DURUM WHEAT AND PASTA

Development of a High-Temperature-Dried Soft Wheat Pasta Supplemented
with Cowpea (Vigna unguiculata (L.) Walp). Cooking Quality, Color,
and Sensory Evaluation
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ABSTRACT

High-temperature (HT) dried soft wheat pasta (SP) supplemented with
10, 20, and 30% cowpea meal (CM) was produced. Pasta with cowpea
(CP) contained up to 30% more protein than did the SP. Ash reached
a maximum of 1.3% in the 30% CP. After 10 min, the CP treatments’
cooking loss decreased with additional CM, and the 309% CP had a cooked
weight lower than that of the SP. CM addition improved pasta color
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scores and integrity during cooking, and breakage decreased during stor-
age. No difference in acceptability was found between samples made with
CP and 100% wheat. Results demonstrate that HT drying and CM addition
can overcome some of the constraints of using soft wheat flour in pasta
production.

As a wheat-derived staple food, pasta is second only to bread
in world consumption (Mariani-Constantini 1988). Its nearly
worldwide acceptance is attributed to its low cost, ease of
preparation, versatility, sensory attributes, and long shelf life
(Pagani 1986, Riley 1987). These factors may have been what
led Helmut Maucher, chief executive of Nestle, to suggest that
the future for feeding the world lies in pasta (Alpert and Smith
1989). However, this appears unrealistic when one considers that
durum wheat (Triticum durum), the primary ingredient in “Italian
style” pasta, contributes only 5% of the world’s wheat production,
and it generally trades at a higher price than does common wheat
(Triticum aestivum) (Dick and Matsuo 1988). But, the comment
by Maucher could be true if pasta could be produced from
unconventional commodities.

Economically speaking, the use of soft wheat flour (SF) for
pasta production could be advantageous; however, the poor
sensory attributes and cooking quality of such products have
dictated that durum semolina be used. As a result, research has
focused on the use of semolina in Italian style pasta, and only
limited attention has been given to improving nonconventional
pasta quality.

Attempts to overcome the poor quality of nonconventional
pasta have primarily relied on the use of additives and high-
temperature drying (HT). For example, Chimrov et al (1981)
reported that with the addition of sodium alginate and calcium
gluconate, there was a decrease in soft wheat pasta’s cooking
loss, and its textural measurements were similar to those of hard
wheat pasta. Haber et al (1978) found an increase in soft wheat
farina pasta firmness when soybean or cottonseed meal was added.
Soybean meal improved the soft wheat pasta color, while cotton-
seed compromised it. The most dramatic findings have come from
studies on HT drying of nonconventional pasta: improved
firmness, color intensity, and cooking quality have been reported
(Dexter et al 1981, Wyland and D’Appolonia 1982, Resmini and
Pagani 1983, Abecassis er al 1989).

The purpose of this study was to examine the potential of
using cowpea as an additive, along with HT drying, to improve
the quality of soft wheat flour pasta. This work has potential
application in a country such as Brazil, whose population
consumes, on average, 6 kg of pasta per person per year (Carvalho
1981). Furthermore, Brazil is the world’s second largest producer
of cowpea (Rachie 1985).
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MATERIALS AND METHODS

Material

Cowpea (Vigna unguiculata (L.) Walp, cv. California Blackeyed
5) was donated by Foundation Seed-California Crop Improve-
ment Association, Davis, CA. Soft red winter wheat flour (SF)
was provided by Cereal Food Processors Inc., Kansas City, KS,
and a high-quality durum semolina (DS), sold for pasta
production, was purchased from Pantanella Roma Imports of
America, Tucson, AZ.

Cowpea Meal Production

Cowpea seed coats were knocked free from the cotyledons in
a Bauer Brother’s mill and separated in an Almaco seed cleaner.
Decorticated cowpea was ground in a Vicking hammer mill.
Cowpea meal (CM) consisted of the material that passed through
a 20-mesh sieve but was retained on a 100-mesh sieve, thus
simulating particle size of semolina (Vasiljevic and Banasik 1980).

Sample Preparation

The following pasta treatments were produced, in triplicate:
1) 100% durum semolina (DP); 2) 100% soft wheat flour (SP);
3) 90% SF flour, 109% CM (10% CP); 4) 80% SF, 209% CM (20%
CP); 5) 70% SF, 30% CM (30% CP).

After 4 min of mixing at 32% moisture, the dough was extruded
through a La Parmigiana laboratory-scale pasta extruder fitted
with a brass macaroni die. A modification of the HT drying
method described by Dexter et al (1984) was used (Table I). The
final drying period was reduced from 6 to 2 hr. Rather than
an environmental chamber, two baffled, forced-air ovens were
used; 40°C drying was performed in an oven made by Chicago
Surgical and Electric Company, and the 80°C drying was
performed in a Market Forge oven (model M2200). At all times,
samples were placed, one-layer thick, on wire shelves to ensure
even air distribution. After cooling, samples were placed in plastic
bags, which were stored in cardboard boxes and maintained at
room temperature.

TABLE I
Pasta Drying Conditions

Time, hr Temperature, °C Drying Stage
0.5 25 Case hardening
1.0 40 Predrying
2.0 80 Drying
2.0 40 Final drying
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Sample Composition

Raw materials and pasta were analyzed for protein, fat, ash,
and moisture using the standard procedures of AOAC (1990).
The micro-Kjeldahl method was used to determine crude protein.
The nitrogen factor used for all 100% wheat samples was 5.75;
6.25 was used for the CM and the CP treatments. Crude fat
determination was performed by extracting samples with hexane
for 6 hr (AACC 1983). All analyses were performed in triplicate,
once per treatment replicate, and reported on a dry weight basis.
Chemicals used were all of analytical grade and were purchased
from Sigma (St. Louis, MO).

Physical Measurements

AACC (1983) color evaluation methods were used. These
included the use of a Hunterlab model D25-PC2 system (optical
sensor, sensor interface unit, and computer), and a color score
map. One year after production, duplicate measurements for L
(darkness to lightness), a (green to red +), and b (blue to yellow
+) were obtained from 50 g of sample from each treatment ground
to 20 mesh. The pasta color score map, designed for the instrument
cited above, was used to assign a score to each treatment. The
scores were based on duplicate measurements of L and b values
performed for each of the three replicates of each treatment.

With the intention of simulating the sometimes extreme
handling and storage conditions found in a less developed country
such as Brazil, storage bags were picked up and dropped 2 ft
onto the floor, once per month. Degree of shattering was sub-
jectively evaluated after a storage period of one year.

Optimum cooking time was established by boiling the pasta
in distilled water until the center white core could no longer be
seen when a small piece was crushed between two glass plates.

After 10 and 20 min of boiling samples in distilled water, cooked
weight and cooking loss were determined in triplicate according
to Vasiljevic and Banasik (1980) and Holliger (1963), respectively.
Holliger’s cooking loss method was modified as follows. After
determining the cooked weight, each sample was dried in a forced-
air oven at 110°C overnight. The dry weight of the samples, before
and after cooking, was used to calculate the percentage of cooking

TABLE I1
Pasta Acceptability and Optimum Cooking Time
Optimum
Cooking Time
Pasta Acceptability® (min)
100% Durum semolina (DP) 4.9 10
100% Soft wheat flour (SP) 4.7 7
90% SF + 10% CM (10% CP)° 4.5 7
80% SF + 10% CM (20% CP) 4.1 8
70% SF + 30% CM (30% CP) 4.0 8

*Means from the pasta sensory evaluation are not significantly different
(P <0.05).

®SF = Soft wheat flour; CM = cowpea meal; CP = pasta made from
SF and CM.

loss. A cooking time of 10 min was chosen based on the optimum
time found for the DP, and 20 min was used to simulate
overcooking.

Sensory Evaluation

Acceptability of the treatments was evaluated by a 25-member
consumer panel, using a seven-point hedonic scale, in a standard
sensory evaluation laboratory with fluorescent lighting. Panelists
consisted of faculty and students of the University of Arizona,
as well as students’ family members, who responded to an
advertisement soliciting sensory panelists familiar with the taste
of cowpea. Before sampling, panel members received instructions
and were allowed to view the questionnaire in an adjacent
conference room. Demographic data collected included: age, sex,
and country of origin.

The cooking process, standardized for all treatments, consisted
of boiling 25 g of pasta in 950 ml of tap water containing 2 g
of added NaCl and 15 g of butter. Each sample was cooked
for its optimum cooking time (Table II), drained in a colander,
and placed under a heat lamp until served.

Statistical Analysis

Analysis of variance and Duncan’s multiple range test were
performed using MSTAT (version 5), a statistical software
program from Michigan State University.

RESULTS AND DISCUSSION

The cowpea decortication process resulted in a 72.3% yield,
which is 2.7% less than what Ningsanond and Ooraikul (1989)
reported after attempting to optimize a dry dehulling process
using an abrasive dehuller and sieve. The CM appeared pale yellow
in comparison to the white SF and amber yellow DS. Black pieces
of hull became noticeable when 309 CM was mixed with SF.
However, no mention of this was made by the sensory panel
members.

Preliminary work using an Atlas home pasta machine (model
150) revealed that beyond 30% CM, the SF dough became too
dry and crumbly to manipulate at 329% moisture, the level reported
as ideal for durum pasta extrusion (Walsh et al 1971). However,
at 30% or less CM supplementation and 32% moisture, there
was no noticeable difference in the handling of the doughs; they
all extruded with similar consistency and demonstrated no tearing
during extrusion. Work by Nielsen et al (1980) found 30% to
be the optimum water absorption level for a 33% pea and 67%
hard red spring wheat flour dough, and a 209% soy protein
concentrate and 80% hard red spring wheat flour dough. All
samples were extruded at 329 moisture, because of how similar
the doughs handled at 309 CM or less, and because previous
work indicated that similar products had a water absorption near
32%.

Proximate composition of the raw material and the pasta
products is shown in Table III. Addition of CM increased the

TABLE 111
Proximate Composition of Raw Material and Pasta*®
Content, %
Treatments Moisture Protein Lipid Ash CHO"
Raw Material
Durum semolina (DS) 10.77 = 0.08 15.46 + 0.26 1.16 + 0.03 0.94 £ 0.04 71.67
Soft wheat flour (SF) 8.73 + 0.05 10.72 £ 0.20 1.13 + 0.04 0.64 = 0.05 78.78
Cowpea meal (CM) 8.52+0.10 23.08 + 0.29 1.11 £ 0.01 3.37 £ 0.05 63.92
Pasta Products
100% Durum semolina 9.74 £+ 0.02 16.02 £ 0.35 0.38 £+ 0.00 0.98 £ 0.04 72.88
100% Soft wheat flour 7.05 £ 0.15 10.94 + 0.25 0.27 £ 0.02 0.65 & 0.01 81.09
90% SF + 10% CM (10% CP)° 7.02 £ 0.11 11.30 + 0.15 0.29 £ 0.00 0.79 + 0.06 80.60
80% SF + 20% CM (20% CP) 8.19 + 0.14 13.28 £ 0.01 0.34 £ 0.01 1.02 £ 0.03 77.17
70% SF + 30% CM (30% CP) 7.55 £ 0.04 14.22 + 0.11 0.37 £ 0.01 1.28 £ 0.03 76.58

*Values are means t standard deviation (triplicate samples).
Carbohydrate (by difference).
°CP = Pasta made from SF and CM.
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