between 89.3 (ergotamine) and
99.8% (a-ergokryptine).

These results are similar and good compared with recov-
eries of previously published methods of 61–97% [6], 74–
82% [23], 79–96% [24], and 58–65% [37].

Recovery efficiencies l CVs, and related coefficients of
determination (r2) are listed in Table 1.

3.5 Method precision

Precision was proved by repeatability (RSDr) and within-
laboratory reproducibility (RSDR).

Naturally contaminated rye flour was analyzed nine
times by one operator on 1 day for repeatability studies. In-
house reproducibility studies were conducted with the same
material by two operators (one trained, one untrained) on
6 days with three replicates corresponding to a total number

503

i 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com

Table 1. Recovery efficiencies for the analysis of ergot alkaloids in cereals and flours

Ergo-
cornine

Ergo-
corninine

Ergo-
cristine

Ergo-
cristinine

a-Ergo-
kryptine

a-Ergo-
kryptinine

Ergo-
metrine

Ergo-
sine

Ergo-
sinine

Ergo-
tamine

Ergo-
taminine

Tested rangea)

(lg/kg)
5.3 – 266.0 5.1 – 254.0 4.7 – 234.5 5.8 – 291.0 4.7 – 235.5 5.3 – 265.0 5.4 – 271.0 6.5 – 323.5 5.4 – 269.5 5.3 – 264.0 6.2 – 309.5

Recoveryb) (%) 98.6 l 3.8 n.a.c) 97.6 l 3.1 n.a.c) 99.8 l 2.4 n.a.c) 99.2 l 3.8 n.a.c) n.a.c) 89,3 l 3.4 n.a.c)

Coefficient of
determination

0.9961 n.a.c) 0.9942 n.a.c) 0.9967 n.a.c) 0.9853 n.a.c) n.a.c) 0.977 n.a.c)

a) For standard solutions.
b) Recovery l CV; within a range from approximately 25 to 130 lg/kg.
c) n.a. not analyzed.

Table 2. Comparison of estimated ergot alkaloid contents in cereals, containing 0.05% sclerotia with an alkaloid content of 0.2%,
with the method's LOQ's

Compound Percental contribution to
total alkaloid content
according to ref. [12] (%)

Estimated contents
(lg/kg)

LOQ calculated by blank
method (lg/kg)

LOQ calculated by
calibration method
(lg/kg)

Ergocornine 4 40 0.19 36.51
Ergocorninine 2 20 0.16 n a.a)

Ergocristine 31 310 0.08 66.45
Ergocristinine 13 130 0.88 n.a.a)

Ergokryptine 5 50 0.14 55.88
Ergokryptinine 3 30 0.09 n.a.a)

Ergometrine 5 50 3.30 25.55
Ergometrinine 2 20 0.55 n.a.a)

Ergosine 4 40 0.55 n.a.a)

Ergosinine 2 20 0.18 n.a.a)

Ergotamine 17 170 0.56 57.58
Ergotaminine 8 80 0.13 n.a.a)

a) n.a. not analyzed.
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of 18 samples. All data were checked for normal distribu-
tion (R/s- and David test), outliers (Grubbs test), and trends
(Neumann test) with an a-error of 1%.

To our knowledge, precision for an ergot alkaloid HPLC-
FLD method was not studied to such an extend with charac-
terization of both repeatability and within laboratory repro-
ducibility. Ware et al. [24] reported repeatability CVs deriv-
ing from recovery experiments (n = 6 replicates) ranging
from 1.6 to 15.4%. Storm et al. presented similar results
(n = 8 replicates) ranging between 8.4 and 13.0%.

Mohamed et al. [29] determined precision with 3–9 mg/
kg per alkaloid spiked material for their in-house validated
LC-MS/MS method. Results ranged from 8 to 17% for both
repeatability and within-laboratory reproducibility for five
major ergot alkaloids.

The here presented method is characterized by CV's
ranging from 3 to 12% under repeatability conditions, and
from 7 to 15% under within-reproducibility conditions for a
naturally contaminated flour with a total alkaloid content of
302 lg/kg per 11 alkaloids. Results are depicted in Table 3.

Compliance levels for precision RSDs in ergot alkaloid
analysis are not available. Hence, the obtained data were
compared with further criteria to evaluate compliance. In
the case of products of animal origin, the Commission
Decision 2002/657/EC [39] specified a maximum RSDR of
23% according to the Horwitz equation in a mass range
between 100 and 999 lg/kg. For mass ranges below 100 lg/
kg, RSDR is supposed to be as low as possible. Besides, Hor-
witz equation defines an RSDr value of 15% for concentra-
tions above 100 lg/kg [39–41].

Respective RSDs ranged from 2.8% (ergocristine) to
12.4% (a-ergokryptine) for repeatability and from 6.5%
(ergocornine) to 14.9% (ergotamine) for within-laboratory
reproducibility. These values are below the Decision 2002/
657/EC [39] criterion of 23 and 15% respectively, accord-
ing to Horwitz equation [39–41].

Obtained precision data are clearly below the target val-
ues of decision 2002/657/EC. Therefore, the developed

method has been found as being suitable for ergot alkaloid
trace analysis.

3.6 Application

Thirty-nine harvest products of 2006/2007 (rye and rye
product samples) were investigated for their ergot alkaloid
content. Mean, median, and maximum concentrations for
each alkaloid as well as the total alkaloid content are shown
in Table 4. The incidence of positive samples and the
between-samples variability calculated as ratio of between-
sample SD and overall mean are also depicted in Table 4.

In rye flour (n = 22), the incidence for total alkaloids was
100%. The highest concentration of ergot alkaloids was
found in rye flour from a local flour mill with a total alka-
loid content of 714.6 lg/kg. Ergocristine and ergotamine
were the major alkaloids according to their mean (maxi-
mum) content of 27.0 (126.9) and 24.4 (132.9) lg/kg,
respectively, confirming the observations by Young [2, 3],
and Young and Chen [4].

These results are similar to the results of the coarse meal
samples (n = 7). The highest total alkaloid content
(739.7 lg/kg) was found in a coarse meal sample bought
from a local wholefood-bakery. Again, ergocristine and
ergotamine were the major alkaloids according to their
mean (maximum) content of 25.6 (152.5) and 23.3
(117.8) lg/kg.

The occurrence of ergotamine was not as important in
rye samples (n = 7) as in flour and coarse meal with a mean
(maximum) content of 7.2 (20.9) lg/kg. The major alkaloid
ergocristine was present in rye with a mean (maximum)
concentration of 17.3 (54.3) lg/kg.

Contamination of rye flakes (n = 3) was very low with a
maximum total alkaloid content of 66.2 lg/kg, although
further samples have to be analyzed to prove significance of
these results.

Between-sample variability for all samples ranged
between approximately 90 and 265% per alkaloid which is
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Table 3. Precision data for the analysis of ergot alkaloids in rye flour

Alkaloid content (lg/kg)

Ergo-
cornine

Ergo-
corninine

Ergo-
cristine

Ergo-
cristinine

a-Ergo-
kryptine

a-Ergo-
kryptinine

Ergo-
metrine

Ergo-
sine

Ergo-
sinine

Ergo-
tamine

Ergo-
taminine

R302.6 22.4 15.2 55.9 25.2 20.5 12.4 22.9 30.9 14.6 57.3 25.4

Under repeatability conditions (n = 9)
SD (lg/kg) 1.1 1.0 1.5 1.0 1.1 1.4 1.8 1.6 0.6 2.6 1.5
CV (%) 4.8 6.5 2.8 4.6 5.6 12.4 7.4 5.1 4.4 5.5 6.5

Under within-laboratory reproducibility conditions (n = 18)
SD (lg/kg) 1.9 1.0 3.9 2.5 2.3 0.9 1.7 3.0 1.8 6.1 3.9
CV (%) 8.4 6.5 6.8 9.6 10.9 6.7 7.7 9.8 12.1 9.8 14.9
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not unusual. Young [2] reported a variation of the total alka-
loid content of more than 4000% (total alkaloid content
between 0.011 and 0.452%) in rye sclerotia of one field.

As mentioned above, the former maximum level of
0.05% for ergot sclerotia in cereals according to German
Intervention Guideline [38] corresponds to a total mean
alkaloid content of 1000 lg/kg. This value is not exceeded
by any of the analyzed samples.

Scott et al. [27] reported mean total alkaloid contents in
rye flour calculated for six major alkaloids (ergocornine,
ergocristine, ergokryptine, ergometrine, ergosine, and
ergotamine) for the harvests 1985/1986–1990/1991, rang-
ing between 69 (1985/1986) and 414 lg/kg (1986/1987)
with ergocristine and ergotamine being the most prominent
alkaloids.

Although generally lower, the obtained alkaloid contents
are in the line with the data collected by Scott et al. [27].

More recently, Lauber et al. [22] published mean alkaloid
contents in rye flours and grains calculated for 12 alkaloids

amounting to 818 lg/kg in 2003, and 260 lg/kg in 2004,
respectively. In 2003, 23% of the analyzed samples
exceeded the former maximum level of 1000 lg/kg, one
with a maximum total alkaloid content of 3280 lg/kg.

The obtained data are in a line with the results of the crop
year 2004, whereas data of the year 2003 cannot be con-
firmed. The explanation given in ref. [22] relates to the
strong influence of climatic conditions causing smaller
ergot bodies under adverse circumstances. These smaller
sclerotia may cause severe problems in separating them
from the sane kernels.

4 Concluding remarks

An analytical method based on solid phase filtration (SPF)
clean-up followed by liquid chromatographic separation on
a phenyl–hexyl-column and fluorescence detection for
ergot alkaloids in cereals and flours was developed and
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Table 4. Ergot alkaloid contents in rye products

Ergo-
cornine

Ergo-
corninine

Ergo-
cristine

Ergo-
cristinine

a-Ergo-
kryptine

a-Ergo-
kryptinine

Ergo-
metrine

Ergo-
metrinine

Ergo-
sine

Ergo-
sinine

Ergo-
tamine

Ergo-
taminine

Total
alkaloid
content

Rye flour (n = 22)
Mean (lg/kg) 10.7 6.2 27.0 8.7 15.8 4.2 7.9 1.8 14.3 7.4 24.4 9.3 137.5
Median (lg/kg) 6.7 3.9 14.2 1.9 12.0 0.0 6.6 0.0 8.8 5.9 10.7 5.4 85.0
Maximum (lg/kg) 52.3 34.2 126.9 58.9 58.2 26.9 53.3 15.8 81.2 31.3 132.9 54.3 714.6
Between-Sample
Var. (%)

130.9 138.9 129.3 169.2 101.6 167.0 138.7 210.1 141.9 113.1 143.1 153.6 130.5

Incidence positive
samples (%)

72.7 68.2 81.8 50.0 77.3 45.5 77.3 45.5 68.2 68.2 77.3 63.6 100.0

Rye (n = 7)
Mean (lg/kg) 4.7 3.7 17.3 2.7 6.4 1.7 4.5 0.7 9.0 2.5 7.2 1.8 62.2
Median (lg/kg) 0.0 0.0 14.6 0.0 0.0 0.0 2.7 0.0 0.0 0.0 4.3 0.0 59.7
Maximum (lg/kg) 23.3 15.2 54.3 10.4 29.5 12.1 15.9 4.8 35.7 17.5 20.9 6.7 197.0
Between-sample
Var. (%)

189.8 164.4 112.0 155.1 175.9 264.6 130.0 264.6 165.3 264.6 115.9 156.6 109.1

Incidence positive
samples (%)

42.9 42.9 85.7 42.9 42.9 14.3 57.1 14.3 42.9 14.3 57.1 42.9 85.7

Rye coarse meal (n = 7)
Mean (lg/kg) 18.9 10.2 25.6 10.0 18.2 6.9 11.5 0.0 15.5 8.0 23.3 9.6 157.7
Median (lg/kg) 7.2 5.9 5.0 0.0 13.0 4.4 8.4 0.0 7.7 3.7 10.6 0.0 90.5
Maximum (lg/kg) 88.0 46.0 152.5 55.7 64.2 31.3 30.2 0.0 69.5 32.1 117.8 52.4 739.7
Between-sample
var. (%)

166.5 158.1 219.0 204.6 120.0 162.2 83.2 – 159.4 146.2 164.8 180.3 164.7

Incidence positive
samples (%)

71.4 71.4 71.4 42.9 71.4 57.1 85.7 0.0 71.4 57.1 85.7 42.9 85.7

Rye flakes (n = 3)
Mean (lg/kg) 5.5 3.7 4.9 0.0 3.8 1.7 4.3 0.0 0.0 0.0 2.4 0.0 26.4
Median (lg/kg) 0.0 0.0 0.0 0.0 0.0 0.0 4.3 0.0 0.0 0.0 2.9 0.0 12.9
Maximum (lg/kg) 16.6 11.2 14.6 0.0 11.5 5.1 8.6 0.0 0.0 0.0 4.3 0.0 66.2
Between-sample
var. (%)

173.2 173.2 173.2 – 173.2 173.2 100.0 – – – 91.4 – 133.1

Incidence positive
samples (%)

33.3 33.3 33.3 0.0 33.3 33.3 66.7 0.0 0.0 0.0 66.7 0.0 66.7
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inhouse-validated in terms of limits of detection and quanti-
tation, recovery and precision. Acceptable recoveries could
be achieved, ranging from 89.3% (ergotamine) to 99.8%
(a-ergokryptine) with a maximum LOQ of 3.3 lg/kg (ergo-
metrine) calculated by blank method and of 66.5 lg/kg
(ergocristine) calculated by calibration method.

Data obtained for repeatability and inhouse-reproducibil-
ity proved the precision and robustness of the described
method.

Additionally, this method was applied to 39 rye and rye
product samples, all below the former maximum level of
1000 lg/kg (corresponding to a sclerotia content of 0.05%
in rye). In general, the obtained data are in a line with previ-
ously published data from Canada [27] and Germany [22],
although observed total alkaloid contents tend to be lower
probably caused by different climatic conditions.

Due to its good manageability and successful validation
for the six ergot alkaloids ergocornine, ergocristine, a-ergo-
kryptine, ergometrine, and ergotamine, the presented
method will be standardized and published in the Official
Compilation of Test Methods according to German Food
and Feed Code, Section 64, as a routine and reference
method for the German Food Surveillance.

The authors have declared no conflict of interest.
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