GRAIN QUALITY

Fusarium Head Blight: Effect on the Milling and Baking
of Some Canadian Wheats'
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ABSTRACT

Samples from the 1994 western Canadian wheat harvest of the hard
red spring wheat cultivars Glenlea, Grandin, Roblin, and Taber that were
downgraded predominately due to the presence of fusarium damaged
(FD) kernels were composited at different FD levels. All samples were
from southern Manitoba. As FD increased, deoxynivalenol (DON) levels
increased. The ratio of DON to FD differed among cultivars, ranging
from 0.6 to 2. Straight-grade flour yield was not related to increasing FD,
but flour refinement (ash and color) was adversely affected. Gluten from
hand-picked FD kernels contained a lower proportion of glutenins than
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did sound kernels. No qualitative or quantitative differences in gliadins
attributable to FD were apparent. Flour from FD wheat showed relatively
normal physical dough properties (mixograph and farinograph), but dur-
ing remix baking, a long straight-dough procedure, dough became sticky
and hard to handle. The effect of FD on loaf volume was cultivar de-
pendent. Loaf volume of Glenlea was virtually unaffected by FD up to 7%,
Grandin and Taber showed moderate declines, whereas Roblin showed a
drastic decline.

Fusarium head blight (or scab) occurs worldwide on small grain
cereals (Parry et al 1995). In Canada, fusarium head blight is
caused primarily by F. graminearum Schwabe. Since 1984, this
species has become increasingly common in southeastern Mani-
toba (Clear and Abramson 1986, Abramson et al 1987, Clear and
Patrick 1990). In 1993 and 1994, conditions favorable to the dis-
ease resulted in the worst outbreaks of fusarium head blight ever
in Manitoba (Canadian Grain Commission [CGC] 1993, 1994;
Gilbert et al 1995).

Fusarium head blight outbreaks are a health concern because of
the mycotoxins found in Fusarium-infected grain (Pomeranz et al
1990). There have been numerous studies focusing on the level of
mycotoxins, particularly the trichothecene deoxynivalenol (DON
vomitoxin) in infected wheat, flour, and processed products.
Results have shown that DON is stable during wheat milling,
although it becomes partitioned in varying concentrations among
screenings, mill feed, and flour streams (Scott et al 1983, 1984,
Seitz et al 1985; Lee et al 1987; Tkachuk et al 1991). DON is very
stable during baking (El-Banna et al 1983, Young et al 1984,
Tanaka et al 1986, Boyacioglu et al 1993). DON levels are
reduced in cooked pasta and noodles because of leaching into the
cooking water (Nowicki et al 1988), and in alkaline products such
as tortillas due to decomposition (Abbas et al 1988).

The effects of fusarium head blight on the processing quality of
wheat has not received much attention. According to Bechtel et al
(19895), F. graminearum is an aggressive invader destroying starch
granules, storage proteins, and cell walls. Boyacioglu and Hetti-
arachchy (1995) found that moderate F. graminearum infection
causes significant compositional changes in carbohydrate, lipid,
and protein. Meyer et al (1986) reported that German wheat infected
by F culmorum (W. G. Smith) Sacc. exhibited inferior baking
quality, which they attributed to degradation of wheat gluten
proteins. According to Seitz et al (1986), scab levels up to 3% did
not significantly affect the baking quality of American hard red
winter wheat.

Following the severe outbreak of fusarium head blight in south-
eastern Manitoba in 1994, there were reports from domestic proc-
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essors that wheat from Manitoba containing fusarium-damaged
(FD) kernels exhibited weaker dough properties than in previous
years (personal communications). This study was initiated to
determine the extent to which F. graminearum infection influ-
ences the processing performance of Canadian wheat.

MATERIALS AND METHODS

Wheat Samples

Wheat samples were commercially grown samples submitted
by individual producers for CGC harvest surveys following the
1994 harvest. The samples selected had been downgraded primarily
or exclusively due to the presence of FD, and would qualify for the
milling grades in the absence of FD. All samples originated from
southeastern Manitoba.

Samples of three red spring wheat cultivars, Glenlea (registered
for the Canada Western Extra Strong class), Grandin (an Ameri-
can cultivar that was contract-grown in 1994 and marketed sepa-
rately from the Canada Western Red Spring wheat class), and
Taber (registered for the Canada Prairie Spring-Red class), origi-
nated from surveys of Canadian Wheat Board contract programs.
Cultivar purity was ensured because cultivar was specified in the
contracts. Roblin (registered for the Canada Western Red Spring
class) samples were selected from the annual CGC Canada West-
ern Red Spring wheat harvest survey. Samples downgraded due to
FD were identified electrophoretically by cultivar by the method
of Tkachuk and Mellish (1980). Those identified as pure Roblin,
by far the most common cultivar identified, were selected.

Each individual sample was divided into two equal portions.
Foreign material, dockage, and FD were removed by hand-picking
from one portion to give a cleaned (CL) portion. Foreign material
and dockage only were removed from the other portion to give an
as is (AS) portion. Portions of CL and AS were blended 1:2 and
2:1 to give admixes at two intermediate levels of FD (AD1 and
AD?2). The size of resulting CL, AD1, AD2, and AS subsamples
ranged from 50 to 150 g. Composites of 1.5 kg were prepared by
blending 15 to 25 individual CL, AD1, AD2, and AS subsamples.

Grading and Determination of FD

Each composite, and the FD kernels removed during hand-
picking, were examined by a CGC grain inspector. FD was deter-
mined according to standard CGC procedures. The Official Grain
Grading Guide (CGC 1995) describes FD as “lifeless, thin,
shrunken kernels affected by a whitish or pinkish fibrous mold.
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The presence of the mold on individual kernels is confirmed using
a 10 power magnifier”. A basic grade was assigned to each series
exclusive of FD. The maximum FD tolerances for Canadian
common wheat milling grades are 0.25% in No. 1 CWRS and 2%
in all others.

Mycological Screening

Fungal analysis was performed on each CL and AS series and
the hand-picked fusarium-damaged kernels (DK). Seeds (100) of
each sample were chosen at random, surface-disinfected by soak-
ing in a 0.3% sodium hypochlorite solution for 1 min, then air-
dried in a laminar flow cabinet. Dried seeds were placed onto
cooled potato dextrose agar in 100-mm petri dishes, with 10 seeds
per plate. The plates were incubated for five days at room tem-
perature (21-28°C) under a cycle of 12 hr of darkness and 12 hr of
mixed UV and fluorescent light to induce sporulation of Fusaria
and other fungi for identification.

Wheat Tests

Wheat moisture content, test weight, and kernel weight were
determined by the methods described by Dexter and Tipples
(1987).

Milling
The CL, AD1, AD2, and AS samples were prepared for milling
and were milled in 1-kg lots by a five-stand mill (Allis-Chalmers)

TABLE I
Deoxynivalenol (DON) Levels in Whole Grain and Flour from Wheat
Containing Fusarium-Damaged (FD) Kernels

DON (ppm)
Sample? FD (%) Wheat Flour
Glenlea®
CL 1.8 1.1 0.5
AD1 4.2 2.7 1.1
AD2 59 35 1.7
AS 73 4.9 33
DK 98 90 35
Grandin®
CL 1.5 1.7 0.9
AD1 3.1 34 1.4
AD2 4.5 59 25
AS 13 8.0 4.6
DK 82 70 40
Roblind
CL 0.2 1.2 0.4
AD1 2.2 29 1.7
AD2 3.1 6.7 4.1
AS 59 9.5 59
DK 100 89 62
Taber®
CL 2.5 25 1.6
AD1 5.1 57 2.7
AD2 89 8.6 49
AS 10.7 11 6.3
DK 100 85 51
P valuesf
Wheat (W) 0.0001 0.0001 0.0001
FD 0.0001 0.0001 0.0001
W x FD 0.048 0.013 0.019
LSD (o= 0.05) 0.81 0.92 0.55

# CL = cleaned, sample hand-picked to lower FD; AD1 = admix 1, 2:1 blend of
CL and AS; AD2 = admix 2, 1:2 blend of CL and AS; AS = as is, original
sample; DK = damaged, FD kemels removed from AS sample.

b Canada Western Extra Strong class cultivar.

¢ Experimental cultivar.

9 Canada Western Red Spring class cultivar.

¢ Canada Prairie Spring-Red class cultivar.

f Mean values of three replicates for CL, AD1, and AD2. Due to sample size
limitations, DK results are means of duplicate analyses of single composite
from all replicates.

& Least significant difference.
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using procedures described by Dexter and Tipples (1987). The DK
samples from all three replicates were combined, and a single
500-g lot was milled after the third replicate series.

Flour yields were calculated as the proportion of flour to wheat
at first break on a constant moisture basis. Flour yields were
adjusted to a constant ash content (ash score) and a constant flour
grade color (color score) using relationships developed by Dexter
et al (1989).

DON Determination

DON was determined in duplicate using Veratox enzyme-linked
immunosorbent assay (ELISA) kits (Neogen Corporation, Lans-
ing, MI) on 50-g samples of flour and ground wheat. Wheat sam-
ples (200 g) were ground in a Ditting coffee grinder (Elpack Ltd,
Toronto, ON) at the 1.5 setting. The resulting grind is one in
which 90% of ground material passes through a U.S. No. 20 mesh
(850 um) sieve. Extraction was at a 1:5 ratio with water at high
speed in a blender. After settling, 30 ml of aliquot was centrifuged
for 5 min at 3,000 rpm. Aliquots (100 pl) were used for the ELISA
test.

Analytical Tests

Moisture contents of ground wheat and flour were determined
with a Brabender rapid moisture tester (C. W. Brabender Instru-
ments, South Hackensack, NJ) as outlined in the instruction man-
ual. All wheat and flour analytical data are expressed on a 14%
moisture basis.

TABLE II
Properties of Fusarium-Damaged (FD) Wheat®
Sample? TW (kg/hl) KW (mg) Ash (%) PR (%)
Glenlea®
CL 77.8 438 1.62 132
AD1 713 423 1.64 133
AD2 76.6 423 1.63 13.2
AS 75.7 41.1 1.62 13.2
DK 64.4 27.7 175 13.2
Grandind
CL 79.0 357 1.57 14.0
AD1 78.4 36.2 1.56 139
AD2 717 35.0 1.59 139
AS 76.7 345 1.57 13.7
DK 65.4 242 1.75 13.6
Roblin®
CL 719 342 1.67 14.8
ADI1 77.1 322 1.70 14.6
AD2 76.4 30.6 1.68 147
AS 75.0 29.7 1.65 147
DK 62.1 219 1.79 143
Taberf
CL 770 36.4 1.67 11.6
AD1 76.3 357 1.66 11.7
AD2 755 353 1.58 11.6
AS 74.1 333 1.64 11.7
DK 64.4 24.4 1.86 11.6
P values®
Wheat (W) 0.0001 0.0001 0.0001 0.0001
FD 0.0001 0.0001 0.64 0.92
W x FD 0.98 0.57 0.31 1.0
LSD (o = 0.05)" 0.53 0.76 0.033 0.34

2 TW = test weight, KW = kernel weight, PR = protein. Expressed as 14% mb.

b CL = cleaned, sample hand-picked to lower FD; AD1 = admix 1, 2:1 blend of
CL and AS; AD2 = admix 2, 1:2 blend of CL and AS; AS = as is, original
sample; DK = damaged, FD kernels removed from AS sample.

¢ Canada Western Extra Strong class cultivar.

4 Experimental cultivar.

¢ Canada Western Red Spring class cultivar.

f Canada Prairie Spring-Red class cultivar.

8 Mean values of three replicates for CL, AD1, and AD2. Due to sample size
limitations, DK results are means of duplicate analyses of single composite
from all replicates.

h Least significant difference.






