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The Tangential Abrasive Dehulling Device (TADD) was used to develop a simple dehulling procedure for flaxseed. Analysis of
variance showed that yield of hull and rate constant were affected mostly by speed and to a lesser extent by dehulling time.
Variability in the amount of hull recovered was mainly due to the interaction effects of speed and time. The amount of hull
recovered increased with decrease in moisture content and when moisture-adjusted seeds were stored for at least 24 h. The
dehuller was successfully applied to flax cultivars varying widely in seed characteristics. For this purpose, flaxseed conditioned to
20 to 35 g/kg moisture and stored for 24 h was dehulled in the TADD at a speed of 2000 rpm for 25 s. The dehulling method clearly
discriminated seven flaxseed cultivars based on the amount of hull recovered. Flax cultivars showed a wide range of hullabilities
from 50 to 91%, while the extraction rate was between 73 and 80%. Yield of hull was the best indicator of kernel hardness in flax,
measured as rate constant. Multiple-regression analysis showed that seed weight and oil content were the major seed factors
responsible for the dehulling quality of flaxseed.

©1996 Academic Press Limited

Introduction

Flax is Canada’s third major oilseed crop after canola
and soybean. The meal remaining after oil extraction of
flaxseed is utilized to a limited extent as a protein
supplement and often compared to canola and soybean
meals. A significant problem with flax for animal
nutrition is the high level of soluble carbohydrate
(mucilage) in the seed and the low available energy of
the meal due to its fibre content (1). The laxative nature
of the meal arises from its content of pentosans and
mucilaginous matter. Flaxseed contains about 400 g/kg
total dietary fibre rich in pentosans and the hull fraction
contains 2–7% mucilage (2). This mucilaginous soluble
fibre has been implicated in the management of
hyperglycemia in humans (3). As flax mucilage occurs
mainly in the epidermis layer of the seed coat (4),
removal of the hull will eliminate most of the mucilage
and much of the crude fibre. 
Flaxseed consists of several layers of mucilaginous cells,
the palisade-like sclerenchyma, the highly pigmented
inner tegument and the endosperm (5). The hull and
mucilage constitute about 40% of the total seed (6).
The hull consists of an outer, true hull, which is tough
and fibrous, with no oil and protein, and an inner soft
hull containing some oil and protein. However, since
the two hulls are difficult to separate (6), they are
treated as one.
Flaxseed mucilage has traditionally been removed by

aqueous extraction (7–13). The most common aqueous
method involves soaking of seeds in water, preferably
at high temperature, separating the mucilage extract
from the seed by filtration or centrifugation, concentra-
tion through dialysis, ultrafiltration or vacuum evapora-
tion, precipitation with 80% ethanol and freeze-drying.
Sometimes, this wet process of demucilaging is followed
by dehulling (6,14,15). Flaxseed hull separated by a
liquid cyclone process (2) has been reported to contain
less than 10 g/kg oil, about 200 g/kg protein and 330
g/kg total monosaccharides. Although the mucilage
obtained is claimed to be fairly free of contaminants,
the wet process is not economical since it involves
multiple steps, including drying.
Attempts have been made to remove flax mucilage with
dry dehulling of seeds by mechanical means. Since
mucilage represents a major constraint in isolating
protein from the seed in high yields, Smith et al. (16)
investigated a simple process of fractionating ground
flaxseed with graded sieves, and also an air separation
method. These processes consisted of grinding flaxseeds
in the moisture range of 80 to 120 g/kg between smooth
rolls, mechanical separation followed by separation of
the hull and embryo fraction after solvent extraction of
the oil with hexane. Dev and Quensel (4) also followed
a similar process of crushing flaxseed into a coarse
meal, extracting with isopropanol at room temperature
and screening the meal on a 0.25 mm sieve to obtain
low- and high-mucilage protein products.
Dry dehulling of whole flaxseed has not been studied.
With other oilseed crops such as sunflower, dehulling*To whom correspondence should be addressed.
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prior to crushing produces seed meal containing at least
400 g/kg protein. Sunflower cultivars with good hull-
abilities, that is with hulls which can be removed easily
(at least 40% to 50%), have been developed (17).
Abrasive dehulling is a front-end method of removing
the outer layers of flaxseed, thereby reducing its fibre
content and improving its functional and nutritional
properties. A prototype Tangential Abrasive Dehulling
Device (TADD) was developed (18) and further
refined (19). The TADD has been used to assess
hardness characteristics of sorghum (18,19), wheat,
corn (20) and grain amaranth (21), the dehulling quality
of legumes (cowpea, pigeon pea and mung bean) (22),
seed coat breakage of field pea (23) and the removal of
saponin from quinoa (19).
This study describes the development of a method to
dehull flaxseed and its application. This study was
prompted by the need to economically obtain flaxseed
hulls with the least amount of endosperm contamina-
tion. Another objective of the present study was to
determine the variability in dehulling quality among
flax cultivars so that cultivars with acceptable dehulling
characteristics can be identified. The relationship
between dehulling and seed characteristics was also
investigated to provide information on how the dehul-
ling quality of flaxseed can be improved in a plant
breeding program.

Materials and Methods

Flax cultivar ‘NorMan’, grown commercially in 1991 in
southern Manitoba, Canada, was used in determining
the dehulling conditions. Seeds of cultivar Linola™ 947,
McGregor, NorLin and Omega were obtained from
plants field-grown in 1992 at the Morden Research
Centre, Manitoba, while Flanders and Vimy were
grown in 1993, at the same location.
Prior to dehulling, flaxseeds were dried in a Litton
home microwave oven, model MCT 2053, with max-
imum heating power outputs of 700 W at 2450 MH, as
described by Oomah and Mazza (24). Briefly, samples
(240 g) were heated on a paper towel placed over an
asbestos board at high power for 8 to 12 min until a
seed moisture content of 20 to 35 g/kg was reached. The
seeds were stirred twice to prevent surface charring
during the drying process. Prior to microwaving the
seed, the oven was preheated for 5 min with a dummy
sample on the asbestos pad. After heating, the sample
was allowed to equilibrate at room temperature for 24
h prior to dehulling.
Abrasive dehulling was carried out on a model 4E-230
TADD (Venables Machine Works Ltd., Saskatoon, SK,
Canada) with an eight-cup cover plate. Details of
machine design and operation were described earlier
(19). A 120-grit disk (Merit Abrasive Products Inc.,
Compton, CA, U.S.A.) fixed to an aluminum disk was
used as the abrasive. The effect of operating variables,
namely, the speed of rotation of the abrasive disk and
dehulling time, were investigated using 40 g of flaxseed
in five of the cups in the eight-sample plate. After

dehulling for a given time interval, the seeds were
removed from the sample cups using the vacuum
aspirating device described previously (18). The dehul-
led seeds and hulls, separated by air aspiration, were
weighed and the weight loss (%) was designated as the
yield of hulls. Dehulling characteristics of flax cultivars
were determined by dehulling the conditioned seed at
2000 rpm for 25 s. Kernel hardness as rate constant was
determined by the method of Lawton and Faubion
(20).
Hullability was defined as the percentage of hull
removed by the TADD compared with the total
quantity of hull in the seed, obtained by manual hulling
of 50 seeds.
Moisture content of flaxseed was measured with a
Mark 1 moisture analyser (Omnimark Instruments
Corp., Tempe, AZ, U.S.A.). The seed samples were
analysed for oil content by extraction with petroleum
ether (by 40–60°C) using the multisequential method of
Appelqvist (25). Protein (N 3 5.41) on the whole seed
was determined by the Kjeldahl method with a Tecator
digester and a Kjeltec (System 1002) distillation unit
(Tecator AB, Höganäs, Sweden). Carbohydrate content
was determined by the phenol–sulfuric acid method of
Dubois et al. (26).
Data were subjected to analysis of variance according
to procedure (GLM), means comparison by Duncan’s
test, Pearson correlation and variance components
according to SAS (27). Linear and non-linear models
were fitted using the Slide Write Plus (Advanced
Graphics Software Inc., Carlsbad, CA) procedures.

Results and Discussion

Two important operating factors that can affect dehul-
ling of seed in the TADD are the rotating speed of the
disk and the dehulling time. The yield of hull, expressed
as percent weight loss after dehulling of flaxseed
(cultivar ‘NorMan’) increased linearly (r = 0.98) with
increase in dehulling time as dehulling speed increased
from 1500 to 3000 rpm (Fig. 1). Generally, the slope of
the curve increased linearly (r = 0.99) while the inter-
cept decreased (–8.9 to 25.3) as dehulling time

Fig. 1 Effect of the speed of rotation of the abrasive disk on
yield of hull (%) generated by dehulling flaxseed for various
times. s = 15s; j = 20s; m = 25s; d = 30s; h = 35s
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Table 1 Analysis of variance for yield, hull content and rate
constant of flaxseed at various speed and retention times

Mean squaresa

Hull Rate
Source df Yield content constant

Speed 3 2558.00 43.34 2.70
(165.61) (0) (0.18)

Retention time 6 1015.43 40.74 0.16
(122.73) (0) (0.01)

Speed × retention time 12 73.91 76.24 0.03
(24.54) (22.37) (0.01)

Error 42 0.86 0.48 0.00
CV% 3.48 6.86 4.84
aAll mean squares are significant at 0.0001 probability levels.
Values in parentheses are variance components.
CV = coefficient of variation.

increased from 15 to 30 s. The curves (Fig. 1) indicate
that yield was proportional to dehulling time.
Between 15 and 60 s yield was linearly correlated to
dehulling time (Fig. 2). All r values were greater than
0.992. An abrasive hardness index (AHI), defined as
the time in seconds to abrade one percent of the seed as
hull, was calculated on the basis of the slope (18).
Generally, the higher the rotational speed of the
abrasive disk, the higher the yield of hull and the lower
the AHI (Fig. 2). The AHI values, which reflect mainly
cotyledon hardness characteristics, ranged from 0.55 s
at 3000 rpm to 1.76 s at 1500 rpm. The slope more than
doubled as the rotational speed increased from 1500 to
2000 rpm and tripled from 1500 to 2500 rpm. At 2500
and 3000 rpm, the slopes and, therefore, the AHI values
were similar, suggesting no benefits in operating the
TADD at speeds higher than 2500 rpm for dehulling of
flaxseed.
Although yield of hull was linearly related to rotational
speed of the disk, the actual amount of true hull
recovered at various speeds was non-linear (Fig. 3),
suggesting that the latter was dependent on both speed
and dehulling time. At 2000 rpm, the same amount of
hull is obtained when dehulling time is either at 20 or 25
s as illustrated in Fig. 3. A similar situation occurs at
2500 rpm with dehulling times of 15 and 20 s. Thus, a
combination of speed and dehulling time can be used to
optimize the dehulling process. Comparison of the
curves (Fig. 3) indicates that as dehulling time increases
from 15 to 35 s, the speed at which the maximum
amount of hull is recovered decreases.
The interaction of speed and dehulling time was
evident from the analysis of variance (Table 1) for the
dehulling characteristics of flaxseed. The results show
that yield of hull and rate constant, a measure of
endosperm hardness, were highly dependent on speed
and to a lesser extent on dehulling time and the speed–
dehulling time interaction. The amount of hull recov-
ered (hull content), however, was independent of speed
and dehulling time, indicating that it is time and speed
specific. The speed–dehulling time interaction was the
only source of variation in the amount of recovered hull
of flaxseed. The variance components (28) for speed,

dehulling time and their interaction effects on amount
of hull recovered were 0, 0 and 22.4, respectively.

Seed conditioning
A reduction in moisture content of flaxseed by micro-
wave drying was reflected by an exponential increase in
the amount of hull recovered (Fig. 4). Moisture content
has been reported to affect seed coat breakage in peas
(23) and rate constant of sorghum (20) when they are
processed in the TADD. Similar decreases in the
amount of pearled off material (expressed as a percent-
age of the initial sample weight) as a function of
increasing moisture content has been observed in corn
(29) and wheat (30). The increase in hull recovered at
lower moisture contents may be due to changes in
tissue elasticity (31) and low resistance to dehulling due
to the friability of the hull. The amount of hull

Fig. 2 Effect of dehulling time on yield of hull (%) by
dehulling flaxseed at various speeds. s = 1500 rpm (AHI
1.76); j = 2000 rpm (AHI 0.85); m = 2500 rpm (AHI 0.57);
d = 3000 rpm (AHI 0.55)

Fig. 3 Effect of the speed of rotation of the abrasive disk on
the actual amount of true hull recovered (hull %) by
dehulling flaxseed for various times. s = 15s; j = 20s; m = 25s;
d = 30s; h = 35s

lwt/vol. 29 (1996) No. 3
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Table 2 Composition and dehulling characteristics of flax cultivars

Oil Protein Carbohydrate Hull Yield Extraction rate Hullability Rate
Cultivar (g/kg) (g/kg) (g/kg) (%) (%) (%) (%) constant

Flanders 403.3c 195.3b 81.9ab 20.24e 24.80b 75.20b 54.81e 0.68b

LinolaTM 947 414.6b 183.0d 89.3a 18.94f 20.30c 79.70a 50.36f 0.55c

McGregor 397.5c 191.7bc 80.3ab 21.86d 24.04b 75.96b 85.49b 0.66b

NorLin 402.2c 185.5cd 84.5ab 23.38c 24.62b 75.38b 84.63b 0.68b

NorMan 389.1d 203.4a 77.0b 17.39g 21.51c 78.49a 76.15c 0.58c

Omega 436.1a 190.2bc 79.9ab 27.54a 23.75b 76.25b 90.87a 0.65b

Vimy 385.6d 195.9b 81.0ab 24.83b 27.12a 72.88c 66.06d 0.76a

Mean 404.1 192.1 82.0 22.02 23.73 76.27 72.62 0.65
SD 16.8 7.8 7.5 3.35 2.27 2.27 15.01 0.07
a-gMeans within the same column followed by the same superscript are not significantly different (P<0.0001).

recovered (% hull) increased when the seeds were
stored for 24 h (Fig. 4). The increases in the amount of
hull recovered were mitigated at storage over 24 h. A
similar observation was made in soybeans (32), where
drying to a suitable moisture content and storage for
days were required for the hulls to separate easily from
the cotyledons after cracking. Apparently, events in
addition to those caused by microwave heating
occurred in moisture-adjusted stored seed samples.
Differential heating or cooling of the seed or a
combination of these processes probably reduces the
binding between the cotyledon and the inner seed coat
surface.

Dehulling characteristics of flax cultivars
Seven cultivars, including two yellow seeded types,
Linola™ 947 (also a low-linolenic type) and Omega,
were dehulled in the TADD to demonstrate its applica-
tion to flax which varied widely in seed characteristics
(Table 2). Oil content of cultivars varied significantly
(390–440 g/kg), while the difference in protein (180–200
g/kg) and soluble carbohydrate contents (77–89 g/kg)
was minimal. The amount of hull recovered from the
cultivars upon dehulling ranged from 17–28% and were
significantly different from each other. The least
amount of hull was obtained from cultivar ‘NorMan’
which had the lowest carbohydrate content and yield.
The highest amount of hull was recovered from cultivar
Omega which, coincidentally, had the highest protein
content and differed significantly in extraction rate

from cultivar ‘NorMan’. Probably, more endosperm
tissue is attached to the seed coat of cultivar ‘NorMan’,
thereby reducing the amount of recoverable hull
compared to Omega. The yield, defined as loss in
weight during dehulling, did not reflect the actual
amount of hull recovered, since some particles escape
under the cups (19). Nevertheless, it is a quantitative
measure of grain hardness, commonly referred to as
pearling index. The cultivars were separated into three
groups based on yield. Linola™ 947 and ‘NorMan’ had
the lowest yield, suggesting that they were of high grain
hardness, while Vimy, with the highest yield, was
comparatively soft. The extraction rates, an indication
of endosperm recovery, ranging from 73 to 80%,
suggest that abrasive dehulling is appropriate for
flaxseed.
Flax cultivars showed a wide range of hullabilities.
Cultivars Omega (90.9%) and Linola™ 947 (50.4%),
both yellow-seeded types, were those with the best and
poorest hullabilities, respectively. Differences in hull-
ability, at least in sunflower (33), have been explained
in part by variations in hull structure (thickness, degree
of lignification and discontinuities within the scler-
enchyma layer) and by variations in seed density (more
or less well filled endosperm and variable space
between the hull and the endosperm). These two
factors are influenced by the environment. A similar
variation probably exists in flaxseed. Cultivars Flanders
and Vimy, grown in 1993, had poor hullabilities and the
lowest extraction rates, suggesting that these two
characteristics may have been influenced by climatic
conditions. Water stress has been reported to increase
hullability, whereas a non-limiting or slightly limiting
water supply may reduce hullability (33). In fact,
cultivars Linola™ 947, Flanders and Vimy have the
highest amount of hull in the seed at about 37%,
whereas ‘NorMan’, McGregor, NorLin and Omega
have 23, 26, 28 and 30% of seed coat, respectively. Rate
constant differentiated the cultivars into three groups,
with Vimy the easiest and Linola™ 947 the hardest to
dehull. Omega, the cultivar with the highest hullability,
had the same rate constant as Flanders, McGregor and
NorLin. Thus, the major dehulling characteristics dis-
criminating flax cultivars were the actual amount of hull
recovered upon dehulling, and hullability.

Fig. 4 Relationship between amount of hull recovered (%)
and moisture adjustments of flaxseed stored for 0, 24 and 48
h. j = Oh; m = 24h; s = 48h
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Table 3 Correlation matrix of seed and dehulling characteristics

Oil Protein Carbohydrate Hull content Yield Rate constant Hullability

1000-seed weight 0.427* –0.224 –0.031 –0.934*** 0.441* 0.439* 0.567**
Oil –0.459* 0.212 0.426* –0.296 –0.302 0.193
Protein –0.415 –0.231 0.194 0.196 0.042
Carbohydrate –0.083 –0.196 –0.194 –0.279
Hull content 0.562** 0.559** 0.546**
Yield 0.999*** 0.176
Rate constant 0.166

*Significant at 1% level of significance; **significant at 0.1% level of significance; ***significant at the 0.01% level of
significance.

Seed characteristics affecting dehulling quality
Several seed characteristics were significantly corre-
lated with each other (Table 3), including dehulling
characteristics. Seed weight was highly correlated with
the amount of hull obtained upon dehulling (r = 0.93,
P < 0.0001), hullability (r = 0.57, P < 0.0004), yield
(r = 0.44, P < 0.008), rate constant (r = 0.44, P < 0.008)
and oil content (r = 0.43, P < 0.0105). A high correlation
(r = 0.79, P < 0.01) of seed weight with abrasive grain
hardness using the TADD has previously been reported
(19). Oil content was also a good indicator of the
amount of actual hull that can be obtained from flax
cultivars (r = 0.43, P < 0.0108), while it was negatively
associated with seed protein content. There was a weak
association between protein and carbohydrate contents
(significant only at P < 0.0132). However, neither pro-
tein nor carbohydrate contents were associated with
any parameters related to dehulling quality. The
amount of hull recovered upon dehulling was positively
correlated with yield, rate constant and hullability of
flaxseed. Other studies (17,33) have shown significant
correlations between hullability and both hull content
(positive) and oil content (negative) of whole achenes
of sunflower. Yield was the best indicator of flaxseed
hardness, measured as rate constant (r = 0.99,
P < 0.0001). It is not surprising that seed size is
associated with dehulling characteristics since the latter
is to some extent governed by seed morphology and
anatomy, as indicated by its high relationship with the
amount of recoverable hull. The weak association
between dehulling characteristics and both protein and
carbohydrate contents suggest that, in flaxseed, changes
in dehulling characteristics should have very little effect
on these seed components. The significant correlation
between oil content and amount of hull obtained upon
dehulling suggest that increase in oil content of flaxseed
may result in cultivars with high amounts of removable
hull. Hence, the amount of hull obtained by abrasive
dehulling using the TADD can be used as a selection
criteria for flaxseed hardness and hullability.

Conclusions

The dehulling process was very efficient, with a high
percentage of actual hull removed (19%) and a
relatively high endosperm recovery (76%). The best
dehulling was achieved when moisture content of
flaxseed was reduced to 35–20 g/kg and stored for at

least 24 h. The TADD method for assessing dehulling
quality is simple, rapid, requires small sample size and
is suitable for routine testing in a breeding program. It
may be possible to improve the recovery of hulls and
dehulling efficiency by developing new cultivars of
flaxseed with specific morphological or physicochem-
ical seed characteristics, such as endosperm hardness.
Improvement of the feed value of flaxseed meal by
dehulling prior to crushing is of economic importance
and cultivars with good hullability (ease of dehulling)
would be economically significant.
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