BLOKSMA, A. H. 1968. Effect of potassium iodate on creep and recovery
and on thiol and disulphide contents of wheat flour doughs. Pages
153-167 in: Rheology and Texture of Foodstuffs. Society of Chemical
Industry: London.

BLOKSMA, A. H. 1971. Rheology and chemistry of dough. Pages 523-584
in: Wheat: Chemistry and Technology, 2nd ed. Y. Pomeranz, ed. Am.
Assoc. Cereal Chem.: St. Paul, MN.

DEMPSTER, C. J., and HLYNKA, . 1958. Some effects of the mixing
process on the physical properties of dough. Cereal Chem. 35:483-488.

DOUBLIER, J. L. 1981. Rheological studies on starch—Flow behavior
of wheat starch pastes. Starch/Staerke 33:415-420.

DOUBLIER, J. L., PATON, D., and LLAMAS, G. 1987. A rheological
investigation of oat starch pastes. Cereal Chem. 64:21-26.

DREESE, P. C, FAUBION, J. M., and HOSENEY, R. C. 1988.
Dynamic rheological properties of flour, gluten, and gluten-starch
doughs. 1. Temperature-dependent changes during heating. Cereal
Chem. 65:348-353.

FAUBION, J. M., DREESE, P. C., and DIEHL, K. C. 1985. Dynamic
rheological testing of wheat flour doughs. Pages 91-116 in: Rheology
of Wheat Products. H. Faridi, ed. Am. Assoc. of Cereal Chem.: St.
Paul, MN.

FAUBION, J. M., and FARIDI, H. A. 1986. Dough rheology: Its benefits
to cereal chemists. Pages 1-10 in: Fundamentals of Dough Rheology.
H. A. Faridi and J. M. Faubion, eds. Am. Assoc. Cereal Chem.: St.
Paul, MN.

FUNT, C. B.,, LERCHENTHAL, C. H., and MULLER, H. G. 1968.
Rheological effects produced by additives to wheat flour dough. Pages
197-201 in: Rheology and Texture of Foodstuffs. Society of Chemical
Industry: London.

GLUCKLICH, J., and SHELEF, L. 1962. An investigation into the
rheological properties of flour doughs. Studies in shear and
compression. Cereal Chem. 39:242-255.

HLYNKA, 1. 1962. Influence of temperature, speed of mixing, and salt
on some rheological properties of dough in the farinograph. Cereal

Chem. 39:286-303.

JAO, Y. C., CHEN, A. H.,, LEWANDOWSKI, D., and IRWIN, W. E.
1978. Engineering analysis of soy dough rheology in extrusion. J. Food
Process Eng. 2:97-112.

KITTERMAN, J. S., and RUBENTHALER, G. L. 1971. Application
of the Brookfield viscometer for measuring the apparent viscosity of
acidulated flour-water suspensions. Cereal Sci. Today 16:275-276.

LERCHENTHAL, C. H., and FUNT, C. B. 1968. Strength of wheat
flour dough in uniaxial tension. Pages 202-224 in: Rheology and Texture
of Foodstuffs. Society of Chemical Industry: London.

MULLER, H. G. 1968. Aspects of dough rheology. Pages 181-196 in:
Rheology and Texture of Foodstuffs. Society of Chemical Industry:
London.

NAVICKIS, L. L., ANDERSON, R. A,, BAGLEY, E. B, and JASBERG,
B. K. 1982. Viscoelastic properties of wheat flour doughs: Variation
of dynamic moduli with water and protein content. J. Texture Stud.
13:249-264.

PRESTON, K. R. 1989. Effects of neutral salts of the lyotropic series
on the physical dough properties of a Canadian red spring wheat flour.
Cereal Chem. 66:144-148.

REFAIL A. C,, FAUBION, J. M., and HOSENEY, R. C. 1988. Lubricated
uniaxial compression of fermenting doughs. Cereal Chem. 65:401-403.

SHARMA, N. 1990. Modeling flow behavior of flour-water doughs. Ph.D.
dissertation. University of Nebraska: Lincoln.

SHARMA, N., and HANNA, M. 1992. Assessing handling properties
from flow parameters as influenced by dough water content. Cereal
Foods World 37:27-29.

STEFFE, J. F., CASTELL-PEREZ, M. E., ROSE, K. J., and ZABIK,
M. E. 1989. Rapid testing method for characterizing the rheological
behavior of gelatinizing corn starch slurries. Cereal Chem. 66:65-68.

UDY, D. C. 1953. Some viscoelastic properties of wheat gluten. Cereal
Chem. 30:353-366.

VERGNES, B., and VILLEMAIRE, J. P. 1987. Rheological behavior
of low moisture molten maize starch. Rheol. Acta 26:570-576.

[Received April 9, 1992. Accepted July 22, 1992.]

Viscoelastograph Measures and Total Organic Matter Test:
Suitability in Evaluating Textural Characteristics of Cooked Pasta

M. G. D’EGIDIO, B. M. MARIANI, S. NARDI, and P. NOVARO'

ABSTRACT

Two sets of Italian durum wheats were used to make spaghetti: 54
samples dried at low temperature (50°C) and 64 samples dried at high
temperature (90°C). Cooking quality was evaluated using sensory judg-
ment (SJ), total organic matter (TOM), and viscoelastograph parameters.
SJ was expressed by its components (stickiness, bulkiness, and firmness)
and by an overall score. Factor analysis was applied as a clustering tool
to assess similar behavior of variables. Four factors were useful in
describing the relationships among variables for each temperature
considered. At 50°C the first factor was related to viscoelastograph param-
eters, the second grouped SJ, stickiness, bulkiness, and TOM, whereas
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firmness was linked to a different factor. At 90°C firmness was associated
with stickiness, bulkiness, and SJ on the second factor, whereas TOM
shifted to another factor. Multiple regressions were calculated to evaluate
the relative worths of stickiness, bulkiness, and firmness on SJ and TOM
as well as their relationships with viscoelastograph measures when different
drying temperatures were applied. At low temperature, stickiness was
the most important SJ component and TOM was a suitable method in
estimating SJ. At high temperature, firmness played a more important
role and viscoelastograph consistency was used to complement the TOM
test.

Textural characteristics of cooked pasta are of primary
importance in defining pasta quality. Among the characteristics,
firmness, compressibility, elasticity, and surface stickiness have
received the greatest attention, and different objective methods
have been used to measure these parameters (Matsuo and Irvine
1969, 1971, 1974; Feillet et al 1977; Voisey et al 1978a,b; D’Egidio
et al 1982; Dexter et al 1983, 1985). Matsuo and Irvine (1969,
1971) developed a Grain Research Laboratory (GRL) tenderness
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testing apparatus to measure tenderness, compressibility, and
recovery of cooked pasta. Voisey and Larmond (1973) studied
the relations between sensory parameters and instrumental
measures obtained from Instron and Ottawa measuring systems.
Subsequently, Matsuo and Irvine (1974) reported the good
relationships of GRL apparatus readings with the sensory
evaluations obtained by Voisey and Larmond (1973). Dexter et
al (1983) adapted the GRL tester to measure cooked spaghetti
stickiness, and then Dexter et al (1985) found their instrumental
measures well related to the total organic matter (TOM) test of
D’Egidio et al (1982). Feillet et al (1977) applied the viscoelasto-
graph to the determination of viscoelastic properties of cooked
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pasta. This is a routine method used by the Institut National
de la Recherche Agronomique (Montpellier, France) to estimate
pasta quality, jointly with evaluation of surface properties
obtained by reference photographs.

The viscoelastograph is easy to use and widely employed, but
no correlation between viscoelastograph parameters and sensory
textural characteristics have been reported. As sensory analysis
is usually considered the reference method to judge the suitability
of any objective measure, this work was performed 1) to compare
viscoelastograph parameters and the TOM test with sensory
judgment (SJ) and 2) to define the relative importance of these
parameters on SJ when different temperatures for drying pasta
are used.

MATERIALS AND METHODS

Plant Material

Two different sets of durum wheats were considered. The first
one was composed of 54 samples obtained from 30 varieties grown
at three locations in Italy during 1989; 16 varieties were the same
in all three environments. The second set was of 64 samples
obtained from 30 varieties grown during 1990 at three locations
different from those of 1989; 10 varicties were the same in all
three locations. Four varieties were common in the two sets;
therefore, 56 varieties representative of the main Italian durum
wheats were considered. All of the samples (n = 118), grown
in experimental trials, were analyzed separately and were of pasta-
making grade.

Spaghetti from the 54 samples of 1989 was dried at low
temperature (50°C) and that from the 64 samples of 1990 was
dried at high temperature (90° C).

The samples of the first set, dried at 50°C, had the following
average grain characteristics: test weight = 78.9 kg/hl (range:
71.3-81.0 kg/hl), ash = 2.0% dm (1.86-2.26%), SDS sedimen-
tation test = 34 ml (20-49 ml), alveogram W= 167 J-10~* (50-297
J-107%), and protein content = 13.3% dm (10.7-17.4%).

For samples of the second set, dried at 90°C, the grain
characteristics were as follows: test weight = 80.4 kg/hl (range
78.2-83.5 kg/hl), ash = 1.86% dm (1.66-2.00%), SDS sedimen-
tation test = 43 ml (18-55 ml), alveogram W= 156 J-10~* (43-302
J-107%), and protein content = 14.7% dm (12.6-17.4%).

Analytical Test
Grain protein content was determined by the Kjeldahl method
(percent N X 5.7, dm basis).

Technological Tests

Wheat (25 kg) was cleaned, conditioned to a water content
of 16%, and left to moisten overnight. Standard milling was
performed in a Buhler MCK mill (Buhler, Uzwil, Switzerland)
with three breaking and three sizing passages. The normal
semolina yield reached a value of approximately 70%.

The semolina was mixed with tap water to obtain a total dough
water content of 32-33%. The dough was processed into spaghetti
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Fig. 1. Processing diagrams for low- and high-temperature drying (A

and B, respectively). M = percent pasta moisture (- - -), T = air
temperature (°C) inside dryer (—), AT = difference between temper-
atures (°C) inside dryer on dry- and wet-bulb thermometers (--—-— ).
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using a laboratory press (Serma, Milano, Italy) with a capacity
of 1.5-3.5 kg (pilot plant) and an experimental press with a
capacity of 8-15 kg (industrial plant). Extrusion conditions were
the same for the two presses: temperature was 50 + 5°C, pressure
was 60 + 10 atm, and vacuum was 700 mmHg. Two drying
procedures were applied: 18 hr at 50°C in the pilot plant and
7 hr at about 90°C in the industrial plant (Fig. 1).

The following cooking method was used: 100 g of spaghetti
(1.7 mm thickness, 20 cm length) was cooked in 1 L of boiling
tap water (total hardness = 18 German degrees [1 German degree
=1 g of CaO in 100 L of H,0]) without added salt for 13 min.
Nine minutes after draining, spaghetti quality was evaluated. All
cooking tests were made in a laboratory under controlled
temperature and replicated two times. A third replication was
considered when the difference of SJ between the two replications
was higher than 10%.

Cooked Pasta Measurements

SJ. The SJ was performed by a highly trained panel of three
experts. The general test conditions (order and presentation of
samples, etc.) were according to international standard 7304 (ISO
1985).

The following textural parameters were considered (Cubadda
1988): stickiness, the material adhering to surface of cooked pasta
evaluated by visual inspection with the aid of standard reference
samples and by handling; bulkiness, which is related to stickiness,
the adhesion degree of pasta strands to each other evaluated
visually and manually; and firmness, the resistance of cooked
pasta to chewing by the teeth. Each of these three parameters
was evaluated by a score ranging from 10 to 100. For stickiness
and bulkiness, <20 = very high, 40 = high, 60 = rare, 80 =
almost absent, and 100 = absent. For firmness, <20 = absent,
40 = rare, 60 = sufficient, 80 = good, and 100 = very good.

The score of each SJ component was the arithmetic mean of
the values given by the three assessors; the final value of SJ was
the average of the means of stickiness, bulkiness, and firmness.

TOM test. TOM, which is the surface material released from
cooked spaghetti after exhaustive rinsing, was determined by a
chemical method according to D’Egidio et al (1976, 1982).

Viscoelastograph. The viscoelastograph measurements were
performed, according to Feillet et al (1977), by applying a constant
load of 500 g on five spaghetti strands for each sample and then
calculating their mean. The following parameters were obtained
from viscoelastograph curves: compressibility = (E — ¢,)/E,
consistency = 100(e;/ E), absolute recovery = e, — e, relative
recovery = (e; — e;)/(E — ey), recovery degree = (e; — e,)/E,
and index (relative recovery/compressibility) = 100E[(e, — e;)/
(E — €))’]. E is the initial spaghetti thickness, e; is the thickness
after the loading-on time, and e, is the final thickness after the
loading-off time.

Statistical Analysis

Simple correlations between all variables were computed at
the two different drying temperatures.

Factor analysis was performed by the IBM scientific subroutine
package on the correlation matrix to evaluate simultaneously all
of the variables and their relationships. Principal component
analysis was used for factor extraction; the number of factors
needed to adequately describe the data was determined on the
basis of eigenvalues and percentage of the total variance accounted
for by different factors. Eigenvalues greater than 0.7 were chosen
by looking at the pattern of variables on the factors (Kendall
1975).

The varimax method was chosen for orthogonal factor rotation
to minimize the number of variables having high loadings on
a factor and to enhance the interpretability of the factors. As
the rotation redistributes the variance of the extracted factors,
eigenvalues and percentage of variance accounted for by each
factor were calculated again.

Multiple regressions and correlations were computed to
estimate the combined effect of the SJ components on SJ and
to clarify the relationships of these components on TOM and






