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ABSTRACT

Wheat grain was spiked with five levels of three grain protectant mix-
tures, aged, then milled and further processed into a wide range of end
products including seven types of bread and noodles. Enzyme-immunoassay
methods for quantitation of residues of three organophosphate
(fenitrothion, chlorpyrifos-methyl, and pirimphos-methyl), two synthetic
pyrethroid (bioresmethrin, permethrin) grain protectants and an insect
growth regulator (methoprene) were applied to the analysis of both the
milling fractions and the end products. Three parameters were investi-
gated: 1) potential matrix interferences obtained using a simple methanol
extraction protocol; 2) a comparison of data obtained using the immuno-
assay and conventional instrumental methods (gas-liquid chromatography
or high-performance liquid chromatography); and 3) changes in the resi-
due levels during milling and processing. Where matrix interference did
occur, it was typically manifested as a decrease in assay sensitivity in the
presence of the extract of the sample under study. However, methanol
extraction of residues gave relatively few matrix interferences in the case
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of organophosphates, and matrix effects were seen in only some of the
pyrethroid assays. The simplest approach to obtaining accurate results,
when matrix effects were present, was to prepare the assay standards in
an extract of a pesticide-free sample of the matrix under study. Generally,
there was a close relationship between residue levels as measured by
immunoassay and by instrumental analysis. The extent of residues in
different milling fractions and persistence in different products varied
with the compound and the product. As the milling extraction rate
increased, the levels of residue in the flour, relative to the application rate,
were greater. Similarly, baked products prepared from high-extraction-rate
flours contained higher levels of pesticide, while white noodles (low-
extraction-rate flour) and yellow noodles (alkali treated) contained low
levels. Although the application rates used are lower, a greater proportion
of pyrethroids, especially permethrin, were retained after milling and
subsequent processing, compared with that of the organophosphates.

Harvested wheat grain often requires protection during storage
from damage by a range of insect species. Cereal grains can be
treated with degradable pesticides, including organophosphates,
carbamates, synthetic pyrethroids, and insect growth regulators to
prevent insect infestation before processing and consumption
(Bengston et al 1983, Snelson 1987, Arthur 1992). The identity
and amount of pesticide residues in wheat products is important
because: 1) small amounts of pesticide or pesticide metabolite
may persist in the baked or cooked product; 2) pesticides used on
some grains and in some countries may not be allowed in other
situations; and 3) an increasing proportion of customers specify
“residue-free” grain. Insecticide use brings with it the likelihood
of residues appearing in foods derived from these grains. We have
developed antibody-based tests for the major pesticides used on
stored wheat grain (Hill et al 1991, 1992, 1993; Skerritt et al
1992a,b; Edward et al 1993), and in some cases performed limited
assessment of these assays with milling fractions (Skerritt et al
1992b, Edward et al 1993). With wheat grain, good correlations
have been obtained between immunoassay data and data obtained
using conventional instrumental methods (Skerritt et al 1994).

In addition to grain handlers and traders, cereal processing
companies and regulatory agencies are potential users of these
methods. For processors, analysis of baked or cooked end prod-
ucts and intermediate products such as flours are also important.
Therefore, we undertook a large performance trial of the antibody
assays with these wheat end products. Three parameters were
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studied: 1) identification of sample matrix interference in the
immunoassays using a simple methanol extraction protocol, with-
out clean-up; 2) comparison of immunoassay results with data
from gas-liquid chromatography (GC) or high-performance liquid
chromatography (HPLC) analyses; and 3) assessment of the
breakdown or loss of residues during processing.

MATERIALS AND METHODS

Grain Treatments and Products

Hard wheat (11.5% protein) from Western Australia was treated
with five treatment levels of three pesticide mixtures: fenitrothion
and bioresmethrin; chlorpyrifos-methyl and  methoprene;
pirimiphos-methyl and permethrin, representative of the common
mixtures used in commercial practice in Australia (Bengston et al
1983), and including several of the major grain protectants used
singly in other countries (Snelson 1987). Treatment levels were:
fenitrothion, chlorpyrifos-methyl, and pirimiphos-methyl (2.5, 5,
7.5, 10, 20 ppm, mg/kg), bioresmethrin, methoprene, and per-
methrin (0.25, 0.5, 0.75, 1, 2 ppm). The grain was stored in sealed
containers at 20-25°C for two months before conditioning and
milling. This period, together with losses on spiking, meant that
residues in the grain at the time of testing were expected to be 40—
80% of these original values (Ardley and Desmarchelier 1978;
Desmarchelier 1978, 1980; Noble et al 1982; Bengston et al 1983;
Papadouolou-Mourkidou and Tomazon 1991).

Milling fractions were prepared using a Buhler mill: flour (60,
75, 82% extraction rates), 90:10 flour (90 parts of wholemeal plus
10 parts of 75% extraction rate flour), pollard, and bran. Whole-
meal was prepared by milling wheat in a Falling Number mill to
pass a 0.8-mm screen.

Breads were made according to standard commercial practice
(Quail et al 1993). Pan bread formula contained 3% yeast, 2%
salt, 2% fat, and 0.5% improver (flour basis). White bread was
prepared from 75% extraction rate flour, bran-enriched bread from
90:10 flour and wholemeal bread from wholemeal.
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