Effects of Drying Temperature and Farina Blending on Spaghetti Quality
Using Response Surface Methodology
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ABSTRACT

Response surface methodology was used to analyze the effects of peak
drying temperature and blending of hard red spring farina with durum
semolina on the quality characteristics of spaghetti. Five peak drying
temperatures (40, 60, 70, 80, and 90° C) and five blends of farina and
durum (0:100, 25:75, 50:50, 75:25, and 100:0) were studied. Good-fit models
were developed for compression and relaxation time of optimally cooked
spaghetti, for firmness and compression of overcooked spaghetti, and
for brightness. Models developed for firmness of optimally cooked spa-
ghetti, relaxation time of overcooked spaghetti, purity, and dominant
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wavelength did not meet all of the criteria of good fit but nevertheless
provided useful information for an initial screening study. Models for
strand stickiness and cooking loss had low predictive ability. The super-
imposition of the individual contour plots permitted the identification
of the region where all predicted characteristics met or exceeded commer-
cial durum spaghetti samples. The most limiting factors were the firmness
of optimally cooked spaghetti, relaxation time of overcooked spaghetti,
and dominant wavelength. To satisfy these constraints, durum levels
greater than 60% and peak drying temperatures above 60° C were required.

Although durum wheat is considered the best raw material
for pasta production, the use of nondurum wheat is permitted
in Canada and the United States and largely depends on the
availability and price of durum semolina. Thus, there is interest
in determining the effect of farina blending on the cooking quality
of spaghetti.

Sheu et al (1967) reported that pasta made from hard red spring
(HRS) farina had lower cooking losses and cooked weight and
was firmer than was spaghetti made from durum semolina. This
was confirmed by Mousa et al (1983) using spaghetti made with
durum semolina and with HRS and hard red winter (HR W) farina.
Both HRS and HRW spaghetti were firmer and had lower cooked
weight and cooking loss values than did spaghetti made from
durum. As expected, durum spaghetti had higher color scores
than did the other spaghetti.

In studies done on farina blending, Wyland and D’Appolonia
(1982) found a similar trend. As the level of HRS increased in
the spaghetti, firmness increased; cooking loss, cooked weight,
and spaghetti color decreased. In contrast, Dexter et al (1981c)
found that cooking scores decreased as farina levels increased,
especially when the spaghetti was overcooked, indicating that
spaghetti containing farina was not as tolerant to overcooking
as was durum spaghetti. Dexter et al (1983) suggested that this
discrepancy could be explained by the fact that the cooking quality
of American durum was poorer than that of Canadian durum
in these earlier studies.

Studies done by Kim et al (1986, 1989) on semolina and farina
spaghetti were in agreement with the study by Dexter et al (1981c).
Spaghetti made with semolina had a firmer texture than did spa-
ghetti made with farina. Kim et al (1986) found that durum
spaghetti had higher cooking losses than did farina spaghetti when
cooked in distilled water, whereas the opposite was found when
the spaghetti was cooked in prepared hard water (Kim et al 1989).
They also reported that spaghetti made from durum was less
sticky than was spaghetti made from farina. A recent study by
Cole et al (1990) suggested that incorporation of hard wheat flour
into pregelatinized pasta formulations would result in a firmer
product than would the use of durum semolina. Thus, the effects
of farina blending on the cooking quality of pasta are not in
agreement and merit further investigation.

High temperature (HT) drying has been shown to improve spa-
ghetti cooking quality if applied after initial drying at low tem-
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perature (LT) to low moisture levels (Dexter et al 1981b, 1984;
Wyland and D’Appolonia 1982; Resmini and Pagani 1983;
Abecassis et al 1989a,b). Several workers have suggested that
with HT drying, the quality of the raw material may no longer
be as critical (Feillet 1984, Matsuo 1988, Cubadda 1989). Thus,
it may be possible to produce spaghetti with good cooking quality
using blends of durum semolina and HRS farina using HT drying.
Kim et al (1989) found that both semolina and farina spaghetti
dried under HT (70°C) conditions were firmer, less sticky, and
had lower cooking losses than did samples dried under LT (45°C)
conditions. Results of Dexter et al (1983) were in agreement with
those of Kim et al (1989), except that firmness of farina spaghetti
was not found to improve with HT drying over that of durum
spaghetti. Wyland and D’Appolonia (1982) examined the effect
of farina blending with drying temperatures of 40, 60, 70, and
80°C. As drying temperature increased, firmness also increased
and cooking loss values decreased. Spaghetti stickiness was not
measured. The authors did not indicate what combinations of
farina blends and drying temperatures gave optimum cooking
quality, thereby limiting the conclusions that can be drawn from
this study.

Thus, the use of HT drying conditions appears promising in
terms of improving the cooking quality of spaghetti prepared
from blends of semolina and farina. More work needs to be done,
however, to examine the relationship of spaghetti drying tem-
perature and farina blending on the cooking quality of spaghetti,
with the goal of determining which combinations of drying tem-
peratures and farina blends yield an optimal spaghetti. Because
such a study could be excessive in terms of the possible treatment
combinations that could be examined, the use of response surface
methodology (RSM) appears beneficial. RSM is a statistical tech-
nique used to determine optimal conditions in a minimal number
of experimental trials. It has been used successfully in a number
of product optimization studies on whipped topping (Min and
Thomas 1980), bread (Henselman et al 1974), cake (Vaisey-Genser
et al 1987), and noodles (Oh et al 1985, Shelke et al 1990). To
date, no studies have been undertaken to optimize peak drying
temperatures for processing of spaghetti or to optimize the replace-
ment of durum semolina with HRS farina. Thus, the objective
of this study was to examine the relationship between spaghetti
peak drying temperature and blending of HRS farina with durum
semolina on the cooking quality of optimally cooked and over-
cooked spaghetti using RSM.

MATERIALS AND METHODS

Preparation and Analysis of Blends

A 10-kg sample of durum semolina and HRS wheat middlings
(farina) were obtained from Ogilvie Mills Ltd, Montreal. Three
blends of semolina and farina (75:25, 50:50, and 25:75) were
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prepared on a dry-matter basis. The three blends, plus a sample
of 100% semolina and 100% farina, for a total of five treatment
blends, were then analyzed for protein content by the standard
Kjeldahl method as modified by Williams (1973). Four-gram
samples were placed in silica dishes and incinerated overnight
(approximately 16 hr) at 600°C to determine ash content. After
being cooled, the dishes and ash were weight, the ash was brushed
out, dishes were reweighed, and the weight of the ash was deter-
mined by the difference. Determinations of protein and ash were
performed in duplicate.

Wet gluten content of the five blends was determined in dupli-
cate using the Glutomatic system according to ICC standard
method no. 137 (1982).

Spaghetti Processing and Drying

Spaghetti was processed in a Demaco S-25 laboratory scale
continuous extrusion press (De Francisci Machine Corporation,
Brooklyn, NY) as described by Matsuo et al (1978). Samples
were dried using five peak drying temperature conditions (40,
60, 70, 80, and 90°C) modeled after commercial drying cycles.
A modified Blue M FR-38IC environment chamber (Blue M
Electric Co., Blue Island, IL) as described by Dexter et al (1981a)
was used for drying the spaghetti. In the 40°C drying cycle,
spaghetti was dried over a 16-hr period with a controlled decrease
in relative humidity. Temperature was maintained at 40°C for
the entire 16-hr period, followed by equilibration to room temper-
ature conditions. The 60 and 70° C cycles featured an initial
10-hr exposure to the high temperature followed by a decrease
in temperature to 40° C. That temperature was held for 6 hr before
equilibration to room conditions. The 80 and 90° C cycles featured
a short initial exposure to high temperature followed by a decrease
to 70°C where it was held for several hours. This was followed
by a decrease in temperature to 40°C and finally equilibration.

Experimental Design

RSM was chosen as the means by which the effects of blending
levels and peak drying temperatures could be approximated over
the experimental region. The second-order response surface was
fitted to the data as an approximation to the true response surface.
We felt this approximation was appropriate even though we had
some reservation about the use of peak drying temperature as
an interval scale factor. However, because the focus of this study
was to find regions of improved response over the experimental
conditions rather than to find the exact optimum response, we
considered the use of RSM to be appropriate given the exploratory
nature of the method.

Figure 1 presents the experimental design selected, which con-
sisted of nine design points and included four replications of the
center point and two replications of the interior points for a total
of 16 samples. These samples were processed in random order
over a three-week period, and spaghetti was tested in random
order over a four-day period.

Assessment of Cooked Spaghetti Quality

Spaghetti samples were cooked to optimum (defined as the
time when the center core disappears) and to optimum plus 10
min (overcooked) in prepared hard water (Malcolmson 1991).
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Fig. 1. Nine design points of the two-variable composite design. Number
in parentheses is number of samples prepared for evaluation at the design
point selected.
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Cooking loss of the recovered water was determined by freeze-
drying, weighing the freeze-dried material, adjusting for mineral
residue present in the cooking water, and calculating the propor-
tion of solids lost to the cooking water as the percentage of spa-
ghetti cooked.

Instron firmness, compression, relaxation, and strand stickiness
were then determined as described by Malcolmson (1991).

Color Assessment of Spaghetti

Spaghetti color was assessed on whole strands of uncooked
spaghetti mounted on white cardboard by reflectance using a
Beckman DU-7 spectrophotometer (Beckman Instruments Inc.,
Fullerton, CA). Dominant wavelength, brightness, and purity
were determined by the 10 selected ordinates method (Hardy
1936).

Statistical Analysis of Data

Data were analyzed using the RSREG procedure of the SAS
Institute (1988) to fit second-order polynomial equations for all
response variables. Lack-of-fit tests were performed on the fitted
models. Coefficients for the linear, quadratic, and interaction
terms of each model were calculated and tested for difference
from zero. Two-dimensional contour plots were generated from
the fitted models using the GCONTOUR procedure (SAS Institute
1988). These plots were superimposed to determine the region
where levels of durum semolina and drying temperatures produced
spaghetti predicted to be comparable in quality to commercial
durum spaghetti. Acceptable commercial quality was assessed on
seven brands of durum spaghetti available in the marketplace.

RESULTS AND DISCUSSION

Semolina and Farina Characteristics

Protein, ash, and gluten content of the five prepared blends
of durum semolina and HRS farina are provided in Table I.
Protein levels were similar for the five blends with a range of
12.0-12.4%. As expected, ash content increased with the level
of durum semolina in the blend. Wet gluten content increased
slightly with increasing levels of durum semolina in the blend.

Response Surface Analysis

The analyses of variance for cooking quality of optimally
cooked and overcooked spaghetti are presented in Tables II and
111, respectively. Significance of the lack-of-fit error term, R
value, coefficient of variation (CV), and model significance were
used to judge adequacy of model fit. The predictive models de-
veloped for compression and relaxation time of optimally cooked
spaghetti and firmness and compression of overcooked spaghetti
were considered adequate because they possessed no significant
lack of fit and had satisfactory levels of R?, CV, and model sig-
nificance. The developed model for firmness of optimally cooked
spaghetti was less predictive because the R? was less than 0.60
(0.51) and the model was not significant at the 5% level (P =
0.15). The model developed for relaxation time of overcooked
spaghetti had adequate R*, CV, and model significance but showed
a significant lack of fit, suggesting that the second-order model
was not adequate. Models developed for strand stickiness and
cooking loss of optimally cooked spaghetti and overcooked
spaghetti were judged to be inadequate because of very low levels
of R? high CV, and lack of model significance.

The analyses of variance for spaghetti color parameters are

TABLE I
Protein, Ash, and Wet Gluten Content® of Prepared Blends
of Durum Semolina and Hard Red Spring Farina

Blend (% durum semolina)

Quality 0 25 50 75 100
Protein, % 12.0 12.2 12.1 12.4 12.4
Ash, % 0.37 0.44 0.53 0.59 0.65
Wet Gluten, % 315 32.0 32.4 329 32.8

#14.0% moisture basis.






