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ABSTRÀCT

Response surface methodology v/as used in the optimization

of the textural and color characteristics of spaghetti. The

relationship between durum protein level and spaghetti drying

temperature and their effects on cooked spaghetti quality were

investigated. Firmness and compression were primarily affected

by protein IeveI, whereas elasticity was mainly affected by

drying temperature. Cooking loss of optimaJ-Iy cooked spaghetti

was primarily influenced by protein level while cooking loss

of overcooked spaghetti appeared to be equally infl-uenced by

both variables . As durum protein l-evel- decreased, higher

drying temperatures lrere necessary to produce spaghetti of

comparable quality to commercial spaghetti.

The relationship between spaghetti drying temperature and

blending level of hard red spring farina with durum semol-ina

and their effects on cooking quality and color characteristics

were also examined. Superimposing the individual contour plots

for all responses permitted the identification of the region

where all quality parameters met or exceeded commercial

spaghetti quality. The most lirniting factors were firmness and

stickiness of optirnally cooked spaghetti and compression and

elasticity of overcooked spaghetti. To satisfy these

constraints, blending levels with at least 60å durum semol-ina

!ùere required with drying temperatures greater than 7Oo C. As

the level of durum semolina decreased in the blend, higher

lv-



drying temperatures v¡ere necessary to produce acceptable

spaghetti.

fnstron methods for measuring spaghetti firnness,

compression, elasticity, and stickiness were developed and the

effects of operating conditions on measurements were examined.

Compression force strongly influenced compression and

elasticity measurements of spaghetti. Plunger size had a

modest effect, although variability was reduced with smaller

plunger sizes. Cornpression depth and crosshead speed

influenced firmness measurements of spaghetti. Stickiness

measurements were only modestly affected by compression force

and plunger size. Validation of instrumental- tests v/as

attained by comparing instrumental and sensory measurements of

spaghetti texture. Furthermore, predictability of sensory

measurements of firmness, chewiness and stickiness vtere

achieved from instrumental measurements of spaghetti texture

obtained using the Instron and the Grain Research Laboratory

tenderness apparatus and compression tester.

Cooking water composition was shown to influence

stickiness and cooking loss of spaghetti. Spaghetti made from

common wheat was affected more by changes in cooking water

hardness than durum spaghetti. An artificially hardened water

was developed and adopted for all cooking studies.

-v-
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CEÀPTER 1

INTRODUCTION ÀND REVIETí OF LITERATI'RE

1.1 INTRODUCTION

Durum wheat (Triticurn turgidum L. ) is considered che best

raw material for pasta production. It has a sinilar gluten and

protein content to bread wheat but the gluten forned does not

have the elastic strength of bread wheat (Banasik, 198L).

Durum wheat has a high yellow pigrment content, making it
superior for pasta production. The kernel has a hard,

translucent endosperm that upon nilling yields a granular

product called semolina. Pasta made from durum wheat is a

bright yellow color, and when cooked, is generally more

resilient and less sticky than pasta made from the farina of

conmon wheats (Kin et aI., 1989).

Cooked spaghetti should be firm, resilient, and non-sticky
(Dexter et âI., 1983a). fn a study by Larmond and Voisey

(I973), consumers preferred spaghetti which had been rated by

a trained sensory panel as having lor¡ scores for gumminess,

adhesiveness and starchiness and high scores for firmness,

chewiness and individuality.

Recent advances in pasta processing have focused on the

use of high temperature drying. Reported benefits include:

reduced drying times, improved microbiological quality
(especially for egg pasta), and enhanced cooking quality. This

latter point has caused researchers to question previous

concepts concerning the quality of the raw material that is
necessary to achieve spaghetti with optimum cooking
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characteristics. Thus, it may be possible to produce pasta

with superior cooking quality using lower protein durum wheat

and by blending with other classes of wheat if high

temperature drying is applied. This is of particular interest
when the availability of durum wheat is low and the price is
high.

The need for sinple and reliable methods for assessing

the cooking quality of pasta is widely recognized, but, at
presentr no universally accepted methods exist. The rnstron
universar Testing Machine has proven to be a effective method

of texture measurement (Buckley et al., 1984) and has gained

prominence as a rnethod of measuring the textural- propertj-es of
food. rt would seem reasonable therefore, to utirize the

rnstron in the developrnent of procedures for judging pasta

cooking quality.

The f irst overall objective of this research !.ras to
develop standardized cooking procedures and rnstron methods

for measuring the texturar properties of cooked spaghetti.
The second overall objective was Èo optÍnize spaghetti cooking

quarity characteristics, through the use of response surface

nethodorogy, by varying raw materiar revers and spaghetti
drying temperatures. rn order to achieve the ratter
objective, two separate studies lrere undertakenr. one study

examined the relationship between durum protein levers and

drying temperatures and the second study ínvestigated the
relationship between brending levels of durum semolina and

hard red spring farina and drying temperatures.
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This research was undertaken by courpleting five separate

experiruents presented in Chapters 2-6 of this thesis. This

infornation ís preceded by a general review of literature
(Chapter 1) and is succeeded by a general sunmary, general

concrusions ánd discussion of future research needs (chapter

7'). The specific objectives of each experiment have been

cornpiled here, and are restated in each chapter.

The first experiment investigated the effects of cooking

water composition on the cooking quality of spaghetti. The

specific objectives of this experiment were:

1. To determine the effects of cooking water composition on

the stickiness and cooking loss of spaghetti.
2. To determine if spaghetti made from conmon wheat behaves

the same as spaghetti made from durum wheat to changes in
cooking water composition.

3. To establish a cooking water formulation for artificially
hardened water that gives similar results to tap water,

that can then be used in routine assessments of spaghetti

cooking quality.

The second experiment $¡as undertaken to examine the

effects of rnstron operating conditions on the detection of
texturar differences in spaghetti. The specific objectives of
this experiment were:

1. To develop test rnethods to measure firmness,

compressibility, elasticity, and stickiness of cooked

spaghetti using the Instron Universal Testing Machine.
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2. To determine the effects of compression depth and

crosshead speed on firmness measurements of spaghetti.

3. To determine the effects of compressíon force and plunger

size on measurements of compression, elasticity, and

stickiness of spaghetti.

4. To identify operating conditions for evaluating firrnness,

compression, elasticity, and stickiness of cooked

spaghetti with high repeatability and reproducibility and

reasonable discrinination between spaghetti samples.

fhe third experiment was designed to compare sensory and

instrumental measurements of cooked spaghetti texture. The

specific objectives of this study were:

1. To establ-ish a texture profile panel to evaluate cooked

spaghetti quality.

2. To determine the textural properties of commercial

spaghetti samples using sensory, fnstron, and Grain

Research Laboratory texture testing procedures.

3. To examine the relationship between instrumental

measurements and sensory ratings of spaghetti texture
using mult j-variate techníques to determine if
inctrumental- evaruations can be used to predict sensory

quality.

The last two experiments were optimization studies. The

specific objectives of the first optirnization experiment were:

1. To examine the effects of spaghetti drying temperature

and durum semolina protein levels on cooked spaghetti
quality.
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2. To explore the relationship between spaghetti drying

temperature and durun semolina protein level on cooking

quality of optinally cooked and overcooked spaghetti

using response surface ¡rethodologry.

3. To generate contour plots from fitted models in order to

determine which combinations of drying t,ernperatures and

protein levels yield spaghetti with optimun cooking

quality.

The specific objectives of the second optinization study were:

1. To examine the relationship between spaghetti drying

temperature and blending of hard red spring farina with

durum semolina on the cooking quality of optimally cooked

and overcooked spaghetti using response surface

methodology.

2. To generate contour plots from fitt,ed models in order to
determine which combinat,ions of drying ternperaÈures and

blending levels yield spaghetti with optirnun cooking

quality.
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L.2 REVTETÍ OF I.ITERATURE

Much research has been undertaken to clarify the basis of

the cooking quality of durun wheat. Difficulties exist
however, in relat,ing the chenical composition and structure of

durum wheat components to the functional properties ín pasta.

Thus, the phenomenon of pasta guality is not clearly
understood. Nevertheless, a certain anount of knowledge

concerning the biochenical basis of pasta cooking quality has

been acquired and will be the subject of this review. The

effects of blending hard red spring farina with durum semolina

will also be discussed as witl the effects of drying

temperature on the cooking quality of pasta. Fo1lowing this,
sensory and physical test methods used in the assessment of

cooked spaghetti quality will be reviewed with particular
attention paid to the use of the fnstron Universal Testing

Machine for instrumental texture evaluations. Statistical
methods to establish the relationship between sensory and

physical texture parameters will also be presented with an

ernphasis on multivariate techniques. FinatIy, the use of

response surface methodology in optimization research will be

addressed.

L.2.L Biochenical Basis of Pasta Cookíng euality
The basis of a good cooking quality durum wheat likely

involves the formation of an insoluble protein network which

entraps swollen and gelatinized starch granules (Fei1let,

1984). This prevents spaghetti surface disruption and
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consequent leaching of carbohydrates and proteins into the

cooking water.

Protein composition of durum wheat varies widely in
quantity and guality, depending on the variety and on

environmental conditions (Feillet, L984). The protein content

of durum wheat ranges from 9 to 188. Matveef (L966) has shown

that a wheat protein content above 13å yields a satisfactory
final product whereas a protein content lower than 11å gave a

poor product. Wheat protein content appears to account for 30-

4Ot of the variability in cooking quality (Danidaux and

FeiLlet | L978; Dexter et â1., 1980). Pasta cooking quality

has been shown to improve with increasing protein content

(Matsuo et aI., L972; Dexter and Matsuo, L977; Grzybowski and

Donnelly, 1979; Autran et aI., 1986). One explanation for this
is the fact that at higher protein levels, the more numerous

are the polypeptide chains, increasing the chances of proteins

to interact with one another to form a strong network

(Fei1}et, 1984).

Protein qualityr âs measured by gluten properties, has

also been identified as an important factor in the cooking

quality of spaghetti (Matveef, L966; Sheu et al., L967; Matsuo

and lrvine, 7.970ì Matsuo et a1., L972; Dexter and Matsuo,

L977 ¡ Grzybowski and Donnelly, L979) . Feillet et aL . (L977)

demonstrated that strong gluten varieties with high elastic
recovery, exhibited good cooking quatity while weak gluten

varieties with low elastic recovery had poorer quality.



Interestingly, Mat,suo et aI. (1982a) were not able to confirm

that protein content significantly affected gluten quality.

Durum proteins include albumins (so1uble in water),
globulins (soluble in neutral salt solutions), gtiadins
(soluble in 70t ethanol and in acids), and glutenins (soluble

in acids, bases, hydrogênr and hydrophobic bond breaking

solvents). Albunins and globulins are cytoplasrnic proteins

with enzlanatic activities and foarning and emulsifying

properties. Gliadins are characterized by their medium

molecular weight (25,000 10O,OOO) and high extensibility.
Grutenins are characterized by their high molecurar weight

(100,000 to
and glutenins are associated with lipids, and other

components, including minerals and carbohydrates. fn the

presence of water, they form a unique, viscoelastic protein

complex referred to as gluten (Fei1let, 19gB). The gluten of
durum wheat appears to differ from the gruten of bread wheat.

À more porous appearance has been observed for the rel-axed

gluten of durum wheat compared to the gluten of bread wheat

(Dronzek et aÌ., 1980).

No clear differences can be seen between coiltmon and durum

wheats in the proportions of soluble proteins, gliadins, or

grutenins (Feillet, 1988). I{asik (1978) observed that B-11å of
total protein was comprised of arbumins, 4-72 of grobulins,
40-50å of griadins, 10-2ot of acetic-acid-sorubre grutenins

and 17-35t of insoluble residue. Dexter and Matsuo (L977)

showed that the proportion of soruble proteins decreased
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significantly with increasing protein content and that the

increase in total protein was completely accounted for by an

increase in the amount of gluten proteins.

Recent research on durum wheat has been direcÈed towards

the study of gluten components. Àt present, it is stiIl not

clearly known which gluten components are favourabte to pasta

cooking guality but the evidence suggests that several

components are involved. Firstly, a highly significant
correlation has been demonstrated between 7-gliadin components

fractionated by electrophoresis and dururn wheat visco-
elasticity (Damidaux et âI., 1978; Kosmolak et â1., 19BO; du

Cros et aI., 1982). Durum wheat varieties which possess the

45-^y gliadin component have strong gluten and high cooking

quality, whereas those that possess the 42--y gliadin have a

r+eaker gluten and poor cooking quality. Current evidence

suggests that the 7-gliadin proteins are genetic markers for
other proteins responsible for differences in quality
(Damidaux et â1., 1980; du Cros et â1., L7BZ; Autran, LSBL¡

Payne et aI., L984; Pogna et aI., 1988).

A high glutenin-gliadin ratio or a high percentage of
insoluble proteins has also been linked to superior pasta

cooking quarity. A comparison of the protein fractions from

solvent extraction and ger firtration led walsh and Girl-es

(L971) to conclude that high spaghetti firmness was associated

with high grutenin but low gliadin contents. wasik and Bushuk

(L975) were abÌe to classify durum curtivars on the basis of
glutenin to gliadin ratio obtained from gef filtration
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chromatography in essentially the same order established by

rheological and cooking t,ests. Dexter and Matsuo (1977) also

found that a high glutenin to gliadin ratio was related to
superior cooking quality

Insoluble residue proteins r¡ere found by Dexter and

Matsuo (1978, 1980) to exhibit an effect on pasta cooking

quality. Furthermore, differences in Iactic-acid-soluble
gluten proteins (Dexter and Matsuo, 19BO) and in isopropanol-

soluble proteins (DtEgidio et â1., L976) have also been

suggested to be durum wheat quality factors. Recently,

sgrulretta and De stefanis (1989) reported a good correration
between acetic acid insolubLe residue protein and pasta

cooking quality.

The relationship of specific alutenin subunits in durum

wheat to pasta quality parameters has received ress attention.
I{asik and Bushuk (L975) reported that, the amount of certain
glutenin polypeptides appeared to be related to spaghetti-
rnaking quarity. These porypeptides of nedium morecular weight

were consídered by Àutran et al. (1992) to be gliadin types.

They found no rel-ationship between high molecular weight (HMw)

grutenin polypeptides and viscoelastic properties of durum

wheat although, there seemed to be an association between

cooking quality and some unusual HMI{ glutenin patterns. du

cros (L987 ) found Ioi+ molecurar weight (LMw) glutenins v/ere

highry correrated with gluten strength whereas the HMw

glutenin polypeptides v¡ere found in general to be poor

indicators of viscoelastic properties. pogna et aI. (1999)
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also suggested that lltfW glutenin subunits could be responsible

for differences in gluten viscoelasticity. Feillet et aI.

(1989) reported that LMW glutenin proteins make up a rnajor

fraction of durum wheat gluten and their content in durum

wheat of I-45 type is higher (282) than in 7-42 type (158).

According to these authors, LMW glutenins strongly aggregate

through heat treatment and contribute to past,a firmness and

etasticity. Autran and Feillet (1987) and AuÈran and Galterio

(1989) found a weak but significant relationship between HMW

glutenin blocks and cooking guality.

The suggestion by Fabriani et aI. (L97O and 1975) that a

high ratio of reactive to total SH groups may be a prere-

quisit,e for superior pasta cooking quality was not confirmed

by Dexter and Matsuo (1,977). Nevertheless, Scarascia-Venezian

(1973) reported thaÈ accessible sulfydryl and urea dispersible
proteins appear to be good markers of pasta naking quality.

Recently, Alary and Kobrehel (L987) and Kobrehel and Alary

(1989) were successful in extractíng durum wheat sulphur rich
glutenin fractions (DSG). These fractions were composed of two

LMW glutenin proteins and were shown to have a strong

association wit-h surface state of cooked pasta and firmness.

Feillet et al. (1989) also found sulfur rich glutenin proteins

were associated with the surface condition of cooked pasta and

proposed that DSG proteins contribute to aggregation of LMW

glutenins and possibly HMW glutenins through hydrophobic and

disulfide bonds. They further postulate that these bonds would
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be sufficiently strong to prevent starch reaching during
cooking and thereby uraintain a satisfactory surface condition.

starch is the najor conponent of pasta, present at a

lever of approximatery 73*. rt is comprised of two fractions,
amylose, present at approximately zsz, and amylopectin,
present at 758 of the total amount of starch (Feiltet, tg}A).
current knowledge concerning the role of starch on pasta
quality is extremery tinited. Medcalf and Girres (196s)

observed that starches from durum wheat have rarger water
binding properties, greater rates of iodine absorption, and

slightly lower initíar pasting temperature than those from
other classes of wheat. sheu et ar. (1967) reported little
change in cooking quality of pasta when starch isolated from
durum and hard red spring wheat were interchanged, although it
shourd be noted that surface characteristics were not
measured. starch gelatinization takes prace graduarly during
spaghetti cooking in a inward direction (Marsharr and wasik,
1974) and is more rapid at lower protein than at higher
protein levels (Grzybowski and Donne11y, Lg77). According to
Eriasson (1983), the srower geratinization observed at higher
protein is likery due to greater cornpetition between the
gluten and starch for the availabre water. Damaged starch,
such as what might occur during milring can rower cooking
quality (seyarn et al., Lg76) . rf starch is gelatinized before
the formation of the insorubre protein network, high cooking
loss will be observed (Dalbon et ar., 1981; DrEgidio et âr.,
1982). Dexter et al. (1985b) and Matsuo et ar. (1986) suggest
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that high levels of anylose on the surface of the pasta are

responsibJ-e for stickiness. D'Egidio et al. (1983) however,

reported that the cooking process results in the accumulation

of amylose in the cooking water and an increase in arnylopectin

on the surface of the pasta. Pasta of low quality has more

amylopectin on the surface than pasta of high quality. This

suggests that amylopectin has broken down more extensively in
the pasta of Iow quality.

The lipid content of semolina and pasta ranges from i-.5

to 2.OZ depending on the variety and nilling condition
(Feillet, 1984). Free lipids account for 5OZ of the total
lipid fraction in semoÌina and only for 5å in pasta since goT

of the free lipids are bound during processing, especially in
the drying step due to water loss (Barnes et aI., l-983). OnIy

a few studies have been undertaken to assess the effects of
tipids on the cooking quality of pasta. Dahle and Muenchow

(1968) reported the removal of lipids or proteins increased

the amount of arnylose in the cooking water. Removal of J_ipids

led prinarily to an increase in stickiness. Lin et aI . (i.97 4)

concluded that neither nonpolar nor polar lipids affected the

cooking quality of spaghetti to any extent although it should.

be noted that surface characteristics vJere not measured.

Matsuo et al. (1986) found that the removal of nonpolar J-ipids

increased stickiness of spaghetti. À possible explanation for
this finding is that in the presence of lipids, there was less

exudation of amylose during gelatinization due to lipid-
amylose complexing. Studies done on the interactions of
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lipids, proteins, and starches during breadmaking suggested

that lipids interact with proteins and starch to form starch-

glycolipid-protein complex through hydrogen bonds between

glycolipids and gelatinized starch or gliadins, and

hydrophobic bonds between glycolipids and glutenins (Chung et

â1., L978; Cherry, L982').

Thus, progress has been made in recent years in the

identification of components present, in durun wheat that are

associated with pasta cooking guality. The importance of
protein quality, protein quantity and protein composition has

been established by a number of workers. More work on starch

and lipids is required as is a better understanding of the

interactions between protein, starch, and lipids.
t.2.2 optinization of Pagta Cooking guality

l{ith new advances in the technology of pasta processing,

especialty with the application of higher drying temperatures,

the quality of raw material may no longer be as critical as it

once was (Cubadda I L989; Feillet, 1984; Matsuo, L988)

suggesting a need for research to examine the relationship
between raw material characteristics and drying temperatures

and their effect on the cooking quality of pasta.

L.2.2. 1 Drying Temperature

The drying process is considered to be the most critical
phase in spaghetti processing. Moisture must be removed at a

uniform rate to prevent moisture gradients within the strands

that can cause checking or cracking (Dick and Matsuo, 1988).

Initially, pasta undergoes a pre-drying phase where the
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moisture of the pasta is lowered fron approximately 308 to
about 20*. The usual tine required for this phase is about one

hour. After this, the pasta undergoes further drying to a

final noisture content of about LzZ. The tirne required at this
stage of drying depends on the spaghetti diameter and on the

drying temperature utilized.
ItTraditionalrr, rrconventionalrr or rrlovr temperaturerr (LT)

drying refers to the use of temperatures no higher than 60o C

(Da1bon and Oehler, 1983). "High temperaturerr (HT) drying

refers to temperatures between 600 and 90o C (Manser, 1990).
rrVery hightt (VHT) (Pagani et aI., 1986) and rrtres hauterr (THT)

(Mondelli, 1989) tenperature drying refer to temperatures

greater than 90o C. HT drying of pasta is very conmon (Dick

and Matsuo, 1988) and commercial THT dryíng lines have

recently been introduced (Mondelli, 1989). Reported benefits
of HT/THT drying include: reduced drying times, improved

microbiological quality and enhanced cooking quality.
According to Manser (l-980) pasta dried under high temperatures

are firmer and less sticky, especially if the samples are

blended with conmon wheat. Nevertheless, the effects of HT

drying on the improvernent of cooking quality of pasta remains

controversial since few studies have been published which

report experimental data and of those studies in which data

are reported the pasta has been processed in a laboratory
(cubadda, 1989). Despite this, the use of laboratory processed

pasta is often the only feasibre alternative availabre for
studying the effect of drying conditions on end product
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quality. Discrepancies also exist among the studies in the

¡rethod of application of HT during the drying cycle with some

workers applying HT at the beginning of the drying cycle while

others apply HT after first subjecting the pasta to pre-drying

at LT.

Dexter et al. (1981b) found spaghetti dried initially at

LT followed by HT drying at 70o C had inproved cooking quality

compared with spaghetti dried at LT (39' C) throughout the

entire drying cycle and with spaghetti dried initially at HT

(7O' C) followed by LT drying. However, spaghetti dried

initially at HT had enhanced color intensity whereas

spaghetti dried at HT after pre-drying at LT, had equal color
quality to LT dried spaghetti. fnactivation of lipoxidase by

HT was at least partially responsible for the improved color.

fn a second study by Dext,er et aI. (1981a), spaghetti

dried initially at either 650 or 8Oo C followed by LT drying

showed no marked improvemenÈ in cooking quality compared to
spaghetti dried at LT (39o C) throughout the entire drying

cycle. Spaghetti dried at 8Oo C did however, have superior

color characteristics to spaghetti dried at 39o C. The lack of

improvement in cooking quality for the HT dried spaghetti in
this experiment suggests that the application of HT should

occur after predrying at conventional LT. It has been

speculated that the poorer cooking quality of the spaghetti

dried initially at HT may be due to premature denaturation of
gluten, and possibly some starch gelatinization (Manser,

1e80).
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I{yland and D'Appolonia (L982) evaluated three HT drying

cycles with conventional LT drying (4Oo C for 18 hr). The HT

cycled involved pre-drying at 40o C for 2 hr followed by

drying at 60o, 70" or 80o C for 8.5, 6.5, or 4.5 hr respec-

tively. Spaghetti dried under HT conditions was significantly
firmer than spaghetti dried at LT. No difference in spaghetti

firmness nas observed among the three HT treatments.

Signifícantly lower cooking losses were found for spaghetti

dried at 80o C compared to the other drying temperatures and

the highest cooking losses lrere obtained for the spaghetti

dried at 40o C. No assessment was done on color or surface

characteristics.

Dexter et aI. (1984) investigated the effect of 5

differenÈ HT drying cycles on the cookíng quality of spaghetti
compared to LT drying at 39" c. Three of the cycles invorved

an initiar pre-drying for t hr at low temperatures folrowed by

8 hr at HT (either 70o, 8Oo or B5o C) then rapid cooling to 40o

c and hording at this temperature for the remainder of the

cycle. The fourth cycle, designated as 40o/B5o C, was comprised

of an initial pre-drying at LT (40'C) for L hr, followed by

2 hr at 85o C, then 6 hr at 4Oo C. The fifth cycle, designated

as 85o/40o C, applied HT (85" C) for 2 hr, followed by 18 hr at
40o c. All five cycles had improved cooking scores (the ratio
of recovery to the product of compressibirity and tenderness)

compared to conventional LT (40'c for 28 hr) dried spaghetti.
However, only the 70o C and the 4Oo/BSo C dried spaghetti had

lower cooking loss values and only the 80o and 85o C spaghetti
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rrere ress sticky than the LT spaghetti. short term exposure of
spaghetti to HT drying resurted in inproved color and much

reduced loss of lysine compared to drying cycles with longer

exposure to HT.

Taha and Sagi (1988) compared LT drying of macaroni at
40o C with HT drying (70o C for the first 3 hr, followed by B0o

c for t hr then 40o c for 18 hr). No differences in macaroni

strength r{ere observed but significantry higher cooking rosses

e¡ere found for HT macaroni. Macaroni color was improved with
HT drying. DrEgidio et ar. (1990) reported higher sensory

scores and lower total organic materiar (ToM) with pasta dried
at 80" C compared to 40o C.

Resmini and pagani (1983) reported the best cooking

quarity was achieved with a drying cycle that appried HT (9oo

c) after predrying the spaghetti at LT to a l-ow moisture

content. The apprication of HT at a high moisture content and

at a mediurn moisture content resurted in poor cooking quality.
The authors suggest that initial drying to a Low moisture

content appears to be criticar in order to prevent starch
swelling during the application of HT.

Abecassis et ar. (1999) devised an experimentar dryer in
order t,o more closely examine the effects of moisture removal

during drying and the apprication of HT drying on the cooking

quarity of spaghetti. spaghettí dried at 55o c for 20 hr was

compared with spaghetti dried at 55o c to a moisture content

of 24,18, and 138 before applying HT of 9Oo C for 2 hr and

then continuing to dry at 55o c for the remainder of the
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drying cycle. À11 cooking quality parameters were improved by

HT drying. The most noticeabl-e improvement eras in surface

characteristics and this improvement lras particularly

noticeable when the pasta had a low water content at the time

of the HT treatment. Cooking loss values !¡ere lowest for LT

dried spaghetti and for spaghetti dried at HT drying once a

Iow moisture content (138) was reached. In subsequent

experiments the authors confirmed the beneficial effects of

applying a thermal treatment phase (90' C for 2 hr) after
drying initially to a low moisture cont,ent. Not only were

improvements made in textural quatity but also in cooking

losses. However, the application of HT after a low moisture

content was achieved, did cause changes in color (developrnent

of a slight redness, and an increase in brown and yellow

indexes). The authors díd not feel that these changes would be

detrirnentaL t,o the acceptance of the spaghetti.

Thus, or the basis of this literature, there appears to
be evidence to support the clain that HT application improves

the cooking quality of pasta especially if HT is applied after
pre-drying under LT conditions to a low moisture level. I{hat

requires clarification however, is a better understanding of

which intrinsic characteristics of the raw material are still
important in ensuring the production of high quality pasta

when HT drying is used.
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L.2.2.2 Durum Protein Level

on]-y a few studies have looked at the effects of protein
level and drying temperature on the cooking quality of
spaghetti. Dexter et al. (1981b) found the cooking quality
characteristics for both low and high protein durun semolínas

were enhanced srightry with the application of HT conditions.
cooking losses were however, greatry reduced for the row

prot,ein semorina processed under HT conditions compared to
high protein semorina. This was less obvious in a second study

by Dexter et al. (1983b). Surface characteristics rrere found

to improve in the second study for one of the varieties
tested when 1or,¡ and high protein durum vras processed at HT. No

difference vras observed for the other variety. Recovery only
improved at HT for the higher protein samples and firmness

actually decreased for the low protein samples processed at
HT. clearly, more work needs to be done to assess the
rerationship of spaghetti drying temperature and semoLina

protein level on the cooking quality of spaghetti. rt would be

of great interest to determine which combinations of drying
ternperatures and protein revels yield optimun spaghetti.
L.2.2.3 Blending of Durum lfheat lfitb Connon lfheat

Few studies have been done to compare the quality of
spaghetti made from durum semolina with spaghetti made from

farina or from brends of semorina and farina. sheu et aL.

(1967) reported that pasta made frorn hard red spring (HRS)

farina had rower cooking losses and cooked weight and l¡as

firmer than spaghetti made from durum semorina. This lras
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confirmed by l{ousa et aI. (1983) using spaghetti made with

durum semolina and with HRS and hard red winter (HRW) farina.
Both HRS and HRI{ spaghetti were firmer and had lower cooked

weight and cooking loss values than spaghetti made from durum.

As expected, durum spaghetti had higher color scores than the

other spaghetti.

In studies done on farina blending, !{yland and

DtÀppolonia (1982) found a similar trend. As the leve1 of HRS

increased in the spaghettí, firmness increased, whereas

cooking loss, cooked weight, and spaghetti color decreased. In

contrast, Dexter et aI. (1981c) found cooking scores decreased

with increasing farina levels especially when the spaghetti

was overcooked indicating that spaghetti containing farina was

not as tolerant to overcooking as durum spaghetti.

Studies done by Kim et al. (1986 and 1989) on semolina

and farina spaghetti were in agreement with the study by

Dexter et aI. (1981b). Spaghetti made with semolina had a

firmer texture than spaghetti rnade wiÈh farina. As for cooking

losses, Kim et al. (1986) found dururn spaghetti had higher

cooking losses than farina spaghetti when cooked in distilled
water whereas the opposite was found when the spaghetti hras

cooked in prepared hard water (Kin et a1., 1989). Kim et aI.
(1989) also reported that durum spaghetti was less sticky than

farina spaghetti but the workers reported difficulties in the

assessment of spaghetti stickiness.
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Thus, the effects of farina blending on the cooking

guality of pasta, especially stickiness, has not been widely

studied and merit,s further investigation.
The effect of drying temperature on the quality of farina

spaghetti has been examined by several workers. Kim et aI.
(1989) found both semolina and farina spaghetti dried under HT

(70' C) condit,ions yrere f irmer, Iess sticky and had lower

cooking losses than samples dried under LT (450 C) conditions.

Resurts by Dexter et aI. (1983b) trere in agreement with those

of Kin et aI. (1989) except firmness of farina spaghetti was

not found to increase with HT drying cornpared to durum

spaghetti. B1ends of dururn and farina were not examined.

wyrand and DrÀppolonia (1983) studied the effect of farina
blending with drying temperatures of 4Oo,60o, 7Oo, and gOo C.

As drying temperaÈure increased, firmness arso increased and

cooking ross varues decreased. spaghetti stickiness was not

measured. The authors did not indicate what combinations of
farina brends and drying temperatures gave optirnurn cooking

quality thereby liniting the conclusions that can be drawn

from this study.

Thus, the use of HT drying conditions appears prornising

in terms of irnprovíng the cooking quality of spaghetti
prepared from blends of durum semorina and HRS farina. More

work needs to be done however, to examine the rerationship of
spaghetti drying temperature and farina blending on the
cooking quarity of spaghetti with the goar of det.ermining



23

which combinations of drying temperatures and farina brends

yield spaghetti with optinum cooking quatity.
L.2.3 âssessment of PaEta Cooking guality

considerabre effort has been made to deverop simple and

reliable methods for evaruating cooked pasta quality using

instrumental and sensory techniques, but to date no

universarry accepted methods are availabre. rn addition, there
is a lack of standardized cooking procedures, especially with
the type of cooking water used, which has compounded the
problern.

L.2 .3 . 1 Cooking lfater

cooking quality of pasta, especialry surface stickiness,
amount of rinsed materiar collected from the strands, and

cooking loss, have been shown to be influenced by the type of
cooking water used. severar workers have shown that as water

hardness increased, cooked spaghetti became stickier (Menger,

1980; DtEgidio et â1., 1981; Dexter et al., 1983b; Seibe1 et
â1., 1985), had higher total organic materials (ToM) ín the
rinse and cooking waters (DtEgidio et âf., 1981; seibel et
âI., 1985), and had higher cooking 1osses (Dexter et âI.,
1e83b) .

Attenpts to quantify the effects of minerar composition

on cooking quality of pasta have not been successful-. oh et
aI. (1985a) found the rever of ca in the cooking water had to
be greater than 80 ppm before a difference in surface firmness

of noodles courd be observed. No effect $ras observed for
cooking loss and Mg did not appear to have any effect on these
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parameters. Surface stickiness lras not measured however, and

the pH of the water (9.21 was very high which likely
influenced the results. Menger (1980) found the addition of

10r0OO ppur CaCl, to distilled water caused a deterioration in
sensory quality of cooked spaghetti and rinsing water

residues. A 51000 ppn Cacl, addition resulted in only a slight
deterioration in spaghetti quality but the spaghetti was

firner. The addition of 1,OOO ppn MgSOo also caused a

deterioration in quality but it was less pronounced than with
Ca. The spaghetti lras also softer after cooking in the

presence of Mg. Although this study demonstrated a clear
effect of mineral composition on spaghetti quality, the 1eve1s

of Ca and Mg used nere extremely high.

D'Egidio et aI. (1981) found the addition of 5,OOO ppn

NaCI to distitled water had no effect on spaghetti quality
whereas Menger (1980) found the addition of 7,OOO ppm caused

a deterioration in surface swelling, and enhanced stickiness
and rinsing wat,er residues. Seibel et aI. (1985) found the

addition of 6,000 and 600 ppn NaCl caused only a minor

deterioration in quality when added to distirled water

compared to an adverse effect when added to tap water. This

suggests an interactive effect of other ions present in the

tap water and/or pH effect,. The levels of Nacr addition in
these studies are realistic in light of recommendations made

by pasta manufacturers and in terms of naturally occurring
levels of Na in water.
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Cooking water pH has also been shown to influence cooked

spaghetti quality. ÀIary et aI. (L979) and Abecassis et aI.
(1980) were able to decrease surface disintegration and

stickiness and lower cooking losses by adjusting the pH of
mineral water to 6.0. To further etucidate the importance of
cooking water pH on spaghetti guality, Abecassis et, aI. (1980)

also adjusted the pH of distilled water and found spaghetti

cooking quality v¡as at its peak at pH 6. On either side of
this pH, quality !¡as found to decline. These findings v¡ere

confirrned by Seibe1 et aI. (1985) who found weakly acidic
cooking water gave good sensory quality and decreased TOM

level-s. oh et al. (1985a) reported noodre firmness decreased

rapidly and cooking losses increased when a pH greater than I
was used for cooking. surface firmness and cooking ross were

not affected between pH 6-8.

Shifts in the pH of mineral water during cooking have

been suggested by several workers to be responsible for the

dininished quality of spaghetti rather than the presence of
the ions themselves. Menger (1980) found Nacl causes a shift
in pH upward, whereas CaCl, caused a shift downward. A1ary et
al. (L979) observed the pH of minerar water shifted upward

during cooking, whereas distilled water remained constant.

Despite the lack of agreement as to which factor, water

hardness or pH, influences cooked spaghetti quality, it would

seem reasonable to conclude that both factors are involved and

they likeJ-y influence each other. Therefore, both the mineral

cornposition and the pH of the cooking water should be
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standardized if comparisons are to be rnade from one testing
session to another. The use of distilled water may not pernit

adeguate discrimination between spaghetti samples. Indeed,

DtEgidio et aI. (1981) have stat,ed that hard water perurits

better discrinination among spaghetti samples. This may also

be true of water that is slightly alkaline since spaghetti

cooking quality has been shown to be at its peak at a pH of 6.

fdeally, spaghetti should be examined under the conditions

that it is most likely to encounter in the marketplace.

The use of |tartificiallytt hardened water is a practical
alternative since local water supplies differ from region to
region and rnay fluctuate frorn season to season. Dexter et aI.
(1985a) provided a forrnulation for preparing artificially
hardened water which they have incorporated into their durum

wheat screening program. ISO (1985) has also published a

procedure for preparing artificially hardened water. Thus,

limited information exists on prepared hard water despite the

need for a standardized prepared water for cooking spaghetti.

L.2. 3.2 Physical/Instnrmental Evaluations

An extensive effort has been made to establish
instrumental methods for measuring the textural properties of
cooked spaghetti since sensory techniques involve substantial
tine and money expenditures, and can often exhibit poor

reproducibility. Às werr, use of sensory panels to evaluate a

large number of sampres or to evaluate samples when sampre

size is linited is not, feasible. Instrumental measurements
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must be calibrated however, against sound sensory measurements

in order to validate the instrumental procedure.

A nunber of instrurnental methods have been report,ed for
measuring the textural properties of pasta utilizing tensile
forces (Hollinger, 1963; Glabe et aI., L957; Shinizu et âI.,
1958; Voisey and Larnond, L973). These techniques present

operational difficulties with spaghetti since it is difficult
to grip the ends without damaging the strand. Although Voisey

and Larmond (t973) established a correlation between tensile
readings and sensory measurement,s of firmness and chewiness,

they found instrumental shear readings obtained from a

mult,iblade shear compression ceII were more closely related to
sensory results. This can be attributed to the shearing and

compression forces that takes place during mastication rather
than the application of tensile forces.

Several workers have reported rnethods for measuringr

firmness of pasta using compression forces. Binnington et ar.
(1939), Harris and Knowles (1939) and Harris and Sibbitt
(1958) used a plunger to compress a sample of cooked macaroni

until it coltapsed or deforned a preset amount. They reported

high variability with theír readings. szczesniak and Hall
(J-975) described a rrfull cuptt technique to assess the

hardness, cohesiveness and gumminess of cooked macaroni using

the Generar Foods Texturometer and Lee et al. (]-997 ) arso used

a rrfurl cuptt technique wÍth the Rheometer to measure the

firmness of cooked noodles. Neither of these instruments are

in wide use.
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Voisey and Larmond (L973) used a multiblade shear

compression cell mounted to the ottawa Texture Measuring

Syst,em (OT}ÍS) to measure the firmness of spaghetti. They found

the nurtibrade celI the most reliabre of arl the test cerrs

evaluated in their study. This finding confirms the irnportance

of measuring more than one strand of spaghetti since

variations within and among strands exist. By t,esting numerous

sampres and averaging the results, these variations are

nininized.

Matsuo and Irvine (1969) simulated the bite test on

cooked spaghetti by applying a continuously increasing force
to a cutting edge resting on a strand of spaghetti. À tender-
ness index was derived from the slope of the linear portÍon of
the penetration-time curve and this was an indication of the

length of tirne it took the loaded cutting edge to cut through

the specimen. Results were correrated with sensory measure-

ments of firmness (Matsuo and rrvine, L974). warsh (1971)

described a si¡nilar bite test using the rnstron universal
Testing Machine. Firnness was expressed as the amount of work

in g.cm required to shear a strand of spaghetti. Results were

found to correlate with sensory measurements of firmness. oh

et aI. (1983) adapted this technique for noodres by shearing

three strands with a plexigrass tooth that was bevel-l-ed on

both sides of the contact surface. Good correlations were

estabrished with sensory measurements of firmness and

chewiness. Recentry, ÀÀcc (1989) adopted an rnstron method for
assessing the firmness of pasta utilizing the blade designed
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by Oh et al. (1983). Five strands of spaghetti are sheared and

firmness is expressed as the energy (work) in g.crn to shear

one strand of spaghetti.

Several workers have developed rnethods for measuring the

compressibility and elasticity of pasta. Da1bon et aI. (1985)

used the fnstron to measure compressibility and recovery (a

neasure of elasticity) of eight strands of spaghett,i using a

plunger 3.5 cm in diameter. The strands nere compressed to a

fixed load at which point the Ioad was immediatety removed.

Compression was defined as the relationship of the diameter of

the compressed spaghetti to the original diameter rnultiplied
by 100. Recovery rras defined as the relationship of spaghetti

diameter after recovery to the diameter of the compressed

spaghetti. No attenpt was made by the authors to correlate
Instron measurements with sensory measures of elasticity and

compressibifity. Oh et aI. (1983) described a similar Instron
method for rneasuring the compressibility and recovery of

noodles except that three strands were compressed with a bLunt

blade, similar in design to that used by Matsuo and lrvine
(1971). Instron measures lrere found to correlate with sensory

measures of firmness and chewiness. Huang and Morrison (1988)

measured the compressibility and recovery of Chinese noodles

using this method.

Abecassis et aI. (1989) described a rnethod for
determining the index of viscoelasticity from compressibility
and relative recovery values obtained from the Chopin INRA

Viscoelastograph. Essentially, compressibility and recovery
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scores are derived from this instrument similar to the method

described by Dalbon et aI. (1985) using the fnstron.

Matsuo and lrvine 1971 measured compression and recovery

of spaghetti using their tenderness testing apparatus. The

cutting blade was replaced r¡ith a blunt blade and a single

strand was compressed under a fixed load, held for 15 sec

before the load tras removed. Once the load vras removed there

nas an instantaneous partial elastic recovery. Bourne (1982)

describes this method for measuring the tine aspects of

deformation as an assessment of the change in height over a
period of time at a constant level of deformation. Another

technique that can be used for measuring the time aspects of
deformation involves the measurement of the change in force

over a period of tine at a constant level of deformation. That

is, the specimen is compressed to a pre-determined compression

depth or load and held aÈ that compression while changes in
force are measured (Bourne, 1-982). The decay of stress under

a constant strain is known as stress relaxation. This test can

be easily performed using the fnstron (Bourne et â1., 1966)

and has been successfully used to measure the relaxation of

bread doughs (Heaps et aI., L967; Frazier et â1., L973; Rasper

and deMan, 1980). Relaxation ti¡ne is defined as the time

required for the stress at constant strain to decrease to 1/e

of its original value, where e is the base of natural
logarithrns. Since l/e : O.3678, the relaxation time is the

tine required for the force to decay to 36.88 of its original
va1ue. Often the time to reLax to I/e is excessive, in which
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case some other value is taken as an arbitrary relaxation tirne

(Bourne, L982) .

Several attempts have been made to measure spaghetti

st,ickiness using instrumental techniques. Voisey et al.
(1978b) reported the use of a rnulti strand test fixture
mounted on the Instron to assess the stickiness of cooked

spaghetti. Ten strands were mounted on a serrated baseplate

and hrere compressed to a fixed compression force with a

plunger with a flat surface. After allowing the spaghetti to
relax the plates htere pulled apart, and the maximum tensile
force v¡as used as the index of stickiness. This required a

load cell with two outputs to record both the compressive

forces required to push the plates together and the tensile
forces to pull the plates apart. Stickiness readings were

found to be related to non-oraI sensory assessments of

stickiness.
Numerous studies have atternpted to measure stickíness of

a variety of food using the Instron by compressing the sample

to a fixed force or depth and deriving a stickiness measure-

ment from the area under the force-distance curve. Dal-bon et

a1. (1985) compressed eight strands of spaghetti using a

plunger with a diarneter of 3.5 cn. No information was given as

to the compression force used. ResuLts appeared to be ín

agreement with sensory measures of st,ickiness. Simil-ar

techniques have been employed by workers measuring the

stickiness of rice (Mossman et aI., 1983; Fellers et â1.,

1983; Biswas and Juliano, 1988). Fellers et al. (1983)
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reported a good correlation between Instron stickiness

measures and sensory scores for rice stickiness. In contrast,

Boyd and Sherman (1975b) !¡ere unable to correlate Instron and

sensory measurements of stickiness for a variety of foods.

This lack of correlation applied irrespective of whether the

Instron plate had been wetted with saliva or not. Àtkins

(1989) was also unable to correlate Instron measurements of

stickiness with a bakers assessment of dough stickiness

although a correlation was found between compression energy

and sensory stickiness. The correlation between Instron
stickiness and sensory stickiness improved however, when a

lower compression force was used suggesting that the force

used may be critical to obtaining a valid measurernent of
stickiness.
' Dexter et al. (1983a) reported a method for measuring

stickiness using the Grain Research Laboratory Compression

Tester. À number of strands lrere compressed with a flat
plunger and upon lifting the plungêrr the force of adhesion of
the spaghetti to the plunger $¡as measured. This differs from

the previous studies which defined stickiness as the energy or

work (area) to separate the sample from the plunger. Kin et

aI. (1989) adapted this technique for use with the Instron but

encountered some difficulties with the rneasurement which they

attributed to surface water released from the spaghetti during

compression. According to the authors, a low stickiness score

could mean either a water-logged (overcooked) spaghetti with
water released during compression or a firn spaghetti that was
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not sticky. It is possible that the use of a lower compression

force nay have overcone this problen.

Several researchers have found the amount of residue in
the cooking water and the amount of rinsed rnateriaL collect,ed

from the surface of pasta are good indicators of pasta

quality. The amount of residue in the cooking water denotes

the degree of breakdown of the pasta during cooking and is
referred to as cooking loss or cooking-water residue (Dick and

Matsuo, 1988). The residue can be determined by evaporating

the cooking water by either heating or freeze-drying or by

measuring the absorption of the iodine-amylose cornplex (Matsuo

et aI., 1990). The amount of total organic matter (ÎOM) that
can be isolated from the surface of spaghetti strands by

exhaustive rinsing has been reported by DtEgidio et aI. (L982)

to be a reliabte means of estimating the cooking quality of
spaghetti.

The fnstron has been widely used as a method of measuring

the textural properties of various foods due to its
convenience, accuracy and flexibifity (Finney, 1969). Coupled

with data acquisit,ion softrrrare, the fnstron has proven to be

an effective nethod of texture measurement (Buckley et â1.,

1984). The Instron is a multiple measuring instrument which

can be used to assess a number of different textural para-

meters. A wide variety of test cells and operating conditions
can be ernployed which enhances its versatility. This has

caused the proliferation of unstandardized conditions of

texture measurement (Breene, ]-975). As well, many researchers
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bedo not publish enough detail of their method for it to
reproduced by others.

A number of studies have been undert,aken to assess the

effects of operating conditions on Instron measurements

including crosshead speed (Baker et aI., 1986; Betker, L99O¡

Boyd and Sherman, 1975a and L975b¡ Hibberd and Parker, 1985;

Shama and Sherman, L973; Voisey et aI., L978a and L978b) ,

plunger area (Baker et al., 1986; Betker,I99O; I{alker et aI.,
1987 ) and compression depth (Baker et êI., 1986 and 19BBi

Betker, L99O; Boyd and Sherman, L975a; Redlinger et ê1., 1985;

Shama and Sherman, 1973). The effects of sample character-

istics and dimensions have also been examined (Bagley et aI.,
1985; Brinton and Bourne, L972; Redlinger et ê1., 19BS). In
all studies, varying the operating condiLions significantly
influenced the results obtained. This suggests the need to
identify operating conditions whích are most effective in
detecting differences among sanples and which have high

reproducibitity and repeatability. According to Baker et aI.
(1986), a complete evaluation of the operating factors of the

Instron (crosshead speed, compression depth or force, plunger

size, sample characteristics) is necessary in order to develop

reliable methods for measuring the textural properties of a

food.

L.2.3.3. Sensory Evaluations

Despite the effort that has been made to establish
instrumental methods for measuring the textural properties of
cooked spaghetti, several workers believe that the most
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reliable tests for assessing pasta are sensory evaluations

(Cubadda, 1988; Matsuo, 1988). This is likely because the

perception of texture involves a complex response to a number

of physical and physicochernical properties of food (Peleg,

1987). This makes it, extremely difficutt to replicate the

responses instrumentally and suggests that it is unrealistic
to assume that, one instrumental method can measure all of the

textural properties of a food. Indeed, Bourne (L982) has

stated that there is no instrument available that has the

sophisticatíon, elegance, sensitivity, and range of mechanical

motions as the mouth or that can pronptly change speed and

mode of ¡nastication in response to the sensations received

during the previous chew.

Sensory evaluation procedures are often criticized as

being Itsubjectiverr techniques. However, if done under

controlled testing conditions, utilizing trained panelists and

appropriate sensory methods, the procedures are t,objectiverl

(Larmond, L987). Bourne G9e2) also acknowledges that a

properly trained descriptive panel is ,,objectiverr since the

two criteria of objectivity are met namely: freedom from

personal bias and, repeatability.

Szczesniak (1963) classified the textural characteristics
of food into mechanical, geometrical and those related to fat
and moisture content of a food. Mechanical characteristics are

those pararneters related to the reaction of food to stress.
They include five primary (hardness, cohesíveness, viscosity,
springiness, adhesiveness) and three secondary parameters
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(fracturability, chewiness, gurnminess) which are composites of
priurary parameters. Geometrical charact,eristics are related to
the geometrical arrangement of the food matrix and are divided

into two classes: those related to particle size and shape and

those relat,ed to particle shape and orientation. This

classification of texture was intended for both instrumental

and sensory measurements and is the basis of sensory and

instrumental texture profile analysis (TPÀ). The sensory

profile analysis relies on the use of trained judges who

describe the textural characteristics of a food qualitatively
and quantitatively in the order of appearance from first bite
through complete mast,ication. Guidetines for the training and

use of a texture profile panel can be found in Brandt et âI.,
1963; Civille and Szczesniak (1-973) and Civille and Liska

(L9751. Szczesniak et al. (1963) published operationat

definitions and standard rating scales for aII of the

mechanical parameters in order to standardize terminology and

methods of assessment. The rating scales also provide an

illustration of the intensity range for each attribute. Munoz

(1986) has since published modifications to several of these

rating scales and has added several new parameters.

À number of researchers have used trained panelists to
assess the textural properties of pasta (Tables 1.1 1.5).
Firmness, chewiness and stickiness have been evaruated in a

number of studies, suggesting that these parameters are

important attributes of pasta quality. The parameters of
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Definition
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of Studiee Ratiug Pasta Firmness

Scaling lrfethod Reference

Force required to penetrate
sample with molars.

Force required to compress
between molars during first
bite.

Resistance to cutting
between teeth & to crush
between tongiue & palate.

None given.

None given.

Force required to crush
between the molars.

Resistance to chewing.

None given.

None given.

Force reguired to bite
Èhrough a strand between
molars.

None given.

Resistance when chewed or
flattened between fingers
or sheared between teeth.

l=soft, 8=ext.firn 1.

unstructured
soft to firm

1=v. tender r
9=v. firn

l=mushy, l0=tough 4.

magnitude estimation 5.

l=v. sof t, 5=f irrn 6 .

1=v.lo$/, 1O=optimal

l=mushy, 7=rubbery

1=softr 10=firm

l=soft, 10=firm

2.

3.

7.

8.

9,12.

10.

l=soft, mushy 11.
100=firm, elastic

0=absent, 10O:excell-ent 12.

1.
2.
3.
4.
5.
6.
7.
8.
o

10.
L1.
L2.
13.

(spaghetti) Larmond and Voisey, 1-973.
(spaghetti) Voisey et aI., 1978a.
(spaghetti) ISo, 1985.
(spaghetti) t{alsh, Lg'tL.
(spaghetti) Marshall, L974.
(spaghetti) Dalbon et, aI., 1985.
(spaghetti) D'Egidio et al., t982.
(nacaroni) Hanna et aI., L97e.
(spaghetti) I{u et ê1., L987.
(noodles) Oh et al., 1983.
(noodles) Chompreeda et aI., t987.
(noodles) Moss et a}., i-986.
(spaghetti) Cubadda, 1988.
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llable L.2 Sunnary of Studies Rating Pasta Chewiness

Definition Scating Method Reference

Length of tine reguired
to masticate to a state
ready for swallowing.

Tine required to prepare
3 strands for swallowing
while chewíng at a
constant rate.
Length of tirne required to
masticate 10 g at rate of 1
chew per sec.

Count number of chews
required to reduce sample
to state ready for
swallowing.

l=ext. tender,
8=ext. chewy

unstructured
slow to fast

actual tine (sec)

number of chews

1.

2.

10.

11.

1.
2.
10.
11.

(spaghetti) Larmond &

(spaghetti) Voisey et
(noodles) Oh et al.,
(noodles) Chompreeda

Voisey, 1973.
ê1., 1978a.
1983.
et al., L987.
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Table 1.3 Summary of Etudies Rating Pasta Gumminess and
Elasticity

Definition Scaling Method Reference

À. Gumminess

Denseness that persists l=none I L.
throughout nastication. 8=ext. gulnny

B. Elasticity
None given. Àssessed by 1=none, lO=elastic L2.
mouth.

Resilience when strands unstructured 2.
stretched with fingers.
1. (spaghetti) Larmond & Voisey, L973.
2. (spaghetti) Voisey et aI., 1978a.
!2. (noodles) Moss et aI., 1986.
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Table 1.4 Summary of Stuðies Rating Pasta Etickiness by l,foutb

Definition Scaling Method Reference

Force required to remove 1=not sticky 1.
material that adheres to 8:ext. st,icky
mouth during eating

Force required to remove unstructured 2t 14.
chewed sample from teeth. v. little to

v. much

Sticking to teeth when l=none 6.
being chewed. s=extreme

Freedom from surface l=extreme 72.
stickíness. lo=none.

Retention of individual yes/no
strands during chewing.

2.

1. (spaghetti) Larmond and Voisey, 1973.
2. (spaghetti) Voisey et aI., 1978a.
6. (spaghetti) Da1bon et a1., 1985.
L2. (noodles) Moss et al., 1986.
L4. (spaghettí) Voisey et aI., L978b.
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Table 1.5 Summary of Studies Rating Pasta Stickiness by
Viaual/TactiIe I'fethods

Definition Scaling Method Reference

Tendency to renain in
MASS.

Tendency to stick together.

Bulkiness: degree of
adhesion of strands.

Surface condition
(conpared to photographs) .

Surface disintegration.

Surface deterioration &

stickiness.
Degree of surface swelling.

Stickiness of I strands
pressed together by hand.

Ease which sample is
removed from beaker.
Ease which sample is
stirred & spread with
finger.
Force required to
separate strands
adhering together.
Ease which samples
slide when tipped.

1=1ow, lO=high

1=very, 10:not

O=totalfy, 10O=absent

1=v. stuck
9:completely separate

l=very, lO=none
O=totally, 10O=absent

1=v. poor, g=excellent

l=v.swollen, 1O:not

l=none, S:extreme

l=easy, S=not easy

7.

15, 16.

13.

3.

]-7.

L6.
13.

L5.

6.

L4.

3. (spaghetti)
6. (spaghetti)
7. (spaghetti)
13. (spaghetti)
1-4. (spaghetti)
1s. (spaghetti)
16. (spaghetti)
\7. (spaghetti)

ISO, t-985.
Dalbon et al., 1985.
DfEgidio et al., L982.
Cubadda, 1988.
Voisey et aI., 1978b.
Àbecassis et â1., 1980.
Alary et al., !979.
Autran et aI., 1986.
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gumminess and elasticity have received much less attention.
Attempts to quantify stickiness have involved both oral (Tab1e

1.4) and non-oral (Table 1.5) procedures including visual and

tactile assessments. A series of reference photographs have

been developed for use in the visual assessment of surface

condition (fSO, 1985).

Few studies have been undertaken that involve a

comprehensive assessment of cooked pasta texture. Larmond and

Voisey (L973) used a trained panel to assess the firmness,

chewiness, gTumminess, adhesiveness and individuality of

spaghetti strands. Panelists were able to distinguish
differences among the spaghetti samples for all parameters.

lclhen these results were compared with consumer acceptability
tests, it was found that consumers preferred spaghetti that
nas firm, chewy, and maintained individuality and was not

çfunmy or adhesive. Further analysis suggested that firmness

and gumminess \{ere suf f icient t,o predict consumer aceept-

ability. In another study by these same researchers, trained
panelists trere able to distinguish differences among spaghetti

samples in firmness, springiness, adhesíveness, and rate of
breakdown (Voisey et al., 1978a).

Menger (1985) developed an extensive scoring system for
assessing the quatity of raw and cooked pasta. Trained

panelists assessed twenty factors, six related to the uncooked

product, seventeen to the cooked product. The scoring system

was weighted such that, uncooked quality accounted for 30å

towards the final score and cooked quality accounted for 70å.
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Factors such as: retention of shape, surface characteristics,

bite/firmness, odor and taste were judged in the assessment of

cooked pasta quality.

Cubadda (1988) also described a scoring method for
assessing cooked pasta quality. Ex¡lerts (at least three

persons) evaluated stickiness, firnness and bulkiness using

scales ranging from 0 to 100. An overall quality score is then

calcuLat,ed by totalling the scores for the three paraneters,

multiplied by 33.3, and dividing by 100. An overall score

greater than 80 indicates excellent quality.

Thus, the textural properties of cooked pasta have been

widely studied by sensory evaluation techniques. Many of these

studies however, can be viewed as only partial texture profile
techniques since a complete assessment of all textural
characteristics was not carried out. By establishing a trained
texture profile analysis panel, a detailed and comprehensive

sensory description of the textural characteristics of

spaghetti can be obtained which can then be used to validate
instrumental measures of cooked spaghetti texture.
L.2.4 Relating Sensory anð Physical Data

To verify that physical/instrunental values have meaning

in terms of sensory ratings of texture, a relationship between

the sensory and instrumental measurements must be established.

The two most conmon methods for estabrishing a rel-aÈionship

between sensory and physical data are correration analysis and

multiple regression techniques. Often however, the sensory

data are subjected to a data reduction technique, such as
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principle component analysis prior to establishing the

relationship with physical data.

L.2.1.1 Principle Component Ana1ysl,s of geDsory Data

Due to the textural conplexity of most food products,

quaritative description of the texturar properties of a food,

general3-y invoÌves the neasurenent of numerous sensory

attributes. Many of these attributes may be redundant making

the task of relating sensory and instrumental data cumbersome.

For this reason, the use of murtivariate techniques are often
used to examine sensory data. Murtivariate methods are

effective in sirnplifying semantic and compositional data to
manageabre proportions (Ennis et âr., LgBz) without losing
important infornation (Martens, 1983) .

one murtivariate technique that has been particurarly
usefur in the assessment of sensory data is principre
component analysis (PcÀ). The function of pcÀ is to identify
the ínterrelationships or simirarities among a set of
variables and reduce the originar number of variabres to a

smarrer number of components (cardello and Marrer. 1997). pcA

constructs rinear combinations of the original data with
maximal variance (Resurreccion, 1988). The first component

extracted will account for the greatest portion of the

variance, the second component for the second rargest portion,
etc. Principle component analysis has been successfurry used

t,o reduce the number of variables in the sensory assessment of
cabbage (Martens, 1985); soy sauce (Àishima, 1993); and whisky

(Piggot and Jardine, 1979).
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L.2.1.2 Correlatioa ãnalysis

Instrumental measurement,s must be calibrated against

reliable sensory judgenents in order to validate the

instrumental method. Szczesniak (1968) discussed fact,ors which

led to poor correlations between sensory and instrumental

measures including: improper execution of sensory tests,
inadequate knowledge of what the instrumental test actually
measured, sampling errors, heterogeneity of food products, and

interpretation of the meaning of correlation coefficients. As

wel1, factors such as the selection of sensory terms and

sensory scales, and the sinilarity of the physical aspects of

the tv¡o sets of measurements have been shown to affect
correlations (Szczesniak, L987) .

The most coÍrmon approach to relating sensory and

instrumental measurements is the use of correlation analysis

even though several disadvantages have been shown to exist
with this approach. In this technigue, each sensory measure is
regressed against each instrumental measure such that, the

likelihood of finding high correlations by chance increases

with the number of correlations attenpted (CardelIo and

Maller | 1987). In addition, statistically significant
correLation coefficients can be achieved between sensory and

instrumental measures if the sarnple size is large enough

(Bourne I L982). Therefore, if correlation coefficients are to
be used, it is important to distinguish between statistical
significance and predictive reliability. Kramer (1951)
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provided a useful guide for deterrnining the predictive

reliability of correlation coefficients.

L.2.¡1.3 l,lultiple Regression Aaalysis

Itlultíple regression techniques have become more widely

used to relate sensory descript,ive data to instrumental

measures (Szczesniak, 1987; Cardello and llaller, t987). In
this statistical technique, a series of independent or

predictor variables (instrumental measures) are employed to
predict some dependent variable (sensory neasure). The

predictor variable that contributes the most, to the prediction
of a dependent variable is selected first. Àdditional
variables are added to the regression equation in order of
their contribution to the prediction of the dependent

variable, providing they contribute at a specified 1evel of
significance (Schutz, 1983). Multiple regression has been

successfully used to predict sensory measures based on

instrumentar measures for a number of products incruding:
peanuts (Buckholtz et ê1., 1980); cucumbers (Ennis and

OISuÌ1ivan, L9791 ¡ coffee (VoiJ-ley et â1., L981); mutton

(Rajalakshumi et aI., 1-987) and ham (Varnadore et â1.,1990).

L.2 .5 . ResE oDse Surface lfetbodology

The objective in optimization research can be described

as the collective process of finding the set of conditions

required to achieve the best resurt from a given situation
(Beveridge and Schechter, 1970). Three major methods are

presently being used in food optinization research: rnultiple
regression, gradient search and response surface methodology
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(Lagrange and Norback, L9871. Of these methods, response

surface nethodology (RSM) appears to be the most popular.

RSM has been described as a set of statistical techniques

used in the eurpirical study of the relationships between one

or more measured guality responses and a nunber of independent

variables or factors (Corne1l, L9841. The methodology derives

its name from the regression surface (or response surface)

that is defined when the independent variables in a regression

equation are allowed to vary and the response variable is
plotted as a funct,ion of the independent variables (Carde1lo

and MaÌIer, L987 ). Thus, experimental data are used to produce

regression equations or models, which define the relationship
between independent variables and response variables. The

models are fírst tested for adequacy of the fitted surface and

then used to predict effects of variable cornbinations which

h¡ere not actually tested. Due to the comprexity of the derived

models, response surface or contour plots are generated to
help visualize the effects of the independent variables on the

response variables. By examining the response surface, it is
possible to determine how the independent variables, singly,
or in conbination influence the response variable (Giovanni,

1983). As weII, combinations of independent variables that
wil] Lead to optirnum responses can be identified. An optirnum

response can be either a maximum or a rninimum depending on the

nature of the response (Gacula and Singh, 1984).

RSM is an attractive tool- in food research, since it
affords the detection of opt,inum responses of several
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variables coincidentally, without the necessity of testing aII
possible combinations (Vaisey-Genser et â1., 1987). Through

the use of specialized experinental designs, the number of

treatment combinations required for testing is minimized and

the efficiency of experinentation is increased. For this
reason, RSM has gained rapid popularity in product

optimization studies. Min and Thomas (1980) successfully used

RSM in the formulation of whipped topping, Henselman et aI.
(L974) in the development of high protein bread, Vaisey-Genser

et aI. (L987 ) to optimize cake formulations containing canola

oil, oh et aI. (1985b) to describe the optimum processing

conditions for noodle production and Shelke (t987) to optinize
formulations for noodles. To dater Do studies have been

undert,aken to opt,imize drying temperature for processing of

spaghetti or to optimize the replacement of durum semolina

with either hard red spring farina or tow protein durum wheat.
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CEAPTER 2

EFFECTS OF COOKING WÀTER COI,ÍPOSITION ON STTCKINESS
AND COOKING LOSS OF TWO BRÀNDS OF COMMERCIAL SPAGHETTI

2.L INTRODUCTION

Surface stickiness, amount of rinsed naterial collected

from the strands and cooking loss are influenced by a number

of factors including: the cooking water characteristics, the

pasta:cooking water ratio, and the uniforrnity of cooking

temperature (Menger, L979'). Thus, to ensure that observed

differences among pasta samples are not due to variation in
cooking procedures, standardized methods must be followed. The

later two factors are relatively easy to standardize whereas

standardization of the cooking water has proven to be more

difficult.
Several workers have shown that as water hardness

increases, cooked spaghetti become stickier (Menger, 1980;

D'Egidio et âI., 1981; Dexter et â1., 1983b; Seibe1 et â1.,

1985) has higher total organic materials (TOM) in the rinse
and cooking waters (D'Egidio et, â1., 1981; Seibel et â1.,

1985) and has higher cooking losses (Dexter et al., 1983b).

The presence of high leve1s of calcium and magnesium in the

cooking water have been shown to adversely affect spaghetti

cooking quality (Menger, 1980; Oh et â1., 1985a). Sodium has

aLso been shown to have a minor effect on surface

characteristics of spaghetti (Menger, 1980; Seibel et â1.,
1985), although D'Egidio et al. (1981) reported no effect.
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Other workers have demonstrated the importance of

cooking water pH on cooking guality of pasta. Alary et aI.
(L979) and Abecassis et al. (1980) decreased surface

disintegration and stickiness and lowered cooking losses of

spaghetti by adjust,ing the pH of mineral water to 6.0.

Abecassis et al. (1980) also adjusted the pH of distiLled
water and found spaghetti cooking quality was at its peak at
pH 6. On either side of this pH, quality was found to decline.

These findings were confirmed by Seibel et aI. (1985) who

found weakly acidic cooking water gave good sensory qualíty
and decreased TOM levels. Oh et aI. (1985a) reported surface

firmness of noodles decreased rapidly and cooking losses

increased when a pH greater than I nas used for cooking.

Surface firmness and cooking loss were not affected between pH

6-8. In reviewing the work of Chung et aI. (l-978) and Cherry

(1-982') , Feillet (1984) , concluded that at an acidic pH,

protein rnolecules are positively charged and starch molecules

are negatively charged. under these conditions, erectrostatic
interactions between proteins and geratinized starch readily
occur enhancing starch-protein interactions. In a basic

medium, both protein and starch are negatively charged and

therefore few interactions develop. Thus, at pH 6, the cooking

water favours starch protein interactions preventing the

leaching of starch into the cooking mediurn.

fdealì-y, the cooking water used in the assessment of
spaghetti cooking quality characteristics shouLd be typical of
what is used in the narketprace and should permit discrirnin-
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ation among samples. Thus, the use of distilled water and/or

water at pH 6 is not recornmended since it will like1y not

allow adequate discrimination among spaghetti sarnples in terms

of surface characteristics. The use of |tartificiallytt hardened

water is a practical solution since local water supplies

differ from region to region and rnay fluctuate from season to
season. OnJ-y two formulations have been published for the

preparation of artificially hardened wat,er (Dexter et â1.,

1985a; fSO, 1985). Thus, liuríted information exists on

prepared hard water despite the need for a standardized

prepared water for cooking spaghetti. Therefore, this study

was undertaken to meet the following objectives:

1. To determine the effects of cooking water composition on

stickiness and cooking loss of spaghetti.

2. To determine if spaghetti made from conmon wheat behaves

the same as spaghetti made from durum wheat to changes in
cooking water composition.

3. To establish a cooking water formulation for artificially
hardened water that gives similar results to tap water,

that can then be used in routine assessments of spaghetti

cooking quality.



52

2 .2 I,ÍATERIALS ÀlID ¡.!ETEOD8

2.2.1 Selection of Cooking faters and Proceôures For
Preparing Formulated Íaters

Seven types of water yrere selected for study as follows:

tap, deionized, weIl, Grain Research Laboratory (cRL) prepared

water, diluted GRL prepared water, and two reformulated

prepared waters (reform Lt reform 2). The well water was

obtained from a cotnmunity a few kilonetres north of Winnipeg

(Middlechurch, MB). The deionized water vras obtained by

distillation, deionized by reverse osmosis, and passed through

a series of columns (Millipore Corp., Be1ford, IIA) including
a pre-filtration, charcoal, and ion-exchange column, and a

final fittration. The tap, wel-l and deionized waters lrere

analyzed for mineral content using standard methods of
deterrnining water quality (American Public Health Àssociation,

1981) by I{.M. I{ard Technical Services Laboratory (Winnipeg,

uB) .

The GRL prepared water lras developed by Dexter et aI.
(1985a) to ensure repeatability of results since tap water can

fructuate from season to season. This water is used routinely
in their cooking quality screening program. It was observed

however, that in the preparation of the GRL water, a

substantial amount of 6 M H2soo had to be added to dissolve the

precipitate that developed which then required the addition of
1 M NaoH to adjust the pH to 7.5. This raised the question as

to whether or not the desired hardness of the water had been

obtained. For this reason, two reformul-ated prepared waters
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trere investigated in this study, which substituted dihydrous

CaCl, for anhydrous CaClr. This change pernitted the use of 1

l,t H2SO4 for pH adjustnent only. In addit,ion, the leve1 of

NaHCO, rtas reduced in one of the reformulations since the

level of Na in the GRL water seemed to be unnecessarily high.

The mineral composition for tap, we1l, and the four prepared

waters is presented in Table 2.L. Table 2.2 provides

information on the chemicals used to prepare the formulated

waters and their amounts.

Sufficient quantities of all waters were obtained prior
to experimentation t,o ensure that any differences observed was

not due to any variations in the water quality from day to day

in the case of the deionized, tap and weII waters and in any

variations in the preparation of the prepared waters.

2.2.2 Spaghetti Cookiag and Testing Procedures

Two commercial spaghetti samples (brand H made from durum

semolina, and brand I made from unbleached wheat flour) were

cooked in each of the seven waters. These samples !/ere

selected since they represented the range of spaghetti quality
available in the marketprace and they permitt.ed a comparison

of the effects of cooking water cornposition on spaghetti made

from durum and non-durum wheat.
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Tab1e 2.1 l,lineral composítio¡ of Cooking Íaters

WaÈer Mineral Conrposition (ppn)

CaMgNaK so¿

Tap

GR], Diluted

GRL

Reform 1

Reform 2

Well

24.20

L4.48

28.96

32.58

32.58

93. 00

7 .46

1. 55

3 .11

3.59

3.59

68.00

2.47

4L.20

82.4L

93.L4

72.60

153. OO

5.82

11. 64

13.49

L3 .49

3.40

7.L6

]-4.32

16.55

16.55

170. 00

Tabre 2.2 cbenical conposition of prepared cooking lÍaters

Chenical
slL GRL

Diluted

Water
GRL Reform 1 Reform 2

CaCI,
CaCIr.2H2O
MgClr.6H2O
K2S04
NaHCO,
NarCO,

0.040

0. 013
0. 013
o. o67
0. 053

0. 080

o.026
o.026
0.133
0. 106

0. 095
0.030
0.030
0. 150
0.120

0. 095
o. 030
0.030
o. 075
o.L20
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Seven çframs of spaghetti in 5 cm strands lrere added to
175 mL of rapidly boiling water. Samples were cooked in 250 url,

glass beaker on ceramic hot plates. Spaghetti samples were

cooked until optimum defined as the time in ninutes required

for the centre core in the strands to disappear. After
cooking, the spaghetti r¡as drained and assessed for stickiness
using the cRL compression tester adapted for spaghetti as

described by Dexter et al. (1983a) except that a compression

force of 24,OOO N/m2 was used. Strands were not rinsed after
draining and were placed parallel to each other on the sample

holder and covered. Samples were assessed for stickiness 7 min

after cooking. This is the procedure currently used at cRL

(Daniel , 7-989) in order to maximize st,ickiness values (Dexter

et aI., 1983a) since stickiness tends to be an after cooking

phenomena. Other textural properties such as firmness,

compressibility and recovery were not measured since Dexter et
aL. (1983b) found these parameters vrere not influenced by

cooking water.

Cooking loss of the recovered water t/as determined by

freeze-drying, weighing the freeze-dried material, adjusting
for mineral residue present in the cooking water and

caLcurating the proportion of sorids rost to the cooking water

as percentage of spaghetti cooked.

Eight cooking replications lrere cornpleted for each brand

by cooking water treatment. on a given test day, four cooking

reprications of each brand in one type of water was assessed.

Therefore, 14 days were required to complete this experiment.
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2.2.3 Statistical A¡alysia of Data

Analysis of variance nas used to determine the

significant effects of brand and cooking water on stickiness

and cooking loss (SÀS, 1988).
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2.3 RESUIJTS AT{D DIgCf'ggTON

2.3.1 cookíDg fater ConposLtion

The pH and calculated hardness for each of the seven

waters are provided in Tab1e 2.3. The waters were included in
the study based on their sirnilarity in pH and on their
differences in hardness. With the exception of the deionized

water, all waters had pH values around 7.7. Vlaters ranged in
hardness from 1.65 to 5L2 ppn CaCOr. Bigelow and Stevenson

(L923) classified waters according to their level of CaCOr.

Thus, according to their classification, the deionized and

diluted GRL waters would be classified as soft, the tap, cRL

and reformulated waters would be classified as slightly hard

and the welÌ water l¡ou1d be classified as very hard.

2.3.2 Effect of Water Conposition ou Stickiness

Significant brand and cooking water main effects and a

significant brand by cooking water interaction were observed

for stickiness (Table 2.4). Mean stickiness values and their
standard deviations across all cooking replícations are

provided in Àppendix 1.

As expected, Brand I made from conmon wheat was stickier
than brand H made from durum wheat regardless of the cooking

water used (Figure 2.L). For both spaghetti samples, the

highest stickiness values were found for tap, weIl, reform 1

and reform 2 waters and the lowest stickiness values rÀrere

found for the deionized and GRL diLuted waters.
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Table 2.3 Calculated Earðness and pE of Cooking lyaters

I{at,er Calculated
Hardness

(ppn caco3) *

pH

Deionized**

Tap

GRL Diluted

GRL

Reform 1

Reform 2

WelI

1. 65

9L.20

42.56

85.12

96.L2

96 .1,2

512.00

6.1

7.7

7.7

7.7

7.8

7.6

7.6

**

Hardness, [g equivalent CaCOr/L:
4.118 (Mg mg/L), American Pub1ic
al., 1985.

Values from Dext,er et aI., 1983b.

2.4e7 (ca mg/L) +
Health Àssoc. et
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Table 2.1 Ànalyeis of Varianee for Stickiness anð Cooking
Losa l'Íeasurements

Paraneter Source df Mean Square F value

Stickiness

Cooking
Loss

Water (W)
Day (I{ater)
Brand (B)
l{*B
BrtDay (I{ater)
Error

Wat,er (W)
Day (I{aÈer)
Brand (B)
w*B
B'tDay (I{ater)
Error

486739.58
L77 0L.79

7354375. OO

L54085.42
20208.93

8895.24

t9.34
o.57

L6.7L
22.58
1.81
o.46

27 .SOa
0. 88

363.92a
7.63b

33.75a
o.32
9.22c

1-2.47b

6
7
1
6
7

84

6
7
1
6
7

84

a significant
b significant
c significant

p<0.001
p<0.01
p<0. 05

at
at
at
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Delonlæd GRL GRLDII Relo¡nf Reform2

ffil gnn¿ tt E Bnnd I

Effect of Fater ComposLtlon oD Bticki¡ess of
Tïo Brands of Spagbcttl

Tep

Figrure 2.1

Dclonlrtd GRL cRLDll Rcformt tuformz

ffi Bnnd H E! Bnnrt I

T¡p

Eff,ect of Tater Conposition on Cooking Loss of
!I\ro Brands of Spaghetti

Cooklng Lo¡¡,tl

Figure 2.2
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cRL r.rater gave spagheÈti of intermediate stickiness. These

results support those of Menger (1980), Seibel et aI. (1985),

D'Edigio et al. (1981) , and Dexter et aI. (l-983b) who reported

stickier spaghetti with harder water. However, unlike the

study by Dexter et aI. (1983b), the weII water used in this
study did not yield stickier spaghetti than spaghetti cooked

in tap water despite the large difference in water hardness.

This suggests that water hardness alone does not account for
the effects on spaghetti quality. The well water used in
Dexter et aI. rs study was slightly more alkaline (pH of B.O)

compared to the weII water used in this study (pH of 7.6).
This may account for the discrepancy in the findings between

the two studies, since the level of alkalinity has also been

shown to have a deLeterious effect on spaghetti stickiness
(Alary et aI., L979).

2.3.3 Effect of lfater Conposition on Cooking lJoss

As with stickiness, significant brand and cooking water

main effects and a significant, brand by cooking water

int,eraction were observed for cooking loss (Table 2.4). Mean

cooking loss values and their standard deviations across all
cooking replications are provided in Appendix l-.

Sinilar cooking losses were observed between the two

brands for all cooking waters except well water (Figure 2.2).
Brand H made from durum wheat did not appear to be affected by

the hardness of the weII water. As with stickiness, these

result,s are not in agreernent, with those of Dexter et aI.
(1983b) who observed higher cooking losses with dururn
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spaghetti cooked in well water than in tap water. This may

also be partly explained by the differences in pH of the well
waters used in the two sÈudies since Alary et al. (L979) was

able to reduce the cooking loss of durum spaghetti cooked in
mineral water by lowering the pH. fn addition, the 1evel of Ca

in the weII water used in this study lras higher than that
found in the well water used in Dexter et al.rs (1983b) study

(93 versus 80 ppn). This may be significant since Menger

(1980) found Ca caused a downward shift in pH during cooking.

In contrast, Brand I made fron coÍtmon wheat had a much

higher cooking loss when cooked in well water compared to any

other cooking water. This result alone likely accounted for
the significant brand main effect.

Interestingly, Kim et al. (1989) observed that spaghetti

made from durum wheat had higher cooking losses than spaghetti

made from hard red spring wheat when cooked in distilled water

whereas the opposit,e was found when cooked in hard water. This

same effect was observed in this study. Brand H made from

durum wheat had a higher cooking loss than brand I made from

conmon wheat when cooked in deionized water whereas the

opposite was observed when the spaghetti vras cooked in the

hardest, waters (reforn 1, reforn 2 and well).
For both brands, cooking in reform 1 water gave higher

cooking losses than for the tap and reform 2 waters despite

the sinilarity in hardness (Table 2.3). The only difference

between reform 1 and reform 2 waters was the higher leve1 of

NaHCO, in reform 1 water.
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2.1 CONCIJUSIONS

Cooking loss and stickiness of spaghetti were influenced
by the type of water used for cooking. The magnitude of this
effect appeared to be influenced by the raw materiar (dururn

versus conmon wheat) used in the spaghetti. This finding
supports the observation by Seibel et al. (1985) that pasta

with inferior cooking quality reacts more to differences in
cooking water quality (pH, ion content) than does pasta with
higher cooking quality.

Higher stickiness scores were found with the harder

waters, although weII water did not produce the stickiest
spaghetti. Spaghetti rnade from unbleached flour was stickier
than durum wheat spaghetti regardress of the cooking water

used. For both brands of spaghetti, reform I, reform 2 and

well water gave sirnilar st,ickiness results to tap water.

Sinilar cooking losses between the two types of spaghetti

v/ere found for alr cooking waters except well water. spaghetti

made with conmon wheat had rnuch higher cooking rosses when

cooked in well water. fn contrast, spaghetti made from durum

wheat was not affected by the hardness of the werl water. For

both brands of spaghetti, cooking in reform 2 water çfave

sinilar cooking losses to tap water whereas cooking in reform

1 water resulted in much higher cooking losses than tap water.

These results confirrn the need to use a standardized

cooking water if results are to be compared from one test
session to another or from one laboratory to another. Reform

2 water was selected as the standardized prepared water for
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use in arr remaining studies since sinilar findings for
stickiness and cooking loss v/ere obtained for reform 2 water

and tap water. Reform 2 water is sright,ry hard and has a

slightly alkaline pH which should pernit discrimination amongi

pasta samples in right of suggestions made by DrEgidio et al.
(1e81).

crearly, more work is needed to deÈermine whether pH or
minerar cornposition plays the greater rore in infruencing
spaghetti cooking quarity. More importantry, there is a need

to investigate the extent that they influence each other and

how this affects cooked spaghetti quality. untit ne have a

better understanding of how water quarity influences the
textural properÈies of spaghetti, the use of a standardized
cooking water is necessary to ensure that data obtained from

cooking assessments are reliable.
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CEAPTER 3

SELECTTON OF INSTRON OPERÀTING CONDITIONS FOR MEASIJRING
COOKED SPAGHETTI TEXTURE

3.1 II¡TRODUCTION

The texture of cooked spaghetti is an irnportant

consideration in determining the overalr quality of spaghetti.
According to Dexter et a1. (1983a) cooked spaghetti must be

firm, resilient and non-sticky for maximum consumer

acceptance.

The need for simple and reriabre methods for evaluating
the cooking quality of pasta has been st,ressed by a number of
workers (Cubaddat 1989; DrEgidio et â1., 1982; Dexter et al.,
1985br' Menger, 1985) . considerabre effort has been made to
estabrish instrurnental methods for measuring the textural
properties of cooked spaghetti since sensory techniques

involve substantial tine and money expenditures, and can often
exhibit poor reproducibility especiarly if the principres of
measuring the human responses to food are not appreciated.

severar workers have report,ed methods for measuring

firrnness of pasta. voisey and Larnond (t973) found a

¡nultiblade shear compression ceIl mounted to the ottawa

Texture Measuring system (orl-{s) was the most reliable of al_I

test celrs eval-uated. This conf irms the importance of
measuring nultipre strands of spaghetti due to variations
within and among strands. Matsuo and rrvine (1969) simulated

the bite test on cooked spaghetti by apprying a continuously

increasing force to a cutting edge resting on a strand of
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spaghetti. A tenderness index was derived from the srope of
the linear portion of the penetration-tine curve and this was

an indication of the length of time it took the Loaded cuttj-ng

edge to cut through the specimen. Results \.rere f ound to
correlate with sensory measurements of firmness (Matsuo and

rrvine , L974) . I,ralsh (L97L) described a sinirar bite test
using the rnstron universal Testing Machine. Firmness was

expressed as the amount of work in g.cm required to shear a

strand of spaghetti. Resurts vrere found to correlate with
sensory measurements of firmness. Oh et aI. (L983) adapted

this technique for noodles by shearing three strands with a

plexiglass tooth that nas bevelled on both sides of the

contact surface. Good correlations e/ere established wÍth
sensory measurements of firmness and chewiness. Recently, AAcc

(1989) adopted an Instron method for assessingr the firnness of
pasta utilizing the blade designed by Oh et aI. (1983). Five

strands of spaghetti are sheared and firmness is expressed as

the energy (work) in g.cm to shear one strand of spaghetti.

Several workers have developed nethods for measuring the

compressibility and elasticity of pasta. Dalbon et aI. (1995)

compressed spaghetti using the Instron to a fixed load, ât
which point,, the load was immediately removed. Compression was

defined as the rerationship of the diameter of the compressed

spaghetti to the original dia¡neter rnultiplied by 1OO. Recovery

(a measure of elasticity) was defined as the relationship of
spaghetti dianeter after recovery t,o the diameter of the

compressed spaghetti. Oh et al. (1983) described a sinilar
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Instron nethod for measuring the conpressibility and recovery

of noodles which were found to correlate with sensory measures

of firmness and chewiness. Matsuo and rrvine (Lg7L) compressed

a singre strand under a fixed load using their tenderness

testing apparatus equipped with a blunt b1ade. The load was

herd for 15 sec before being removed at which time there was

an instanÈaneous part,ial elastic recovery. Thus, in this
method, elasticity was measured by the change in height over

a period of time at a constant level of deforrnation (Bourne,

L982). Elasticity can also be measured by the change in forces

over a constant level of deformation using the Instron. The

decay of stress under a constant strain is known as stress
reraxation. Relaxation ti¡re is defined as the tine required

for the stress at constant, strain t,o decrease to I/e of its
original value, where e is the base of natural 1ogarithms.

Since L/e = 0.3678, the relaxation time is the tirne required

for the force to decay to 36.88 of its original value. Often

the tine to relax to t/e is excessive, in which case some

other value is taken as an arbitrary relaxation tine (Bourne,

t982). Heaps et al. (1968), Frazier et al. (L973'), and Rasper

and deMan (1980) successfully measured the relaxation of bread

doughs using this method.

Several attempts have been rnade to measure spaghetti

stickiness using instrumental techniques. Voisey eÈ aI.
(1978b) mounted spaghetti strands on a serrated baseplate and

compressed then to a fixed force with a flat plunger using the

Instron. After allowing the spaghetti to relax the plates hrere
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pulled apart and the maximum tensile force lras used as the

index of stickiness. This required a load cerl with two

outputs to record both the compressive forces required to push

the plates together and Èhe tensire forces to puII the prates

apart. stickiness readings appeared to be related to non-oral

sensory assessments of stickiness.
The stickiness of spaghetti (Dalbon et al., 1985) and the

stickiness of rice (Mossman et ê1., 1993; Fellers et âI.,
1983; Biswas and Juliano, 1988) have been estimated by

measuring the area under the force-distance curve of the

rnstron. Fellers et aI. (1983) reported a good correration
between rnstron and sensory measures of rice stickiness. rn

contrast, Boyd and sherman (1975b) were unable to correlate
rnstron and sensory measurernents of stickiness for a variety
of foods. This rack of correlation applied irrespective of
whether the rnstron prate had been wetted with sativa or not.
Atkins (1989) was also unable to correrate rnstron measure-

ments of stickiness with a bakers assessment of dough

st,ickiness although a correration was found between

compression energy and sensory stickiness.
Dexter et aI. (1983a) conpressed a number of strands with

a flat plunger using the Grain Research Laboratory Compression

Tester. The force of adhesion of the spaghetti to the plunger

was measured rather than the energy or work (area) to separate

the sample frorn the plunger. Kin et aI. (1999) adapted this
technique for use with the Instron but encountered some
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difficulties which they attributed to surface water released

from the spaghetti during compression.

with the prominence of the rnstron in food texture
assessments, it would seem prudent to establish procedures for
rneasuring the textural properties of cooked spaghetti using

this instrument. A number of studies have been undertaken to
assess the effects of operating conditions on rnstron
measurernents including crosshead speed (Baker et â1., j-996;

Betker, 1990; Boyd and Sherman, 1975a and tg7íbr. Hibberd and

Parker, 1985; Shama and Sherman, 1973; Voisey et â1., 1978a

and 1978b), plunger area (Baker et âI., 1986; Betker, t99O¡

Walker et aI., ].987 ) and compression depth (Baker et aI., 1986

and 1988; Betker, 1990; Boyd and Sherman, L97Sa; Redlinger et
al., 1985; Shama and Shernan, 19731. The effects of sample

characteristics and dimensions have arso been examined (Bagrey

et â1. , 1985 r' Brínton and Bourne , L97Z; Redlinger et al. ,

L985). rn alr studies, varying the operating conditions
sígnificantry influenced the results obtained. This suggests

the need to identify operat,ing conditions which are most

effective in detecting differences among sampres and which

have high reproducibirity and repeatabiJ.ity. According to
Baker et al. (1986), a cornplete evaluation of the operating

factors of the rnstron is necessary in order to develop

reliabre methods for measuring the textural properties of a

food. Thus, the objectives of this study were:
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To develop test nethods to measure the firmness,

compression, elasticity and stickiness of cooked

spaghetti using the Instron Universal Testing Machine.

To determine the effects of compression depth and

crosshead speed on firmness measurements of spaghetti.

To determine the effects of compression force and plunger

size on measurements of compression, elasticity, and

stickiness of spaghet,ti.

To identify operating conditions for evaluating firmness,

compression, elasticity, and stickiness of cooked

spaghetti with high repeatability and reproducibility
and reasonable discrirnination between spaghetti samples.
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3.2 IIÀTERIAIJS À}¡D I,IETEODS

Two brands of commercial spaghetti differing in
composition (brand H made from durum semorina, and brand r
made of unbleached wheat flour) vrere selected for study since

they represent the range of spaghetti quarity avairabre in the

marketplace. rt r{as fert that they would be substantially
different from each other and would therefore facilitate the

objective of serecting rnstron operating conditions that
perrnit detection of textural differences among spaghetti.

3.2.1 Development of fnstron Test Procedures

The Instron Universal Testing Machine (Model 42OL,

Instron Corp., Canton, MA) equipped with a 10 N compression

load cell was used to assess the textural characteristics of
spaghetti. Test procedures for four texturar parameters;

firmness, compression, relaxation, and stickiness were

deveroped forlowing suggestions made in the literature and by

prelininary testing.
Figure 3.1 presents typicar force-distance and force-tine

curves for spaghet,t,i evaluated by the rnstron test procedures

developed in this study. rnformation is also provided as to
how data vrere derived from the curves. The shape and

dimensions of the various test fixtures are given in Figure

3 .2.
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3.2.1.1 Àssesstrent of FLrm¡egg

The test procedure adopted for firmness conforms to the

AÀCC method 16-50 (1989) which at the tine of this work was

only a proposed nethod. Five strands of spaghetti were placed

on a flat baseplate parallel to each other, leaving no space

between the strands. The strands v¡ere sheared crosswise to a

fixed compression depth using a plexigl-ass tooth meeting the

specifications of the ÀÀCC standard (Figure 3.2) . Firmness was

expressed as both the shear force in g and the energy (work to

shear) in g.nm required to shear five st,rands of spaghetti

(Figure 3.1) . This differs from the ÀÀCC standard which

expresses firmness as the energy in g.cm required to shear one

strand of spaghetti.

3.2.L.2 AssessmeDt of Compression and Relaxation

The Instron methods reported by Dalbon et aI. (1985) and

Oh et al. (1983) for measuring conpressibility and elasticity
of pasta were found, during prelininary testing, to yield

unsatisfactory measures (i.e. did not, pernit discrinination

between spaghetti sanples) and were therefore, discarded as

unsuitable techniques. The test procedure that was adopted was

inspired by the work of Heaps et al. (1968), Frazier et, al.
(L973) and Rasper and deMan (1980) on stress relaxation

studies of bread doughs. Conpression and relaxation

assessments of spaghetti were carried out by placing nine

strands in a grooved baseplat,e and compressing Èo a fixed

compression force with a flat plexiglass plunger (Figure 3.2)

using a crosshead speed of 5 nn/nin. The crosshead v/as
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programmed to stop movement when the fixed compression road

v/as reached. The spaghetti was then allowed to relax at
constant deforrnation. compression reraxation curves were

recorded using a chartspeed of 2oo m:n/urin. compression vras

expressed as the energy in g.rnm to compress the nine strands

to the fixed force and relaxation was defined as the tine in
seconds, required for a 50 g reduction in the fixed road

(Figure 3.1) .

3.2.1.3 Asgeggme¡t of Stickiness

The method for stickiness nas deveJ.oped following the

procedures of the Texture Profile Ànalysis (TPA) as described

for the General Foods Texturometer (Friedrnan et aI. L963¡

Szczesniak et â1., 1963) and later adapted to the fnstron by

Bourne (1968, L974r. One of the seven parameters conprising
the TPÀ is adhesiveness defined as the work (energy) necessary

to pull the conpressing plunger away from the sample. This is
derived fron the area of the curve under the force-distance

curve (Friednan et â1., 1963). Mossnan et al. (1983), Fellers
et al. (1983) and Biswas and Juliano (1988) have applied this
principle to the measure¡oent of rice stickiness and DaLbon et
aI. (1985) have applied it to the measurement of pasta

stickiness. Unfortunately, not enough det,ails e¡ere reported by

Dalbon et aI. to reproduce their ¡nethod.

The nethod developed in this study was as follows: Nine

st,rands lrere placed in a grooved baseplate and compressed to
a fixed force with a flat plexiglass plunger (Figure 3.2)

using a crosshead speed of 5 mn/nin. Stickiness curves $¡ere
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recorded using a chartspeed of 500 nm/nin and stickiness was

expressed as the area under the force-distance curve (Figure

3.1) .

3.2.2 operating conditions and Levers Berected For study

As a further refinement to the Instron tests established
during preriminary testing, the effects of conpression depth

and crosshead speed on firmness, and prunger size and

conpression force on compression, reraxation and stickiness
erere examined utilizing the operating levers listed in Table

3.1. The effect of crosshead speed on compression, relaxation,
and stickiness eras not examined in this study since it was

found during preriminary testing thaÈ a slow crosshead speed

eras necessary in order to enhance data recording of these

pararneters.

Five cooking replications were compreted for each

compression depth/crosshead speed/brand combination for
firmness and each plunger size/courpression force/brand

courbination for compression and relaxation. six cooking

reprications yrere completed for each prunger size/compression

force/brand combination for stickiness. rn order to mininize
a possible day effect, one cooking replication of each

conbination for a given test procedure was cornpleted in one

test session. Test procedures and test combinations were

performed in a random order to elininate a possibre order

effect.
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Table 3.1 fnstrotr operating Conditions gelected For Study

Instron Condition
Test,
Procedure

LeveIs

Firmness Compression 0.50 mm of baseplate
Depth 0.05 mm of baseplat,e

Crosshead 10 mn/min
Speed 50 nn/nin

100 nn/nin

Compression Conpression 400 g
Relaxation Force 800 g
Stickiness

Plunger 1 cm
Size 2 cm

3cm
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3.2.3 Preparation of SpaghettL For Testiug

Spaghetti in 5 cm strands was cooked to optinum (defined

as the ti¡ne required for the centre core in the strands to
disappear) in rapidry boiling prepared water (as described in
Chapter 2) . À ratio of 1:25 spaghet,ti to water was used.

Sanples $¡ere cooked in 250 rnl, glass beakers on a ceramic hot

plate. Spaghetti was drained and rinsed in cold tap rvater to
prevent further cooking for the assessments of firmness,

cornpression and relaxation. Sarnples for stickiness vrere not

rinsed and were placed on the baseplate and covered. Samples

were assessed for stickÍness 7 nin after cooking. This vras

done in order to maximize stickiness values (Dexter et â1.,

1983a) since stickiness tends to be an after cooking

phenomena. These handling procedures were consistent with

those used at the Grain Research Laboratory in their cooking

quatity evaluation program (Daniel, 1989) and with procedures

reported in the literature.

3.2.4 Statistieal ã¡alysis of Data

For firmness, compression, and relaxation, mean values

across duplicate readings were calculated for each deter-

nination, cooking replication and test cornbination. For

stickiness, because two determinations within a cooking

replication were not possible, means across dupticate readings

hlere calculated for each cooking replication and test

conbination. Values Ì.rere plotted by cooking replications to

assess the reproducibility and the repeatability of the



operat,ing condition. Coefficients of variation (CV)

calculated as measures of the variability at each

condition.

79

were also

operating
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3.3 RESULTS AND DISCUSSION

The operating conditions of compression force and plunger

size were varied to determine their effects on compression

energy, relaxation time and stickiness of cooked spaghetti. As

well, crosshead speed and compression depth \¡rere varied to

determine their effects on firmness measurements of spaghetti.

3.3.1 Effect of Operating Conditions on InEtroD lleasurements
of compression Energy

Figures 3.3 and 3.4 show the effects of plunger size and

compression force on compressibility of two brands of

spaghetti. Plunger size had a small impact on compression

energy values compared to compression force. As plunger size

increased, compression energy decreased sIightIy, likeIy

because less energy (work) was needed to reach the compression

force since a larger surface area v/as being tested with the

larger plunger. compression force had a large effect on

compression energy val-ues for both brands of spaghetti. As

compression force increased, there hras a corresponding

increase in compression energy.

For both compression forces studied, the greatest

discriinination between brands occurred with a plunger size of

l- cm. However, at a compression force of 400 g, the repeat-

ability within a cooking replication was not as good as it was

at a compression force of 800 g. Reproducibility anong cooking

replications appeared to be sinilar for both compression

forces. These results were confirmed by the coefficients of
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variation (CV) which were calculated for each compression

force/plunger síze/brand combination (Table 3.2) . CV describe

the amount of variation relative to the mean (Baker et â1.,

1988) .'For both brands, a compression force of 400 g gave the

highest, CV indicating greater variability. Lowest CV were

observed for both brands using a compression force of 8oO q

and plunger sizes of 1 and 2 cm.

3.3.2 Ef f ect of operating Couditions on fnstron l,feasurementE
of Relaxation Time

The effects of compression force and plunger size on

relaxation tine are shown in Figures 3.5 and 3.6. Un1ike

compression energTy, relaxation tine decreased as compression

force increased. Relaxation time was defined as the time

required for a 50 g reduction of the fixed load. This equates

to a 93.752 relaxation of the fixed load at the beginning of

the relaxation period when a conpression force of 800 g lras

used compared to a 87.5t relaxation of the fixed load when a

compression force of 400 q e¡as used. Therefore, it is not

surprising that values for relaxation tirne increased with the

Iower compression force since a greater relaxation period was

being measured.

Plunger size did not, appear to have a profound effect on

relaxation tj.¡ne. Às plunger size increased there rras a modest

increase in relaxation tiure. This was likely due to the larger

surface area of the spaghetti being measured. Betker (1990)

also report,ed a modest effect of plunger size on cohesiveness

and springiness of sponge cake conpared to a sizable effect of
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Table 3.2 Coefficlent of
Relaxation and

Variation (Cv)
Stickinesg Tests

For ComPreEgiOn,

Parameter fnstron
Compression
Force (g)

Condition
Plunger
Size (cm)

cv (t)
Brand

H

Compression
Energy

400 1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

1
2
3

9.4
10. 0
7.8

6.1
4.5
6.3

28.L
39.8
29.7

23.1
44.5
25.9

33.3
25. O

26.6

25. 0
16. 6
25.O

6.8
4.4
7.4

4.3
4.4
6.0

26.4
4L.7
53.1

8.0
L7 .4
18.5

r.4.2
L2 .5
10. 0

18.1
14.3
14. 3

800

Relaxation
Time

400

800

Stickiness 400

800
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plunger size on hardness and gumminess. Walker et al-. (f987)

suggested thaÈ plunger area is associated with compression

forces while plunger diameter is associated with tensile and

shearing forces. These later two forces become important when

high compression forces are used. Since low compression forces

srere selected for use in this study, plunger síze was not

expected to have a substantial irnpact on the results obtained.

Reasonable discrimination between brands was observed at

aII cornpression force and plunger size combinations. Hov/ever,

at a compression force of 400 g, poor reproducibility among

cooking replications and repeatability within a cooking

replication was observed especially when a plunger size of 2

and 3 cm was used. At a compression force of 800 g, poor

reproducibifity among cooking replications was observed for

brand H when a plunger size of 2 and 3 cm was used. Exam-

ination of the Cv confirmed these findings (Table 3.2) .

Highest CV were found for brand H with the 2 cm wide pÌunger

at both compression forces whereas for brand I, highest cV

were observed at a cornpression force of 400 g and plunger

sizes of 2 and 3 cm. Lowest CVrs were observed for both brands

with a compression force of 800 g and a plunger size of l- cm.

3.3.3 Effect of Operating Conditions on Instron Measurements
of Stickiness

Figures 3.7 and 3.8 show the effects of compression force

and plunger size on stickiness measurements for both brands of

spaghetti. Both plunger size and compression force influenced

stickiness measurements to a snall extent. As plunger size



3B

3t

30

2a

20

f6

fo

ñÇll-l
Fil..aæl

ttloå1m... ñn¿

A

¡

234õü
Cootlng Rcpllcatþn

. B¡rnd H ô &md I

ülofht ... nÉ
3t r--
30

2A

20

rt
r0

t
0

ô

I

123¡lõt
Cooldng Rcdlcrtloo

| 3.üd l{ ô &l¡É I

tt{r attæ
tthtlrn, d3t-

30

2C

20

ft
t0

t
0
12t¡ltô

Cootho RcClc¡tþn

| !..¡d tl a !rûÉ I

thar H
|aæaðl

Fl,gurr 3. ? Ef f¡ct ol Pluagu 81,¡¡ oD 8tl'ckl'¡ess ol
SpaghotÈl Uelag Couprcstlo¡ Forec of 100 I



B9

tt
30

26

20

lõ

f0.

t
o

tlqr alr.¡l
¡rF{OOt

30

26

20

tllttrl¡¡r¡, nnÉ
tl r--

ttlotlm.., tit¿

231At
Cooklng R€pllcstlon

. Snnd H ô gn¡É I

r0

t
o

2E'CC
Coo*hg Fcplb¡tþo

. t¡ndH a lr¡ndl

ttir aH¡rlGFl
tt'ldrlil. rÉ3tr--r

90

2A

e0

1t

234tt
Cookhe tudl€tþn
. &.¡ìd l{ À ltanal I

trÇ fra
ffit

Fl,gure 3.8 Ef fect of Pluagcr gl,s¡ on Stl.ckL¡ess of
Spagbottl Ualag conPrcslLo¡ Forco ol 800 çt



90

increased there was a modest increase in stickiness for both

brands of spaghetti. This same trend \,,/as observed f or com-

pression force. voisey et a1. (l-978b) reported that stickiness
measurements of spaghetti \^/ere independent of the compression

force up to 50 kg. ft is quite possibte that sensitivity in
data recording may account for the slight difference observed

between the two compression forces used in this study.

AI1 test combinations showed good discrimination between

brands. A modest improvement in discrimination was observed

for a compression force of 800 g. Reproducibility among

cooking replications appeared to be similar for aII test
combinations. Indeed, similar CV among the test combinations

\â/ere found for the two brands (Table 3.2). Thus, for this test
there did not appear to be one set of operating conditions

that had greater discrininating pov/er or low variability than

another.

3.3.4 Effect of Operating Conditions on Instron l{easurements
of Firmness

Spaghetti firmness was measured using compression depths

of 0.50 and 0.05 mm of the baseplate. I^Iith both compression

depths, firmness was measured as the work (energy) required to

shear the strands of spaghetti. The force required to shear

the strands was also measured when a compression force of 0.50

mm r.ras used.
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Figures 3.9 and 3.10 show the effect of compression depth

and crosshead speed on work to shear values for both brands of

spaghetti. Work to shear values vrere greater for a compression

depth to within 0.05 nm of the baseplate compared to a

compression depth to within 0.50 mm of the baseplate. This is
expected since the shear blade is cutting through a greater

percentage of the strand when a compression depth of 0.05 run

is used. Sinilar findings have been reported for the effect of

compression depth on firmness measurements (Baker et aI., 1986

and 1988r' Betker, L99O; Boyd and Sherman, I975a; Redlinger et

â1., 1985).

Regardless of the compression depth, v/ork to shear values

tended to increase with increasing crosshead speeds. This was

particularly evident when speeds increased from 10 to 50

mn/nin. À number of workers have also reported a profound

effect of crosshead speed on fnstron measurements (Baker et

â1., 1986; Betker, 1990r' Boyd and Sherman, L975a and L975b¡

Hibberd and Parker, 1985; Shaura and Sherman, L973; Voisey et

â1., 1978a and 1978b). Voisey et aI. (1978a) found deformation

rate affected the relationship with sensory results suggesting

that the speed selected is critical. Their data did not

however, suggest an optirnal crosshead speed that should be

used but, the authors concluded that the use of high

deformation rates to simulate nastication does not appear to

be justified. Use of Iow rates allows sinpler recording

techniques to be used. High raÈes were not selected for use in
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this study since utilization of low deformation rates improves

the precision with which the test cycì-e conditions are

controlled and the data are recorded (voisey and Kloek, L975).

The use of a high speed recorder may overcome these

difficulties but was not available for this research.

High variability within cooking replications and among

cooking reprications was observed at a compression depth of
0.05 nm for brand H at all three crosshead speeds (Figure

3.9). This h¡as confirrned by high CV (Table 3.3). Thus , for
this brand, a cornpression depth of o.o5 nm vras not optirnal.

Discrimination among brands appeared to be good at all
crosshead speeds when a compression force of 0.50 nm was used

(Figure 3.10) . Poor reproducibility among replications and

repeatability within reprications for work to shear varues

were observed for brand H at crosshead speeds of 10 and 1oo

nm/nin. Reproducibility among replications was not as good for
brand I at a crosshead speed of 10 mrn/rnin compared to the

other two crosshead speeds examined. This was confirmed by a
low CV for brand H at, a crosshead speed of 50 nrn/min and Iow

CV for brand I at, crosshead speeds of 5O and 100 mm/rnin (Tab1e

3.3). fnterestingly, AÀCC (1989) recorntnends a crosshead speed

of 10 nrn/nin at, a compression depth of 0.50 rn¡n. This crosshead

speed showed the great,est, variability among cooking

replications and within replicat,ions for both brands of

spaghetti evaluated in this study. It is not known if AÀCC

reviewed other crosshead speeds in the development of their
nethod
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Table 3.3 Coefficient of Variatiou (CV) For Firm¡ess Tests

Paramet,er fnstron Condition
Compression Crosshead
Depth (¡nn) Speed

(nm/nin)

cv (t)
Brand

IH

Shear
Force

Work to
Shear

Work to
Shear

0. 50

0. s0

0. 05

10
50

100

10
50

100

10
50

100

9.8
9.2
9.4

9.6
5.2
9.0

9.6
10.8
10. 6

3.1
3.4
2.6

6.0
3.8
3.7

3.7
3.5
4.0
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Shear force, measured at compression depth of O.5O nm

also increased with increasing crosshead speeds (Figure 3.11) .

The best discriminaÈion between brands in shear force was

found at crosshead speeds of 50 and 1oo mm/min. sinirar
repeatability and reproducibility were observed at alr three

crossheads. This was confirned by the si¡nilar CV obtained for
the three crosshead speeds (Table 3.3).

3.3.5 Selection of rnstron operating couditionE For rnstron
Tests

The finar objective of this study was to select a set of
operating conditions for each of the four rnstron test
procedures. The selection of operating conditions was based on

the discrimination between the two brands of spaghetti and on

low variability within cooking reptications and amqng

replications.

For firmness, a compression depth of O.50 nm and a

crosshead speed of 50 mm/nin are reconmended since this
conbinat,ion of operating conditions showed enhanced

discrimination between brands of spaghetti and high

reproducibirity among replicat,ions and repeatability within
replications.

For compression and relaxation, a compression force of
800 g and a prunger size of 1 cm are recommended since at
these operating levels there was good discrirninatj-on between

brands of spaghetti and high reproducibility and

repeatability.
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Although Èhe data for stickiness suggested a number of
combinations of compression force and plunger size that could

be used, a compression force of BOO g and a prunger size of 2

cm are recomrnended since at these operating levels there r^¡as

good discrirnination between the two brands of spaghetti and

stightly better reproducibility among cooking replications.
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3.t coNcLusloNs

cornpression force strongly infruenced compression and

relaxation measurements of spaghetti. prunger size had a

modest effect on these parameters but variability was reduced

with the smaller plunger sizes. compression depth and

crosshead speed strongly influenced firmness measurements of
spaghetti. stickiness measurements of spaghetti were only

modestÌy affected by compression force and plunger size.
For firmness, a compression depth of O.5O nm of the

baseplate and a crosshead speed of 5o mm/min enhanced

discrimination between the two brands of spaghet,ti and gave

reriabre resurts as measured by row variabirity among cooking

repricat,ions and within replications. For compression and

reraxation, a compression force of 800 g and a prunger size of
1 cm showed good discrinination between spaghetti sanples and

reduced variability among cooking reprications and within
replicatj-ons. Àlthough the stickiness data revealed a number

of possible plunger sizes and compression force conbinations

that night, be used, a compression force of 800 g and a plunger

size of 2 cm shor,red good discrinination between spaghetti

samples and had a modest advantage in reproducibirity among

cooking repricat,ions. using these serected combinations of

rnstron operating conditions it was possible to discrininate
between the two brands of spaghett,i on the basis of firmness,

compressibility, elasticity, and st,ickiness. In addition,
these operat,ing conditions gave results that were repeatabre
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within cooking reprications and reproducibLe among cooking

replications.
The irnportance of serecting rnstron testing conditions

after fully examining the operaÈing factors has been stressed

by Baker et aI. (1986) and shana and sherman (1973). This

study describes a procedure that can be used to select
operating conditions on the basis of repeatabirity,
reproducibility and discriminatory pov/er. By plotting the
results, the optirnal operating conditions can quickly be

identified. The final step that remains however, is to
investigate the relationship between instrumental measures and

sensory measures of spaghett,i texture. This is necessary, to
verify if the instru¡nental measurements have meaning in terms

of sensory measurements (Ma1colrnson et âI., 1999). Thus,

varidation of the rnstron ¡nethods developed in this study is
necessary by calibration against sound sensory judgernents.
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CEå,PTER I

COMPARTSON OF SENSORY AND INSTRT]I'ÍENTÀL MEASIIREMENTS oF
SPAGHETTT TEXTURE

{.1 INTRODUCTION

fn order to validate physical or instrumental procedures

for assessing the textural properties of food, it is necessary

to calibrate instrumental results against sound sensory
judgenents of texture. ReLiabre sensory measures of texture
can be achieved using a trained panel that evaluates the

product under controlLed testing conditions using appropriate
sensory nethods. Through training, panelists learn to
disregard their personal preferences and become consistent in
their judgeurents. Thus, according to Bourne (rg82) the two

criteria of objectivity are met.

Szczesniak (1963) classified the textural characteristics
of food int,o mechanical, geometrical and those related to fat
and noisture content of a food. This classification of texÈure

was intended for both instrumental and sensory measurenents

and is the basis of sensory and instrumentar texture profire
anarysis (TPA). The sensory profile anarysis rerj-es on the use

of trained judges who describe the textural characteristics of
a f ood qualitativeJ-y and quantit,atively in the order of
appearance from first bite through conplete mastication.

Guiderines for the training and use of a texture profile panel

can be found in Brandt et â1., (1963); civitle and szczesniak

(L973) and civirre and Liska (1975). operational definitions
and standard rating scales for the mechanical paraneters have
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been published by Szczesniak et aI. (1963) and Munoz (1986)

which are useful in standardizing terminology and methods of

assessment among panelists.

A number of researchers have used Èrained panelists to
assess firnness, chewiness and stickiness of pasta. The

parameters of gumminess and elasticity have received much less

attention. Àtt,enpts to quantify stickiness have involved both

oral and non-oral procedures including visual and tactile

assessments.

Few studies have been undertaken that involve a compre-

hensive assessment of cooked pasta texture. Larmond and Voisey

(1-973) used a trained panel to assess the firmness, chewiness,

gumminess, adhesiveness and individuality of spaghetti

strands. Panelists were able to distinguish differences among

the spaghetti samples for all parameters. t{hen these results
v/ere compared with consumer acceptability tests, it was found

that consumers preferred spaghetti that was firm, chewy, and

maint,ained individuality and t¡as not gunny or adhesive.

Further analysis suggested that fÍrnness and gumminess v¡ere

sufficient to predict consumer acceptability.

Menger (1985) developed an extensive scoring system for

assessing the quality of raw and cooked pasta. Trained

panelists assessed twenty factors, six related to the uncooked

product, and seventeen related to the cooked product. The

scoring system was weighted such that, uncooked quality

accounted for 30t towards the final score and cooked quality

accounted for 7OZ. Factors such as: reÈention of shape,
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surface characteristics, bíEe/ firmness, odor and taste were

judged in the assessment of cooked pasta quality.
cubadda (1988) arso described a scoring method for

assessi-ng cooked pasta quarity. Experts (at reast three
persons) evaluated stickiness, firmness and bulkiness using

scaLes ranging from 0 to 100. An overall quarity score was

then carculated by totarring the scores for the three
parameters, nultiplying by 33.3, and dividing by 1Oo. An

overall score greater than 80 indicated excellent quality.
Thus, it is possible to obtain reliable sensory data if

a properly trained texture profile analysis panel is used.

These results can then be used to varidate instrumental

measures of cooked spaghetti texture. Through the use of
urult,ivariate statistical techniques such as principle
cornponent analysis and rnultiple regression analysis, it is
possible to estimate sensory judgements of Èexture fron
instrumental- measures. Therefore, the objectives of this study

vtere:

1. To establish a texture profile analysis panel to evaluate

cooked spaghetti guality.

2. To determine the textural properties of commercial

spaghetti samples using sensory, Instron, and Grain

Research LaboraÈory (GRf) texture testing procedures.

3. To exanine the relationship betr¿een instrumental measure-

ments and sensory rat,ings of spaghetti texture using

mult,ivariate techniques to deÈermine if instrument,al

evaluations can be used to predict sensory guality.
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I.2 I,Í.ATERIALS À¡¡D I,IETEODS

4.2.L Selection of Conmercial Spaghetti gamples

Nine commerciar brands of spaghetti were serected for
assessment by sensory, GRL and rnstron instrumental tests.
sanple background and characteristics are given in Table 4.1.

Five canadian, three Ànerican and one rtarian brand were

included in the study. À11 r/ere ¡nade from durum wheat except

for brand r which was made from unbleached wheat frour and

brand F which vras a brend of durum and hard red spring wheat.

samples arso varied in strand diameter with brand A having the

smallest diameter and brand G having the largest strand

diameter. Arthough it would have been idear to have brands

with equal strand dianeter it was not possible.

1.2.2 Spaghetti Cooking anô Eandling procedures

All samples were cooked to optimum (defined as the time

when the centre core in the strands disappears) and to 10

rninutes past the optimum cooking tirne (overcooked) for a total
of 18 treatments. Spaghetti eras cooked in rapidly boiling
prepared water (as described in Chapter 2) using a ratio of

Lz25 spaghetti to water. Sanples were cooked in glass beakers

on ceranic hot plates. Seven grams of spaghetti in five cm

strands Ìtere cooked for instrumental evaluations of texture

and cooking loss deterninations. Seventy grams of spaghetti in
twelve cm strands $¡ere cooked for sensory evaluations. This

r{as approxiruately eight g of spaghett,i per panelist.
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Table {.1 Spagbetti Sample Background and Cbaracteristics

origin ContentSarnple
fdentity
Letter

Optinum
Cooking
Tine
(nin)

Diameter'
Before
Cooking

(nn)

A

B

c

D

E

F

(t

H

r

American

American

Àmerican

Italian
Canadian

Canadian

Canadian

Canadian

Canadian

durum semolina

durun semolina

durum semolina

durum semolina

dururn semolina

semolina, flour
durum senolina

durum semolina

unbleached flour

L.62 ( 0. 02 )

1.68 (0.03)

r.75 (0.02)

1.e0 (0.02)

1.81 (0.03)

1.6e (0.0s)

1.e1 (0.04)

L.7r (0.06)

L.78 (0.02)

10

T2

L2

L4

13

13

15

11

L4

* mean (sd) of 60 deterrninations
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Spaghetti for all textural parameters except stickiness
vrere rinsed in cold tap water to prevent further cooking, and.

irnmediate]-y assessed f or their texturar properties. sampres

for stickiness assessment were not rinsed in ord.er to maximize

stickiness values (Dexter et ar., 19g3a). stickiness was

assessed 7 minutes after cooking. These handring practices
v¡ere consistent with current practices used at GRL in their
cooking quality evaruation program (Daniel, 1989) and

represent the average tine it t,ook panerist to complete their
assessment of the other texturar attributes before beginning

their assessment of stickiness.
4.2.3 AssesEment of Terture using GRr, rnstrumentar Methods

Tenderness, eompression, and recovery were evaruated

using the cRL spaghetti testing apparatus as described by

Matsuo and lrvine (1969, L971). Tenderness values were derived

from the slope of the linear portion of the penetration-time

curve. compression was defined as the ratio of the diameter of
the cornpressed spaghetti strand to the original diameter of
the strand x 100. Recovery was defined as the ratio of strand

diameter after recovery to the diameter of the compressed

spaghett,i x 100, Cooking quality parameter (Cep) was

det,er¡nined as follows: (recovery/conpression x tenderness) x
1000. stickiness was determined using the cRL compression

tester adapted for spaghett,i as described by Dexter et ar.
(1983a) except that a compression force of 24,OOO N/n2 was

used. Stickiness values r¡ere defined as the force of adhesion

of the spagheÈti to the plunger.
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Measurenents of tenderness, compression and recovery were

performed on single strands of spaghetti. For each parameter,

four strands were assessed in a cooking reprication and three
cooking replications were completed for a total of rz

deterrninations. For stickiness, only one determination per

cooking reprication could be perforrned. six cooking

replications ltere cornpleted f or a total of six deterninations.
4.2.4 Cooking Loss Assegsment Of gpaghetti

Actual cooking loss of the recovered water was determined

by freeze-drying, weighing the freeze-dried material,
adjusting for mineral residues left in the cooking water and

calcurating the proportion of solids as percentage of
spaghetti cooked. Predicted cooking loss varues were deter-
nined from iodine absorbance values measured at 650 nm

forlowing the nethod deveJ-oped by Matsuo et aI. (1990). six
cooking replications were completed for actual and predicted

cooking ross assessments for a totaL of six determinations.

1.2.5. Instron Assessment of Bpagbetti Texture

Spaghetti was assessed for firmness, compression,

relaxation, and stickiness using the fnstron Universal Testing

Machine (Model 42OL, fnstron Corp., Canton, MA) equipped with
a 10 N compression load cell. The test procedures used were

developed in a previous study and are described in Chapter 3.

Firmness vras expressed as both the shear force and the work

(energy) to shear five strands of spaghetti. Compression was

expressed as the energy to compress nine strands and

relaxation lras defined as the tine in seconds required for a
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50 g reduction in the fixed load. Stickiness v/as expressed as

the area under the force-distance curve.

three cooking replications $rere completed for firmness,

compression and relaxation. Within each cooking replication,
dupricate measurements on two subsampres were completed for a

total of twelve determinations. Four cooking replications were

cornpleted for stickiness. within each cooking replication,
duplicate measurements on one subsample v/ere cornpleted for a

total of eight det,erninations.

4.2.6 fnstron Assessneat of Etrand to Strand Stickiness

Stickiness of the commercial spaghettí sampÌes was also

assessed using a nodified fnstron nethod. This rnethod was

developed in an atternpt to measure strand to strand adhesion

or stickiness. It uses a much lower compression force than the

other Instron stickiness test ¡nethod and spaghetti strands are

compressed by a plunger which has spaghetti strands mounted to

it. This way the strands are contacting other strands rather

than the surface of the plunger. The procedure used is as

foLlows: Five strands srere placed in a grooved baseplate and

compressed to a maximum force of 50 g with a 2 cm wide grooved

plexiglass plunger (Figure 4.1) to which 3 strands of

spagheÈti were mounted. A crosshead speed of 2 mn/min was used

and data eras recorded using a chartspeed of 500 uun/rnin set at

10å range. Stickiness was expressed as the area under the

force-distance curve.
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4.2.7 Selection and Training of a Texture profile panel

Eleven judges v/ere selected to participate in the study

based on their interest and their experience and performance

in previous sensory studies. panerists (arl females ranging in
age from 20 to 45) were students and staff members in the

Department of Foods and Nutrition, university of Manitoba,

!,rinnipeg.

len, one hour training sessions vrere held over a two week

period. The first few training sessions $rere held to acquaint

the judges with the product by introducing them to number of
spaghetti sampres varying in textural quality simirar to the

range they woul-d be evaluating in the study. The panelists

learned how to handle the product during their evaluations and

became faniliar with the texturar parameters to be assessed.

Reference samples were provided for each textural parameter to
ilrustrate endpoint and in some cases midpoint intensities.
Rainey (1986) has stressed the importance of using reference

standards in the training of panelists. Judges began each

training session by evaluating a number of spaghetti samples

for their textural properties. After the panelists had

completed their independent evaluations, a group discussion

followed. Panelists were encouraged to make suggestions and to
identify any difficulties they lrere having with the parameters

in terms of its definition, evaluation technique, and the

reference samples provided. Through these discussions,

nodifications were made to the definit,ions, evaluation

techniques and reference samples. Definitions of the textural
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parameters developed during training were based on those

proposed by Szczesniak et aI. (1963) and Munoz (L986).

once panelists had standardized their evaluation tech-
niques and were satisfied with the reference samples provided,

the scaring technique that was to be used in the study was

introduced. unstructured line scales, 15 cm in length were

chosen, since most of the panelists were faniriar with these

scales and had extensive experience with them. Many of the
panerists had also expressed a preference for this scaring

technique over other nethods. one of the scaling exercises

used to acquaint panerists with the use of these scales is
provided in Appendix 2. values hrere assigned to panelistst
ratings on the scares by measuring the distance on the line in
centi¡netres.

the remaining training sessions nere herd in order to
anchor the reference sampres on the scales and to provide the

panerists with an opportunity to evaluate several spaghetti
samples for their textural properties using the ballot
developed during training.

Training ended when the panelists v¡ere consistent in
their scoring of spaghetti samples and were confident in their
ability to perform the task. fn the end, only nine judges

qualified to participate in the study. The final barrot that
was agreed upon by all judges is provided in Figure 4.2.

rnfornation concerning the reference sanpres is provided in
Appendix 3.
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4.2.8 Sensory Evaluation of Spaghet,ti Texture

Spaghetti samples for all texture eval-uations except

stickiness were rinsed in cold tap water and placed in three

digit coded 2OO mL styrofoam cups with Iids. Sarnples for
surface stickiness evaluation were not rinsed and vJere served

in coded glass petri plates with Iids. Panelists !üere provided

with distilled water, unsalted crackers and toothpicks for
rinsing and clearing teeth between treatments. A plastic fork

was also provided to assist panelists with their evaluations.

A set of reference samples was provided at the first panel

session of the day in order to re-orientate the panelists with

the texture scal-es. Evaluations were made at individual work

stations under fluorescent Iights. Room temperature (2Oo C)

and humidity (402) were consistent over the three day period.

Judges evaluated their set of samples for aII textural
parameters in the session. This procedure vlas considered more

efficient and has been validated by MeIa (l-989) in a study

which compared results from single and concurrent evaluations.

Four samples of spaghetti were eval-uated at each panel

session. Two replications \^/ere completed. Thus, a total of 9

sessions (9 brands x 2 cooking times x 2 replications) were

required to complete the sensory evaluation of the spaghetti.

Three sessions were held each day (2 hours apart) over a three

day period. All panelists received the same four spaghetti

samples at any one session but the order of presentation was

randomized.
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4.2.9 Ex¡lerime¡tal Designs a¡d Statisticar Ànalysis of Data

The experinental design selected for both the Instron and

sensory experirnents was a two way treatment structure (brand

and cooking tine) in a randomized conplete block design with
reprications serving as the brocks. Brands and cooking times

were considered to be fixed effects and reprications to be a

random effect.

A split plot design was selected for the GRL and cooking

loss data since both cooking tines for the nine brands of
spaghetti could not be evaluated on the same day. Therefore on

a given test day, one cooking tirne was assessed for aII nine

brands of spaghetti. Thus, ât the urain plot level there v/ere

six plots (two cooking tirnes replicated three tines over a six
day period). Within each nain plot there were nine subpì-ots

(nine brands). For stickiness and cooking loss data there v/ere

twelve plots at the main plot leve1 (two cooking tines
replicated six tines over a twelve day period).

Analysis of variance was performed on each of the three

data sets (sensory, GRL, fnstron) to det,ermine the signif icant

effects of brand and cooking tine on texture measurements. For

the sensory data, panel means within a cooking replication
were analyzed since the possible effects of differences among

panelists rrere not of interest. Si¡nilarly, for the Instron and

cRL data, means of a1I determinations within a cooking

replication were analyzed since the possible effects of

differences in subsaurpling lrere not of interest.
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Principle component analysis sras used to identify
underlying characteristics providing cotnmon eLements among the

sensory attributes.
correlations were calculated between mean sensory and

mean rnstron and GRL instrumentar varues to determine the

rerationship between sensory and instrumentar measures.

Multip].e regression analysis using both 12 and stepwise

methods !¡ere appried to predict perceived texturar quarity of
spaghetti. Based on this analysis, eq'uations to predict
selected sensory attributes from Instron and GRL measurements

were obtained. Àr1 statisticar anarysis was performed using

the statistical Analysis systern (sÀs, 19BB) utirizing cLM,

PRINCOMP, CORR, and REG, procedures.
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I.3. RESULTS AITD DISCUSSION

{.3. 1 fnstru.mental Evaluation of Terture

significant brand and cooking tirne main effects were

found for all GRL parameters and a significant brand by

cooking time interaction was also found for arr parameters

except stickiness (Table 4.2) . significant brand by cooking

tine interactions indicate that brands h¡ere not equarly

influenced by overcooking.

À significant, brand effect vÍas found for atl rnstron
parameters and a significant cooking tine effect was found for
arr rnstron parameters except strand stickiness (Tabre 4.3).
Significant brand by cooking time interactions were aÌso found

for shear force, compression and reraxation time. À signifi-
cant replication effect was found for rnstron strand stick-
iness indicat,ing variabirity between cooking reprications. rt
should be noted, that onry two replications were completed for
this test method compared to four replications that were

completed for the other fnstron stickiness deterrnination. ft
is rikery that if nore cooking replications had been compreted

for the revised stickiness test the replication effect would

be ¡nininized.

Means and their st,andard deviations for all cRL and

fnstron paraneters are provided in Àppendices 4 and 5

respectively.

Low scores for GRL t,enderness indicated a firmer product

whereas high vaÌues for rnstron shear force and work to shear



L17

Table 1.2 Ànalysis of Variance for GRL Data

Parameter Source df Mean Square F value

Tenderness

Compression

Recovery

CQP

Stickiness

Cooking
Time (cT)
Day (cT)
Brand (B)
B*CT
Error

Cooking
Tiure (cT)
Day (cT)
Brand (B)
B'rCT
Error

Cooking
Time (cT)
Day (cT)
Brand (B)
B*CT
Error

Cooking
Ti¡ne (cT)
Day (cT)
Brand (B)
B*CT
Error

Cooking
Tiure (cT)
Day (cT)
Brand (B)
B*CT
Error

L249 .446

5.752
L78.765

L3 .487
3.937

7 36L. 67 1

49 .77 5
386.342

80.7 67
23.727

29983.870

t23 .423
L382 .629
539.7L5
LOA.443

9207.757

4]-.346
494.L42
90.996
23.580

56489.815

L2569.815
8457 11.343
22621.065
12884.815

2I7.22a

45.40a
3.43b

I47.89a

16 .28a
3.40b

242.93a

:..3.24a
5. 17a

222.7 0a

20.96a
3.86b

4 .49c

45.40a
L.7 6

4
I
I

32

4
I
I

32

4
I
I

32

4
I
8

32

4
8
I
32

a
b

significant,
significant
significant

p<0.001
p<0. 01
p<0.05

at
at
at
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Tab1e 4.3 Ànalysis of Variance of fnstron Data

Parameter Source df Mean Square F value

Shear Force

Work to
Shear

Compression
Energy

Relaxation
Time

Stickiness

Strand
Stickíness

Replication
Brand (B)
Cooking
Tine (cT)
B*CT
Error

Replication
Brand (B)
Cooking
Ti¡ne (cT)
B*CT
Error

Replication
Brand (B)
Cooking
Time (cT)
B'bCT
Error

Replication
Brand (B)
Cooking
Tine (cT)
B'tCT
Error

Replication
Brand (B)
Cooking
Tine (cT)
B*CT
Error

Replicat,ion
Brand (B)
Cooking
Tine (cT)
B*CT
Error

62s.365
2593L.255

309514.593

946. O94
41-4 .239

289.70L
41454.480

L20943.770

L372.088
752.298

29.948
3266. 3 53

82616.356

350.377
31.990

9.237
2L9.895

3031.878

42.407
6.587

23 .7 4L
213.306
76.056

L2.93L
12. 103

L67 L.7 20
642 .500
22.3LO

270.060
L82.444

1.51
62 .6Oa

7 47 .79a

2.28c

0.39
55. 10a

L6O.77 a

1.82

o.94
102.11a

2582 .57 a

10.95a

1.40
3.38a

46O .27 a

6.44a

1.96
L7 .62a

6.28b'

L. 07

9.16b
3 .52b
o.L2

1.48

2
8
1

I
34

2
I
1

I
34

2
I
1

I
34

2
I
1

I
34

2
I
1

8
34

1
I
1

I
L7

at
at'
at

a
b
c

significant
significant
significant

p<0.001
p<0.01
p<0.05
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indicated a fir¡rer product. Differences were found in firmness

even though spaghetti sampres were cooked to the same endpoint
(Figure 4.3). Às expected, firmness decreased with over-
cooking. Regardless of the cooking tine, Brands F and r were

found to be the softest when assessed using the GRL tenderness

apparatus whereas brands A, F, and r vrere the softest when

assessed using the rnstron. Brand B arso had row rnstron
values for firrnness when overcooked. Brands r and F nere

expected to be softer than the other spaghetti sampres since

brand r was made from unbl-eached wheat flour and brand F was

a blend of duru¡n and hard red spring wheat. Àrl other brands

were made from durum wheat. Dexter et al. (1993b) and Kim et
aI. (1986 and 1989) arso found spaghetti nade from non-durum

wheat v¡as less f irn than spaghett,i ¡nade from durum wheat.

Brands À and B night be expected to have lov¡er scores for
firmness when overcooked since they had the smallest dianeter
of al] brands evaluated (Tab1e 4.1). Àccording to the cRL

apparatus, Brands G and H were the firmest when cooked to
optirnun and brands D and G were the firnest when overcooked.

Brands c, D, and G were the firmest when assessed with the

rnstron regardless of cooking tine. since brands D and G had

the largest diameter of alL brands evaluated (Tabre 4.1) they

night be expected to have higher scores for firmness with
overcooking.

Low values for both GRL and Instron compression and high

values for elasticity indicat,ed superior cooking quality. Not
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surprising, compression values increased. (Figure 4.4) and

recovery/relaxation rates decreased rvith overcooking (Figure

4.5). For the GRL apparatus, brands D and G had low compress-

ibility when cooked to optimum and brands c, ct and H had }ow

compressibility when overcooked (Figure 4.4) . For the

rnstron, brands A, c and H had low compressibirity when cooked

to optimum and when overcooked. For both instruments, high

compressibility was observed for brands B, E, F, and I when

cooked to opÈimum and brands B, F, and f when overcooked.

An extremely low recovery rate (measured with the cRL

apparatus) was found for brand I and low recoveries for brands

E and F vrere found at optimum cooking tine (Figure 4.S).

Recovery values vrere similar for the rernaining brands with

brand G having the highest recovery. Brands C, c, and H showed

high recovery when overcooked. Dexter et aI. (l-983b) aLso

reported high compression rates and low recovery rates for
spaghetÈi made from red spring wheat compared to spaghetti

made from durum. Brand r had the lowest relaxation time

(measured by the fnstron) followed by brand E when cooked to

optirnum. Brands E, F, and I had low relaxation tirnes when

samples lJere overcooked. High relaxation times r¡/ere observed

for brands A, D, Gt and H regardless of cooking time. Brand C

also exhibited high elasticity when overcooked.

High va].ues for GRL and both fnstron stickiness determj-n-

ations indicated diminished quality. cenerally, stickiness

increased rnodestly with overcooking for the GRL and the first
Instron method (Figure 4.6). Cooking tine was not significant
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for Instron strand stickiness (Table 4.3). Regardless of the

cooking tine, brands A, G, and H v/ere the least sticky
spaghet,ti samples whereas brands B, E, F, and I v/ere the most

sticky when assessed using the GRL compression tester. Brand

r was extremely sticky compared to alr other sampres tested.

rnstron resurts confirmed that brand r was the stickiest and

brand H was the least sticky at both cooking times. Brand A

also exhibited low stickiness at optirnum cooking tirne.

Assessment of fnstron strand stickiness revealed that brands

A and H had low strand to strand stickiness compared to brands

F, G, and f. Dexter et aI. (1983b) and Kin et al. (L989) also

reported that durum spaghetti was less sticky than spaghetti

made fron conmon wheat.

CQP scores were derived from the ratio of the product of

GRL tenderness and compressibility to recovery multiplied by

1000. A high CQP score indicated superior cooking quality.
Results for CQP, confirm previous findings. At optimurn cooking

times brands F and f had the poorest quality whereas brand. G

had the highest quality followed by brands C, D, and H (Figure

4.7). Brands B, F, and f had the poorest quality and brands C,

G and H had the highest quality when samples vrere overcooked.

Dexter et, al. (1981c) also reported lower CQP scores for
spaghetti made from conmon wheat compared to spaghetti made

from durum wheat.
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1.3.2 Cooking Loss Evaluatio¡

Significant brand and cooking tine main effects, and

significant brand by cooking tine interactions were found for
both measurements of cooking ross (Tabre 4.4). Means and

their standard deviations for all parameter are provided in
Appendix 6.

Cooking loss vaLues between S and 7Z are considered

typical (Daniel, 1989). Cooking losses increased r¿ith an

increase in cooking ti¡ne. (Figure 4.7). Much higher cooking

Iosses were found for brand f than all other spaghetti

samples. Brand B was also found to have high cooking 1osses

except f or predicted cooking loss at optimurn cooking tirne.

Lower cooking losses for durum spaghetti have also been

reported by Kim et aI. (1989) when sanples vrere cooked in
prepared hard water.

{.3.3 S€usory Evaluation of Texture

Significant dÍfferences among brands were found for aII
sensory paraneters except adhesiveness to lips and between

cooking tines for all paraneters except adhesiveness to lips
and cohesiveness (Tabte 4.5). No significant brand by cooking

tine interactions were found for any of the sensory

parameters. Mean sensory scores and their standard deviations

for all parameters are provided in Appendix 7.

Results for perceived firmness and chewiness were quite

sirnilar despite the fact that, firmness is assessed on the

first bit,e whereas chewiness is assessed during mastication.
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Table l.l Analysis of Variance for Cookiug Loss Data

Parameter source df Mean squareE

Actual Cooking 1 316.556 547.67a
Cooking Tiure (CT)
Loss Day (CT) 4 0.579

Brand (B) I 40.447 30.63a
B*CT I 8.197 6.ZLa
Error 32 L.3ZL

Predicted Cooking 1 2SS.L4B 492.56a
Cooking Tine (cT)
Loss Day (CT) 4 0.518

Brand (B) I 27 .OSL 43.72a
B*CT I 7.297 11.79a
Error 32 0.619

a significanÈ at p<0.001
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Table 1.5 A¡alyel.e of Variance for gensory Data

Pararneter Source df Mean Square F value.

Aclnes]-ve
to Lips

Elasticity

Firmness

Cohesiveness

Chewiness

Tooth Pack

Surface
Stickiness

Replication 0. 044
0.456
3.384
L. L77
2.302

0.186
2.947

36.779
L. O47
0. 571

1. 051
8.501

118.810
1.146
2.284

2.848
3 .105
t.7 45
1. 149
0.517

0. 001
7.435

LLO.425
0. 695
o.697

0.490
2.733

30.710
0.909
0.750

2.627
3 .694

11.903
1.014
1. 149

0. 02
0.20
L. 47
0.51

0.33
5. 16b

64.43a
1.83

0.46
3.72b

52.01a
0. 50

5.51c
6. 0la
3.38
2.22

0. 00
10. 67a

158.50a
1. 00

0. 65
3.65b

40. 96a
L.2L

2.29
3.2Lc

10.36b
0.88

Brand (B)
C.Time (cT)
B*CT
Error

Replication
Brand (B)
C.Tine (cT)
B:tCT
Error

Replication
Brand (B)
C.Tine (cT)
B¡rCT
Error

Replication
Brand (B)
c. Tine (cT)
B*CT
Error

Replication
Brand (B)
c. Tine (cT)
B*CT
Error

Replication
Brand (B)
c. Ti¡ne (cT)
B*CT
Error

Replication
Brand (B)
C.Time (CT)
B*CT
Error

1
I
1
I

L7

1
I
1
I

L7

1
I
1
I

L7

1
I
I
I

L7

1
I
1
I

L7

1
I
1
I

L7

1
I
1
8

L7

a
b
c

signj.ficant
significant
significant

p<0. 001
p<0.01
p<0.05

at,
at
at
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Both parameters decreased with overcooking (Figure 4.8). Like

instrumental measures, differences were found among brands at

optirnum cooking time despite being cooked to the same end-

point. Brands F and I were found to be the least firm and the

Ieast chewy and brands D, G, and H were found to be the most

firm and the most chewy regardless of the cooking time.

Perceived elasticity decreased with overcooking except

for brand D (Figure 4.8). For optimally cooked samples,

brands F and f were less elastic than all other spaghetti

samples. Brands B, E, F, and I were less elastic than other

brands when samples were overcooked.

Panelists couLd perceive differences in cohesiveness

between brands but could not find differences between the two

cooking times (Tab1e 4.5). Brand A was the least cohesive and

brands D, G, I were the most cohesive (Figure 4.g).

Perceived tooth pack decreased with overcooking for a1l

brands except C (Figure 4.9). Brands D and I had high tooÈh

pack and brand C had low tooth pack when cooked to optimum.

Brand D had high tooth pack and brand A had Iow tooth pack

when samples !¡ere overcooked.

Perceived stickiness generally decreased slightly with

overcooking (Figure 4.9) whereas the opposite hras found for
the instrumental determinations of stickiness. Stickiness

determined using the cRL conpression tester and using the

fnstron generally increased with overcooking. Strand

stickiness as deterrnined by the Instron showed no difference
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between cooking times. À possible expranation for this
discrepancy has been offered by voisey et aI. (197gb).

According to these researchers, adhesive forces depend on the
area of contact between the spaghetti and the upper plate of
the rnstron. when force is appried to the spaghetti strands,
the strands flatten to distribute the appried force. Thus, the
area of contact is governed by the deformability of the
spaghetti. rt can be reasoned then, that overcooked spaghetti
wourd have higher deformabirity, therefore greater area of
contact and consequently higher stickiness values. rn theory,
this same principle woul-d hold true for tactile assessments of
stickiness. our results however, do not indicate that this was

a factor.

Agreement between sensory and instrumental results vras

achieved for differences among brands in stickiness. Brands

A, B and c were perceived by the panerists to be the reast
sticky and brands F, H, and r were the most sticky when

sampres v¡ere cooked to optirnun. with overcooking, brands À, c,

D, H, and G were the least sticky and brands E, F, and I v¡ere

the most st,icky.

4.3.4 Principle Component A¡alysis of gensory Data

Principle cornponent analysis (pcÀ) was carried out to
identify underrying characteristics which provided conmon

erements among the sensory attributes. The goal was to reduce

the number of sensory attributes to a smarrer nurnber of
components without tosing import,ant information.
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Two principle components vtere extracted frorn the data

(Table 4.6). This sol-ution accounted for 8L.72 of the variance
among sarnples. Factor loadings which are the correlations
between the components and the variabres rrere examined to
interpret the components. component L, which accounted. for
56.2* of the variance eJas interpreted as a ,f irmnessrl

component due to high loadings for chewiness (o.97), firmness

(0.95), erasticity (0.91) and tooth pack (o.76). component 2

accounted for 25.52 of the variance. This component was

interpreted as a tttype of breakdownt component as it had high
loadings for cohesiveness (o.77), and stickiness (o.74), and

a modest loading for tooth pack (0.5s). These resurts suggest

thaf fewer texturar attributes courd be used in routine
assessment of spaghetti cooking quality since no additional
information was obtained using all attributes. one parameter

could be chosen to represent a component based on the
parameterrs size of roading for the cornponent and on the ease

and convenience to measure the attribute by the panel. Thus,

for component, 1 either firmness or chewiness courd be chosen

to represent this component since both attributes had high

loadings and were not difficurt to assess by the panelists.
For component 2 | stickiness is the best choice to represent

Èhis component. Àrthough, cohesiveness had a srightly higher
loading, panelists were unable to distinguish differences in
cooking tine with this parameter, suggesting that they may

have had difficulty assessing this parameter. Panelists showed

no difficulty evaluating stickiness.



t_3 5

Table 4.6 Factor Loadings for PCA Conponents

Sensory
Attribute

Component
1

Component
2

Elasticity

Firmness

Cohesiveness

Chewiness

Tooth Pack

Stickiness

0.91

0. 95

-o.26

o.97

o.7 6

0. 19

-o.24

-0. 15

o.77

-0. 01

0. 5s

o.7 4

Z of variance

Cumulative å
of Variance

56. 18

56. 18

25.48

81. 66
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{.3.5 Relationship Betrveen gensory A¡d pbysicar parameters

correrations between the sensory ratings and rnstron,
GRL, and cooking loss measurements are provided in Tables 4.7

' 4.9. Statistical significance is not indicated in the tables
since it, is possible to achieve a significant rerationship
between two variables with a low correlation coefficient if a

sarnpre size rarge enough is used. Therefore, it is preferabre

to interpret results on the basis of predictive reliability
rather than statistical significance. A useful guide for
determining the suitability of a correlation for prediction
purposes was published by Kramer (1951). I{hen the correlatj-on

coefficient between the sensory scores and the instrumental
measurements falls in the range of +0.9 to +1.0, the instru-
mentar test can be used with confidence as a predictor of the

sensory score. When the correlation coefficient lies between

+0.8 and *0.9, the test can be used as a predictor but, with
less confidence. Bourne (1982) extended this concept further
and suggested that when correlations farr between !o.7 and

+0.8, Èhe test, is of marginal use as a predictor and Less than

+O.7, the test is not a good predictor. Thus, perceived

elast,icity, firnness, and chewiness can be predicted from both

cooking loss tests and all rnstron and GRr, measurements except

stickiness determinations. No instrurnental test proved to be

a good predictor of perceived cohesiveness, tooth pack, or

stickiness. High correrations have arso been found between

instrumentar and sensory measurements of firmness (Matsuo and

Irvine, L974; Walsh, L97Li Oh et aI., 1983), instrumental



Table 4.7 Correlation Coefficients
fnstron Ueasurements

Between Sensory
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and

Sensory
Parameter

Instron Measurements
Shear !üork Compress- Relax-
Force to ion ation

Shear

Sticki- Strand
ness Sticki-

NESS

Elasticity

Firmness

Cohesiveness

Chewiness

Tooth Pack

Sensory
Stickiness

0.84

0. 89

-0. 04

0.93

0. 69

0. L1

o.7 4

o.77

0. 13

0.85

o .57

-0. l-4

-0.8L

-0.88

0.51

-0.82

-0.51-

-0.L7

0.84

0.87

-0.40

0.84

0. 56

-0. 00

-0. 60

-0.48

o .67

-0.43

0. 10

0.56

-0.33

-0.34

0. 50

-0.33

0.06

o .23

Tabre 4.8 correration coefficients Between sensory and cRL
I'leasurements

Sensory
Parameter

GRL Measurements
Tender Compress- Recovery
ness ion

cQP Sticki-
NESS

Elasticity

F irmness

Cohesiveness

Chewiness

Tooth Pack

Sensory
Stickiness

-o.92

-0.90

0.33

-o.92

-o .57

0. 09

-0.85

-0.89

o.21

-0.90

-0. 68

-0. 11

0. 85

0.83

-0.36

0.82

0. 60

0. 07

0.84

0.91

-0.28

-0.39

0. 60

0. 04

-0. 6l_

-0.43

0.47

-o.76

0. 09

0.61-
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Tabre 1.9 correration coefficients Betneen sensory and
Cooking Loss t{easurements

Cooking Loss Measurements
Sensory Actual predicted*
Parameter

Elasticity -0.89 -0.87

Firmness -O.7 6 -O.7 4

Cohesiveness 0.40 0.31

Chewiness -O.7 6 -O.7 6

Tooth Pack -0.39 -0.39
Sensory 0.14 0.09
Stickiness
*from iodine absorbance measurement



L39

firmness and chewiness (voisey et â1., 1978a), and instru-
mental cornpression and recovery rates and sensory chewiness

(oh eÈ â1., 1983). The failure to establish a high correlation
between instrurnental and sensory stickiness is not entirery
inconsistent with resurts of other researchers. with the
exception of Feller et al. (1983) who reported a good correra-
tion between sensory and instrumental measures of stickiness
(r=0.98) on studies with rice, other researchers have not been

as successfur. voisey et al. (1979b) had modest success in
correrating manuar and instrumental assessments of spaghetti
stickiness. Boyd and Sherman (1975b) vrere unable to establish
a correration between rnstron and either orar or non-oral
sensory assessments of stickiness for a number of different
foods. Atkins (1989) was also unable to correlate Instron and

tactile assessments of bread dough stickiness but did find a

correlation between compression energy and sensory stickiness.
{.3.6 Prediction of genEory Firmness, Chewiness and

Stickiness

Murtipre regression analysis sras conducted in order to
quantify the rerationship between the sensory and physical
dimensions. Equations to predict the sensory ratings of
firmness, chewiness and stickiness were derived using maximum

R2 and st,epwise procedures. Firmness and chewiness vrere

serected to represent the first, principre cornponent and

stickiness lras setect,ed to represent the second principle
component. components had high roadings for these parameters

and the technique for assessing these parameters v/as
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rerativery sinpre compared to other sensory parameters

identified in each of the two components.

Good predictabirity of sensory firmness was possibre
using a two variable model based on measurements of rnstron
shear force (x1) and compression energy (x3) (Table 4.1_o). The

equation derived from the rnstron combinations was:

Firmness = 7.233 + (O.OL2)X1 (0.023)X3

The nultipre coefficient of determination (R2) for this
equation was 0.88. The R2 is a measure of the amount of
variance in the dependent variabre accounted for by alr the
variabres contributing to the equation (schutz, 1983). Thus,

this moder accounted for ggt of the variation in the sensory

firmness score. onry a smarl improvernent in R2 $/as evident
when three variables vrere included in the equation (Table

4.10) .

sensory chewiness can be predicted from the one variable
rnodel based on the rnstron measurements of shear force (x1)

using the equation:

Chewiness = -1.903 + (0.021)X1

The R2 for this equation was 0.86 (Table 4.11). onry a modest

improvement in R2 was achieved using a two and three variable
model.

Good predicability of sensory firmness and chewiness were

achieved using a one variable model based on GRL measurements.
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Table 1.10 l,tulti¡lle Regression Àaalysis Using R2 and
Stepwise Procedures for predicting perceived
Firm¡ess of Conmercial Spagbetti Samptes from
Instron lfeasurements

Inst,ron Description
Parameter Estimate't

1 variable 2 variable 3 variable

Y

x1
x2
x3
X4
x5
X6

R2

intercept

Shear Force
I{ork to Shear
Compression Energy
Relaxation Time
Stickiness
Strand Stickiness

-3. 059

0.021

7.233

0. 0l_2

-0.023

8.5L6

0. 01"3

-0.021_

-o. 026

0.91_o.79 0. 88

In the stepwise regression procedure no other variabJe
met the 0.15 significance level for entry into the nodel

Table {.11 l,fultiple Regression Analysis Using R2 and
Stepwise Procedures for Predicting perceived
Chewiness of Conmercial spaghetti Sanples from
f nstron l,teagureme¡ts

fnstron Description
Parameter Estimate*

1 variable 2 variable 3 variable

Y

x1
x2
x3
x4
x5
x6

R2

intercept

Shear Force
!{ork to Shear
Compression Energy
Relaxat,ion Time
Stickiness
Strand Stickiness

-1.903

0.021

0.86

0.588

0.020

-0.030

0.90

4.668

0. 017

-0. 010

-o . o27

o.92

In the stepwise regression procedure no other variable
¡net the 0. 15 signif icance level for entry into the rnodel
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Perceived firmness can be predicted from the cep score (x4)

using the equation:

Firmness = 4.L96 + (0. 132)X4

This equation had a R2 of o.g3 (Tabre 4.Lz). only a minor

improvement in R2 was achieved using a two variable moder. The

derived equation for perceived firmness is simirar to the
equation developed by Marshalr (L974) to predict sensory

firmness of spaghetti in that linear conbinations of cRL

tenderness, compression and recovery are used. perceived

chewiness can be predicted from the GRL measurement of
tenderness (X1) using the equation:

Chewiness = 19.873 (0.281)X1

This equation had a R2 of o.B4 (Tabre 4.13). Às with firmness,

onry a modest improvement in R2 was found with two and three
variable models.

Predictability of sensory stickiness was not as success-

ful as firmness and chewiness. perceived stickiness can be

predicted from rnstron measurements of compression energy

(x3), stickiness (x5), and strand stickiness (x6) using the
equation:

Stickiness = 9.676 (0.017)X3 + (O.zs6)X5 (0.044)X6

This equation had a R2 of o.72 (Table 4.r4). Thus, only 722 of
the variability in the rating for sensory stickiness can be

explained by a linear conbination of these rnstron measures.
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I'fultiple Regression Ànalysis Using R2 and
Stepwise Procedures for predicting Þerceived
Firmness of Commercial Spaghetti sánp1es from
GRIJ Ueasurenents

GRL Description
Parameter

1 variable
Estinate*

2 variable

Y

x1
x2
x3
x4
x5

R2

intercept

Tenderness
Compression
Recovery
CQP
Stickiness

4.L97

0.L32

0.83

11. 12 1

-0. 148

0. 075

0.88

met the 0.15 significance rever for entry into the noder

Table 4.13 l,lultiple Regression ãnalysis Using R2 and
Stepwise Procedures for predicting perceived
Chewiuess of Commercial Bpagbetti Sãnples from
GRIJ l,feasurements

GRL Description
Parameter Estimate*

1 variable 2 variable 3 variable

Y

x1
x2
x3
x4
x5

R2

intercept

Tenderness
Compression
Recovery
CQP
Stickiness

18.873

-0.281

0. 84

13.841

-0. 179

0. 053

0.88

13 .699

-o.2L9

0. 053
0. 002

0.91_

net the 0.15 significance level for entry into the model
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Table 1.14 t'lultiple Regression Anatysis Using R2 and
Stepwise Procedures for predicting ÞerceivedStickineEs of Conmercial Spaghetti Sanplesfron fnstron t{easuremeuts

Parameter Estimate*Instron Description 1 variable 2 variable 3 variable

Y intercept,

Xl Shear Force
X2 Work to Shear
X3 Compression Energy
X4 Relaxation Time
X5 Stickiness
X6 Strand Stickíness

R2

4.604

0.130

0.31

7.490

-0. 014

0. 199

0. 59

9.676

-0. 017

o.296
-o . o44

o.72

fn the stepwise regression p
met the 0.15 significance leve1 for entry into the model

Table 4.15 !.fultiple Regression Anatysis Using R2 and
Stepwise Proceðures for predicting ÞerceivedStickiness of Conmercial spaghetli sanples
from GRL l.feasurements

GRL Description 1 variable 2 variable

Y
x1
x2
x3
x4
x5

R2

intercept
Tenderness
Compression
Recovery
CQP
Stickiness

4.249

0. 003

o.37

2.435

0.020

0. 004

0. 55

n the stepw regresslon proc ure no other ablevar
themet the 0.15 significance level for entry into nodel
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Prediction of perceived stickiness using GRL measurements was

achieved using measurement of recovery (x3) and stickiness
(X5) using the equation:

Stickiness = 2.435 + (O.O2O)X3 + (O.OO4)X5

This equation however, onry had a R2 of o.ss (Table 4.15).
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1.1 CONCITUSfON8

A texture profile panel identified seven texturar
paraneters important in the assessment of cooked spaghetti
quarity. with the exception of adhesiveness to rips, panelists
were able to perceive differences between brands of commercial

spaghetti. Differences between optinally cooked and overcooked

spaghetti lrere also perceived by the judges in firmness,
chewiness, elasticity, stickiness and tooth pack.

rnstrumental measurements of firmness, compressibirity,
erasticity and stickiness were made using the rnstron and the
GRL tenderness apparatus and compression tester. cooking loss
was also determined using two methods. Significant differences
among brands were found for arr physicat tests and between

cooking times for all physicar tests except rnstron strand
st,ickiness.

The predictive reliability of correlation coefficients
between sensory and physicar measurements vras explored.
severar physicar tests were found to have predictive
reliability for est,imating sensory ratings for firmness,
chewiness, and elasticity. None of the physicaJ- tests on their
ov¡n was a reliable predictor of sensory ratings of
cohesiveness, stickiness, or tooth pack.

Principle component analysis hras used to reduce the
number of sensory at,tributes into a smarler set of components

that, accounted for the greatest amount of variance. Two

components h¡ere extracted which accounted for 81.79 of the
variance among the sanples. Firmness and chewiness nere chosen
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Èo represent the first component and stickiness v/as chosen to
represent the second component. Equations to predict these
three attributes from instrurnental measurements were derived
using nultiple regression analysis. Good predictabirity !/as

found for sensory firmness using either rnstron shear force
and compression energy or GRf, cep score. Good predictabirity
vras also found for perceived chewiness using either rnstron
shear force or GRL tenderness index. predictabirity of sensory

stickiness stas derived from Instron measures of compression

energy, stickiness, and strand stickiness and from cRL

measures of recovery and stickiness. These equations had lower
coefficient of determinations however, than those obtained for
equations for perceived firmness and chewiness. Nevertheless,
a relationship was established between sensory stickiness and

instrumental measures of texture.
this study has varidated instrumental measures of

estinating perceived sensory quality of cooked spaghetti.
clearly, rnuch work rernains to refine instrumentar procedures

of estimating perceived stÍckiness. sinprer and more accurate
methods are required.
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CEÀPTER 5

TEXTURAL OPTIMIZATION OF SPÀGHETTI USING RESPONSE SURFACE
METHODOLOGY: EFFECTS OF PROTEIN LEVEL ÀND DRYING TEMPERATURE

5.1 TNTRODUCTION

The basis of a good cooking quarity durum wheat is one in
which the protein forms an insoluble network entrapping
sworlen and gelatinízed starch granures (Feir1et, 1994). This
prevents spaghetti surface disruption and consequent leaching
of carbohydrates and proteins into the cooking water. Both

protein quantity and qualiÈy are considered to be important
factors influencing pasta cooking quality.

Matveef (1966) has shown that a durum wheat protein
content above 13t. yields a satisfactory final product whereas

a protein content lower than l1t gave a poor product.

spaghetti cooking quality has been shown to irnprove as protein
content increases (Matsuo et â1., lgTz; Dexter and Matsuo,

L977; Grzybowski and Donnelly, L979; Autran et aI., 1986).

Protein quarity, as measured by gruten propert,ies has also
been shown to influence the cooking quality of spaghetti
(Matveef, L966; Sheu et ôf., L967; Matsuo and lrvine, t97O¡

Mat,suo et ar., L972r' Dexter and Matsuo, Lg77¡ Grzybowski and

Donnelly, L979) . Feillet et, al. (L977 ) dernonstrated that
strong gluten varieties with high elastic recovery, exhibit
good cooking quality while weak gruten varieties with low

elastic recovery have poorer quality.

Recent innovations in pasta drying technorogy have

resulted in the use of hiqh temperature (HT) and very hiqh



L49

temperature (VHT) drying lines. HT drying refers to
temperatures beÈween 600 and 90o c (Manser, 19go) whereas vHT

drying refers to temperatures greater than 9Oo C. Low

temperature (LT) or conventionar drying refers to the use of
temperatures no higher than 60o c (Dalbon and oehrer, j-983).

Reported benefits of HT/VHT drying incrude: reduced drying
times, irnproved microbiological quality and enhanced cooking

quality. Àccording to Manser (1980) pasta dried under high

temperatures are firmer and ress sticky. HT can be applied at
the start of the drying cycle or forrowing initiar pre-drying
using LT conditions. The first method has not proven effective
in enhancing pasta cooking quality (Dexter et aI., 1981a; Taha

and sagi, 1988). Manser (1980) has specurated that the poorer

cooking quality of spaghetti dried initialry at HT rnay be due

to premature denaturation of gruten and possibry some starch
gelatinization. The second method appears to yierd pasta with
improved cooking quality (Manser, 19BO; Dexter et aI., 1981b

and 1984; I{yland and DtÀppolonia, tgBZ). Resmini and pagani

(1983) and Abecassis et al. (1989) have reported that the best

cooking quality is achieved with a drying cycle that applies

HT after first achieving a row moisture content using LT

drying conditions. The ability to produce pasta with good

cooking quarity by the use of HT drying has caused a number of
workers to question the need for using high quality rahr

materials in the product,ion of pasta. That is, it, may be

possible to produce pasta with good cooking quality ut,iJ.izing

lower protein durum wheat. Studies by Dexter et al. (1991b and
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1983b) provide some evidence to support, this suggestion.

cooking losses of row protein semorina nere greatry reduced

with HT drying compared to high protein semolina (Dexter et
aI. 198Lb) although this was less obvious in a rater study by

the same authors (Dexter et â1., 1983b). Examination of
stickiness data revealed onry one of the two varieties of
durum tested at, both a high and low protein content had

improved surface characteristics when processed at HT. The

other variety showed no improvement at either protein leve1

when processed at HT. Recovery onry improved at HT for the

higher protein samples and firmness actually decreased for the

low protein samples processed at HT. clearly, more work needs

to be done to assess the rerationship of spaghetti drying
temperature and senolina protein level on the cooking quality
of spaghetti. rt wourd be of great interest to determine which

combínations of drying ternperatures and protein levels yierd
optimum spaghetti. Thus, the objectives of this study were:

1. To examine the effects of spaghetti drying temperature

and durum semolina protein levers on cooked spaghetti
quality characteristics.

2. To explore the relationship between spaghetti drying

temperature and durum semorina protein revel on cooking

quality of optirnally cooked and overcooked spaghetti

using response surface methodology.



3. To generate contour

to determine which

and protein levels
quality.

151

plots from the fitted models in order

conbinations of drying temperatures

yield spaghetti with optinum cooking
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5.2 I.ÍATERIAI,S ÀND I{ETEODS

5.2.L Se1ection and Analysis of Plant t{aterial
Harvest survey samples of durum wheat from the 1988 crop,

qualifying for No. 1 CWAD (Canadian Western Amber Dururn)

grade, were screened initially for protein content using near-

infrared reflectance (NIR) spectroscopy (Automated Digital
Ana1yzer, Neotec, Silver Springs, MD). Based on these

findings, samples rrJere segregated into seven protein levels

ranging from L2 to 18t. The composite samples were then

analyzed for protein content by the standard Kjeldahl method

as modified by !{illians (L973) for confirmation. To ensure

composite samples had similar varietal composition, 1OO

kernels of each samples were examined by acidic polyacrylarnide

geI electrophoresis following the method of Tkachuk and

MeIIish (le80).

Ash content of wheat samples were determined using 4 g

samples. Sanples were placed in silica dishes and incinerated

overnight at 600o C. After cooling, the dishes and ash v/ere

weighed, the ash brushed out, the dishes reweighed, and the

weight of ash determined by difference.

ÀIpha-amylase levels in the wheat v¡ere examined to
deter¡nine the presence of sprout damage. High amylotytic

activity in spaghetti has been shown to increase the amount of

residue in the cooking water, increase the l-evel of reducing

sugars in both semolina and spaghett,i and has a tendency to
give a slightly softer cooked spaghetti (Matsuo et aÌ.,
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andl-982b) . Levels vrere determined using the nethod of Kruger

Tipples (1e81).

Gruten strength was estimated in dupricate by the sodium

dodecyl sulfate (sDs) sedimentation test as described by

Äxford et ar. (L979) | except that a 3t sorution of sDS was

used.

Determinations of protein, ash, alpha-amyrase and sDS

sedimentation values vtere performed in duplicate on the seven

wheat samples.

5.2.2 MiIIing and Assessnent of Bemolina euality
I'lheat samples lrere cleaned, scoured and tempered

overnight to 16.58 moisture. The nillroom was controlred for
temperature (22' c) and humidity (RH 60å). samples were nilted
using a modified Àlris-charmers procedure as described by

Matsuo and Dexter (1980). semolina yields of 6sz were

obtained.

semorina protein and ash content were determined in
duplicate as previousry described. I{et gruten content of
senorina samples hras deternined in dupricate using the
Glutomatic system according to rcc standard Method No. r37

(1e82).

5.2.3 Spaghetti Processing and Drying

spaghetti eras processed by the nicro spaghetti-making
procedure of Matsuo et al. (L972). sampres were dried using

five ternperature conditions (40o, 60o, 7Oo, gOo, 90. C) modelled

after commerciar drying cycles. A nodified Blue M FR-391c

environment chamber (BIue M Electric Co., BLue fsland, fL) as
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described by Dexter et aL. (1981b) was used for drying the
spaghetti.

5.2.1 Experimental Design

The experimental design selected hras a two way treatment

structure (protein level and drying temperature) in a

randomized complete block design with replications serving as

the blocks. Tno processing reprications nere cornpleted.

5.2.5 AsEessment of Cooked SBagbetti euatity
spaghetti sampres were cooked to optimurn (defined as the

time when the centre core disappears) and to optimum plus l-o

minutes (a measurement of torerance to overcooking) in
prepared water as described in Chapter Z.

Predicted cooking loss values hrere determined from iodine
absorbance values measured at 650 nm forrowing the method

developed by Matsuo et ar. (1990). Absorbance varues v/ere

determined in dupricate for a totar of four deterrninations.

Firmness, compressibility, elasticity, and strand

stickiness were neasured using the rnstron following the
procedures described in chapters 3 and 4 except sr units of
measurement were used. Thus, a compression force of g N was

used for compression and relaxation studies and a compression

force of 0.5 N was used for studies on strand stickiness. Due

to sample size rimitations, both measurements of rnstron
stickiness courd not be performed. rt was decided to pursue

the roethod of strand stickiness even though it showed ress

predictive abirity than the other stickiness test. rt was fert
that this method may have merit as a technique for assessing
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strand stickiness and rather than abandon it at this juncture

we wished to work with the method further. Dupricate

measurements of two subsamples per replication were completed

for firmness, compression and rel-axation for a totar of eight
determinations. Duplicate measurements per reprication \,vere

completed for strand stickiness for a total of four
determinations.

Thirty-five treatment combinations (7 protein levels x 5

drying temperatures) were processed and evaluated in each

replicat,ion for a total of 7 O samples. Because this v/as

excessive in terms of the number of samples to cook, only l_5

treatment combinations \^/ere subnritted to overcooking using the

following selection procedure:

*

*900

*900

*7 00 *
P7P1

*600

*4 00

* sampl-e selected for overcooking

Thus, 70 samples vJere cooked to optÍmurn and 30 hrere over-

cooked.

5.2.6 Statistieal Analysis of Data

Analysis of variance v/as performed on the optirnalty

cooked data to determine the significant effects of protein

level and drying temperature on physical measurements (SAS,

P6

*

P5

*

P4P3

*

P2

*
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1988). Means of all deterninations within a cooking

replication vrere analyzed since the effects of possible

differences in sub-sampling was not of interest. Protein leve1

and drying temperature were considered to be fixed effects and

replications to be a random effect. Duncanrs multipte range

test Lras used to determine significant differences among

protein levels and among drying temperatures.

Optinally cooked and overcooked data vrere analyzed using

the RSEG procedure of Statistical Analysis System (SAS, 1988)

to fit, second order polynomial equations to all response

variables. Lack of fit tests were performed on the fitted
models. Coefficients for the linear, quadratic, and

interaction terms of each polynomial vrere calcuLated and

tested for difference from zero. Response surface two-

dinensional and three-dimensional contour plots were generated

from the fitted models using the GCONTOIJR and G3D procedures

(sÀs, 1988).
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5.3 RESUIJTS À!¡D DISCUSSION

5.3.1 lfbeat and Semolina Cbaracteristics

Wheat and semolina characteristics are provided in Tab1e

5.1. Wheat protein levels ranged from 11.8 19.38 with
semolina protein levels ranging from LO.7 1-7.3*. According

to lrvine (197L)t semolina with protein levels of 11.5 to
13.0å process with little difficulty and can be expected to
give satisfactory results. Lower protein semolinas can produce

pasta with poor mechanical strength in the dried product and

lower cooking stability and cooked firmness (Grzybowski and

Donne1ly, 1979). Too high a protein levels may result in
products that stretch excessively upon extrusion (Irvine,
r97L\ .

Ash leve1s for wheat ranged from L.52 to 1.8* and for
semolina from O.62 to 0.78å (Tab1e 5.1). Ash levels in
commercial durum semolina (of about, 65t extract,ion rate)

generally range from 0.55 to O.752 (148 moisture basis)

(frvine, L|TL). Thus, the ash levels of the semoÌina samples

used in this study, conform with reported ash levels in
commercial durum semolina.

Alpha-anylase levels ranged from 1.9 to 11.9 mg

nalt/rnin/gm x 1o-3 indicating low amylolytic activity. The

levels exhibited normal variation and were not considered a

factor in the differences in cooking quality observed between

the sarnples.
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Not surprising, sDS sedimentation varues (a measure of
wheat gÌuten strength) and wet gluten content increased with
increasing protein revels. Thus, âs protein rever increased,
gluten strength increased and higher levers of gluten were

found. Gluten properties have been identified as an essential-

factor of cooking quarity (Matveef , 1-966¡ sheu et ar., L967;

Matsuo and rrvine, L97o). Dexter and Matsuo (t977 ) reported
that gluten characteristics irnproved with increasing protein
content. Matsuo et aI. (t-982a) v/ere unable to confirm that
protein content significantry affected gluten quaJ-ity.

similarly, Autran et a1. (i-986) found gruten characteristics
hrere independent of protein content. Resurts of this study

clearry show a rerationship between protein content and gluten
characteristics as measured by sDS sedimentation and wet

gluten content.

varietal cornposition of the seven cornposite samples is
provided in Table 5.2. rn particular, v¡e v/ere concerned about

the leveL of wascana in the samples since this variety has

been shown to contain gliadin band 42 associated with weak

gluten. A range of 1-1--l-9å Wascana hras found which was not

considered a large enough difference to influence Èhe results.
All other durum varieties identified in the samples contained

gliadin band 45 associated with strong gluten. Thus, it was

felt that the observed differences in varietal composition

were not a factor in the results obtained.
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5.3.2 Drying Cyc1es

Drying temperature and spaghetti moisture profiles for
each of the five drying cycles are provided in Figures 5.1--

5.5. Compared to the conventional low temperature (4Oo C)

drying cycle (Figure 5.1), all of the high temperature cycles

(Figures 5.2-5.5) resulted in more rapid loss of moisture from

the spaghetti during the earlier stages of drying. The

moisture content of the spaghetti at the end of each cycle was

about 12å, but upon equilibration at room conditions moisture

decreased to about 92.

fn the 40o C drying cycle (Figure 5.1), spaghetti was

dried over a L6 hour period with a controlled decrease in
relative hunidity. Temperature was maintained at 40o C for the

entire L6 hour period, before equilibration to room

conditions.

The 60o and 70o C cycles (Figures 5.2 and 5.3), featured

an initial 10 hour exposure to the high temperature fol-lowed

by a decrease in temperature to 4Oo C where it was held for 6

hours before equilibration to room conditions. The 80o and

90o C cycles (Figures 5.4 and 5.5), featured a short initial

exposure to the high temperature followed by a decrease in
temperature to 7Oo C where it was hel-d for several hours. This

v/as followed by a decrease in temperature to 4Oo C and

stabilization.
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5.3.3 Quality of Optinally Cooked Bpaghetti

Firmness, compression energy, relaxation time, cooking

Ioss and strand stickiness etere significantly affected by both

protein content, and drying temperature (Tabre 5.3). arthough

surface stickiness was only significantly affected by drying
temperature at p<0.06. rnterestingly, no significant drying
temperature by protein leve1 interactions vrere observed for
any of the quality parameters measured.

Spaghetti dried at 7oo c v/as firmer than spaghetti dried
at 4oo and 80" (Figure 5.64). spaghetti firmness also increased

with increasing protein revel. All protein levels were

significantry different from each other with the exception of
the samples prepared from semolina containing ]-3.7 and ]-4.gz

protein and samples prepared from semolina containing 13. o and

t3.72 protein.

AIl samples except spaghetti dried to 9Oo C had

significantry lower compression energy (indicating higher
quality) than spaghetti dried to 4Oo C (Figure 5.68).

spaghetti dried to 7o" c also had significantry lower

compression energy values than spaghetti dried to 9Oo C.

compression energy arso decreased with increasing protein.
AJ-r protein levers had significantry lower compression energy

varues than spaghetti made from ro.7z semorina protein. As

well, spaghetti made from the four highest protein revels had

lower compression energy values than samples made from

semolina containing L2.1 and 13. Ot protein. Lastly, spaghetti
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Table 5.3 Summary of Analysis

Variable Source df

of Variance

Mean Square F value

Firmness
(Shear
Force)

Compression
Energy

Relaxation
Time

Predicted
Cooking
Loss

Surface
Stickiness

Replication
D.Temp. (DT)
Protein Leve1
(PL)
DT:bPL
Error

Replication
D.Temp. (DT)
Protein Level
(PL)
DT'tPL
Error

Replication
D.Tenp. (DT)
Protein Level
(PL)
DTITPL
Error

Replication
D.Tenp. (DT)
Protein Level
(PL)
DT*PL
Error

Replication
D.Tenp. (DT)
Protein Level
(PL)
DT*PL
Error

1. 519
1.034

L3.886

o.327
0. 388

0. 003
0. 088
o.449

0. 019
0. 0r.5

65. 089
849 .467

33 .607

t6.207
71,. O27

o.223
o. 519
L.822

o. 057
0. 051

35 .7 L4
s0408.57L
56136.191

15101 .07L
L957 6.891

3.92
2.67c

35 .82a

0.84

o .20
5.77a

29.33a

L.22

5.90c
77.O3a

3 .05c

t.47

4.34c-
10.08a
35.40a

1. 10

0. 00
2.57d
2.87c

o.77

1
4
6

24
34

1
4
6

24
34

1
4
6

24
34

1
4
6

24
34

1
4
6

24
34

a
b

d

significant at p<0.001
significant, at p<0.01
significant, at p<0.05
significant at p<0.06
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made from the two highest protein levels also had signifi-
cantly lower compression values than samples made from ].3.7

and L4.92 protein.

Significantly higher relaxation times were found with the

spaghetti dried at higher temperatures (Figure 5.6C).

Spaghetti dried at 7Oo, 8Oo, and 9Oo C had higher relaxation
tirnes (in-dicating greater elasticity) than spaghetti dried at
40o and 60o C. The spaghetti dried at 60o C also had greater

elasticity than the spaghetti cooked to 4Oo C. Spaghetti made

from semolina containing L4.9 and 17 .32 protein rÁras more

elastic than spaghetti made from semolina containing LO.7Z

protein.

Strand stickiness tended to decrease with increasing

drying temperature (Figure 5.74). Spaghetti dried at 40o C was

stickier than spaghetti dried to BOo and 9Oo C. Strand

stickiness arso tended to decrease with increasing protein

level. Spaghetti rnade from semolina containing L6.2 and t-7.3?

protein had l-ower strand stickiness than spaghetti made from

LO.7 and 13.0å protein. Spaghetti made with 1-6.2å protein v/as

also less sticky than spaghetti made from 1-2.L and 1,4.92

protein.

Lower cooking losses v/ere found for spaghetti dried at
70o and 80" C compared to the other drying temperatures (Figure

5.78). However spaghetti dried at 9Oo C had the highest

cooking losses of all drying cycles for all protein levels

except L4 and 1,62. Cooking Losses also decreased with

increasing protein levels. All protein Ievels v/ere
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significantry different from each other with the exception of
the sampres made from L3.7 and 14.9* protein and sampres made

from L2.L and 13.0t protein.

Thus, this study confirmed that spaghetti cooking quality
as measured by rnstron firmness, compression enerçJy,

reraxation tine, strand stickiness, and predicted cooking ross

was found to improve with higher protein revers. Matveef

(Lg66) showed that a wheat protein content above 13g yielded
a satisfactory product whil-e protein content rower than 1LE

gave a very poor product. The lowest wheat protei-n level used

in this study was L2z. spaghetti firmness, elasticity and

surface characteristics have been shown to improve with
increasing protein content (Matsuo et â1., Lg72; Dexter and

Matsuo, L977 ¡ Grzybowski and Donnel1y, LgTg; Autran et
â1.,1986). With higher protein leve1s the greater is the
chance for proteins to interact to form an insoluble network

due to the presence of higher number of porypeptide chains

(Feillet, 1984).

In this study, a drying ternperature of 70" C signifi-
cantly improved spaghetti cooking quatity compared to 40 and

60' c. However, drying temperatures greater than 70" c did
not appear to improve spaghetti cooking quality. sirnirar
findings have been reported by other researchers. I{yland and

DtAppolonia (1982) found spaghetti dried at 60o, 7Oo, and gOo

C were firmer than spaghetti dried at 4Oo Ct but no

differences in spaghetti firmness vrere observed among the

three high drying temperatures. Dexter et al. (Lgg4-) only
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found significantly lower cooking rosses for spaghetti dried
at 7oo c compared to spaghetti dried at 39o c. No further
reduction in cooking loss was observed with spaghetti dried at
80o and 85o c. Àbecassis et a1. (1984) found color and cooking

quality $rere superior with spaghetti dried at 70" and 9oo c

compared to 37o c but improvements in quality between 7oo and

90o c lrere slight. seibel et aI. (1995) arso reported marginal

differences in cooking quarity between spaghetti dried at 50o

and 75" c. studies by Manser (1993) led him to conclude that
a tempera-ture of 680 c was optimum. The only parameter that
may be influenced by drying temperatures greater than 7oo c is
stick-iness. rn this study, stickiness decreased with higher
drying temperatures confirming findings by Dexter et ar.
(1e84).

5.3.4 Response Surface Analysis

fn order to gain a better understanding of the
rerationship between protein rever and drying temperature and

theír effects on cooked spaghetti quarity, response surface

nethodology (RsM) e¡as a appried to the data corrected on

optirnally cooked and overcooked spaghetti.

The anarysis of variance for the two response variables
(drying temperature and protein leveI) for the quality
parameters of firmness, compression energy, relaxation time,

strand stickiness and cooking loss for optirnarry cooked and

overcooked spaghetti are presented in Tables s.4 and 5.5

respectively. several criteria can be used to evaluate the

adequacy of the fitted model. A test for lack of fit can be



Table 5.4 ÀIIOVA For
Paraneters

Variable Source

Evaluation
For Optinally

df Surn

L72

of l-lodels For guality
Cooked spaghetti

of Squares F value

(Shear
Force)

Firmness ModeL
Residual
Lack of Fit
Pure Error

84.7 49
25.24L
10.536
L4.705

o.77
8.3
o. 0001

42 .977 a

0.865

5
64
29
35

(3)
R2
Coefficient of Variation
Model Significance

Compression Model
Energy Residual

Lack of Fit
Pure Error

5
64
29
35

2.973
L. 046
0.523
o .523

o.7 4
5.9
0. 0001

36.390a

L.205

R2

Coefficient of Variation (å)
Model Significance

Relaxation
Time Residual

Lack of Fit
Pure Error

277 4.937
1653.553
1,2L3.538
440.016

2L.481-a

3.329a

5
64
29
35

R2

Coefficient of Variation (t)
Model Significance

0. 63
]-5.2
0. 0001

Strand Mode1

Lack of Fit
Pure Error

45503 1. 0
1111496.0

445846. O

665650. 0

o.29
L7.L

0. 0004

5.24Oa

0.808

5
64
29
35

Stickiness Residual

R2
Coefficient of Variation (*)
Model Significance

Cooking
Loss

Predicted ModeI
Residual
Lack of Fit
Pure Error

LL.454
4.882
2.909
L.973

0.70
4.9
o. ooo].

30.034a

1.780

5
64
29
35

R2
Coefficient of Variation (å)
Mode1 Significance

a significant at p<0.001
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Tabre 5.5 À¡IovA For Evaluation of üoders For euality
Parameters For Overcooked Bpaghetti

Variable Source df Sum of Squares F value

Firmness Model 5 8.430 18.363a
(Shear Residual 24 2.204
Force) Lack of Fit 9 0.280 0.243

Pure Error 15 L.924

R2 o.7g
Coefficient of Variation (å) 5.4
Model Significance o. 0001

Compression Model 5 0. 600 l-6.489a
Energy Residual 24 0.175

Lack of Fit 9 0.021 0.230
Pure Error 15 0.153

R2 o.78
Coefficient of Variation (S) 2.9
Model- Significance 0.0001

Relaxat,ion Model 5 57 5 .6L6 L5 .77 Oa
Tirne Residual 24 L7í.ZO7

Lack of Fit 9 100.115 2.222
Pure Error 15 75.094

R2 o.77
Coefficient of Variation (8) LO.7
Mode1 Significance O.OOO1

Strand Model 5 427099.0 1.848
Stickiness Residual 24 1109331. O

lff:;:,:i' 13 åii33å:3 r'073

R2 o.2g
Coefficient of Variation (å) Z2.s
Model Significance 0. 1414

Cooking ResiduaÌ 24 2.462
Predicted Model

Loss

R2 o. g3
Coefficient of Variation (8) 4.5
Model Significance

5 ]-]-.944 23 .287a

Lack of Fit 9 1.306 L.BB3
Pure Error 15 1.156

a significant at, p<0.001

0. 0001
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used whereby a low F value indicates that the second-order

model- is an adequate approximation to the data (Morgan et aI.,
1989). Joglekar and May (a997 ) suggest that R2 values, CV

varues and moder signi-ficance be used to judge the adequacy

of the moder. R-square value is the proportion of variation in
the response attributed to the model rather than to random

error (Khuri and cornelr, L987), cV varue describes the amount

of variation in a popuration relative to the mean, and model

significance indicates the lever of confidence that the

selected moder cannot be due to experimentaÌ error. Thus,

according to these authors, for good fit of a model, R2 values

should be at least 8oz, cv values shourd not exceed 7-oeo and

model significance should be at l-east p<0.05. The use of a R2

varue of 80å appeared to be excessively high for a preliminary
study of this nature (Balshaw, L99O) , so a value of 602 \,r'as

used instead of the 80? suggested by Joglekar and May (j_997).

The models deveLoped for the quality parameters of firm-
ness, compression, and cooking loss for optimally cooked and

overcooked spaghetti and for relaxation time for overcooked

spaghetti were considered highly adequate since they possessed

no significant lack of fit and had satisfactory revers of R2,

CV and model significance (Tables 5.4 and Table 5.5).
The predictive model for relaxation time for optimally

cooked spaghetti v¡as less predictive since the cv varue was

slightly higher than 10å and showed a significant lack of fit
(Tab1e 5.4). A better estirnate of the second-order model can
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be obtained using the experimental error mean square rather

than the residual mean square to calculate estimated variance

of individual coefficients (Gacula and Singh, L984) . This

however was beyond the capability of the statistical program

utilized in this study. Nevertheless, satisfactory level-s of

model significance and R2 value were obtained for this
pararneter suggesting that the predictive model merits

examination.

Mode1s developed for strand stickiness v/ere judged to be

inadequate due to very low R2 val-ues, and high CV values

suggesting high variability rather than model inadequacy since

lack of fit tests \^/ere not significant. Test procedures, or

variability among the spaghetti strands themselves, couLd

account for the observed variability. The selected model- for
overcooked spaghetti was also not significant for this
parameter (Table 5.5).

The regression coefficients for the fitted models for all
quality parameters except strand stickiness are presented in

Table 5.6. Values for strand stickiness are not provided since

models vlere judged inadequate. The regression coef f icients

represent the unit change in the dependent variable (Yi) per

unit change in the independent variable (Xi), whil-e all other

regressors remain constant (Vüonnacott and Wonnacott, L982).

The sign preceding the coefficient indicates the direction in

which to change the variables to improve the response. The

size of the coefficients denotes the relative importance of
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Table 5.6 Values of the Regression Coefficients of the second
Order Polynonials*

Optinally Cooked Spaghetti
Firmness Compress- Relax-Coeff-

icient lon ation
Predicted
Cooking
Loss

bo 1.91-36

Linear
br 0 . 0891-
b2 -0.t974

Quadratic
bu -0. 0004
bzz 0.0286 -0.

Int,eraction
bzt -0. 0017

Coeff-
icient

003 6 -0.0576

o. 0006 -0.0009

LL.2845

-o .0417
-o.4L44

0.0004
0.0096

-0. 0009

4.3726

-0.0388
-0.0265

o. 0002

-35.0065

L. 0589
2 .47 44

-0. 0054

Overcooked Spaghetti
Firmness Compress-

ion
Relax- Predicted
ation Cooking

Loss

bo ]-3.L6t7

Linear
br -0.0848
b2 -1.0041

Quadratic
0. 0003
0.0345

2.943i,

-o . 0329
o.2448

0. 0001
-o . oL27

0.0008

-1. L480

o.96L7
-3.9990

-0. 001_2
0.2883

-0.0384

4r.8547

-o.377t
-2.4828

0. 0004
0 .0237

o . 0204

brt
bzz

Interacti-on
br, o. oo40

* Y, : bo + blxl + brX, + bllxl¿ + b22X2¿ + bnKrxz
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the independent variable to the prediction of the dependent

variable.

fn order to visualize the combined effects of the two

independent variables on the dependent responses of quality,

two-dimensional and three-dimensional contour plots were

generated for each of the fitted models.

The contour plots for firmness of optinalJ-y cooked

spaghetti are presented in Figure 5.8. Firmness was affected

mainly by protein leve1 and to a small degree by drying

temperature. Spaghetti firmness increased with increasing

semolina protein leve1 and to a modest extent by higher drying

temperatures. The area of maximum response v/as defined by the

highest protein level and drying temperatures greater than 55o

c. Sirnilar f indings v¡ere observed f or spaghetti that v/as

overcooked (Figure 5.9). The region of optinized response \¡/as

Iocalized in the corner defined by high levels of protein and

high drying temperatures.

Figures 5.10 and 5.11 are contour plots of cornpression

energy as a function of protein level and drying temperature

for optinally cooked and overcooked spaghetti respectively.

Similar to firmness, lower compression energy values

(indicating superior cooking quality) $¡ere achieved in the

direction of higher protein levels and higher drying

temperatures. For optinally cooked spaghetti the area of

minirnal response was achieved at the highest protein leve1 and

drying temperatures greater than 55o c. The region of
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opt,imized response for overcooked spaghetti was defined by the

highest drying temperature and protein level.
Response surface plots for relaxation time of optimally

cooked and overcooked spaghetti are presented in Figures 5.I2

and 5.13. For both cooking times, a greater change in the

surface contour is observed along the drying temperature axis

than the protein leve1 axis. Relaxation tirne increased with

higher drying temperature. The area of maximurn response for
both cooking times is defined by the highest drying

temperatures and to a lesser extent by the higher protein

Ieve1s.

Contour plots for cooking loss values for optimally

cooked spaghetti showed that cooking loss was less sensitive

to changes in drying temperature than to changes in protein

level (Figure 5.14). The area of optimum response for cooking

Ioss was defined by the highest protein level and drying qemp-

eratures between 58o and 85o C. Response surface plots for

overcooked spaghetti (Figure 5.15) show that cooking loss

decreases in the direction of high drying temperature and to

a lesser extent with protein level, although protein level

exerts a greater effect on cooking loss values at low drying

temperatures. The region of optimum response for cooking loss

of overcooked spaghetti was localized in two areas. The first

area was defined by the highest drying ternperature and a wíde

range of protein levels. The second area of optirnized response

was unexpected as it hras defined by the lowest drying

tenperature and a high protein Ieve1.
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Thus, the predicted optirnurn responses f or spaghetti

firmness, compressibility, elasticity and cooking loss vrere

generally produced with a combination of high protein levels
and high drying temperatures, although in most cases,

spaghet,ti quality was prinarily affected by protein leveI and

to a smaller extent by drying temperature. Values for
commercial dururn spaghetti samples are presented in Table 5.7.

Experimental spaghetti samples generally net or exceeded these

values for durum spaghetti. The only exception to this was for
relaxation time for boÈh optimally cooked and overcooked

spaghetti and cooking loss for overcooked spaghetti.

Individual two-dimensional contour plot,s for these responses

h/ere superimposed in order to locate drying temperatures and

protein levels which met commercial durum spaghetti standards

for these responses. The resulting multiple contour plot is
provided in Figure 5.16. The shaded area represents the region

where the quality of these quality characteristics are equal

to or exceed commercial durum spaghetti linits for these

parameters. Drying temperatures rnust exceed 60o C in order to

achieve spaghetti with satisfactory quality as measured by the

parameters tested in this study. At a protein leve1 of 11-8, a

drying t,emperature greater than 60o C is required. At protein

levels between t2 and 138, a drying temperature of at least

55o is required whereas, at protein levels greater than LAZ,

a drying temperature greater than 5Oo C is recommended. Thus,

as the level of durum protein increased, drying temperature

hlas not as critical to the final quality of the cooked

spaghetti.
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Table 5.7 Cooking guality lleasurements of Conmercial Duru¡n
spagbetti

Quality Parameter Commercial Range
Optimally Overcooked

Cooked

Firmness (N) 4.7-5.7 3 .3-4.6

Compression 2.0-2.4 2.7-3.4
Energy (N. mm)

Relaxation Time (sec) 25-45 LS-24

Cooking Loss (8) 5.5-6.4 7.3-9.6
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5.{ CONCLUSIONS

cooking quality of spaghetti was significantly affected
by both semolina protein level and spaghetti drying
temperature. Quarity increased as protein level increased.

spaghetti quality did not appear to be greatry improved when

temperatures greater than 70" c were util-ized, although the

data revealed a possible reduction in strand stickiness with
higher drying ternperatures.

Response surface methodology was successfully used to
clarify relationships between protein level and drying

temperature and their effects on cooked spaghetti quality.
Contour plots vlere generated frorn fitted regression equations

for firmness, compression, elasticity and cooking 1oss. plots

for firmness and compressibility revealed that these responses

hrere prinariry affected by protein levet whereas plots for
relaxation time showed that this response was primarily
affect,ed by drying temperature. Cooking loss values for
optirnarry cooked spaghetti was rnainly influenced by protein

level whereas, overcooked spaghetti appeared to be equalty

influenced by both variables.

Predicted responses for experimental spaghetti met or

exceeded commercial dururn spaghetti samples except for relax-
ation tine and cooking loss. In order to meet the commercial-

standards for durum spaghetti for these parameters, drying

temperatures greater than 60o C are required for Iow protein

levels. As protein level increased, Iower drying temperatures

are indicated such that, ât protein levels greater than I4Z,
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a drying temperature of 50o C was satisfactory. However, the

results of this study also indicate that if a higher quality
spaghetti is desired, the use of high protein durum combj-ned

with high drying ternperatures should be utilized.
Thus, the results of this study suggest, that high

quality ra$¡ material is still required to produce an optimurn

quality spaghetti, even when high drying ternperatures are to
be utilized. Adeguate cooking quality was achieved using

drying temperatures greater than 60o C across alt protein

levels. Spaghetti with cooking quality that exceeds the

minimum quality of the commercial durum samples can be

achieved using high protein levels and drying temperatures

greater than 600 C. This study vlas carried out under

laboratory drying conditions making it difficult to predict
what results may be achieved under commercial drying

operations. Therefore, future research should be undertaken in
order to document the role of high temperature drying and

semolina protein levels under commercial plant conditions.

Drying temperatures great,er than 9Oo C should also be

examined, since very high temperature (VHT) drying lines have

recently been introduced t,o pasta manufacturers.
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CEAPTER 6

OPTTMIZ.A,TION OF SPAGHETTI QUALITY USING RESPONSE SURFACE
METHODOLOGY: EFFECTS OF DRYTNG TEMPERATURE AND BLENDING HÀRD

RED SPRING FARINA T^TTTH DURUM SEMOLTNÀ

6.1 INTRODT'CTION

Durum wheat is considered the best raw materiar for pasta

production. fn some European countries, notably lta1y and

France, pasta must be made from durum semolina. In other

countries, the USA and Canada j-ncl-uded, the use of non-durum

wheats is permitted and fluctuates depending on the avail-
ability and price of durum semolina (Dexter et âI., 1981_c).

Therefore, it is of interest to deternine the effect of farina
blending on the cooking quality of spaghetti.

Sheu et aI. (L967) reported that pasta made from hard red

spring (HRs) farina had lower cooking losses and cooked weight

and was firmer than spaghetti made from durum semolina. This

was confirmed by Mousa et a1. (1983) using spaghetti made with
durum semorina and with HRS and hard red winter (HRw) farina.
Both HRs and HRt{ spaghetti were firmer and had rower cooked

weight and cooking ross values than spaghetti made from durum.

As expected, durum spaghetti had higher color scores than the

other spaghetti.

In studies done on farina blending, Wyland and

DtAppolonia (1982) found a similar trend. As the level of HRS

increased in the spaghetti, firmness increased, whereas

cooking loss, cooked weight, and spaghetti color decreased. In
contrast, Dexter et al. (1981c) found cooking scores decreased
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r^rith increasing farina leveLs especially when the spaghetti

was overcooked indicating that spaghetti containing farina was

not as tolerant to overcooking as durum spaghetti. Dexter et
al. (1983b) suggests the reason for this discrepancy can be

explained on the basis of poorer cooking quality of American

durum compared to Canadian durum in these earlier studies.

Studies done by Kirn et al. (1986 and 1989) on semolina

and farina spaghetti vrere in agreement with the study by

Dexter et aI. (1981c). Spaghetti made with semolina had a

firmer texture than spaghetti made with farina. As for cooking

Iosses, Kim et al. (1986) found durum spaghetti had higher

cooking losses than farina spaghetti when cooked in distilled
water whereas the opposite was found when Èhe spaghetti vras

cooked in prepared hard water (Kirn et aI., t9g9). Kim et aI.
(1989) also reported that spaghett,i made from durum was less

sticky than spaghett,i nade from farina. Thus, the effects of

farina blending on the cooking quatity of pasta has not been

widely studied and ¡nerits further investigation.
HÍgh temperature (HT) drying has been shown to improve

spaghetti cooking quatity if applied after initial drying at
low temperature to low moisture levels (Dexter et aI., L981b

and 1984; I{yland and DtÀppolonia, L982; Resnini and pagani,

1983; Abecassis et âI., 1989). Several workers have suggested

that the quality of the ra!/ naterial may no longer be as

critical with the advent of HT drying (Fei11et, 1984; Matsuo,

1988, Cubadda, 1989). Thus it may be possible to produce

spaghetti with good cooking quality using blends of durum
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senolina and hard red spring (HRs) farina using HT drying. Kim

et al. (1989) found both semolina and farina spaghetti dried
under HT (70o c) conditions vrere firmer, less sticky and had

lower cooking losses than samples dried under LT (45. c)

conditions. Results of Dexter et al-. (1983b) were in agreement

with those of Kim et ar. (1989) except firmness of farina
spaghetti was not found to improve rvith HT drying compared to
durum spaghetti. t{yrand and D'Apporonia (1993) examined the

effect of farina brending with drying temperatures of 40o, 60o,

7Q", and 80" c. As drying t,emperature increased, firmness also
increased and cooking ross values decreased. spaghetti
stickiness vtas not measured. The authors did not indicate what

combinations of farina blends and drying temperatures gave

optimum cooking quarity thereby rimiting the concl_usions that
can be drawn from this study.

thus, the use of HT drying conditions appears promising

in terms of irnproving the cooking quarity of spaghetti
prepared from blends of semolina and farina. More work needs

to be done however, to examine the rerationship of spaghetti
drying temperature and farina blending on the cooking quality
of spaghetti with the goal of deterrnining which conbinations
of drying temperatures and farina blends yield an optirnal
spaghetti. since such a study courd be excessive in terms of
the possibre treatment combinations that coul-d be examined,

the use of response surface nethodorogy (RSM) wourd appear

beneficial. RSM is a statistical technique used to determine

optinal conditions in a ninimal number of experimental trials.
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rt has been used successfurty in a number of product
optimization studies. Min and Thomas (1980) used RSM in the
formulation of whipped topping, Henselman et aI. (Lg74) in the
development of high protein bread, vaisey-censer et al. (19g7)

t,o optinize cake forrnulation containing canola oir, oh et ar.
(1985b) to describe the optimum processing conditions for
noodle production and sherke (r987) to optinize noodle

formurations. To dater Do studies have been undertaken to
optirnize drying temperatures for processing of spaghetti or to
optimize the repracement of durum semolina with HRs farina.
Thus, the objectives of this study were:

1. To examine the rerationship between spaghetti drying
temperature and blending of hard red spring (HRs) farina
with durum semorina on the cooking quality of optimally
cooked and overcooked spaghetti using response surface
methodology.

2- To generate contour plots from the fitted rnodels in order
to determine v¡hich combinations of drying ternperatures

and blending levels yieJ-d spaghetti with optimurn cooking
qualiÈy.
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6.2 I,Í,ATERIÃI,8 ã,!¡D METEODS

6.2.1 Preparation anð å,nalysis of Blends

À ten kg sanple of durum semorina and HRS wheat niddlings
(farina) vrere obtained from ogilive Mills Ltd, I{innipeg. Three

brends (75/25, 50/50, 2s/ 75 semorina/farina) v/ere prepared on

a dry matter basis. The 3 blends, prus a sample of 1ooå

semolina and 100å farina for a total of five treatment blends
rr¡ere then analyzed for protein content by the standard
Kjerdahr method as rnodified by will-iams (1,973) and for ash

content as described in chapter 5. Determinations of protein,
and ash were performed in duplicate.

$Iet gruten content of the five brends was determined in
duplicate using the Grutonatic system according to rcc
standard nethod No. L37 (1982).

6.2.2 Spaghetti processing and Drying

spaghetti was processed in a Demaco s-25 l_aboratory-scare

continuous ext,rusion press (De Francisci Machine corporation,
Brooklyn, NY) as described by Matsuo et al. (l_97g). sampres

were dried using five temperature conditions (40o, 60o, 7oo,

80o, 90" c). A nodified Brue M FR-391c environment chamber

(Blue M Electric co., Brue rsland, rL) as described by Dexter
et aI. (1981a) lras used for drying the spaghetti. Drying
temperature and spaghetti moisture profiles for the five
drying cycles are provided in Chapter 5.

6.2.3 Experimeutal Design

RsM eras selected to determine appropriate blending
levels and drying temperatures for durum and HRS spaghetti



blends. The following experimental

* 900

1,97

design was selected:

*7 00
0/ 100 25 /75 5ol so 75/2s r_00/ 0

* 400

* sarnple selected for evaluation

The comprete design consisted of 16 experirnentaL points,
which included four replications of the centre point and. two

reprications of the interior points. Thus, 9 treatment
combinations were required to test the range of combinations

that would have required 25 treatment combinations in a

traditionar factorial arrangement, plus reprications. The L7

treatments of spaghetti were processed in a randomized order
over and a three week period. spaghetti was tested in a

randomized order over a four day period.

6.2.4 ãssessment of Cooked Spagbetti euality
spaghetti saurples t/ere cooked to optinum (defined as the

tine when the centre core disappears) and to optirnum plus 10

minutes (overcooked) in prepared water as described in chapter
2. cooking ross of the recovered water was determined by

900

600
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freeze-drying, weighing the freeze dried material, adjusting
for minerar residue present in the cooking water and

carcurating the proportion of solids rost to the cooking water
as percentage of spaghetti cooked.

rnstron firmness, compression, relaxation and strand
stickiness srere determi-ned as described in chapter 5.

6.2.5 Color Àssessment, of Spaghetti

Spaghet'ti color vtas assessed on whole strands of uncooked

spaghetti mounted on white cardboard, by reflectance using a

Beckman DU-7 spectrophotometer (Beckman rnstruments rnc.,
Fullerton, cA). Dominant waveÌength, brightness, and purity
v/ere determined by the ten selected ordinates method (Hardy,

1936).

6.2.6 Statistical Analysis of Data

Data vJere analyzed using the RSREG procedure of
statistical Analysis system (sÀs, 1988) to fit second order
porynomial equations to all response variables. Lack of fit
tests vrere performed on the fitted moders. coefficients for
the linear, quadratic and interaction terms of each porynomial

were calculated and t,ested for difference from zero. Response

surface two-dinensional and three-dimensional contour plots
Itere generated from the fitted models using GcoNTotrR and G3D

procedures (sAs, 19Bg) . rndividuar, two-dimensionar contour
plots hrere superimposed to determine the region where levels
of durum semolina and drying ternperatures produced spaghetti
which was comparabre to commercial durum spaghetti in terms of
cooking quality and color parameters.
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6.3 RESULTS ÀND DTSCUSSION

6.3.1 Semolina and Farina eharacteristics
Protein, ash and gluten content of the five prepared

blends of durum semoLina and hard red spring farina are

provided in Table 6.1. Protein levels were similar for the

five blends with a range of 72.0-L2.42. As expected, ash

content increased as the leve1 of durum semolina increased in
Èhe blend. [Vet gluten content increased slightly with

increasing levels of durum semolina in the blend.

6.3.2 Response Surface Analysis

The analyses of variance for cooked spaghetti quality
parameters for optinally cooked and overcooked spaghetti are

presented in Tab1es 6.2 and 6.3 respectively. Lack of fit,
tests, R2 value, CV value and model significance were used to
judge adequacy of model fit as described in Chapter 5. The

predictive rnodels developed for firmness, compression,, and

relaxation time htere considered adequate since, they possessed

no significant lack of fit and had satisfactory levels of R2,

CV, and model significance. The developed rnodel for strand

stickiness of optimally cooked spaghetti was l-ess predictive

since the R2 value hras less than 0.60 (0.44)t the CV value

was slightly higher than 10å (L32), and the model significance

!,/as greater than p

"developed rnodel for cooking loss of overcooked spaghetti was

also less predictive due to a R2 value of 0.44, a CV value of

11.5å and model significance of p : O.25. Models developed

for strand stickiness of overcooked spaghetti and cooking loss



Asb and ltet cluten
Durum Seno1ina and

200

Content* of prepared
Hard Red Spring farina

Table 6.1

quality

Protein,
Blenðs of

Protein (t)
Ash (8)

Wet
Gluten (8)

t2.o

o.37

31. 5

B1end ( å Durum Senolina)
25 50 75 100

L2.2 12.I

o.44 0.53 0.59 o. 65

32.O 32.4 32.9 32.8
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Table 6.2

Variable

AIIOVA For Evaluation of Models For guality
Paraneters of optinally Cooked spaghetti

Source df Sum of Squares F value
Firmness
(Shear
Force)

ModeI
Residual
Lack of Fit
Pure Error

R2

Coefficient of Variation
Model Significance

0.745 2.062
o.723
o.72L
0. 002

0. s1
5.2
0. 1545

5
10

9
1

36.2L5

(r)

Cornpress
Energy

on Model
Residual
Lack of F'it
Pure Error

5
10

9
1

o.299
o.o97
0.096
0. 001

o.7 6
3.9
o.oo72

6.L92

9.308

R2

Coefficient of Variation (t)
Model Significance

Relaxation Model 5
10

9
1

423 .37 6
55.452
53 .694

l_.758

0. 88
8.9
0. 0002

10 181145.0
9 156945.0
1 24200.O

o.44
13. 1
0.2549

75 .27 0

3.394

o.72a

Time Residual
Lack of Fit
Pure Error

R2

Coefficient of Variation (å)
Model Significance

Stickiness Residual

ii:5 ;:,::'
R2

Coefficient of Variation (S)
Model Significance

Strand Mode1

Cooking
Loss Residual

Lack of Fit
Pure Error

R2

Coefficient of Variation (t)
Model Significance

5
10

3
7

2.9L5
9.942
4.782
5. 160

o.23
20.L9
0.7109

0.586

2.L62
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Table 6.3 À!{OVÀ For Evaluation of Models For eualityParaneters of overcooked Spaghetti

Variable Source df Sum of Squares F value

Firmness Model s 0.886 7.866
(Shear Residual 10 O.zZs
Force) Lack of Fit 9 o .r72 0.356

Pure Error 1 0.054

R2 o.7g
Coefficient of Variation (8) 3.9
Model Significance 0.0030

Compression ModeI 5 13.369 3.706
Energy Residual 10 7.2L5

Lack of Fit 9 7.189 z6.B7s
Pure Error L 0.030

R2 0.65
Coefficient of Variation (å) 23.2
Model Significance 0. 0370

Relaxat,ion Model
Tine

R2 o.7o
Coefficient, of Variation (å) 9.9
Model Significance 0. 0185

5 50.997 4.66e
Residual 10 2L.846
Lack of Fit 9 2L.776 34.4]-2
Pure Error 1 0.070

Strand Model 5 l.82236. 0 0.533
10 683564.OStickiness Residual

Lack of Fit 9 676364.0 LO.42B
Pure Error 1 72OO.O

R2 o.2r
Coefficient of Variation (8) 19.0
Model Significance o.7 472

CooÌ<ing Mode1
Loss Residual

5 5.434 1.588
10 6.843

ii:5 ;:,åi' I i:i?å '5,,2

R2 o.44
Coefficient of Variation (8) 11.51
Model Significance 0.2493
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of optinally cooked spaghetti were judged to be inad.equate due

to very low levels of R2, high revers of cv and rack of model

significance.

The analyses of variance for spaghetti color parameters
are presented in Tabre 6.4. The predictive models developed
for brightness and purity were considered adequate since they
possessed no significant lack of fit and had satisfactory
levels of R2, cv, and modet significance. The model deveroped

for dominant wavelength also had adequate revels of Rr, cV,

and moder significance but, a marginally significant lack of
fit tras found indicating the possibility that additional
parameters are needed in the model.

The regression coefficients for the fitted models for a1l
quarity parameters except those parameters judged to be

inadequate (strand stickiness of overcooked spaghetti and

cooking ross of opt,irnally cooked spaghetti) are presented in
Tab1e 6.5. The regression coefficients for the fitted models

for all color parameters are presented in Table 6.6.
rn order to visuarize the combined effects of the two

independent variabres of durum semorina tevel and drying
temperature on the dependent responses of cooked quality and

coror, two-dinensional and three-dimensionar contour prots
itere generated for each of the fitted models. The contour
prots show predicted responses for cooking quarity and coror
charact,eristics due to varying levels of the two independent

variables.
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Tabre 6.4 À¡¡ovA For Evaruation of t-fodels For spaghetti coror

Variable Source df Surn of Squares F value

Brightness Model
Residual
Lack of Fit
Pure Error

R2

Coefficient of Variation (t)
Model Significance

5
10

3
7

37.820
3 .492
2.277
L.2]-6

o.92
L.2
0. 0001_

2r.655

4.37Lc

Purity Model
Residual
Lack of Fit
Pure Error

R2

Coefficient of Variation (8)
Model Significance

5
10

3
7

798.673
6.907
L.7 04
5.203

o.97
2.O
0. 0001

57.525

o.764

Dominant ModeI 5
10

3
7

1.338
o.233
o.L97
0.036

0. 85
0. 03
0.0007

t-1_.502

L2.66rb
lfavelength Residual

Lack of Fit
Pure Error

R2

Coefficient, of Variation
Model Significance

(å)

b significant at, p<0. 01
p<0.05c significant, at
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OrderTable 6.5 Regression coefficients of the secondpolynonials* For euality paraneters

Optinally Cooked spaghetti
Coeff- Firmness Compress- Reláx- Strandicient, ion ation stickiness

bo

Linear
b1
b2

Quadratic
btr
bzz

5.3353 3. l-548 5. 0367

0.1846
0.0339

0. 0002
0. 00004

0. 0017

Spagbetti
ReIax-
ation

-145. 6931

37.6395
5. 6165

-o.2642
0. 0013

-0. 1200

Cooking
Loss

0. 0054 -o. oo72
-0. 0328 -0. 0056

-0. 0002 0. 00004
-0.0001 0.0001

fnteraction
br, 0.0006

Coeff-
icient

-0. 0001

Overcookeð
Firmness Compress-

ion

bo

Linear
bl
b2

QuadratÍc
brr
bzz

o .7 662 5.5007

0.0580 -0.0385
o.o272 -O.0662

-0.0003 0.0003
-0.0001 0.0010

4.4784

o.286s
-0. 0884

-0. 0019
0. 0014

o. 0000

L9 . 0735

-o.3402
0. 0006

0.0023
-0. 0001_

0. 0002
fnteract,ion

bzt -0. 0002 -0. 0001

=4+brxl+ + bllxlz + + bnxrx2
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Tabre 6.6 Reg'ression coefficients of the second order
Polynomials* For Color parameters

Coeff- Brightness purity Dominant
icient Wavelength

bo 56.4513 20.9947 577.58rO

Linear
br -0.0361 O.L957 -O.O32l_b2 -0.0529 0.3321 -O.OL54

Quadratic
b,, -0.0001 -0.0005 o. ooo3
bzz 0.00002 -0.0009 o. oool

Interaction
br, -0.00001 -0. oo15 o. oool

* Y¡ = bo + brxr + b,2X2
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The contour plots for firmness of optimarry cooked

spaghetti are presented in Figure 6.L. The region of optimum

firmness is rocalized in the upper corner with high revels of
durum semolina and high drying Èemperatures. The area of
ninirnum response was defined by high levers of durum and row

drying temperatures. Contour plots for firrnness of overcooked

spaghetti are presented in Figure 6.2. A larger region of
optimization is indicated than vras evident f or optirnarry
cooked spaghetti. rt is defined by semoÌina levers greater
than 50* and drying temperatures greater than 5oo c. similar
to optimaJ-ly cooked spaghetti, the region of minimum response

is located in the direction of r-ow durum levers and row drying
temperatures. Results for compression are presented in
Figures 6.3 and 6.4. Lower compression varues (indicating
superior cooking quatity) were achieved for optimally and

overcooked spaghetti in the direction of high revers of durum

semolina and high drying temperature. A second region of
optimum response was indicated for overcooked spaghetti in the
region of row durum semorina revers and row drying
temperatures. A region of maximum response for optinarry
cooked spaghetti \ilas found with row durum revels and row

drying ternperatures. For overcooked spaghetti, two regions
maximum response erere found. one defined by row d.urum levels
and high drying temperatures and the second defined by high
durum levels and low drying temperatures.
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contour prots for reraxation tine of optimalry cooked

spaghetti showed that relaxation time e/as more sensitive to
changes in drying temperature than durum lever (Figure 6.5).
The area of optinízed response was located in the upper corner
with high drying temperatures and high durum revets. The

region of ninimar response !/as found in the direction of row

drying temperatures and low durum revels. The region of optirn-

ization for relaxation of overcooked spaghetti was localized
at the highest durum lever (loot) and drying temperatures
greater than 60o c (Figure 6.6). Minimum responses were

achieved at 4Oo C and durum 1evels less than 50å.

The contour plots for strand stickiness of optinally
cooked spaghetti and cooking loss of overcooked spaghetti were

generated even though the deveroped moders may be less
predictive. The region of optimized response for strand
stickiness vras defined by high durum revers and high drying
temperature (Figure 6.7). surprisingry, a second region of
optinization appeared to be located at 4oo c and Low durum

levels. The region of maximum response v¡as found at row durum

levels and drying temperatures between 600 and goo c. Two areas

of optinized response for cooking loss of overcooked spaghetti
$¡ere identified. The first region was defined by d.urum

semolina Levers greater than 7sz and drying temperatures

between 7oo and 85o c (Figure 6.9). The second region v¡as

defined by durum l-evers less than 10t and drying temperatures

between 55o and 650 c. The region of maximum response was found

at' the 40o c drying ternperature at the hiqh durum levets.
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contour plots for color parameters are presented in
Figures 6.9 to 6.11. purity is an indication of hue or coror
intensity and is therefore rerated to pigment content. A high
value for purity is desirable. Brightness is a measure of the
amount of light refrected from the surface of the spaghetti
relative to that refrected from a white surface. Brightness
varues tend to decrease with increasing varues of purity.
Dominant wavelength is an indicator of ,off-color'. varues

between 576-577 nm indicate a desirable amber yelrow coror,
varues rower than 576 indicate a ress desirable ye1low color
that is srightly greenish, and varues greater than s77

indicate a brownish tinge.

Brightness values decreased with durum levels and to a

lesser extent by increasing drying temperatures (Figure 6.9).
The area of nininal response was defined by high drying
temperature and high dururn levels whereas the area of rnaximum

response was defined by low drying ternperatures and ]ov¡ durum

Ievels.

contour plots for purity, showed that purity was affected
more by durum Levers than drying temperature (Figure 6.10).
The area of maximum response v/as defined by the highest durum

level-s over the ful1 range of drying temperatures predicted.
Minimum responses rrere found with low durum revels and row

drying ternperatures, arthough durum revels appear to be the
more dominant, of the two variables.

contour plot.s for doninant waverength were generated even

though a narginally significant rack of fit was found
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suggesting the possibility of missing components to the rnodel.

ft was felt' that the model developed offered a reasonable and

significant starting point in the effort to model coror
responses in spaghetti. Dominant wavelength showed a greater
change in the surface contour arong the drying temperature
axis than the durum semoLina Ievel axis (Figure 6.11). with
higher drying temperatures and to a resser extent higher durum

levers, dorninant wavelength varues begin to move out of the
ideaL range above s77 nm. optimun responses qrere defined by

drying temperatures less than goo c across the fulr range of
durum levels.

rn summary, the predicted optirnum responses for firmness,
compression, erasticity and stickiness of optimarly cooked

spaghetti erere produced with a cornbination of high durum

leveÌs and high drying ternperatures. These results are not
unexpected, since durum semolina spaghetti has been reported
to be firrner, more elastic and ress sticky than spaghetti made

with hard red spring wheat, farina (Dexter et âr., l_981_c and

1983bi Manser, 1980; Kin et al., 1986 and 1989). As we1l,
spaghetti dried under HT conditions has also been found to
have better cooking quality than spaghetti dried under LT

conditions (Manser, 1980; $ryland and DrApporonia, LgBz; Dexter
et, aI., 1981b and 1984r. Abecassis et al., 19g4).

Predicted optimum responses for firmness, compression

energy and relaxation tirne of overcooked spaghetti were found

over a wide range of drying ternperatures. optirnum reLaxation
time of overcooked spaghetti v¡as achieved at 10oå durum
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revels, optimum compression energy was found between zs and

Sot durum levels, and optimum firrnness was achieved at durum

levels greater than 508. optimun cooking l-oss of overcooked

spaghetti was found with durum levers greater than 7oz and

drying temperatures between 6oo and Boo c and with durum levels
less than zot and drying temperatures between 65o and goo c.

Reported effects of farina blending and HT drying on cooking

loss is not consistant. studies by sheu et al. (tg67) , Mousa

et al. (1983), wyland and D'Apporonia (LgB2) , Dexter et ar.
(1983b), and Kin et, al. (1996) found durum spaghetti to have

higher cooking losses compared to spaghetti made from HRs

farina. However, a recent study by Kirn et aI. (1989) reported
rower cooking losses for durum spaghetti when spaghetti eras

cooked in prepared water. This was arso observed in a previous

study present,ed in chapter 2. some evidence arso exists, that
cooking losses decrease with HT drying (wytand and

Df Appolonia, L982; Dexter et al., 1981b and 1984) .

Predicted optinum responses for purity were achieved at
high durum levels (a reflection of increasing yerrow pigrment

content,) over the fulr range of drying ternperatures.

Brightness tended to diminish with combinations of high durum

levers and high drying temperatures. optimurn responses for
doninant wavelength were found at drying temperatures ress

than 8oo c over the full- range of durum revels. color scores

have been found to decrease with HRS farina spaghetti (Dexter

et, êI., 1981c; Wyland and DtÀppolonia, tgï2; Mousa et al.,
1983; Kim et ar. 1986 and 1989). HT drying has been shown to
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decrease brightness and increase purity and dominant

wavelength (Dexter et al., 1984). Kin et al. (1989) arso found

pigrment retention eras greater in both farina and semorina

spaghetti dried under HT conditions compared to LT conditions.
The tendency of HT spaghetti to develop an slight undesirabre

browness has been attributed to Maillard reactions (Laigne1et,

L977; Manser, L978r' Pavan 1979), although some of the effect
could be due to increased oxidase activities during drying
(Kobrehel et ar., L974; Feillet et al., 1974) . The Mairrard
reaction in spaghetti has been rinked to relative hunidity as

well as drying temperature (Laigneret, Lg77) suggesting that
controrring the relative hunidity during drying nay limit the
react,ion. As well, Pavan (rg7g) has stated that drying
tenperatures below g0o c do not pose any problern for browning

to occur. Results of this study, are in agreement with
observations made by pavan.

cooking quality values and coror varues for commercial

durum spaghetti samples are presented j-n Table 6.7 .

Experimentar spaghetti generarty net, or exceeded these varues

for commerciar durum spaghetti. Two-dimensionar contour prots

for all responses were superimposed in order to locate
spaghet,ti formuration and drying conditions rvhich met

commerciar durum spaghetti standards for all responses. onry

the most riniting pararneters are reproduced in Figure 6.12.
Limiting parameters v/ere strand stickiness and firmness of
optimally cooked spaghetti and compression energy and

reraxation time of overcooked spaghetti. Thus the shaded area
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Table 6.7 cooking euality aud coror lfeasurements of
Conmercial Durun spaghetti

.Cooking Commercial Range
Quality Parameter Optimall_y Overcooked

Cooked

Firmness (N) 4 .7 -S .7 3 . 3-4 . 6

Compression 2.0-2.4 2.7-3.4
Energy (N.nn)

Relaxation Time (sec) ZS-45 IS-24

Strand Stickiness (mrn2) 483-go5 585-B5o

Cooking Loss (8) 5.5-6.4 7.3-s.6

CoLor Parameter Commercial Range

Purity 36.9-43.7

Brightness 45.7-5L.4

Doninant tlavelength 577 .2-578.3
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in the upper right quadrant of the prot represents the region
where all cooking quarity characteristics of optinatry cooked

and overcooked spaghetti and alr coror characteristics are

equal to or exceed commercial durum spaghetti linits for these
parameters. Levels of durum semolina must exceed 60g and

drying temperatures nust be greater than 70" c in order to
achieve spaghetti with satisfactory quality as measured by the
parameters tested in this study.
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6.4 CONCIJUSTONS

rn this study, response surface methodology hras success-
fulIy used to identify the effects of drying temperature and

blending of hard red spring farina with durum semolina on the
cooking quality and color characteristics of spaghetti. Good

fit models were developed for firmness, compression, relax-
ation, purity and brightness. Models developed for strand
stickiness of optinalry cooked spaghetti, cooking loss of
overcooked spaghetti and dominant wavelength did not meet all
criteria of good fit. contour plots were generated for these
modeLs however, since they offered an initiar solution, which
appeared reasonable, to model quality responses of these
pararneters in spaghetti. Moders for strand stickiness of
overcooked spaghetti and cooking ross of optirnarry cooked

spaghetti were not used since these models had 1ow predictive
ability.

contour plots, generated fron fitted regression equations
for firmness, compression, relaxation, and strand stickiness
of optirnally cooked spaghetti indicated that high dururn 1evels
in combination with high drying temperature hras the region of
optiroized response. Drying temperatures hrere not as critical
to responses of firmness, relaxation and compressJ_on of
overcooked spaghetti but, high levels of durum semorina v¡ere

inportant in optiurizing these responses. optimized responses
for cooking Loss of overcooked spaghetti vras achieved with
drying temperatures between 60" and Boo c, and with either low

or high durum Ievels. The color parameter of brightness \¡/as
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found to dininish whereas purity was found to intensify with
high durun l-evels and high drying temperatures. The area of
optinized response f or dorninant wavelength !,/as def ined by

drying temperatures less than gOo C.

superinposing the individual contour plots for arl
response variables exhibiting reasonable model fit, permitted

the identification of the region where all characteristics met

or exceeded commerciar durum spaghetti sampres. The most

riniting factors were strand stickiness and firmness of
optimally cooked spaghetti and compression energy and

relaxation time of overcooked spaghetti. Thus, to satisfy
these constraints, dururn levels greater than 6ot are required
with drying temperatures greater than 7o" c. !{ithin this
optinized region, a number of combinations of durum semolina

levels and drying tenperatures can be identified that will
yierd acceptabre spaghetti. For instance, at the minimum durum

semorina lever (608) drying temperatures between 8oo and 9oo c

are predicted to irnpart acceptabre cooking quarity
characteristics to the spaghetti whereas, ât 1ooå durum

semorina level, drying temperatures between 70o and 9oo c are

predicted. Thus, as the revel of durum semolina increases in
the brend, lower drying temperatures can be used. However,

sinirar to the conclusions drawn in the previous study, if a

higher quarity spaghetti is desired high revers of durum

semolina coupled with high drying temperatures are indicated.
The models developed in this study for predicting

response variables not only provide an understanding of the
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interaction between spaghetti formulation and drying
temperature but should serve as a guide to selecting final
product processing and ingredient conditions. The moders for
all response variabres proposed in this study, wiJ-r however

require additionaL study to verify and further extend their
applicabirity. This is particurarly true for the moders

proposed for strand stickiness of optinally cooked spaghetti,
cooking loss of overcooked spaghetti and domj-nant waverength.

rn addition, other response variables shourd also be examined

noer that the initial screening experiment has narrowed the

region of durum levers and drying temperatures that should be

studied in more detail.
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CE.APTER 7

SUMI{ARY, CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

7 . L SUUT.ÍARY

The first study of this thesis (chapter 2) arose out of
the need to standardize the cooking water used to prepare

spaghetti for assessment of cooking quarity characteristics.
Seven cooking waters differing in their ¡nineral composition
were examined for their effects on stickiness and cooking loss
of spaghetti. cooking water composition was found to affect
these parameters significantty suggesting the importance of
standardizing the cooking water used in spaghetti cooking

studies. spaghetti nade from conmon wheat was affected more by

changes in cooking water conposition than was spaghetti rnade

from durum wheat. An artificialry hardened wat,er which g,ave

sinilar results to tap water vras selected for alr future
cooking studies.

The second study (chapter 3) was undertaken to establish
rnstron test nethods for measuring the textural properties of
cooked spaghetti. The effects of rnstron operating conditions
on textural measurements were examined. compression force
strongry infruenced compression and erasticity (reraxation)
measurements of spaghetti. plunger size had onry a modest

effect on these pararneters but variabirity was reduced with
Èhe smaller plunger sizes. compression depth and crosshead

speed strongly infruenced firnness measurements of spaghetti.
stickiness measurements were onry modestry affected by

compression force and plunger size. since operating factors
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erere shown to influence test resurts, the operating conditions
that gave high repeatabirity and reproducibility and

reasonable discrinination between spaghetti samples for each

of the rnstron test procedures were identified and adopted for
future cooking studies.

As a follow up to this study, a third experiment (chapter
4) vras carried out to compare sensory and instrumental
measures of spaghetti texture. À trained texture profire
analysis panel identified seven textural parameters present in
cooked spaghetti. principar conponent analysis reduced the
number of sensory attributes into a smarler set of two
principal components which accounted for Br.7z of the
variance. Either firmness or chewiness appeared to be suitabLe
to represent the first component. st,ickiness was chosen to
represent the second component. Equations to predict these
three sensory at,tributes from instrumental texture measures

e/ere derived using murtiple regression anarysis. Good

predictability was found for perceived firmness using rnstron
measures of firmness and compression or Grain Research

Laboratory (GRr) measures of tenderness, compression, and

recovery. Perceived chewiness can be accurately predicted from
rnstron measures of firmness or GRL neasures of tenderness.
Perceived stickiness can be reasonably predicted from rnstron
measures of compression, stickiness and strand stickiness or
GRL measures of recovery and stickiness. By estabrishing a

relationship between sensory and instrunental measures of
texture, this study validated the use of instrumental measures
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to estirnating the perceived sensory quarity of cooked
spaghetti.

chapter 5 presented the fi-rst experiment in the
optirnization of cooked spaghetti quarity. Response surface
nethodology was used to evaruate the relationships between

durum protein rever and spaghetti drying temperature and their
effects on cooked spaghetti quality. contour plots vrere
generated from fitted regression equations for firmness,
compression, reraxation, and cooking loss. Firmness and

compression were primarily affected by protein revel whereas

reraxation was mainly affected by drying ternperature. cooking
loss for optinally cooked spaghetti was nainly infruenced by
protein level- whereas cooking ross of overcooked spaghetti
appeared to be equarry influenced by both variables.
superimposing the two-dimensionar contour plots pernitted
identification of regions where protein revel and drying
temperature might be expected to yield spaghetti of comparabre

cooking quality to commercial durum spaghetti samples. Most

experimentar spaghet,ti met or exceeded the satisfactory
quarity range of commerciar dururn spaghetti. Limiting factors
were relaxation time for optirnarry cooked and overcooked

spaghetti and cooking loss of overcooked spaghetti. To meet

these constraints, at a protein level of 11å, a drying
t,emperature greater than 6oo c can be expected to give
acceptable spaghetti. At protein revers between 12 and 13å, a

drying temperature of at Least sso c can be expected to give
acceptabre spaghetti. For protein revels greater than !42,
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drying temperatures greater than 50o c can be expected to
yield spaghetti of acceptable quality.

The finar optirnization study (chapter 6) investigated the
rerationship between blending lever of hard red spring farina
with durum semolina and spaghetti drying temperature and their
effects on cooking quarity and color characteristics of
spaghetti. contour plots generated from fitted regression
equations for firmness, compression, relaxation and strand
stickiness of optinally cooked spaghetti revealed that high
durum revers in combination with high drying temperatures v/as

the region of optimized response. Drying temperature was not
as criticar to responses of firmness, relaxation, and

compression of overcooked spaghetti but high levers of durum

sernolina s¡ere irnportant in optirnizing these responses. The

optinum response for cooking ross of overcooked spaghetti was

achieved with drying temperatures between 60o and Boo c. The

color parameter of brightness tras found to dininish with high
levels of durum semorina and high drying temperatures whereas

purity was found to intensify this region. The area of optirnurn

response for doninant wavelength was defined by drying
temperatures less than g0o C.

superimposing the individual contour plots for arl-

response variables perrnitted the identification of regions
where all quality characteristics met or exceeded satisfactory
quarity range of commercial durum spaghetti. rhe most liniting
factors v/ere strand stickiness and firmness of optinarry
cooked spaghetti and compression energy and relaxation time of
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overcooked spaghetti. To satisfy these constraints, durum

levels no lower than 60t are required with drying temperatures
greater than 70" c. within this optinized region, a number of
combinations of durum semolina levers and dryÍng temperature
nere identified that can be expected to yield acceptabre
spaghetti. For exampre, êt a durum level of 60g, drying
temperatures betv¡een goo and 9oo c can be expected to give
acceptabre spaghetti. At a durum revel_ of 7sz, drying
temperatures between 7so and 9oo can be expected to give
acceptabre spaghetti and at a dururn revel of looå, drying
tenperatures between 70" and 9oo c can be expected to yield
spaghetti of acceptable quality.
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7 .2 GENERÀIJ CONCLUSIONS

The first overal-l objective of this research r¡/as to
develop standardized cooking procedures and fnstron methods

for measuring the texturar properties of cooked spaghetti. The

second overall objective v/as to optimize spaghetti cooking

quality characteristics through the use of response surface
nethodology by varying ra\^r materiar revels and spaghetti
drying temperatures.

The irnportance of using a standardized cooking water for
preparing spaghetti for the assessment of cooking quality was

confirmed by this research. An artificially hardened cooking

water was adopted for spaghetti cooking studies that gave

similar results to tap water for spaghetti stickiness and

cooking loss.

Instron test methods for assessing the firmness,

compression, elasticity, and stickiness of cooked spaghetti
were developed and operating factors that influenced results
were ident,ified. operating conditions that showed high

repeatabirity and reproducibility and reasonabre discrim-
ination between spaghetti samples v/ere selected for each of
the developed Instron tests. Validation of the instrumental
tests for assessing spaghetti texture v/as performed by

rerating instrumental measurements with sensory ratings of
texture. Although some progress hras made in developing a

nethod for measuring the surface stickiness of spaghetti using

the Instron, further work is necessary to develop a method

that is more reliable.
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Response surface nethodology !¡as shown to be an effective
and usefur method in identifying optimal raw material levels
and spaghetti drying temperatures to produce spaghetti of
comparable quality to commercj-ar durum spaghetti sarnpres. Two

and three-dimensional contour plots illustrated and clarified
rerationships and interactions between the independent

variabres and their effects on response variables. spaghetti
cooking quarity was found to be influenced by protein rever of
durum semorina and drying ternperature and by blending rever of
hard red spring farina and durum semolina and drying
temperature. For low durum semolina protein revels (11-L3g)

drying temperatures of at reast 55o-60o c are indicated. whereas

at higher protein level-s (L4-L7z) drying temperatures of at
least 50" c are indicated in order to yierd acceptable cooked

spaghetti. The second optimization study predicted that
blending levels of durum semolina exceeding 6ot combined with
drying temperatures between 7oo and 9oo c wirr yield spaghetti
of acceptabre commercial quality. Drying temperature was found

to depend on the blending rever, with a smal_r temperature

range (80o-9oo c) indicated at the lower durum rever (60å)

compared to a large temperature range (7oo-goo c) indicated at
a high durum level (1OOå).
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7.3 RECOUT,IENDATIONS FOR FUTTIRE RESEARCH

cooking water composition v/as found to influence
spaghetti stíckiness and cooking ross. Research is needed to
more clearly establish the role of specific mineral
constituents and the role of cooking water pH in influencing
these cooking quality characteristics. The extent to which the
two factors influence each other shourd also be examined.

Furthermore, the effect of water hardness and pH used in pasta

processing should also be investigated.
with increasing use of the rnstron in texturar assess-

ments of food products, a need exists for the deveropment of
test methods and the selection of operating conditions that
offer high repeatability, reproducibirity and discrinination
among samples. Research should continue in this area with the
goal of providing a systematic approach for estabrishing
testing procedures for a number of food products. continued

work in the validation of instrumentar procedures by relating
instrumentar and sensory measurements of texture is necessary.

Much work renains in refining an instrumental procedure for
estimating perceived stickiness.

Response surface methodorogy was successfully used to
clarify relationships between raw material revers and drying
temperature and their effects on cooking quarity character-
ist,ics. Developed models require additionar study to verify
and further extend their appricability. rn particular, the

rerationships between rah¡ naterial }evels and drying
temperature and their effects on spaghetti cooking quarity
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needs to be examined using spaghetti processed commercially.

Drying temperatures greater than 9oo c should also be

examined. A folror./ up study to the initiar optirnization study
compreÈed on the effects of blending levels and drying
temperature should be undertaken now that the screening

experiment has identified the projected region of
optinization. Additional response variables shourd be

considered in succeeding studies.
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APPENDIX 1

Stickiness aud Cooking l,oss Values* for Two Brands
of Spaghetti Cooked in Seven Types of Cooking water

Brand I,Iater Stickiness
N/m2

Cooking Loss
z

H Deionized
GRL
GRL Diluted
Reform 1
Reform 2
Tap
WelI

I Deionized
GRL
GRL Diluted
Reform 1
Reform 2
Tap
!,feL1

503 .8
578.8
445.O
702.5
7Lt.3
595.0
567.5

777.5
94L.3
7 6r.3

l_302.3
1301.3
L392.5
L2L5 . O

(r-1e.1)
(es.s)
(s0.5)
(e8.1)

( 1_02 . o)
(87.0)
(7s.0)

(66.8)
(115.3)
(e8.7)
(eo. 1)
(e8.3)

(12o.4)
(88.0)

s.5 (o.22)
5.4 (0.21-)
s.s (0.20)
7 .2 (1. l_6)
s.e (0.23)
5.6 (0.32)
4.e (o.22)

4.e (0.20)
5.0 (0.1e)
5.4 (0.3e)
7 .4 ( r-. 46)
6.3 (o.e2)
5.4 (0.48)

11.0 (1-.66)

* mean (sd) of I cooking replications
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ÀPPENDIX 2

Scaling Exercise Used in Training of Panelists
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From: Meilgaard, M., Civille, G.V. and Carr, B.T. (1987) .
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APPENDIX 3

Refereuce Sanples Used For Sensoty Assessment
of Spaghetti Texture

Parameter Endpoint Reference Brand Name &

SampIe Size

Adhesíveness not cherry 1 cm slice, discard
to Lips sticky tomato ends

moderately almond Harvest Time,
sticky 0.5 cm s1ice,

blanched

very corn Presidentts Choice,
sticky flake 1- piece

Elasticity low dried Golden Harvest,
degree apricot 1x2 cmpiece

high canned Taste Tel1s, 1- piece
degree whole stem removed,

mushroom drained well
Firmness & soft Havarti Lucerne,
Chewiness sI. chewy cheese 2.5 cm cube

f irrn cheddar Lucerne,
very chewy cheese 2.5 cm cube

Cohesiveness low carrot l- x 1.5 x 1 cm piece
degree

high brownie Double Fudge, Duncan
Hines, L crn cube

Tooth Pack low carrot 1 x l_.5 x l_ cm piece
degree

moderate cheddar Lucerne,
cheese 2.5 cm cube

high cracker Bite Size Sa1tines,
L piece
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APPENDTX 4

GRL Texture Values* For Com¡nercial Spaghetti

Sarnple Cooking lender- Compress- Recovery CQP Sticki-
Identity Time ness ion Z sec/mm ness
Letter mm/sec Z xt-0-3 N/m2

x103

A optimurn

over

B optimum

over

C optimurn

over

D optimum

over

E optimum

over

F optimum

over

G optirnum

over

H optinun

over

I optirnum

over

* mean (sd)

32.3 64.2
(2.7) (4.1)
43.5 9r_.3
(2 .4) ( 1_1. 7 )

35.6
(2.8)
45.8
(3.s)

32.O
(1.e)
39.8
(1.6)

65 .9
(4.6)
95. 0
(4.0)

59. 1
(3.8)
65.4
(4.1)

3L.4 56.8
(4. o) (4.e)
36.0 85.7
(1.s) (r.6.1_)

33.3 64.0
(2.4) (4.4)
42.7 87 .7
(2.5) (11.0)

40.6 69.8
(2.7) (4.e)
54.5 98.0
(3.21 (1.3)

29.3 53.6
(1.5) (5.2)
35.3 75.4
(2.1) (L7 .e)

29.7 59.7
(3.6) (6.0)
42.O 78.0
(4.6) (16.8)

41,.8 7 0 .5
(2.4) (6.1)
52.8 97 .3
(3.3) (3.8)

72.3
(5.1)
1_3.5

(24 .7 )

70.9
(s.4)
0.0

(0.0)

75.3
(5.6)
58.3

(r_1.7)

73 .6
(4 .4)
L3 .6

(24.7)

62 .4
(8.e)
6.0

(r.4.1)

59 .4
(7 .5)
0.0

(0.0)

75.6
(5.8)
30.9

(24.4)

69 .4
(5.8)
50. r_

(34. L)

37 .7
(14.1)

0.0
(0.0)

35.3 65L.7
(4 .7 ) (L25 .6)
4.2 648.3

(7.8) (80.6)

30.7 930.0
(s.5) (140.e)
0.0 L1"76.7

(0.0) (e6. r_)

40.0 730.0
(4.L) (1L4.4)
22.7 7L3.3
(5.3) (6s.3)

42 .4 7 5L.7
(8.2) (122.5)
6.6 7 01,.7

(L2.1) (L27.5)

29.7 985.0
(6.1) (73.7)
2.O 1-043.3

(4.8) (t75.4)

2L.2 893.3
(3.5) (106.7)
0. 0 94I.7

(0.0) (123.4)

48.7 673.3
(6.6) (37.2)
L4.2 768.3

(13.6) (76.5)

40.3 620.0
(e.0) (r27 .L)
L6.9 646.6

(11.6) (e5.2)

13.3 L448.3
(6.2) (7e .6)
0.0 1455. 0

(0.0) (L72.5)
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APPET¡OIX 5

Instron Values* For Connercial Spaghetti

Sample Cooking Shear Work to Compress- Relax- Sticki- Strand
Identity Time Force Shear ion ation ness Sticki-
Letter S g.mm g.mm sec mm2 ness

vfsec

A

B

opÈimum 478.4
(28.4')

over 361.8
(13.4)

optimum 505.7
(17.e)

over 334.4
(21.1)

opÈimum 6L2.O
( 11.2 )

over 450.9
( 13.8 )

optimum 649.7
(17.s)

over 469.0
(6.6)

optimum 538.7
(46.6)

over 408.8
(24.21

optimum 448.4
( 14.0 )

over 324.3
(13.6)

optimum 646.1
(27.31

over 462.1
( 34. 1)

optimum 579.0
( 30.2 )

over 422.1
(22.5',)

optimum 485.1
(14.3)

over 346.9
(8.7)

(sd)

312.O 206.3(2e.e) (7.41
27I.6 279.6
(20.3) (4.3)

3ss.6 230.7
(2O.7) (4.e)
247.8 314.s
(23.e) (7.1)

470.8 220.4
(e.s) (3.0)
361.8 299 .s
(24.4) (4.1)

499.O 226.4
(22 .61 (4 .7 )42I.4 313.7
(26.6) (7.3)

397. s 248.8
(40.s) (e.1)
306. 3 343.9
(23.7) (3.s)

328.7 246.1
(ls.4) (3.7)
260 .7 334. s
(1e.1) (11.2)

594.4 222.6
(30.3) (s.e)
448. s 302.4
(35.2) (s.7)

432.r 2t4.4
(33.8) (8.7)
333.4 289.8
(3e.s) (s.8)

355.0 295.6
(3s.8) (4.3)
24t.7 337. 3
(1I.2) (4.2',)

44 .9 10. 5 62 .6
(4.0 ) (2.31 (8. 3 )2t.I 13.8 7I.9
(1.4) (6.0) (r7.2)

33.4 13.8 75.7
(2.41 (4.0) (20.s)
15.8 L7.5 52.6
(0.8) (2.s) (12.0)

33.0 14. s 70. 3
(2.I' (5.s) (6.e)
19. 6 t4.3 68.8
( 1.6 ) (2.21 ( 12 .0 )

39.0 15.8 75.6
(2.e, (3.s) (16.5)
22.3 18.s 8s.1
(2.6) (4.61 (1s.1)

24.6 14.5 7I.O
(s.0) (1.7) (22.O',)
14. 6 2I.5 83 .7
(o.e) (1.4) (ls.4)
28.6 16.0 82.5
(4.3) (3.8) (12.s)
13.3 18. 5 83.5
(1.1) (3.8) (16.7)

41. 5 13.8 80.8
(s.4) (4.0) (10.0)
24.O 13.3 s3.6
(2.8) (3.s) (6.6)

34.s 9.8 43.0
(4.0) (3.1) (20.0)
18.8 10.8 54.5
(2.4', (2.8) (1s.e)

r7 .9 28. I 81. s
(1.?) (6.7) (18.2)
13.1 27 .8 1O2.9
(1.1) (s.0) (42.31

F

I

* mean
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APPENDTX 6

Values* For Co?îmercial SpaghettiCooking LoEs

Sample
Identity
Letter

Cooking
Tirne

ÀctuaI
Cooking
Loss

z

Predicted
Cooking

LoSS
z

A optimum

over

B optimum

over

C optimum

over

D optimum

over

E optimum

over

F optimurn

over

c optinum

over

H optimum

over

f optimurn

over

mean (sd)

4.9
(0.3)
7.7

(0.3)

6.9
(0.7)
LO.2
(0.2)

5.7
(0.3)
7.9

(0.e)

5.9
(0.8)
7.8

(0. s)

6.3
(0.2)
r-1. 1
(1.3)

6.3
(0.8)
9.1

(1.0)

5.2
(0.3)
7.5

(1.0)

5.4
(0.1)
8.7

(1.4)

8.5
(1.3)
15.8
(3.3)

5.5
(o.2)
8.1

(o .2)

6.4
(0.3)
9.6

(0.2)

5.8
(0.1)
8.5

(0.2)

5.9
(0.2)
7.7

(0.3)

5.6
(o .2)
8.5

(0.3)

5.9
(0.2)
8.5

(0.6)

5.4
(0.1)
7.3

(0.5)

5.7
(0. 1)

8.6
(0.6)

7.8
(1.3)
L4.9
(2 .8)



SampIe
Identity
Letter

26r

APPEMDIX 7
Seneory Texture Scorea For CotrDercial Spaghetti

Cooking Adheeive- Elaetic- Firm- Cohesive- Chew- Tooth Stickj--
Time neea ity nes€r ness iness Pack ness

A optimum

over

B optimum

over

C optimum

over

D optimum

over

E optimum

over

F optimum

over

c optimum

over

H optimum

over

f optimum

over

* mean (sd)

9.0 7.I
(3.0) (2.4',)
6.3 4.0

(2.8) (2.31

6.0
(3.6)
4.L

(2.7 I

5.7
(2.8)
4.0

(2.7',)

4.7
(2.7',)
5.6

(2.7 I

6.0
(2.7 I
5.0

(2.2t

4.4
(2.s)
4.8

(2.81

s.3
(2 .6',)
4.L

(2.41

5.2
(2.7 I
3.9

(2.21

5.3
(2.3)
4.9

(3.3)

4.2
(2.7 I
5.0

(2.8)

8.8
(3.4)
7.2

(2.s)

9.4
(3.0)
5.6

(3.0)

9.0
(3.3)
7.L

(2. Ll

8.9
(2.7',)
8.5

(2.3)

8.5
(2.61
6.0

(2.e)

8.0
(2.s)
s.6

(2.7 I

9.0
(3.4)
8.0

(2.3)

9.1
(3.2t
7.3

(2.e't

7.5
(3.1)
4.6

(2.e)

9.2
(2 .6')
6.2

( 3.4)

8.1
(3.2)
4.3

(1.e)

9.3
(3.2')
6.0

(3.4)

9.9
(2.61
4.5

(1.8)

8.4
(2.61
5.1

(2.6')

6.1
(3.0)
2.9

(1.3)

10. 7
(2.21
8.4

(3.21

9.9
(2.7 I
4.6

(2.4')

6.9
(2.8)
3.8

(2.8)

4.7
(2 .6')
4.6

(2.6t

5.2
(2.9',)
6.4

(2.s)

5.7
(2 .4',)
6.2

(2 .6)

7.4
(2.s)
7.2

(2.s')

5.8
(2.8')
7.1

(2.3t

5.8
(2.e)
7.5

(2.3)

7.2
(3.1)
6.2

(3.1)

4.9
(3.0)
6.5

(2.4)

8.0
(2.4')
6.9

(2.e')

6.9
(3.6)
5.5

(2.5',)

8.7 7.4 6.5
(2.3't (2.8) (2.6)
s.8 5.1 6.5

(2.5' (2.2' ( 3.0 )

9.7 5.7 7 .5
(2.3') (2.6) (2.e)
6.2 5.7 s.3

(2.I) (2.8) (3.4)

11.4 8.7 7 .3
(2.0) (2.s) (2.e)
6.8 6. I 5.7

(3.1) (2.7) (2.6)

9. 5 6.7 6.4
(1.6) (3.6) (2.8')
5.9 4.9 6.8

(2.2',) (2.8) (3.6)

8.1 6.6 7.9
(2.7) (2.0) (3.e)
4.0 4.6 6.4

( 1.3 ) (2.4) ( 3.4 )

11.s 7.6 5.4
(2.3) (2.e' (3.1)
9.6 6.3 s.s

(2.21 (2.t) (3.4)

ro.7 7.o 8.0
(1.1) (2.8) (3.3)
6.6 5.8 s.6

(2.7' (2.O) (3.7)

8.6 8.9 9.9
(2.3) (3.1) (2.6',)
4.6 6.0 8.1

(2.2) (2.8) ( 4. I )


