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Retention of Ergot Alkaloids in Wheat During Processing1,2
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ABSTRACT Cereal Chem. 72(3):291-298

The retention of six alkaloids in hard red spring wheat infected by derived from the reduction system. Low concentrations of ergot alkaloids
ergot (Clavicepspurpurea) was determined in mill streams and in processed were retained in high quality patent flour. Ergot alkaloids were quite
Oriental noodles, pasta, and pan bread. Individual and total alkaloids stable during end-use processing. Processing of flour into pasta and
(ergonovine, ergosine, ergotamine, ergocornine, a-ergokryptine, and ergo- Oriental noodles had little effect on levels of ergot alkaloids, and a
cristine) were determined by a modification of a previously reported substantial proportion of alkaloids were still present after cooking. How-
reversed-phase high-performance liquid chromatography procedure. ever, cooked noodles with alkaline kansui contained less alkaloids than
Generally, ergocristine was the predominant alkaloid present, followed either cooked noodles with salt or cooked pasta. Processing flour into
by ergotamine. Ergot is more plastic than hard wheat endosperm, hence pan bread had a minimal effect on alkaloid levels. More alkaloids were
it flattened during smooth-roll reduction grinding. After milling, ergot present in the crumb than in the outer crust of bread.
alkaloids were concentrated in the late reduction streams and in the shorts

Claviceps purpurea (Fr.) Tul. produces pharmacologically
potent toxic metabolites (alkaloids) that infect the ovary of cereals,
replacing and taking the shape of a kernel as a selerotium or
ergot body. There are no commercially grown cultivars of cereals
known to have resistance to C. purpurea because infection depends
largely on favorable environmental conditions (Lorenz 1979).
Without modern cleaning equipment such as gravity tables, removal
of ergot from contaminated grains is difficult because ergot bodies
take nearly the same size and shape as the kernels of the infected
grain (Dexter and Matsuo 1982, Friedman and Dao 1990, Dexter
et al 1991).

Ergot is the oldest recorded plant disease, and the toxigenic
effects of ergot alkaloids have been recognized for many years.
Localized outbreaks of human ergotism still occur (King 1979,
Marasas and Nelson 1987, Matossian 1989). Constant vigilance
is required to avoid a potential threat to human and animal health.

Ergot alkaloids in ergot-contaminated food and feed are amide
or cyclic tripeptide derivatives of lysergic acid. Twelve naturally
occurring peptide alkaloids have been isolated and identified
(Bianchi et al 1982). These mycotoxins produce symptoms of
ergotism in humans and mycotoxicoses in animals (Mantle
1977a,b; Scott and Lawrence 1982; Young and Marquardt 1982;
Young et al 1983; Mantle and Willingale 1985; Rotter et al
1985a-c; Marasas and Nelson 1987; Matossian 1989; Rotter et
al 1989).

In recognition of the toxicity of ergot, the Canadian Grain
Commission has had strict tolerance limits in place for ergot in
all cereal grains for many years. For Canada Western Red Spring
(CWRS) wheat, the export tolerance limits are 0.01, 0.02, and
0.04% for No. 1 CWRS, No. 2 CWRS, and No. 3 CWRS, respec-
tively, and 0.10% for Canada Western Feed wheat (Canadian
Grain Commission 1991).

Few studies on the retention and stability of ergot alkaloids
in flour mill streams and processed wheat end-products have been
undertaken. Scott et al (1992) reported that low levels of ergot
alkaloids were prevalent in Canadian cereal products, with rye
flour being the most contaminated food. This study was under-
taken to quantitate the retention of individual and total ergot
alkaloids in mill streams, bread, Oriental noodles, and pasta
derived from ergoty CWRS wheat.
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MATERIALS AND METHODS

Wheat Samples
Wheat samples used for pilot-scale milling were CWRS wheat

obtained from the Industry Services Division of the Canadian
Grain Commission during the 1992-93 crop year. Thirteen samples
weighing -25 kg each, and representing No. 1, 2, and 3 CWRS
wheat were selected based on their ergot content. Following visual
inspection, samples were divided into two groups: slightly ergot
contaminated (SEC), and heavily ergot contaminated (HEC). The
resulting total weight of sample in each group was at least 100 kg.

After individual samples were cleaned in a Carter dockage tester,
the cleaned samples in each group were blended together using
a Patterson tumble mixer. The resulting composite samples were
divided for replicate millings into two portions using a Seedburo
Boerner divider.

From each divided SEC and HEC sample, 2-kg subsamples
were removed, and sclerotia were hand-picked. A grain inspector
verified that the hand-picked samples were free of ergot and that
the sclerotia removed were ergot.

An ergot-free CWRS Atlantic cargo sample was used as a con-
trol. A rye sample naturally contaminated by ergot was drawn
from a grain terminal in Thunder Bay, Canada, and used as a
positive check.

Milling
Two lots, 20-kg each of the SEC and HEC CWRS wheat com-

posites were prepared for milling as described by Dexter and
Tipples (1987). Each lot was tempered to 16.3% moisture content
in a Monarch mortar mixer and rested at 21'C for 18 hr before
milling on the Grain Research Laboratory pilot flour mill (Black
1980). The mill flow used in this study is shown in detail in Figure 1.

Mill Products
Flour and by-product streams from each milling were collected

individually. Divided flours were prepared by combining portions
of appropriate flour streams, selected on the basis of refinement
(ash content) and functionality, according to typical Canadian
commercial milling practice (Panter 1988).

Millfeed comprised all of the by-product streams: the bran (BR)
after bran finishing; the fine bran (FB) and shorts (SH) from
the fourth break fine passage (B4F); shorts from the second sizing
(S2), fifth middlings (M5), and M6 passages; and shorts flour
from the shorts duster (SD). The total yield of millfeed was about
25% of clean wheat, expressed on a constant moisture basis.

Straight-grade flour was prepared from all flour streams produced
on the mill; the yield was about 75%. Depending on the wheat,
ash content (14% mb) ranged from 0.51 to 0.56%.
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A highly refined patent flour corresponding to a typical Canadian
household flour was prepared from flour produced by the first
and second middlings (M) and first and second sizing (S). The
yield of this flour was about 45%; ash content ranged from 0.36
to 0.38%.

A less refined patent flour corresponding to a Canadian bakers'
patent flour (yield -20%, ash content 0.57-0.62%) comprised the
flour produced by the first three breaks (B), M3, and M4.

A low-grade clear flour (yield -10%, ash content 1.19-1.35%)
was prepared from the remaining flour streams, which included
the fourth break course (B4C) and fourth break fine (B4F), bran
finisher (BF), M5, and M6.

Breadbaking
Bread was prepared by the remix baking method (Kilborn and

Tipples 1981), a long straight-dough procedure that features an
initial fermentation time of 2.75 hr at 300C. The dough was
remixed and given a final proof of 55 min at 30'C. Bread was
also prepared by a short straight-dough (no bulk fermentation)
procedure. In the short process, the dough was sheeted and panned
directly after mixing and given a single proof of 55 min at 300C.
The formula for both procedures (fwb) was: 100 g of flour, 3%
compressed yeast, 1% salt, 2.5% sucrose, 15 ppm of potassium
bromate, 0.1% ammonium monophosphate, 0.6% malt syrup
(60 L) and maximum water while maintaining good dough-
handling characteristics. Bread was baked at 225°C for 25 min.

After cooling, bread was cut into two pieces to allow separation
of crumb and crust. Crumb and crust were air-dried for two
days under subdued light before proceeding with analysis of ergot
alkaloids.

Noodle Processing and Cooking
Dried salted noodles that contain 1% NaCl (fwb) and dried

Chinese noodles that contain 1% kansui (9:1 by weight of Na2CO3
to K2CO3) were prepared as described by Preston et al (1986)
with minor modifications. The flour, salt, or kansui, and water
(32% absorption on a 14% mb) were mixed for 5 min in a Hobart
N50 mixer (Hobart Canada, North York, Ontario) equipped with
a paddle blade. The small, crumbly dough pieces were sheeted
on a noodle machine (model 150, Ohtake Noodle Machine Mfg.,
Ltd., Tokyo, Japan). The initial roll gap was set at 3.0 mm. The
dough sheet was reduced in thickness gradually by passing through
rollers nine times with a final roll gap of 1.2 mm. After the final
pass, noodles were cut with a B12 cutter (2.5 mm) and dried
for 8 hr in an environment chamber (model 58, Conviron, Winni-
peg, Manitoba). Initial drying conditions were 90% rh at 250C.
After 1 hr, temperature was increased to 30° C and rh was gradually
decreased to 60% over the remainder of the cycle.
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Dried noodles (30 g) were cooked in 300 ml of boiling distilled
water for -13 min. Optimal cooking time was determined as
the time when the white core in the strand disappeared following
crushing between two glass plates (Dexter and Matsuo 1977).
Cooked noodles were drained for 5 min and cooking water was
collected. After cooling, drained noodles and cooking water were
freeze-dried. Freeze-dried noodles and cooking water were stored
in a desiccator at room temperature until analyzed for ergot
alkaloids.

Spaghetti Processing and Cooking
Spaghetti was processed in 50-g lots by a micro-spaghetti-

making procedure detailed by Matsuo et al (1972). Spaghetti was
dried in a constant temperature/humidity cabinet (FR-386 PC-I,
Blue M Electric Co., Blue Island, IL) at 390 C (Dexter et al 1981)
and at 80°C (Malcolmson et al 1993). Dried spaghetti was cooked
for -14 min. Optimal cooking time and analysis of ergot alkaloids
in freeze-dried spaghetti and cooking water were determined as
described above for noodles.

Standards
Dry and pure reference standards of six pharmacologically

active ergot alkaloids were obtained to make stock solutions for
high-performance liquid chromatography (HPLC) and sample
fortification. Crystalline ergonovine maleate, ergotamine tartrate,
and a-ergokryptine were purchased from Sigma Chemical Co.
(St. Louis, MO). Ergocornine maleate, ergocristine, and ergosine
were obtained from Sandoz Ltd. (Basel, Switzerland). Dilutions
were made with high-purity HPLC-grade methanol except for
ergocornine maleate, which was dissolved in pesticide-residue-
grade dichloromethane in an ultrasonic bath. Two HPLC working
standards were prepared. One consisted of 10 ng/,ul of ergonovine
and 40 ng/ Ml of the other alkaloids. The second HPLC working
standard was a loX dilution of the first standard. The sample
fortification standard contained 98.6, 403.4, 396.5, 397.4, 401.8,
and 399.8 ,ug/ ml of ergonovine, ergosine, ergotamine, ergocornine,
a-ergokryptine, and ergocristine, respectively.

Extraction and Cleanup Procedures
Hard red spring wheat samples were ground using a benchtop

coffee grinder (Ditting model KFA 900, Elpack Ltd., Toronto,
Ontario) set so that a minimum of 90% of the ground grain would
pass through a 20-mesh sieve. Bread, noodle, and spaghetti
samples were ground before analysis using a hand-held coffee
grinder. The extraction methodology described by Scott and
Lawrence (1980) was followed with some modifications. A 30-
g sample was shaken at high speed for 45 min on a flatbed
reciprocating shaker (Eberbach Corp., Ann Arbor, MI) with 20
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Fig. 1. Grain Research Laboratory pilot mill hard wheat flow. Nitex sieve apertures given in ,um; 24-wire aperture 730 jim. Roll fluting expressed
as corrugations per inch. B = break (F = fine, C = coarse); S = sizing; M = middling; P = purifer; F = flour; BF = bran finisher; SD =
shorts duster; SH = shorts; BR = bran; FB = fine bran.
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