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The storage stability of oat flours (Avena sativa L.) was investigated
by sensory and chemical methods. Raw and heat-treated flour samples of
three cultivars of oats (Kapp, Mustang, and Svea) were stored at 23°C
and 50% relative humidity for 0, 5, 18, and 42 weeks before analyses.
Descriptive sensory analysis and analyses of total fatty acids (FA), free
fatty acids (FFA) and volatile lipid oxidation products were performed
after each storage period. Storage of raw flours for five weeks resulted in
66% FFA but stable levels of flavors and volatile compounds. After 18
weeks, the level of volatiles and FFA was higher, while the samples at 42
weeks had an intense paint flavor, high levels of several volatiles, and
reduced levels of FA and FFA. The major volatiles in stored oat flours
were hexanal and 2-pentyl-furan. The other carbonyls were mainly alde-

Compared to wheat, the lipid content of oats is =5 times higher
(Percheron and L6liger 1990) and the lipolytic enzymes are 10-15
times more active (Matlashewski et al 1982). Milling to flours
allows lipids and enzymes to react and release free fatty acids
(FFA), which are much more susceptible to lipid oxidation than
the original lipids. Oats contain a variety of antioxidants, includ-
ing tocopherols and phenolic acids (Kalbasi-Ashtari and Ham-
mond 1977), and are thus considered to be fairly stable towards
nonenzymatic oxidation (Percheron and Loliger 1990). However,
high levels of unsaturated FFA and the presence of lipoxygenase
favor lipid oxidation. High moisture levels may further enhance
the enzymic oxidation, and exposure to heat, oxygen, catalysts, or
light accelerates nonenzymic oxidation (Galliard 1994). While
most oats for feed are enzyme-active, most commercially processed
oats for human consumption are stabilized by heat-treatment. An
adequate heat process inactivates lipolytic enzymes and develops
the characteristic, pleasant flavor that is associated with high-
quality commercial oat products. Optimum stability is expected
after a heat treatment strong enough to inactivate lipolytic enzymes
but mild enough to protect the natural antioxidants in oats and
prevent excessive oxygen exposure due to drying (Galliard 1994).

The storage stability of cereals may be studied by sensory or
chemical methods. Studies of milled, rolled and whole cereals by
use of descriptive sensory analysis and chemical methods have
been reported in rice (Paule and Powers 1989, Piggott et al 1991),
pearl millet (Lai and Varriano-Marston 1980), and oats (Dahl et al
1989; Molteberg et al, in press). Oat oil stability has also been
studied (Fors and Schlich 1989). Most of the studies investigated
the effects of processing and storage conditions and related the
sensory attributes related to various lipid oxidation products. In
rice, removal of the bran and aleurone layer increased the storage
stability and reduced the levels of FFA, hexanal, and carbonyls
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hydes. For raw oat flours, most correlation coefficients between volatiles
and the attributes of paint odor, paint flavor, odor intensity, and flavor
intensity were >0.90. The volatiles were negatively correlated to oat odor
and flavor and sweetness (r = -0.80 to -0.90). Heat-treatment of oat
flours reduced the levels of FA, FFA, and most flavors, particularly bit-
terness and astringency. The levels of hexanal and oat flavor increased,
while most volatiles remained constant. Stability against lipid oxidation
was greatly increased by heat treatment. The levels of volatiles in heat-
treated samples were less well correlated to flavors. Thus, differently
heat-treated samples should be assessed separately in future flavor pre-
diction models.

(Piggott et al 1991). For oats, Fors and Schlich (1989) found more
green and rancid flavors and higher levels of aldehydes in heated
oils from unprocessed oats than in oils from processed oats. Dahl
and co-workers (1989) detected some differences in storage sta-
bilities for differently processed rolled oats, even though most
products remained fairly stable for 45 weeks. Molteberg et al (in
press) reported that the sensory quality of heat-treated oat groats
was influenced mainly by the type of heat process used but also
by cultivar and storage time for raw groats. The results showed
that even though increasing storage humidity and storage time
increased the levels of FFA and hexanal, these characteristics did
not correspond well with the sensory quality of whole groats.

In the present study, the storage stability of oat flours is investi-
gated. The effects of cultivar and heat-treatment on flavor, fatty
acid contents, and content of volatile lipid oxidation products are
described, and their changes during storage discussed. Statistical
methods are used to relate the volatiles to descriptive sensory
analysis of raw and heat-treated oat flours.

MATERIALS AND METHODS

Oat Samples
The oat samples (Avena sativa L.) were of three cultivars

(Kapp, Mustang, and Svea), grown in 1993 at Apelsvoll Research
Station, Norway. A complete factorial design, with three processes
(raw + two heat processes) and four storage periods, was used
(Fig. 1). Each heat treatment was performed on 2.3 kg of hulled
oats or 1.7 kg of groats. The heating procedures included soaking
in water for 2 min, followed by steaming for 10 min at 100°C and
drying in paper bags at 100°C, as described previously (Molteberg
et al 1995). The two heating procedures (without hulls and with
hulls) differed by the time of dehulling (before and after heat-
treatment) and the duration of the drying (3.5 and 4 hr, respec-
tively). Due to higher volumes of samples heat-treated with hulls,
each replicate was also dried in two bags that were thoroughly
mixed before milling. Raw and newly processed samples were
milled on a Retsch Ultra centrifugal mill, 0.5-mm screen (Kurt Retsch
GmbH & Co, Haan, Germany). The oat flours were stored in double,
glued paper bags (greaseproof paper with gramage 42 g/m2 inside
and 70 g/m2 craftpaper outside) under light at 23°C and 50%
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relative humidity. Prior to sensory and chemical analyses after 0,
5, 18, and 42 weeks of storage, one sample was withdrawn from
each bag.

Sensory Analysis
Descriptive sensory analysis (ISO 1985) was performed by an

accredited sensory laboratory employing a panel of nine part-time
assessors. The assessors had 4-19 years of experience in descrip-
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Fig. 1. Flow diagram for processing and storage of oat samples.
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Fig. 2. Sensory scores from 10 selected flavor and texture attributes.
Average scores adjusted relative to the reference sample. * = raw, * = heat-
treated with hulls, 0 = heat-treated without hulls.

tive analyses of food products. They had been selected and trained
according to the guidelines of the International Organization for
Standardization (ISO 1991). Sensory analyses were performed in
a laboratory designed to ISO standards (ISO 1988), with individ-
ual booths, standardized lightning, charcoal filter, and positive
pressure. Before profiling, two sessions were used to train the
assessors in the definition of 16 selected odor, flavor, and texture
attributes (Table I). Two very different samples were used for this.
A 15-cm continuous unstructured scale was used for evaluation.
The results were transferred onto a 9-point scale, where the left
side of the scale (0 cm) corresponded to no intensity (value 1.0),
and the right side (15 cm) to strong intensity (value 9.0) of each
attribute. One unprocessed sample and one reference sample
stored at -80TC was served before the evaluation at each storage
period.

The reference sample was included in all sensory analysis to
control the drift of the panel. The assessors used water and bland
crackers for palate cleansing between the samples.

The samples (60 g of oat flour and 210 ml of distilled water)
were prepared in 300-ml beakers and heated in a waterbath at
65TC for 10 min. Stirring every minute ensured even temperatures
and a smooth paste. One tablespoon (15 g) of each sample was
served each assessor in a plastic tray. The serving temperature was
=60C. Each sample was served four times (two from each heat-
treatment duplicate). The total sample order was randomized and
each session of five samples was randomized for each assessor.
Monadic evaluation was performed and the data was recorded
directly on a computerized system (Compusense Inc., Guelph,
ON, Canada).

To compare samples across storage periods, all results from sen-
sory analyses were adjusted relative to the reference. This eliminates
the effect of drift in the panel but is based on the assumption that the
reference remains constant during storage at -800 C for 42 weeks.
All results for a given attribute and storage period were adjusted by
the constant:

K = refo/ref,

where ref, (x = 0, 5, 18, or 42) gives the intensity of the corre-
sponding reference sample at each of the different storage periods.

Chemical Analysis
Moisture contents were analyzed by drying at 1050 C (AOAC

1990). The contents and compositions of total fatty acids (FA) and

TABLE I
Sensory Attributes and Results from Analysis of Variance (ANOVA)

of Freshly Processed Oat Flours at 0 Weeks

Attribute Description Stota MSEb

Odors
Intensity Intensity of all odors 0.68 0.31
Oat Odor of oats 0.92 0.56
Raw Odor of raw, untreated grains 1.93 0.95
Hay Odor of dry hay, dust 0.52 0.84
Paint Odor of paint, turpentine, diesel 0.44 0.24

Flavors
Intensity Intensity of all flavors 0.70 0.28
Oat Flavor of oats 0.96 0.58
Sweetness Taste of sucrose 0.31 0.36
Acidity Related to a mild flavor of acid 0.40 0.49
Raw Flavor of raw, untreated grains 1.90 0.81
Hay Dry hay, dust 0.55 1.06
Grass Green grass 0.62 0.40
Paint Paint, turpentine, diesel 0.52 0.31
Bitterness Related to bitter taste (quinine, caffeine) 1.27 0.78

Texture
Astringency Contracting, astringent mouthfeel 0.89 0.45
Stickiness Coherent, sticky, adhesive mouthfeel 0.82 0.38

a Total standard deviation.
b Mean square error from two-way ANOVA describing noise in sensory data.
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