Preprocessing: Effects on Durum Wheat Milling and Spaghetti-Making Quality’

J. E. DEXTER,? D. G. MARTIN,2 G. T. SADARANGANEY,’ J. MICHAELIDES,’
N. MATHIESON,? J. J. TKAC,* and B. A. MARCHYLO?

ABSTRACT

Three Canadian durum wheats were preprocessed according to the
patented Tkac procedure, which involves the removal of bran layers by
sequential friction and abrasion passages using modified rice polishers.
The semolina-milling potential and the spaghetti-making quality of the
preprocessed wheats were compared to those of the corresponding un-
processed wheats. For all wheats at comparable extraction rates, the ash
content of semolina from the preprocessed wheats was much lower. The

Cereal Chem. 71(1):10-16

superior refinement of the semolina from preprocessed durum wheat was
also evident by a higher Agtron color and reduced speckiness. The pre-
processed durum wheats exhibited a significant semolina-milling yield
advantage over the corresponding unprocessed wheats when milled to
comparable degrees of refinement. Preprocessing had a beneficial effect
on spaghetti brightness and brownness. Cooked spaghetti texture was
not affected by preprocessing.

Wheat starchy endosperm constitutes over 80% of the wheat
kernel (Bradbury et al 1956). However, complete separation of
the starchy endosperm from other wheat tissues is never achieved
during conventional roller milling. According to Zeigler and Greer
(1971), wheat flour refinement begins to deteriorate at extraction
rates beyond 65%, and beyond 75% extraction, the rate of de-
terioration accelerates.

The possibility that removal of the outer layers of the wheat
kernel before milling might improve the yield and the refine-
ment of flour has been the subject of numerous investigations
(Pomeranz 1961). Grosh et al (1960) experimented with abrasive
scouring (pearling) of wheat before milling. They found that the
outer pericarp could be efficiently removed, but subsequent milling
results were inferior to conventional milling results. Wasserman
et al (1970, 1972) investigated the relative merits of debranning
wheat by friction (rubbing of kernels against each other) using
rice polishers and by abrasion using a barley pearler. They con-
cluded that debranning of wheat by friction was practical only
when a 5-min temper was employed, whereas efficient debranning
by abrasion was practical without tempering. They presented no
milling data for the debranned wheat.

There has been interest in abrasive debranning of sprouted
wheat with barley pearlers to improve the falling number of
sprouted wheat (Liu et al 1986, Henry et al 1987). Debranning
effectively reduced wheat-amylase activity, but no improvement
in wheat milling performance was demonstrated.

Recently, there has been renewed interest in debranning of
wheat before milling as a means of improving wheat-milling per-
formance (Satake 1990, Sugden 1991). Two U.S. patents were
awarded for wheat debranning processes using modified rice pearl-
ers (Tkac 1992, Wellman 1992). The Tkac system, in particular,
has aroused considerable interest (Sugden 1991, McGee 1992,
Timm 1992, Willm 1992). It involves preprocessing the wheat
by removing bran layers during sequential friction and abrasion
passages through modified rice polishers. The preprocessed wheat
is then milled by conventional roller milling equipment. Pro-
ponents of the Tkac system cite increased return on millfeed due
to the composition and functionality of some fractions derived
from by-products of preprocessing, increased plant capacity, in-
creased milling yield, improved flour refinement, and simplifi-
cation of the mill flow.

Previous articles on the Tkac preprocessing system described
commercial results in general terms and focused primarily on
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common wheat milling. In this investigation, we report the results
of carefully controlled preprocessing experiments in which we
investigated the effects of preprocessing on Canadian durum wheat
properties, semolina-milling performance, and spaghetti-making
properties.

MATERIALS AND METHODS

Wheat

All wheats were drawn from commercial channels. The No.3
Canada Western Amber Durum (CWAD) wheat was from the
1990 Canadian harvest; the No. 1 CWAD wheat was from the
1991 harvest. The Ontario durum (cv. Edmore) was grown in
southern Ontario in 1991. It was of poor quality. When examined
by a Canadian Grain Commission grain inspector, it was judged
to be of feed quality due to shrunken kernels and low test weight.

Preprocessing

In the preliminary phase of the study, the No. 3 CWAD wheat
was preprocessed on a pilot scale at Robinson Milling Systems
(RMS) (now Satake, UK) in Stockport, England, using a TrigoJet
polishing machine described by McGee (1992). In the second phase
of the study, the No. 1| CWAD and the Ontario durum were
processed on a pilot scale at Refaccionaria de Molinos (REMO),
Mexico City, using the Vertijet VJ III (REMO 1989).

Tkac preprocessing was previously described in detail (McGee
1992, Tkac 1992, Willm 1992). In the process, bran layers are
removed during sequential friction and abrasion operations by
a series of modified rice-polishing machines. About 65% of the
bran is removed during the process. The remaining bran is con-
fined to the crease area and is removed during conventional roller
milling.

There were some limitations to our pilot-scale experiments.
The resting time after tempering is critical to the effectiveness
of preprocessing. The grain should lie in the holding bin for 3-5
min, the time required to penetrate the outer bran layers. Longer
lying times result in fusion of the bran layers and less efficient
separation of the bran layers during preprocessing. At RMS, a
Technovator was available for tempering, so tempering was not
a factor in the effectiveness of preprocessing. However, the pre-
cision and uniformity of temper water application at REMO was
not ideal. Water was applied in a stream rather than a mist. Uni-
formity of water uptake was achieved by a long screw conveyor,
which meant that the tempering time was longer than ideal. At
both REMO and RMS, only one polishing machine was available,
necessitating a lengthy interruption of the process after the friction
passages to convert the machine for abrasion. The wheats were
processed in relatively small batches (50-100 kg), so at each friction
and abrasion stage the machines were not fully loaded for a
significant period, and therefore not operating at full efficiency.

To precisely estimate the milling yield of the preprocessed wheat
on an unprocessed wheat basis, it is essential to estimate accurately
the amount of by-product removed during preprocessing. By-



products could not be quantified at RMS. However, on the basis
of past commercial experience, and the decrease in wheat kernel
weight, the amount of by-product removed during preprocessing
was estimated to be from 8-10% of the original wheat.

During the REMO pilot-scale trials, the amount of by-product
removed at each stage was quantified. Representative samples
of the wheats at each stage of preprocessing, and the corresponding
by-products, were retained for analysis to confirm yield estimates.

Wheat Physical Properties

Test weights were determined with a Schopper chondrometer
using a 1-L container (Dexter and Tipples 1987); kernel weights
were determined as described by Dexter et al (1987).

Semolina Milling

Samples were commercially cleaned before preprocessing, so
they were milled without further cleaning. All millings were per-
formed in duplicate 2-kg lots, except for the high-extraction
millings of the No. 3 CWAD wheats, which were performed singly
due to limited sample.

Wheats were prepared for milling as described by Dexter and
Tipples (1987). All unprocessed and preprocessed wheats were
tempered to 16% moisture content overnight (16 hr), the standard
Grain Research Laboratory procedure. In addition, the No. 3
CWAD unprocessed and preprocessed wheats were milled after
tempering periods of 6 and 4 hr, respectively. Millings were per-
formed with a four-stand Allis-Chalmers mill in conjunction with
a laboratory purifier (Black 1966) according to the procedure
of Dexter et al (1990). The No. 3 CWAD unprocessed and pre-
processed wheats were also milled to higher extraction by adding
an additional break passage, an additional sizing passage, and
two additional purifications.

The yields of semolina and granulars (semolina and flour com-
bined) were expressed as the proportion of clean wheat on a
constant moisture basis. The yields of the preprocessed wheats
were also adjusted to take into account material lost during pre-
processing. Specks in semolina and granulars were estimated as
described by Dexter and Matsuo (1982).

Analytical Tests

All analytical tests were performed in duplicate and are ex-
pressed on a 14% mb. The moisture contents of ground wheat,
preprocessing by-products, semolina, and flour were determined
with a rapid moisture tester (C. W. Brabender Instruments, South
Hackensack, NJ) as outlined in the instruction manual.

The sodium dodecyl sulfate (SDS) sedimentation volume of
wheat was determined by the modified method of Dexter et al
(1980). The protein contents (% N X 5.7) of wheat, preprocessing
by-products, semolina, and granulars were determined by the Kjel-
dahl procedure as modified by Williams (1973). Ash content,
Agtron color, and wet gluten content were determined by AACC
methods 08-01, 14-30, and 38-11 (AACC 1983).

Wheat falling numbers were determined on 7-g samples from
duplicate 300-g grinds (Tipples 1971). The falling numbers of
semolina and granulars were determined on duplicate 7-g samples.
a-Amylase activities were determined by a nephelometric tech-
nique (Kruger and Tipples 1979), and polyphenol oxidase activities
were determined by the method of Hatcher and Kruger (1993)
on semolina and granulars and on the wheat falling number grinds.

Spaghetti Processing

Spaghetti was prepared by the microprocedure described by
Matsuo et al (1972). Semolina and granulars from each replicate
milling were processed in duplicate to allow drying once each
by the 39 and 70°C drying programs described by Dexter et al
(1981).

Spaghetti Color

Spaghetti color was determined with a spectrophotometer (DU-
7, Beckman Instruments, Fullerton, CA) in duplicate on whole
strands of spaghetti mounted on white cardboard (Daun 1978).

Spaghetti-Cooking Quality

Optimum cooking time was defined as the time required for
the white strands to disappear, determined by crushing strands
between transparent plates. Cooking tests were performed in
duplicate on 10 g of spaghetti broken into 5-cm strands and cooked
in 200 ml of boiling water. The cooking water was adjusted to
a predetermined hardness (Dexter et al 1985) to eliminate the
effect of variable hardness on cooked spaghetti stickiness and
cooking loss.

Cooking score, which combines instrumental measurements of
elasticity and firmness, was obtained as described by Dexter et
al (1988). Spaghetti stickiness was obtained as described by Dexter
et al (1983). Cooking loss, a measure of the loss of solids to
the cooking water, was determined as described by Matsuo etal
(1992).

RESULTS

Preliminary Experiments with No. 3 CWAD

The properties of the No. 3 CWAD before and after pre-
processing are summarized in Table 1. Test weight is increased
by preprocessing. Removal of the ash-rich outer layers of the
wheat kernel results in a large decrease in wheat ash content.
The decrease in wheat kernel weight during preprocessing was
consistent with the estimated removal of 8-10% by-products.

The unprocessed wheat had a marginal falling number that
improved dramatically after preprocessing. Previously, Liu et al
(1986) and Henry et al (1987) showed that wheat falling number
is improved after abrasive pearling, and McGee (1992) and Timm
(1992) indicated that the Tkac preprocessing system improves
the falling number of sprouted wheat. It is well known that
a-amylase is concentrated in the embryo and aleurone (Henry
et al 1987). Preprocessing removes the bran layer, most of the
aleurone layer, and some of the embryo, resulting in reduced
a-amylase activity in the preprocessed wheat.

When milled by the routine GRL semolina milling procedure,
the preprocessed and processed wheats gave a comparable semo-
lina yield, considered on an unprocessed wheat basis (Table II).
However, the preprocessed wheat semolina was more refined,

TABLE I
Properties of Unprocessed (UP) and Preprocessed (PP) No. 3
Canada Western Amber Durum Wheat*

Property up PP
Test weight, kg/hl 79.1 82.3
Kernel weight, mg 39.9 35.6
Falling number, sec 120 250
Protein content, % 14.0 14.0
Ash content, % 1.53 1.26

* Analytical data are means of duplicate analyses expressed on 14% mb.

TABLE II
Semolina Properties of Unprocessed (UP) and Preprocessed (PP) No. 3
Canada Western Amber Durum Wheat*

UP Temper Time, hr PP Temper Time, hr

Property 6 16 16° 4 16 16"
Semolina yield, %° 64.5 637 685 706 71.1 739
Unprocessed basis, % ... .. ... 635 640 66.5
Protein content, % 132 131 135 131 131 131
Wet gluten, % 36.8 350 381 371 372 381
Ash content, % 069 071 0.78 0.60 0.63 0.64
Agtron color, % 66 66 59 71 70 66
Specks per 50 cm? 27 20 46 20 13 30
Falling number, sec 205 185 175 245 245 245

# Data are means of duplicate analyses expressed on 14% mb.

®Single millings. All other millings duplicated.

¢ Yields expressed as proportion of wheat to first break on a constant
moisture basis.

4Semolina yields of preprocessed wheat adjusted on basis of 10% loss
during preprocessing.
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as shown by a lower ash content, a higher Agtron color value,
and fewer specks.

In initial experiments, for convenience, the preprocessed and
unprocessed wheats were tempered overnight (16 hr). The mini-
mum temper time required for preprocessed wheats is much less
than that for unprocessed wheat (McGee 1992, Timm 1992). How-
ever, when the wheats were tempered for shorter periods, the
improved milling performance of the preprocessed wheat was still
apparent (Table II).

When the mill flow was extended to increase semolina yield,
the ash content and color of the semolina from the unprocessed
wheat deteriorated more than did the preprocessed wheat (Table
II). On the basis of ash content and Agtron color, the higher
extraction product from the preprocessed wheat was more refined
than the lower extraction product from the unprocessed wheat.

The falling number of the semolina from the preprocessed wheat
was higher than that for the semolina from the unprocessed wheat
(Table II). However, the falling number of the semolina from
the preprocessed wheat exhibited no improvement over the pre-
processed wheat value. It is well known that during the milling
of unprocessed durum wheat, the falling number of semolina
increases due to removal of a-amylase-rich tissues (Dexter et al
1990). Results of the current study would indicate that preproc-

essing removes a-amylase-rich tissue more efficiently than does
conventional milling of unprocessed durum wheat.

The color properties of the spaghetti samples processed from
the preprocessed wheat were slightly brighter and less brown
(shorter dominant wavelength) than those of the unprocessed
wheat, particularly when dried at 70°C (Table III). When milled
to higher extraction, the brightness and dominant wavelength
of the spaghetti from the preprocessed wheat approached that
of the spaghetti prepared from lower extraction unprocessed wheat
semolina.

Spaghetti purity, an indication of color intensity, was slightly
lower for the preprocessed wheat products (Table III). Although
readily detectable instrumentally, the drop in color intensity in
the preprocessed spaghetti was barely discernable by eye.

Wheat yellow pigment content increases from the inner to the
outer portion of the wheat kernel (Matsuo and Dexter 1980).
According to McGee (1992), the removal of pigment-rich fractions
from the outer regions of the wheat kernel during preprocessing
reduces the pigment level of common wheat flour. The removal
of pigment in bread flour is desirable in most markets because
of consumer preference for a bright white crumb. In contrast,
the removal of pigment from durum wheat during preprocessing
is not desirable because in many markets consumers prefer bright

TABLE III
Spaghetti Properties of Unprocessed (UP) and Preprocessed (PP) No. 3 Canada Western Amber Durum Wheat*
UP Temper Time, hr PP Temper Time, hr
Property 6° 16° 16° 4° 16° 16¢
Spaghetti dried at 39°C
Color
Brightness, % 48.9 48.9 48.0 49.0 49.2 48.5
Purity, % 39.6 41.6 41.3 40.2 41.0 38.0
Dominant wavelength, nm 576.6 576.7 576.9 576.5 576.6 576.8
Cooking quality
Cooking score, units 69 70 54 49 55 52
Stickiness, N/m? 1,210 1,270 1,180 1,200 1,160 1,140
Cooking loss, % 7.5 6.7 6.6 7.0 7.3 6.9
Spaghetti dried at 70°C
Color
Brightness, % 49.1 49.0 46.5 49.1 49.4 48.8
Purity, % 42.0 433 384 41.5 38.5 37.2
Dominant wavelength, nm 577.2 577.2 577.9 576.9 576.9 577.1
Cooking quality
Cooking score, units 64 68 68 63 71 66
Stickiness, N/m? 1,160 1,060 1,080 1,160 1,140 1,130
Cooking loss, % 54 5.6 55 5.5 5.8 5.9

* Data are means of duplicate analyses.
®Milled by standard milling procedure.
¢ Milled to higher extraction by extending break and sizing system.

TABLE IV
Preprocessing Summary (%) for No. 1 Canada Western Amber Durum and Ontario Durum Wheats®
Wheat By-Product
Preprocessing Protein Ash Protein Ash
Stage Yield Content Content Yield Content Content
Canada Western Amber Durum®
Friction-1 95.2 12.2 1.53 4.8 10.4 3.99
Friction-2 93.8 11.9 1.56 1.4 13.1 4.83
Abrasion-1 91.5 11.9 1.32 23 17.1 6.57
Abrasion-2 89.1 11.8 1.15 2.4 17.0 6.16
Abrasion-3 87.1 11.6 1.02 2.0 16.1 5.48
Ontario durum®
Friction-1 95.1 16.4 2.01 49 12.5 4.00
Friction-2 92.4 16.2 1.96 2.8 14.9 5.03
Abrasion-1 88.1 16.1 1.68 43 19.6 6.37
Abrasion-2 83.9 15.9 1.44 42 20.2 5.82
Abrasion-3 81.0 15.9 1.33 2.8 21.8 4.71

*Yields expressed as proportion of unprocessed wheat on constant moisture basis. Protein content (N X'5.7) and ash content are means of duplicate

analyses expressed on 14% mb.
® Mean values from duplicate preprocessings.
¢ Data from a single preprocessing.
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yellow pasta.

Preprocessing had little effect on cooked spaghetti firmness
and resilience (cooking score), surface stickiness, or solids lost
during cooking (Table III).

Experiments with No. 1 CWAD and Ontario Durum

The preprocessing results for the No. 1 CWAD and Ontario
durum wheats are summarized in Table IV. During the trials,
preprocessing was not considered complete after two abrasion
passages, so an additional abrasion passage was added.

The No. 1 CWAD was preprocessed twice. The results of the
two preprocessings were very similar. So, all No. 1 CWAD results
are mean values of both preprocessings. Due to limited sample
size, the Ontario durum was preprocessed once.

The poorer physical condition of the Ontario durum is reflected
by lower kernel weight and lower test weight than that of the
No. 1 CWAD (Table V). To fully remove the seed coat of the
Ontario durum during preprocessing, the amount of by-product
removed was increased deliberately by reducing the feed rate to
the polisher at all preprocessing stages. As a result, 19% of the
seed coat was removed during preprocessing of the Ontario durum,
compared to 12.9% for the No. 1 CWAD.

An economic advantage cited for the preprocessing system is
increased by-product revenue due to the distinct properties of
the sequentially removed bran layers (Timm 1992). As seen in
Table IV, the by-products in the current study exhibited a wide
variability in protein content and ash content, verifying that bran
layers were removed sequentially. The fiber contents and other

TABLE V
Properties of Unprocessed (UP) and Preprocessed (PP) No. 1
Canada Western Amber Durum (CWAD) and Ontario Durum Wheats*®

No.1 CWAD Ontario Durum
Property UP PP up PP
Test weight, kg/hl 83.0 84.9 70.9 79.8
Kernel weight, mg 425 39.0 34.0 28.1
Falling number, sec 470 545 305 345
a-Amylase, units/g 2.5 1.8 73.5 S1.5
Polyphenol oxidase, units/g 218 100 232 102
Protein content, % 12.0 11.6 16.2 15.9
SDS? sedimentation, ml 34 30 37 42
Yellow pigment, ppm 7.2 6.7 9.0 8.4
Ash content, % 1.62 1.02 2.04 1.35

* Analytical data are means of duplicate analyses expressed on 14% mb.
CWAD data are mean values from duplicate preprocessings. Ontario
durum data are from a single preprocessing.

®Sodium dodecyl sulfate.

constituents of the by-products are described in detail elsewhere
(McGee 1992).

The ash content of the wheat decreases progressively during
preprocessing due to concentration of ash in the by-products.
Wheat protein content increases during the initial friction stage
(Tables IV and V) due to the low protein content of the outer
bran layer. During the abrasion stage, the by-products are rich
in aleurone, as reflected by high protein content. As a result,
wheat protein content declines. The protein present in bran and
aleurone is predominantly nongluten protein (MacMasters et al
1971), so loss of protein during preprocessing is predominantly
nongluten protein.

The protein content of the third abrasion by-product was lower
than that of the second abrasion by-product for CWAD (Table
IV). If, as this suggests, the endosperm layer was penetrated during
the last abrasion step, then the CWAD preprocessing was ex-
cessive, and maximum milling potential would not be realized
because of loss of endosperm in the by-product. In contrast, the
protein content of the abrasion by-products of the Ontario durum
wheat increased throughout processing, indicative of proper pre-
processing.

Detailed analyses of the unprocessed and preprocessed wheats
are summarized in Table V. Both unprocessed wheats had high
falling numbers and low a-amylase activity. Nevertheless, after
preprocessing, both wheats exhibited higher falling numbers due
to reduced a-amylase activity.

Polyphenol oxidase (PPO) has been implicated in pasta brown-
ing (Kobrehel et al 1972, 1974), and is concentrated in the branny
layers of wheat (Marsh and Galliard 1986, Hatcher and Kruger
1993). Therefore, in view of the brighter, less brown color of
the spaghetti from preprocessed durum wheat in preliminary ex-
periments (Table III), PPO activities were performed on the un-
processed and preprocessed wheats. PPO activity declined during
preprocessing (Table V). However, the low level of PPO found
in both unprocessed wheats makes it unlikely that PPO activity
is a major factor determining spaghetti color for these wheats.

It was confirmed that yellow pigment content is decreased by
preprocessing (Table V). Gluten protein quality, as measured by
the SDS-sedimentation test was not influenced by preprocessing.

The milling results for both wheats showed a clear advantage
in milling performance attributable to preprocessing (Table VI).
Cumulative ash contents of all milling products, including the
combined by-products, were in close agreement to the ash content
of the unprocessed wheats, confirming the estimates of by-product
yields during preprocessing.

The yields of semolina and granulars (semolina and flour com-
bined) on an unprocessed wheat basis were not affected by pre-

TABLE VI
Milling Summary (%) for Unprocessed and Preprocessed No. 1 Canada Western Amber Durum (CWAD) and Ontario Durum Wheats*
Unprocessed Preprocessed
Milling Ash Cumulative Ash Cumulative
Product Yield Content Yield Ash Yield Content Yield Ash
CWAD"
Semolina 64.2 0.69 64.2 0.69 65.7 0.58 65.7 0.58
Flour 10.4 1.28 74.6 0.77 9.5 1.08 75.2 0.64
Purifier discards 49 3.17 79.5 0.92 3.6 2.80 78.8 0.74
Bran 11.7 4.73 91.2 1.41 35 4.06 823 0.88
Shorts 6.9 4.90 98.1 1.65 3.3 4.28 85.6 1.02
By-products s cee .. e 12.9 5.10 98.8 1.55
Ontario Durum®
Semolina 61.6 0.94 61.6 0.94 60.8 0.76 60.8 0.76
Flour 8.1 1.96 69.7 1.05 7.1 1.65 67.9 0.85
Purifier discards 6.5 3.55 76.2 1.26 47 3.24 72.6 1.00
Bran 12.4 4.42 88.6 1.71 25 4.20 75.1 1.11
Shorts 9.2 5.18 97.8 2.04 43 4.60 79.4 1.29
By-products 19.0 5.31 98.4 2.07

2Yields expressed as proportion of unprocessed wheat on constant moisture basis. Ash contents are means of duplicate analyses expressed on 14%
mb. Yields and ash contents of preprocessing by-products are computed from yields and ash contents of individual fractions.

® CWAD data are mean values from duplicate preprocessings.
° Ontario durum data are from a single preprocessing.
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processing for either wheat (Table VI). However, the ash content
of semolina from the preprocessed wheats was much lower than
that of the corresponding unprocessed wheats. The yield of granu-
lars from the preprocessed wheats was about 10% higher than
the yield of semolina from the unprocessed wheats. Nevertheless,
the ash content of the preprocessed granulars are lower. Ash
content is a well-recognized durum wheat semolina refinement
index (Dexter et al 1987). In markets where durum wheat millers
must meet a maximum semolina ash content specification, pre-
processing appears to offer a very significant yield advantage.

Analytical analysis of the semolina and granulars from the
wheats confirmed that the loss of wheat protein during pre-
processing was not gluten protein. For both semolina and granu-
lars, neither protein content nor wet gluten content were affected
by preprocessing (Table VII). In contrast, the loss of wheat yellow
pigment from preprocessing imparted a drop in the yellow pigment
content of semolina and granulars for both wheats.

In addition to the lower ash content discussed above, the su-
perior refinement of the semolina and granulars from the pre-
processed wheats was reflected by higher Agtron color and reduced
speckiness. These trends were most apparent for the Ontario

durum wheat. The granulars from the preprocessed Ontario
durum wheat equalled the Agtron color and the speck count of
the semolina from the unprocessed Ontario durum wheat.

PPO activity was lower in the preprocessed wheat products
(Table VII). Preprocessing had little effect on falling number of
semolina or granulars, because both unprocessed wheats had
relatively high falling numbers.

As seen in Table VIII, preprocessing resulted in a brighter,
less brown (shorter dominant wavelength) spaghetti for both
wheats and for both drying regimes. When dried by the 70°C
drying cycle, which simulates one of the most popular current
commercial drying cycles (Baroni 1988), the granulars from the
preprocessed wheats equalled the brightness and the dominant
wavelength of the corresponding semolina from the unprocessed
wheats.

There was clear evidence that spaghetti pigment intensity (pur-
ity) of the CWAD was reduced by preprocessing (Table VIII).
However, spaghetti purity was not reduced by preprocessing of
the Ontario durum wheat, perhaps due to the greater improving
effect of preprocessing on semolina and granulars refinement com-
pared that of the CWAD. Pigment loss during spaghetti processing

TABLE VII
Semolina and Granulars Properties of Unprocessed (UP) and Preprocessed (PP) No. 1
Canada Western Amber Durum (CWAD) and Ontario Durum Wheats®

No.1 CWAD® Ontario Durum®
Semolina Granulars Semolina Granulars
Property up PP UP PP up PP UP PP
Semolina yield, %° 64.2 75.4 74.6 86.2 61.6 75.1 69.7 83.8
Unprocessed basis, %° ces 65.7 e 75.1 e 60.8 .. 67.9
Protein content, % 11.5 11.4 11.4 11.5 15.5 15.7 15.7 15.9
Wet gluten, % 31.7 31.0 31.1 31.3 447 44.7 44.7 44.8
Ash content, 9% 0.69 0.58 0.76 0.63 0.94 0.76 1.06 0.86
Agtron color, % 75 77 67 69 24 38 14 25
Yellow pigment, ppm 6.5 6.2 6.5 6.2 7.8 7.4 8.0 7.3
Polyphenol oxidase, units/g 23 9 25 11 8 6 16 9
Specks per 50 cm? 39 27 37 33 169 112 170 116
Falling number, sec 645 685 620 640 380 365 355 340
* Data are means of duplicate analyses expressed on 149 mb.
® Means of duplicate preprocessings.
¢ Data from a single preprocessing.
?Yields expressed as proportion of wheat to first break on a constant moisture basis.
¢ Semolina yields of preprocessed wheats adjusted on basis of by-products lost during preprocessing (see Table VI).
TABLE VIII
Properties of Spaghetti Processed from Semolina and Granulars Milled from Unprocessed (UP) and Preprocessed (PP) No. 1
Canada Western Amber Durum (CWAD) and Ontario Durum Wheats*
No.1 CWAD"® Ontario Durum®
Semolina Granulars Semolina Granulars
Property UP PP up PP UP PP up PP
Spaghetti dried at 39°C
Color
Brightness, % 51.6 52.0 489 49.7 39.4 42.2 36.4 38.7
Purity, % 42.5 39.1 429 40.2 37.7 39.2 37.5 39.5
Dominant wavelength, nm 576.6 576.2 576.9 576.6 578.8 578.2 579.6 578.8
Cooking quality
Cooking score, units 31 27 38 33 64 77 59 71
Stickiness, N/m? 935 935 805 975 540 615 495 460
Cooking loss, % 5.3 5.9 5.3 5.5 4.7 5.0 45 4.7
Spaghetti dried at 39°C
Color
Brightness, % 49.7 50.2 48.2 49.8 35.8 39.1 33.6 38.8
Purity, % 46.1 43.3 45.5 41.3 44.7 45.1 40.5 39.5
Dominant wavelength, nm 577.3 576.6 577.4 576.9 581.1 579.6 582.2 580.1
Cooking quality
Cooking score, units 52 56 53 53 124 120 99 121
Stickiness, N/m? 550 655 490 595 485 505 470 480
Cooking loss, % 5.2 5.5 5.3 54 4.5 4.5 4.5 4.6

* Data are means of duplicate analyses expressed on 14% mb.
® Means of duplicate preprocessings.
¢ Data from a single preprocessing.
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decreases as semolina refinement improves (Matsuo and Dexter
1980, Dexter et al 1985).

Cooked spaghetti texture was not influenced greatly by pre-
processing. There was an indication that spaghetti cooking score
(firmness and resilience) of the Ontario durum was improved
by preprocessing, but this was not apparent for the CWAD (Table
VIII). There was some evidence that the preprocessed products
may be slightly sticker and exhibit slightly higher cooking loss,
but the effects were too slight to be of practical importance.

DISCUSSION

There are a number of important factors associated with com-
mercial preprocessing that could not be evaluated by these small-
scale experiments. The robustness of the preprocessing system,
both in terms of equipment and consistency of milling perform-
ance, still needs commercial verification. Preprocessing allows
simplification of the mill flow (Timm 1992), but in these experi-
ments, the preprocessed and unprocessed wheats were milled
under identical conditions using a short mill flow (compared to
a commercial mill flow) on a small-scale experimental mill. This
approach allowed direct comparison of the milling performance
of unprocessed and preprocessed wheats under proven precise
conditions.

Despite these shortcomings, the results of this study provide
strong evidence that preprocessing of durum wheat offers ad-
vantages over conventional roller milling of durum wheat. When
milled to the same degree of refinement as that of unprocessed
wheat, the preprocessed wheat offers a distinct milling yield ad-
vantage. Alternatively, when the miller chooses not to increase
extraction rate, the better refinement of semolina from preproc-
essed durum wheat results in brighter, less brown spaghetti. In
addition, the enhanced milling performance of preprocessed wheat
may allow the miller to compromise on raw material quality,
thereby lowering cost without sacrificing semolina quality. An-
other potential benefit of preprocessing is improved return from
by-products (Timm 1992).

The only negative quality effect of preprocessing identified in
the current study was a slight decrease in spaghetti color intensity.
Preprocessing does not appear to affect cooked spaghetti texture.

A potential disadvantage of preprocessing is that it requires
power. However, according to Timm (1992), the increased power
consumption may be at least partially compensated for by reduced
power consumption during milling due to mill flow simplification.
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