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FACTORS AFFECTING

ASSTRACT

The llníversiËy of

THE TEXTURAL QUALITY

Manitoba, March L973.

OF COOKED

SPAGHETTI Æ{D THE REI.ATIONSHIP BETI^]EEN ITS

ÏNSTRINIENTAL AND SENSORY EVALUATION

MAJOR PROFESSOR: Dr. G. N. Irvine

The effects of durum variety and processing and cookíng conditions

on the textural quality of cooked spaghetti Tirere measured usíng the Grain

Research Laboratory (GRL) spaghetti Ëenderness t.esting apparatus. Stan-

dardízatíon of these factors then permítted assessuent of the relation-

ship between this instrument and firmness of samples as perceived by a

sensory panel. Multiple linear regressíon analysis indicated a signifi-

cant, (p < 0.01) correlation of 0.97 betr¡een instrument and panel and

pernitted formulation of an equation for predictíon of sensory response

from insÈrumental results.

The effect on texture, of addition of egg albumín up to L5% by

weight ü¡as assessed and optín:izatíon of the instrumental parameters

tenderness, compressibility and recovery Tras found to occur T¡/ith additíon

of 27.. Increasing the 1eve1 of protein reduced the rate of cookíng as

r¿ell as influencing texËural quality. Studíes with the amylograph and

mícroscopic examination under polarized light, of starch extract.ed from

cooked and r:ncooked spagheËti, indícated a direct relaËionship between

rate of starch gelatinization and textural quality" This was especially

true with respect to recovery. Gelatinízation was found to proceed from

xl-



the ouËside of the strand inwards and the rate varied ínversely with the

protein 1evel. Temperature of the cooking \^raËer affected the degree of

gelatinízatíon and hence Ëhe textural quality of Ëhe sample. The most

desirable conbination of textural paramaters occurred v¡hen the sample was

cooked to al dente, and it r^ras not r¡ntíl all the starch had been gelatin-

ized that thís stage was reached, thereby suggesting that it is the

nature of the starch gel which ís responsible for the texture of cooked

spaghetti. The characËerisËics of this sÈructure also appear Ëo be

affecÈed by other factors such as the protein component, the nature of

the sÈarch present and possibly the pentosan fraction.

xl_l-



REVIEI^I OF LITERATURE

Pasta ís one of the oldest forms in which processed wheat products

have been sold (Irvine, L964). Origínally available as food for infanËs

and invalids, sold only through the apothecary (Le Clerc, 1933), it has

come a long way to the presenË where numerous brands are freely avail-

able on the supermarket shelves and the annual per capita consurnption

in Canada alone is 4.2 kg (I^JC, L972). I^Iith todayrs concern over nutri-

tíon, it is available with or r¿íthout added enrichment in the form of B

vitamins and iron. Apart from its ascorbic acid and calcirrn content,

spaghetti is a fairly acceptable substituËe, nuËritiona1ly, for rice or

potaÈoes, Ër,ro of the more cormonly used carbohydrate sources ín the

North American main meal (Table 1).

Contribution of Cheruical Conponents to Quality

Durum r,¡heat has Ëraditionally been the rarr material chosen for pasËa

productíon since it results in a product of high quality. However, Ëhe

contribution of the biochemical components of durun to qualíty has not

been well elucidated, nor is there much ínformatíon available concerning

varíeta1 reasons for quality differences.

SËarch. In considering first the starch fraetion in pasta, a review

of the literature indicaËes that very little research has been reported

on this subject. Studies by Sheu et al. (L967), dealing with the inter-

change of various biochemieal components of hard red spring (HRS) farina

and durun semolina, indicated thaË starch had only a small effect on the

cooking quality of pasta. HRS starch resulËed in increased firnness of

the cooked product when substituted for durrrn starch, however, this



Table 1. Comparison of the

and potatoes2

nuËritional compositíonl of spaghetti, ríce,

Nutrients

Spaghetti
enriched

cooked to al dente

Rice
enriched

steaued
Potatoes
boiled

Proteín

Carbohydrate

Calcfun

Iron

Thiaml-n

Riboflavin

Niacin

Ascorbic acid

oÞ

c

ug

mg

ug

mg

mg

Eg

5.0

30. 1

11. 0

1.1

0.18

0.10

r.4

0.0

2.r

23.3

19.0

0.8

0.11

0.10

L.2

0.0

1.9

L4.5

6.0

0.5

0 .09

0.03

L.2

16.0

1 lùatt and. Merrill, Lg63.

2 Corporition per 100 g edible portion.



increase was srnall when compared with the effect of substltution of the

gluten fraction.

In 1970, Frey reported results índícaËing that starch had an iupor-

tant part in both the consistency and water absorption of pasta products.

He also indlcated thaÈ the proteín component could be replaced with pre-

gelatinized rrheat or potaËo starch and still result in spagheËti of

acceptable quality.

More recentl-y, Lintas and d'Appolonia (1973) reported the results

of studÍes dealing wíËh the effecÈ of spagheËti processing on semolina

carbohydrates. Results indicated that starch was damaged during the

mixing and extruding phases of processing but even more so during dryíng.

No indication was given, however, as to Ëhe relationshíp between starch,

sËarch damage and cooking quality.

Because the ínformaÊion linking starch with pasta qualíty ís so

limited, it may be worthr¡hile to consider Ëhe studies done to ínvestigate

the relation beËween starch and bread making.

A nr¡nber of reporËs (Sandstedt, 1961; Jongh et a1.,1968) have been

made concerning the feasibility of producing a bread with good crumb

characteristics from dough in which the gluten has been replaced by such

hydrocolloíds as sodium alginate, carrageenan and geLatínízed potato and

waxy maize starches. Jongh (1961) T¡ras even able to prepare an acceptable

loaf from dough made from starch to which 0.L7" oÍ. the emulsifier glycerol

monostearate (GMS) was added.

From these reports it appears that starch plays a definite and

important role ín dough structure and baking quality of bread. Sandstedt

(1961) notes the following as functions performed by starch in baking:

dilutíon of gluten to desírable consísËency; product.ion of sugar through



amylase act.ivity and contribution of a surface suitable for a strong

uníon with the gluten adhesive. Due to gelatinízat-ion, starch also be-

comes flexible allowing furËher stretchíng of the gas-ce11 filn and is

responsible for setËing of the dough during the baking so that ít does

not collapse on cooling.

From these studies ínvestigating the role of starch in bread baking,

it. is possible to hypot,hesize its role in pasta quality. As starch

appears to affect the structure of the bread, Í.t is probably in this

area that it makes its contribution to pasta quality. It has been shown

that starch gelatiní-zat.íon constitutes one of the most characterisËic

processes occurring during bread baking (Jongh et a1., 1968). Gelatini-

zatLon also Ëakes place during cooking of pasta (voisey and Larmond,

I973a; Marshall and I^lasik,7974). In fact it appears that the Braibanti

technique, used to determíne the al dente stage of cooking, is based on

Ehis phenomenon. This technique consists of squeezing a sËrand of cooked

spaghetti beËween two plexiglass plaËes. If the sample is only partially

cooked, a white core will be apparent in the flattened strand. At Ëhe

point of disappearance of this core, Ëhe sample is said to be cooked to

the al dente stage. Samples cooked beyond this stage require less

pressure to flatten Lhem and become increasingly softer in texture. It

is interesting Ëo note that although the protein fraction is generally

reported as controlling cooking quality, it. appears to be the starch

component which is used as the basis fot' determining optimum cooking

time. For this reason, prelin-inary studies into the degree of gelatini-

zaLion occurring duríng processing and eooking, were conducted in the

present study.

In consideríng the cont,ribution of starch to pasta quality in the



light of its conËribution to bread rnaking quality ít must be remembered

thaË starches have been shown to vary in characteristics not only from

species to species but also among varieties r¡ithín a species (Alsberg

and Rask, L924). For this reason, dífferences beEween bread r¿heat and

durrm wheat sËarches could be expected.

Protein. In contrast to starch, the relationship between protein

pasta quality has received more exËensivequality and quantity, and

consideration.

rn 1939, Binnington et al. reported that the breaking strength of

dry pasËa appeared to increase with increasing protein content, However

since no simple correlation could be calculaËed, ít r¿as felt by these

authors thaË other factors such as proteín quality, were also involved.

The effect of the biochemical constítuents of durum and HRS wheats

on pasta quality was investigated by sheu et al. (L967). rn this study,

semolina and farina r^Iere fractionated into starch, gluten, lrater solubles

and sludge components. A series of reconstituted starting materials was

then constructed using various combinations and substitutions of the 4

component fractíons. I^Jhile ínterchanging of the starch and sludge

fracËions had only a sma1l effect on cooking qualíty, interchanging the

other 2 components produced major changes in the cookíng quality. Inter-

changing the gluten fractions produced the mosË drastic changes in cooked

weíghË and firrnness. Substitution of HRS gluËen for durum gluten reduced.

the cooked weight of the macaroni, however, thís substitution also pro-

duced a firmer product. Gluten, in conjunctíon with the water-soluble

fraction, also appeared to affect the amount of residue in the cooking

lrater. Durun gluten arid \¡rater solubles increased the amount of cooking

Ì¡rater residue when substíÈuËed for the correspotlding HRS components. As



a result of these studíes, the authors recournended that fuËure explora-

tions be directed towards a more detailed study of the effects of gluten

and waÈer-solubles on pasËa quality.

Matveef (1959) reported that rbite'in cooked pasta appeared to be

a function of the percentage of gluten in the sample. In studíes (1966)

involving macaroni samples ranging in gluten content fron 9 to 1BZ, he

noted parallel increases in force required to break the samples, from

60 to 130 g. Hol1-iger (1963 ) also reported that increasing the amount

of gluten in spaghetti decreased the amount of cooking úrater residue

and increased the force required to produce a given exËension in the

cooked product.

As a follor^r up to these and other studies, l"fatsuo and lrvine (1-970)

reporËed results of experiments done to detern-ine the effect of differ-

ent types of gluten on spaghetti quality. Weak gluten producËs appeared

to be softer when cooked, suggesting that the type of gluten does affect

the tenderness of the cooked producË. InËerchanging the gluten fraction

of Ster¿art 63 semolina, whích is weak, with thaÈ from Pelissier semolina,

whích ís strong, had a marked effect on firmness of the spaghetti pro-

duced. Stewart 63, whích generally produces a faLrly soft product, when

substituËed with Pelissier gluten produced a firm product and vice versa.

In addition to the type of gluten presenÈ, the amount of gluten and íts

effect on firmress was also considered. Tests indicated that the type

had a much more pronounced effect on quality than the amount.

The effect of protein composition on cooking qualíty of pasta has

also been studied. Recently, trIalsh and Gilles (1971 ) reported tests on

eight durum and comnon wheat varieties of varying pasta naking quality.

The proteins of these wheats were separated into 5 fractions: albumÍns,



globulíns, glíadins, glutenins and base-solubles; statistical analyses

were applíed to examine their relationship to various cooking quality

parameters. Albr:mins and glutenín were shown to be negatively correlated

with spaghetti color and cookíng loss. Globulins showed the reverse, as

well as a negative correlation r,rith firmness. The gliadín fraction

showed no signífícant (p . 0.05) correlation with quality. The base-

soluble fraction showed posítive correlations with cooking loss and color.

Further study using Sephadex G-200 gel filtratíon índícated Ëhat gliadin

could be positively related to spaghetti color but negaËívely to cooked

pasËa firnness.

Investigations to determine Ëhe effect of protein content on

spaghetti cooking quality have also been reported (Matsuo et al., L972).

In these studies, hígh proËein samples were firmer, less compressible

and more elasËÍc than the 1ow protein samples, índicating a definite

relationship between protein content and cooking quality. For an accept-

able product, the authors suggest that the proteín content should be aË

least LL7". If it is not, the protein content may be increased by addí-

tion of protein from other soúrces. The alternate source, horrrever, must

be chosen carefully sínce not all proteins will íurprove the cooking

quality. Addition of fish protein concentrate, for example, acËually

decreased the cooking quality of the finished product. In studying a

number of possible additional protein sources, Matsuo et al. (L972) found

that only egg albumin and wheat gluten improved the cooking quality.

Rapeseed flour, soya flour and durum albumín and gliadin showed little

if any ability to improve the cookíng quality.

In studying the effects of additions of proteín from sources other

than wheat, Dürr (1971) found that not only egg whiËe buË also native



whey proteins produced improvenents in spagheËËi cooking quality. This

author reported that the suitabílíty of uilk proteins as sources of

enrichment depended on the isolation meËhods used to obtain them. Prod-

ucts produced with milk proteins which had been irreversibly coagulated

by heat or rerinet r{ere poor iri textural quality while those produced

from nilk concentrates added in liquid form and hence coagulaËing during

pasta cooking r,rere of good quality.

The most recently reported work dealing with the protein fracÈion

and spaghetËi cooking qualíËy is that concerníng the components of

gluten: glutenin and gliadin.

Preliminary studies by Matsuo and Bradley (L973) showed glutenin

contenË Ëo be related to quality facËors such as dough development time,

tolerance index, gluten resistance t,o ext,ensíon, tenderness index and

% reeovery in the cooked spaghetti. A 1ow ratio of gliadin to glutenin

was also suggested as being ímportant in determining cooking quality.

The relationship between glutenin and pasËa quality was examined

in much great,er detaíl by ldasík (1973). Conclusions reached in thís

study were that varieties having a high glutenin content and low gliadín/

glutenín ratios had the best rheological and cooking properties. These

conclusions r¡rere based on a study of 15 durrmt wheat varieties. Ge1

filtration studÍes indicated differences in proteín composiËion among

varieties of dífferent spaghetti making qualities. On the basís of

gluËenin to gliadín ratíos, Ëhe varietíes could be ranked in almost the

same order as that derived by considering Ëhe rheological and cookíng

Ëest resulËs. No sígníficant intervaríetal differences were observed in

scannÍng elecËron microscope and amino acíd analysis studies of the

samples. However, sodium dodecyl sulphate-polyacrylamide gel electro-



phoresis (SDS-PAGE) studies on the glutenins indicaËed distinct varietal

differences in molecular weight distribuËion and relative concentraËions

of the first 6 subuníËs. These differences rnrere felt to be directly

related Ëo pasta quality, suggesting Ëhat not only the amount, but also

the composition of the glutenin is an important factor in deËermining

Ëhe quality of the fíníshed product.

Despite all these studies, however, there is still no clear-cut

biocbernícal explanation for Ëhe variatíon in pasta making quality of

durum wheats.

Qualitlz Measurements

Many atËempts to elucidate the roles of the various components of

wheaË have, as menËioned, involved Èhe substitution of one fraction for

another. Sauples produced are then tested for quality and the effect

of the component is determined by inference. Although this approach is

fairly sound, it is of little value unless the comparisons can be made

ín concreËe terms and are repeatable. For this purpose, instruuental

measurements are desirable.

The term tqualítyt Ís fairly nebulous and involves the consideration

of a nr:rnber of aspects. These include color, translucency, mechanical

strength, surface, cooking characÈeristícs and even flavor. Many of these

factors, such as color, translucency and surface conditíons may bemeasured

instrrmtentally and official methods of analysis are well established.

The characterízation of cooking qualíty, however, is more difficult since

its neasurements and definitions tend to be more subjective.

Instrlrnental assessment of quality.

has been defíned ín terms of the increase

In the past, cooking quality

volume of the cooked product,l_n
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the ability of the producË to resist disintegration during cooking and

Ëhe Ëexture of the product as determined by some mechanical means

(Binníngton et al., L9391' Holliger,1963b). Texture measuremenËs, how-

ever, have often been applied to the rar/ pasta and as such do not really

reflect the quality of the cooked product (Matsuo and Irvine, f969).

A nr:mber of instruments have now been developed r¡hich will evaluate

cooked pasta and thus facilitate textural quality comparisons on a coulmon

basis.

In 1939, Binníngton et al. described an apparatus for tesËing the

tenderness of cooked macaroni. IË consisted of a plunger to which a

steadily increasing load could be applied until a predetermíned reduction

in sample thíckness was obtaíned. The increasing load was obtained by

adding mercury at a constant rate and the weight of the mercury was taken

as an index of tenderness of the sample. This apparatus \ras accepted as

the official method in Cereal Laboratory Methods and its use was reported

f.or a nurnber of years. Because it does not sufficiently characteríze tlne

propertíes of cooked pasta, Holliger (1963b) introduced an instTument

r¡hich assessed the mechanical properties of both cooked and uncooked

pasta. This nachíne consísted of a mobile beam through which a continu-

ously increasing force could be applied to the sample. Dry samples r"lere

assessed for bending sÈTength and cooked samples T¡rere tested for tensile

strength. No attempt ¡^¡as made by the author to interpret his results in

terms of sensory texture perception. This instrument was subsequently

refined and offered for commercial use by Buhler as Model TLU-101 Labora-

tory Tester for macaroni products (Ilolliger, L966). From the description

gíven of the nethod, it appears to be a fairly cumbersome one in that

samples must first be mounËed in clamps, then cooked and tested. Once
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again, no information is gíven as to the relationshíp between sensory

and insLrrmrenËal results.

ln 1969, the development of a tesÈing ínstrument desígned to simu-

late the rbíte testt r¡ras reported by Matsuo and lrvíne. This apparatus

consisted of a cutËing edge shaped like a tooth which was applied, wíth

a contínuously increasing force, to a single strand of spaghetti. The

rate of cutting is recorded and results interpreÈed in terms of a tender-

ness index. The greater the magnitude of thís tenderness index, Ëhe

softer the sample. The test is rapid, thereby minimizing changes in the

cooked product, reproducibility is good and the instruuent is fairly

sensitive. No attempt to relate the results of this ínstrument to sen-

sory firmress perception urere reported by these authors in their first

paper. Thís apparatus was subsequently adapted to measure compress-

ibility and recovery. In the paper dealíng with its nodification, men-

Ëíon is made of a very limited sensory test, the results of rrhich corre-

lated faírly well r¿ith the instrunental results (Matsuo and lrvine,

f97L). Measurements made on samples to determíne these 2 additional

parameters were based on curves resulting from placing a fixed load on

Ëhe blade for 15 sec then renovíng it for 15 sec. For this test the

blade used is flat rather than tooth-shaped. Compressibility is then

deteruíned as the relaËion between blade penetration and. pasta diameter

while recovery ís calculated as the ratio of the distance the blade is

forced back, to the penetratíon.

This nachine ís simple to operate, requires no added equipment such

as Hollíger's sample holders (1966), al1ows samples to be cooked by the

same methods used by a consrrner and is relatively inexpensive Ëo con-

struct. since it is the main vehicle used for assessing the cooking



.r :i.::.:.i_'..:-:,::_-.:_.. l

L2

quality of spaghetti samples tested by the Graín Research Laboratory

(GRL) of the Canadian Grain Comnissiono it would be useful to establish

the degree of correlation ¡¿hich exists between it and human perception

of firroress. Extensive studies r¿ere done as part of this thesis to

test this relationship and, ín addition, to formulaËe an equaËÍon r,,rhích

could be used to predict tfírmnessr on the basis of all 3 textural

parameËers assessed.

fn additÍon to the GRL spaghetti tenderness testing apparatus,

there are tqro additional ínsËruments for pasta texture testing which

bear mentioníng. In 1971, I,üalsh reported the development of a method

to rneasure the firmness of cooked spaghetti using an Instron Universal

TesËer. The tooth designed for this test r¡ras simílar to that. used by

Matsuo and Irvine (1969) for firmness assessment and once again, testing

r,¡as done on a single strand of spaghetti (I,Ialsh and Gílles, 1971). In

conjunction with the instrunental testing of the samples, a t,aste panel

assessment was done. A correlation of 0.812, significant at tt.e 17"

level of confidence, rtras reported between the average taste panel scores

and the instrumental results. This result may not be as meaningful as

it appears, however, since only 6 of the 9 panelisËs showed sígnificant

correlations with the instrunent. Furthermore, panelist assessments

were made usíng a rdesirabilityr scale. Since individual preferences

differ greatly, a method such as this is likely to introduce a large

degree of varíability. The author (I^Ialsh, i,l}TL) notes that Ëhe panel

members showed a great deal of variation in their concepts of firmress

which probably also affected the resulËs.

Voisey and Larmond (1973a) also reported results of tests conducÈed

with an Instron adapted Èo test multíp1e strands aË one time. Since the
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human consumes more than one strand at the time of eating, this adapta-

tion probably gives a more accurate assessment of Ëexture Ëhan do those

Ëests consisting of a single'bite'on a single sËrand. Good correla-

tion r4ras found between the results from the multiple blade shear cell

and panel data.

The second instrument modified to measure the Ëexture of cooked

pasta is the OËtar,¡a Texture measuring systen (OTMS) developed by Voisey

(1971). A multiple blade shear cell sinilar to Èhe one described for

the Instron (Voisey and Larmond, L973a)has been developed to fít the

OTMS and is cournercially avaílable. It too shows a good correlation

between instrumenËal and sensory data. The results for both these

machines vrere reported only for shearíng attachments and gave no results

for parameters such as coupressibÍlity and recovery. Since texture is

perceived as a complex of rheological properties, measurement of as many

of these as possible is imporËant for adequate assessment"

Another dratrback with the InsËron and OTMS ís the cost which is

approximately 10 Ëimes that of the GRL spaghetti tenderness testing

apparatus.

From the previous díscussíon it, may be seen that a number of ínsËru-

ments are available for testing the cooking qualíty of spaghettj_. A1-

though much time has been spenË in developing these instruments whích

assess various texËural atÈributes of cooked pasta, much less effort has

been expended to exauine their correlation with sensory evaluaËion.

Since the human is the final judge of pasta texËure and the one who wí1l

be most influenced by cooking quality, this relationshíp beÈween hr:man

and instrunenÈ bears closer exanination.
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Sensory eValuâtion of QuâliËy. Texture is a composite property

related to varíous physical properties of a foodstuff such as elast.icity,

firmness and cohesiveness. Sensory perception of texture is a fairly

complex matter involving sense organs in the Ëongue, gums and hard and

soft palate. The influence of textural propertíes on hrmtan acceptance

of foods has been shown to be fairl-y substanËial, especially in products

which are bland in flavor (Szczesniak, 1969). Since pasta is a fairly

bland food, perhaps this explains the great concern of consumer and

researcher alike, wiËh the texËure of the cooked product. Because Ëex-

ture is so complex, its assessment by means of sensory panels is impor-

tant. In fact, Matz (.1962) reports that sensory tests are probably the

only way to obtain meaningful informaËion on food texËure.

A large mrmber of test methods exist for sensory evaluation of tex-

ture. For símplícity, Ëhey may be classed as either (i) difference Ëests

or (ii) preference Ëests. The latter are generally used to establish

consumer acceptance or preference for a certain foodstuff whÍle the

former are used as analytical tools to establísh dífferences among prod-

ucts or levels of a substance lriËhin a product. Within these categories

of Ëests there are a myriad of Ëest types avaílable for use dependíng

on the Èype of producÈ being tested and information desíred.

The method chosen for use ín this research ís that of ratio estina-

tion. Psychophysical testíng has shorn¡n that people handle sensory ínfor-

mation in varied ways and in a logariËhmic rather than linear fashíon.

The method of ratio esËimation has been found to compensaËe for these

differences since it allornrs panelists Ëo judge samples on a sensory con-

tínuum which is permitted to vary in the sarne r¡ray as the physical one

(Moskowitz et aL., L972). Furthermore, this technique ís fairly sírnple
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to use, has been shor^rn to give reproducible results and requires little

training of the panel other than to familiaríze them with the concept

of rating samples in proportion to a standard. Sinple pourer functíons

of the equation form S = kln have been found to be adequate to descrÍbe

the relationshíp of experimental results produced using this technique.

For this poúrer function, S = subjective response' I = instrumental re-

sponse, k is a constant and n provides a measure of the rate of increase

in sensory magnitude with concomritant increases in physical intensity.

The exponent n is independenË of the uníts of sensory and instrumental

measurement and is unaffected when all the subjective results are multi-

plíed by a constant factor.

Although sensory evaluation of cookíng quality ís important, few

reports of invest.igatíon into Ëhis aspect of qualíty appear to have

been published. As previously mentíoned, I,Ialsh (1971) compared instru-

mental results from the InsËron r,rith Ëaste panel data. Statistical

analysis of the tl¡ro sets of data índicat.ed good agreement, however,

taste panel methods used are somer¿hat suspect.

The most exËensive sensory Ëesting of pasta quality Ëo date appears

to be that conducted by the tr'ood Research Institute in OtËar,ra (Larmond

and Voisey, L973; Voisey and Larmond, L973a). Using a panel of experi-

enced judges, B samples of con¡mercially and laboratory produced spa-

ghettís were tested for firmnessn gr,mminess, adhesíveness chewíness,

flavor, starchiness and rindividualityr. These parameters were also

examined for relatíonships wiËh consumer panel opiníons. Significant

differences (p < 0.05) were detecËed among varíeties for all parameters.

The parameters of firnness and gumriness seemed adeguate to describe

the pasta samples, as gurtrniness was highly interrelated with starchíness,
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adhesiveness and indiwiduality. Consideratíon of flavor and chev¡iness

were also discontinued since they were noL shown Èo correlate r^riËh any

of the characteristics rated by the consumer panel. This consumer panel

consisted of. 375 rtalían housewives who were given spaghetti samples

which they were asked to rate for flavor, appeaïance before and afËer

cooking, ease of preparation and handling. These ratings rsere made on

a 7 point scale and data were manipulated to gíve a value for overall

qualíty. These consumers were also requested t.o give their ïeaction to

B other quality attributes includíng color before and after cooking,

appearance and handling characteristics and firmness by mouth. Although

an rtalian brand name pasta rated best for overall quality, a sample

made from the Canadian durum variety Hercules was second. The amount

of confidence which can be placed in Ëhe ability of these consumers to

discrímínate among samples is questionable, however, since the mean

values of the ratings for a1l- samples covered a very snal1 range of

4.42 to 4.84. Correlation beËween panel and constmer results was 0.95

for firruress (sígnifícant p < 0.05) and 0.90 when laboraÈory panel

results for gur¡miness r¡rere tested against consumer ratings for tttasterr.

Significant correlation was also found between panel fírmness and con-

sumer assessment of roverall qualityt. The conclusion of Ëhese authors

(Larnond and voisey, L973) r¿as that fírrmress and gr:nminess could be

used to predict consuner accepËability.

Similar experíments were conducËed to determine Ëhe correlation

between the panel and instrumental results. As previously mentioned,

fairly good agreement was found between sensory âssessment of fírmress

and the Instron and OTI"ß. Differences can probably be accor:nted for by

the fact that the cooking methods used for sensory testing and instru-
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mental evaluations \¡rere some\¡rhat different (Voisey and Larmond, 1973).

Slightly different Ëemperatures !/ere used, thus cooking tímes varied.

In addítion, samples prepared for human consumption were cooked in water

containíng L7" salt. Since Binnington et al. (1939) reported that the

presence of salt in the cooking wat.er resulËs ín increased tenderness,

some of the variaËíon m:'y be due to this.

Thus iË appears that a trained panelíst may be used to help predict

consumer acceptance of pasta, and that prediction of panelistsr results

may be possible by instrumental means. Part of Ëhe research involved

in Èhis Èhesis then was to establish the correlation between the GRL

spaghetti tenderness Ëesting apparatus and sensory panel data, and if

possíble, to construct some type of predíction formula for the purposes

of anticipating human response to cooked pasËa quality.

Once a suitable method has been established for comparison of

samples, then the cooking quality of the pasta may be studied.

Contribution of External Influences to Quality

Quality may be affected by internal and external influences. The

internal ones are those such as the biochemical constituents whose

effects on qualiÈy have previously been discussed. The external influ-

ences include such things as conditions under which the sample was pro-

cessed, and conditions under which it was cooked.

things which serve to urodify the intrinsic make up

other words, those

Ëhe starting or

cooked product will be considered as external influences and will now

be reviewed at greater length.

Processing conditíons. Pasta ís generally produced by nixing T¡rater

with durr¡n semolina to produce a dough, and extruding or sheeting and

In

of
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cutËíng this to yield the desíred form. In some casesr egg or mílk

solids may be added. Following extrusion, the product is dried to I37"

moisture or less under controlled conditions of temperature and humidity.

This general procedure ís followed for both laboratory and commercíal

producÈion of pasta. A good revíer,¡ of índustrial processing is found

in an artícle by Hoskíns (1959).

Although the process of pasta production is fairly straightforward,

there are a number of things which can have an effect on the quality of

the finished product. These j-nclude the wheat variety from which the

semolina is nilled, as well as the processing conditíons. CerËain

varieties of durum ¡rrheat have been shov¡n to yield pastas of superior

cookíng qualíty. Variation ín processing condítions has also been shown

to affecË qualíty characteristics, regardless of Ëhe variety used

(Anderson and Cunníngham, L943). The correcË absorptíon, vacuum applied

during mixíng, mixíng time and temperature as well as temperature, pres-

sure and duration of the resting period folloving m:ixing and prior to

extrusion, must all be controlled to optíruize results during pasta pro-

duction. Although tesÈs have been reported on various aspecËs of these

conditions as they affect laboratory produetion of pasta, most of the

results have relaÈed to their effect on color and handlíng properties,

rather than effecËs on cooking quality. Inítial laboratory investiga-

Ëions were conducted on sma1l disks of pasËa dough or on macaroni

(Martin et al., L946), but today spaghetti is the preferred form for

evaluation purposes. High absorption has been shown to have adverse

effects on firmness and cooked weight (l^Ialsh et al. , LITI).

The application of vacurnn during mixing has been implicated in

cookíng quality and color of pasta. High vacuum Ëends to adversely
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affect color but improves firmness, cooked weight and reduces cooking

loss (I,Ialsh et a1. , I97L).

Duration and temperaËure of dough mixing are also important factors

affecting the qualíÈy of the finished product. In studies dealing with

the effect of processing condíËions on paste propert,ies, Cunningharn and

Anderson (1943) report,ed that short mixing times (40 sec) produced pasta

disks which were more ye11ow and more transparent than those processed

for long mixing times (100 sec). This Ëhey felt nas presumably due to

the increase in Ëhe nr:mber of small aír bubbles incorporated ínto the

dough. In subsequent Ëests (Anderson and Cunníngham, L943) these au-

thors reported thaË íncreasing the nixing tíme also resulted ín a rlefínite

decrease in pigment content and aLtributed this to desËruction of the

pigment by oxidation during míxíng. These authors also reported that

increases in nixíng time made the dough more sensitive to changes in

other processing facÈors. The effect of increasing the temperature

during mixíng appears to have the same effect as increasíng the time"

Cunningham and Anderson (1943) reportr however, that this relationship

is not linear over all mixing temperatures, especÍally in cases belor¿

260c.

Following míxing, the dough is generally allowed to rest for a cer-

tain length of time príor to extrusion. The length of this rest period,

temperature during resting and application of pressure have been the

subject of a nr¡nber of pieces of research. This period provides for

maximum effici-ency during extrusion. It permits the dough to reach the

same temperature as the press l¡hich in turn produces the desired degree

of plasticity responsible for the smooth surfaee on the finished product

and controls the tendency of the samples to stretch and break during the
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initíal steps of the drying process (Geddes, 1936). The length of resË-

ing time desirable was studied by Cunningham and Anderson (1943) who

reported that increases in time beyond 15 rnín díd not produce sígnifi-

cant improvements. The standard resting period for laboratory pasta

production rtras subsequently chosen as 9 min (Martin et aL., 1946). No

reports on the effect of length of resË period on cooking qualíty have

been found. Control of press temperature ís necessary to the extent

that Ëhe temperature of the dough wíll affect its consistency whieh in

turn could affect the extrusion process. In the micro laboratory pro-

cessing of pasËa the dough ís rested at a faírly high temperature (50oC)

in order to reduce its viscosiËy and thus lower the required exËrusion

pressure, thereby improving the surface of the pasta (Martín et al.,

re46) .

In surveying the literature, the processing condiËion exerting Ëhe

greatest effect of all, however, appears to be pressure applied during

the rest period. Martin et al. (L946) reported two effects of pressure.

First ít increases the translucency of the dough and secondly it de-

creases dough viscosíty thereby lowering the required exËrusion pressure

and hence improving pasta surface finish. Smith et al. (L946) reported

that small nunbers of relatively large bubbles in pasta dough contríbute

to hígh translucency whereas large numbers of sna1l bubbles contribute

to high opacity. In studies with pasta disks, they were able to show

that application of pressure to pasÈa dough would cause the bubbles to

coalesce and Ëranslucency would be improved. The relaÈionship between

pressure and the number of bubbles vras reported to be curvilinear and

the effect of pressure \¡ras shown to inerease r¿ith the length of tine it

was applied. This same pressure effect T¡ras reported by lrvine and
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Anderson (1951) in conjunction with macaroni dough.

As ¡.¡e11 as their effects singly, certain combinations of thevarious

processing conditions have been shov¡n to affect Ëhe quality of pasta.

Courbinations involving pressure plus one other processing variable pro-

duce the most signífícant effects, however, their contribuËions have

been reported only with respecË to color and translucency. Their influ-

ence on other quality characterístics, while not statístically signifi-

canË, was thought important enough by Anderson and Cunninghan (1943) for

Ëhe authors to suggest that the exacË effect on quality of a given pro-

cessing factor could not be stated unless the levels at r,¡hich all the

other processing fact.ors were st,andardized were also specified.

Since processing conditions appear to affect color, translucency

and the handling properties of the dough, ít is conceivable that they

could also affect the cookíng qualíty of the finished product. ParË of

the purpose of this study, therefore, was to examine the effect on cook-

ing quality of variations in resting temperature and pressure duríng

spaghetti production.

Cooking conditions. A second external influence on observed cook-

ing quality results is the actual conditíons under which the pasta is

cooked. This r¡ould include the temperature of the cooking r¡rater, the

length of cooking time and the treaËment following cookíng.

There is a certaín amount of controversy as to the correct method

for cookÍng the samples prior to quality testing. Sone researchers

(Feillet, 1970) feel that all sarnples should be cooked for a fixed

length of time, whereas others prefer to cook each sample Ëo al denËe

since this is generally the point to which it is cooked for human con-

sumption.
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Spaghettí is traditionally cooked with the rrrater at a full rollíng

boíl. No infornation was discovered in the literature as to Ëhe effects

of cooking at lower temperatures, on quality.

Final1y, samples may or may not be placed ín cold etater, or blanched,

following cookíng. The effects of cooking time, vrat,er temperå.ture and

blanching, on cooking qualíty, were also studíed in Ëhis research.

Thus, consideration of the literature publíshed to date, indicates

that. research is proceeding as Ëo the probable biochemical explanations

for cookíng qualíty and ínto the role of the various components and their

contribution to qualíty. The starch component has apparenÈly received

little consideraËion, however, there is some suggestíon that ít may be

implicated in the firmress of the cooked product. Gluten, the wheat

proËein, and its various subfractions, glutenin and gliadin have reeeíved

much more extensive consideratíon. Cooking quality appears to be related

to Ëhe quality as well as quantíty of gluËen, the raËio of gliadin to

glutenín in the sample and to the proportion of Èhe various subunits

naking up glutenin. To date, however, no definite component, has been

proven to be the one on which quality depends.

To examine the roles of these various fractions, substitut.ions have

been made and samples compared on coflmon bases using the results of

mechanical testing. A number of insÈruments have been developed for

testing purposes and these were discussed at length. Little has been

done, however, to relate the results from these machínes to human evalua-

tion of texture. Sínce human evaluation is the ultimate test of quality,

thís constitutes a seríous onrnissíon.

Processing conditions as well as cooking conditions have been

implicated in pasta quality. These, however, like the instruments can



23

be standardized for evaluation purposes. This standardízation of meËhods

then provídes a tool for examiníng quality.

As has been mentioned for both starch and protein, varietal differ-

erices exist and these exert a definite influence on qualíty. The use

of insËrr:mental assessment, therefore, can be very important in variety

test.ing. Quality differences mây be exaggerated or minimized by con-

trolled breeding programs, and the varieÈies produced examined by stan-

d.ardized Èechniques. Results of this quality testing may then be used

to guide plant breeders torrards the developmenË of varieties suitable

for the export markeË as well as for domestic purposes. Most of the

durum wheat grorm Ín Canada is exporÈed, and since purchasing countries

are interested ín buying varieÈíes which will produce pasta of excellenË

cooking quality accordíng to Èheír standards, the ability to measure the

potential cooking quality of a wheat is extremely important. I{hen the

requírements of the consumer are known, together with the biochemícal

bases of these requirements, Èhe producË can be tailored to meet these,

noË only by controlling processing condiÈions, but also by breeding

programs aimed at alteraËion of specific bíochemical charact,eristics.
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METIIODS

SpaghetÈi samples produced by both laboratory and cormrercial means

were tested for cooking quality. The effects of such exËernal influ-

ences as blanching, temperature of cooking \.rater and length of cooking

tiue as well as temperaËure and pressure variation during processing,

$rere examined in relation to the textural quality of the cooked producË.

StandardizaEíon of these variables then permitted assessmenÈ of

the relationship beLween sensory panel and instrumenËal evaluation of

cooking quality and formulaËion of an equation with which to predíct.

sensory response on the basis of instrumental results.

The final area of study r¿as thaË ínvolving evaluation of the inter-

nal influences on cooking quality. Thís included consideration of the

effect on te>(ture of added egg albumin, and examination of the gelatini-

zati-on process of starch during spagheËti production and cooking and

iËs possible relationships to textural qualíty.

Spaghetti Production

Micro scale laboratory samples. Samples produced under laboratory

condÍtions Lrere made following a modification of the micro method re-

ported by Martín et al. (1946). 50 g of semolina were mixed ín a water

jacketed farinograph bowl (40oC), adapted for hígh vacuum, with suffi-

cient distilled !,rater to bring it to 33% absorption. After 0.5 nin

mixing, a vacuum of approxinately 700 mm Hg was applied and mixing con-

tinued for another 3 min. The dough was then transferred to a water

jacketed press cylinder (Martin et al. , L946) and allowed to rest for

9 min at 50oC and 2000 psi pressure. Following thís it was extruded
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through a 4 hole teflon coated spaghetti die and dried, with a con-

trolled decrease ín relative humidity, f.or 28 hr at 39oC.

Teroperature-pressure variations. To gain some insight into the

effect of processing conditions on cooking quality, a number of spaghetti

samples vrere made under varying processing conditions. The micro scale

method r,¡as used with the following combinaËions of temperature and pres-

sure replacing that (50oC, 2000 psi pressure) cormonly used duríng the

9 min resting period.

r"*p (oc)

25

40

60

80

Pressure (psi)

0

0

0

0

1000

1000

1000

1000

2000

2000

2000

2000

5000

5000

5000

s000

Semolinas from tv¡o varieties of durum wheat, Hercules and Stewart

63, were included in this experíment and each treaËment couibination Íras

applied ín duplicate for a total of 32 samples for each variety. Analy-

sis of variance was applied to the instrunental results to determíne

staËístically significant differences ín texture due to the processing

treaËments applied. A study r¡ras also made of the surface characteristics

of uncooked samples, using a scanning electron microscope. All 32 saæ-

ples produced from Stewart 63 were examined as well as some of the

Hercules samples.

Sensory panel samples. To provide a range in texture, samples

produced for sensory panel work contained added portions of commercially
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produced spray dried egg albuurinl. Egg albr:min at 0, 2.5,5.0, 7.5,

10.0, 12.5 and 15.07.1eve1s v¡as added on a weight per weight basis to
2 CI^IAD, canada l.Jestern Aober Durum (cl^lAD), average sample ,72-73 crop

semolína, and pasËa was then produced usíng the micro scale nethod.

Approximately 200 g of each treaËment were produced for this experimenË.

50 g sanples of spaghetti containing 0.5, 1.0, 1.5 and 2.0îl egg alburnin

were also produced to determine the minimum 1eve1 of protein addition

requíred to signifícantly improve textuïal quality. These samples were

not used for sensory evaluation.

Commercial samples. Samples used to study cookíng tíme and. Èempera-

ture effects were produced on cotlmercial scale by Primo Macaroní Co.

from semolina rnÍlled from 3 durr¡m varíeties; I{akooma, I{ascana and

Quilafen (Matsuo, Lg73). These samples were produced on a pavan press

under 30 in. Hg vacurtm and r,rith the amrneter on the exËrusion worm maÍn-

tained at 18 amps to ensure proper absorption. For l,Iakooma an¿ Quílafen,

the absorpËion used r¡as increased from Ëhat used for l^Jascana. Since

this processíng operaËíon was ïun on a conËinuous basis, large enough

sampLes of semolj-na (400 g) were províded rhat the initial spaghetti

exËruded following a change from one varieËy t.o anoËher, could be dis-

carded. rt was felt that by collecting only the spaghetti from the

níddle part of the run for each varíety, mixing of varieties would be

reduced to a minimrn. subsequenË protein testíng of spathettis and

corresponding senolínas shorsed that this $ras not so and Ëhat a fair
amount of contamination had taken place despíte these precautions.

1 ,h"r Foods LËd., Winnipeg, Manitoba
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Other samples, used to examine the range in texture to be expected

from cornmercially available producËs, lrere purchased aË varíous retaí.1

outleËs in l.Iínnípeg. CorÍms¡si¿l brands used were Agnesi, Barilla,

BuiËoni, Catelli, Constant, Creamette, Lancia and Primo. The surface

characterístics of these pastas were also examíned by scanning electron

microscopy to determine whether cooking quality could be related to a

surface characterístic.

Cooking Method

Regular method. 5 g samples of approximately 5 cm in length were

cooked in 150 rnl boíling tap !,rater (gB.SoC + 0.5o) to ral denËer as

established by the Braibanti technÍque (Voisey and Larmond, 1973a).

Following this, the samples ûrere drained and blanched 3 times with cold

Ëap water. Sanples cooked for the purposes of instrr¡nental assessment

were placed between layers of plastic film2 to pïevent drying pïior to

and during testing; those cooked for panel assessment were stored in
I

3 oz paper c.rps' covered wiËh ahmínurn foil to prevent drying.

Blanching. A fair amount of change in texture lras observed in test

sarnples during the period of instrumental assessment. Since previous

tests (Matsuo and lrvine, L969) wiËh the GRL spaghetti tenderness tesË-

ing apparatus had shown satisfactory reproducíbílíty, these discrepencies

r^rere aËtributed to textural changes occurring in the samples during

' ,rtrn Inlrapo Dow Chemicals Ltd., Montrealo Que"

3 Oi*i. I^IaËer Cup, No. 44n Dixie Cup Co. Canada Ltd., Brampton, Ont.
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Ëesting. These changes ¡,rere thought to be due to residual cooking

taking place during the time that Ëhe qrarrn samples sat between layers

of plastic film prior to and during testing. To cool the samples and

reduce these changes, samples were blanched 3 times with cold water

inmediately following cooking. The effect of blanching was tested on

6 commercial brand name pastas. Samples t¡ere cooked by the regular

method then blanched or not blanched and tested for variation in texture.

Temperature and duration of cooking time effects. To determine the

effect of r¡ater teTnperature and duration of cooking time on cookíng

quality, Quílafen, I^Iakooma and trrlascana spaghetËi samples were cooked in

600 and 90oC r,rater baths as well as in boiling water. The method

follor¿ed was the same as the regular method except that the beakers were

placed in a water bath and the temperature of Ëhe cooking rrater was

allor¡ed to equilibrate before the samples were added for cooking. For

the 60oc bath the cooking r^rateï temperature \^ras found Ëo be 58.5oc + 0.5o.

For the 90oC bath the cooking water temperatuïe r¡ras B2oc + 10. Samples

were cooked for periods ranging from 2 to 30 min in 2 mín intervals and

cooking tests \¡Iere repeated 3 times for each of the 3 cormrercial spa-

ghettis produced from pure durr¡m varieties. The average instrumental

results for each varieËy r¡ere then plotted against temperature and

against time. Additional samples cooked for 30 min at 58.5oC were

immersed in boíling water for 5 sec prior to insËrumental testing. A

further extension of this parË of the experiment tras done using only

samples produced from Wakoomn. In this case, samples were placed in

boiling waËer for 30, 60, 90 and 120 sec after they had been cooked at

5B.5oC for 30 min. These samples were also tested for textural quality

using the GRL spaghetti tester.
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Evaluation of Texture

Instrumental. All instruroental assessnent of cooking quality r,¡as

done using the GRL spaghetti tenderness Ëesting apparatus (Matsuo and

Irvine, L969; L97L). The mechanics of this insËrtment are described in

the literature revierr¡. Three parameters are measured by this instrument;

tenderness, compressibility and recovery, and they are calculated as

shown in Figure 1. For all tests, the 3 textural paramet,ers T^rere calcu-

lated, then the appropriate statistical analysis was applied to assess

results.

To determine the range of textures generally encountered in com-

mercially avail-able spaghettis, 6 brand name samples l¡ere tesËed in a

seríes of 4 replicaËes. Results r^rere averaged and analysis of variance

was applied to determine significant differences among brands and to

obtain an indication of the reliability of both the instrumenË and the

meËhod.

Samples used for the study of correlatíon beËween ínstrr:menËal and

sensory evaluation, !¡ere cooked following Ëhe standard method except

that sample weíghts of 200 g for the standard sample and 25 g for the

test samples r¿ere used. The ratio of pasta t,o r,rater, approxímately 1:30

r¿as retaíned. A number of strands rìrere held for ínstrumental testing

following cookíng, and the remainder of the sauple was placed into sample

containers for the panelists. Instrumental assessmenË was uade during

Ëhe same time period as the panel was being conducted.

Sensory. The concept of ratio estimation tras taught to the panel-

ists in a short training session by usíng cards of various sizes. Follow-

ing this, B pairs of sampleso each consisting of an identified reference
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sample and a coded test sample, were presented to the 5 panelists who

were asked Ëo assess sample firr¡ness. Panelists were requested to make

theír judgement on a sample paír then discard the samples before pro-

ceeding to the next judgement. This r,vas done to prevent eomparison of

the coded samples with anythíng other than the reference sarnple. Panel-

i-sts were províded with r¿aÈer for rinsing if desired and a paper cup for

expectoration of the samples. The samples used \irere those containing

0.0 to L5.0i4 egg alburoin added to produce a range in sample textures.

The reference sample used r^7as a spaghetti commercíally produced by

Catelli and available on the retail market. Judges T,rere ïequested to

rate Ëhe proportíon of difference between the coded sample and the

reference sample. A sarnple of the questionnaire used is presented in

Figure 2. Íhe pairs r¡rere presented in randomized order and the panel

assessment rnras repeated 3 times. The panel results were then tïans-

formed Ëo logaríthms (Moskowítz, 1970) and a multiple linear regression

analysis applied. on the basis of this analysis, a model equation was

devísed to relate panel resulÈs to instrumental results.

To test the use of the model formula as a predictíon equation, a

second experimenË was done. In thj-s case 5 conmercially available spa-

ghetti samples were used for panel assessmenÈ. Panelists were presented

r,lith 10 (duplicates of 5 samples) pairs of samples with instruct,ions to

rate these using the method prevíously described. The test pairs were

presenËed in random order. fnstrr:mental assessment r¿as made concurrently

and these resulËs were substíËuted ínto the formula. The predicted panel

scores derived were then compared to the actual scores assigned by the

panelis ts .

Since there \¡rere some discrepancies among some of the instrumental
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RATIO ESTIMATION OF F]RMNESS

NAME DATE

Please rate the firmness of the coded samples Ín relatíon to the
standard (S) saurple. If the coded sample seems 14 tines as firm as the
standard, give it a value of. L4. If it seems one-eleventh as firm, give
it a value of 1/11 or 0.09. There is no limit to the numbers, decimals
or fractions that you may use, but make each assignment proportional t.o

the firmness as you perceive it.

CODE NI]MBER RATIO ESTIMATION VAIIIE

Figure 2. Questionnaire used for sensory evaluation of pasta firmness.
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results, a second set of samples r¡ras cooked and tested.

results for these samples r'rere also substÍtuted into the

the predicted scores were compared to those from the panel

to those predicted from the first set of samples.

Vohme Increase

Instrumental

formula and

as well as

To determine the degree of volume increase with increase ín cooking

Lime, samples of the 3 commercially produced pastas qrere tested as

follov¡s. Sanples 4 cm long were weighed, then cooked at 98oC + 0.5o

in an excess of tap r¡rat,er. One piece r^ras removed every 2 min and its

vokmle determíned by water displacemenË in the following apparatus. A

10 ml bureÈte, graduaÈed in 0.5 ml r¡niËs \¡ras filled wiËh tap \¡rater and

mounted upright in a burette holder. A snall píece of iron rod approxí-

mately 1 cm in length and slighËly smaller in diameter than the j-nËernal

diameÈer of the burette, was placed in the bottom of ít. The 1evel of

the water was then adjusted to Ëhe 3 rnl line. Follor¡ing each determina-

tion, the meÈal piece was drawn up the burette with a magriet, thereby

facilitating rapíd removal of the spaghetti strand. Three sets of deter-

minations were done for each variety and average volume increases were

then plotted against time.

Starch Gelatinization During Processing and Cooking

Samples of seurolina, raür pasta and cooked pasta were tested using
It

an amylograph', to determine the extent of gelatínization of starch

during processing and cooking. The 3 varieties produced comnercially,

Brabender Amylograph-Víscograph, Brabender Corp., Rochelle Park, N"J.
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Wascana, I^Iakooma and Quilafen, were used for Ëhese tests.

a) Semolína: 65 g semoLína (I47. moisËure basis) and 350 m1 tap

!¡ater were mixed in a bowl using a rotary beater. This slurry was then

poured into the amylograph bowl and beater and bowl were rinsed with an

additional 100 ml of r¡rater. The standard AACC procedure (L962) was then

followed for operation of the amylograph with temperature being increased,

from 30o to 95oc, at the rate of 1.5oc per minute.

b) Raw pasta: Uncooked pasta r'ras ground in a Buhler laboratory

grinder' and treated in Èhe same manner as the semolina.

c) Cooked pasta: Spaghetti samples were cooked following the

standard meËhod, then 100 g of the cooked spaghetti and 350 n1 tap T^rater

were blended in a Waring blender6 for 15 sec at low speed then 60 sec

at high speed. Thís mixture was then poured into the arnylograph bowl'

the blender r¡ras rinsed with an additional 100 ml r¿aÈer then the same

procedure was fol-lowed as for Ëhe semolina.

To further examíne the degree of gelaËinization of starch during

processing and various stages of cooking, a number of samples \¡rere ex-

amined by polarized light microscopy. Conmercially produced spaghetti

samples of 3 varieties; Quilafen, Inlakooma and Wascana, as well as a

number of samples processed in the laboratory using the mÍcro method,

were examíned. The laboratory samples consísted of spaghetti made from

Leeds and Tunisian varieties both at 87" and L77" protein, as well as

samples made from 2 CI^IAD semolina wíth 2.57. ox L5.07. added egg albrmin.

5 B,rhl"t laboratory grínder. Buhler Bros. Ltd", Uzwil, Swítzerland.

6 W"rirrg blender. trIaring Prod.ucts Corp., Winsted, Conn.
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In addition, samples of Quílafen, I,rlakooma and trrlascana semolina were

examíned.

Semolina and uncooked spaghetti samples were soaked in tap \.¡ater

at room temperature for 4 hr. Experímental 5 g samples were cooked in

150 rnl of tap r^rater by the regular method. A portion of the sample t¡as

removed afËer 5 mín cooking and examined. The rest of the sample was

cooked to al dente as est,ablished using the Braibanti test (Voisey and

Larmond, L973). All samples were blanched following cooking.

For uícroscopic examinatíon, samples \¡Iere squeezed between 2 plexi-

glass plates and wet mounts ¡uere made of a full r"?:idth section of the

squashed strand. WiËh samples cooked for 5 min, squeezing them revealed

2 or 3 zones. In this case, each zone rüas dissected out and examined

separately. Examinations were made under polarízed and bright light at

63X and 250X nagnification with a Zeíss photomicroscope.
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RESI]LTS AND DISCUSSTON

Effects of ExËernal Influences on Cooking Quality

Blanching. Study of the effecË of blanching was undertaken because

of a problem whích arose during instrumental ËesËing of conrnercial brands

in the inítial stages of this project. Following cooking, samples vrere

held between layers of plastic fikn to reduce moísture loss during test-

íng. tr{hen the results were calculated, wide discrepencies were found

between readings on the first and last. strands tested. This was espe-

cially true for compressibílíty and recovery testing where consideration

of resulËs for only the first strand tested suggested desirable levels

for these parameters wíthin the sample. However, inspection of results

for only Ëhe last strand tested indicated that. the sample vras overcooked.

Since this phenomenon was fairly consistent and the changes ín observed

Ëexture were always in the same direction, they were thought to be due

to extended cookíng occurríng after the sample r¡ras removed from the heat.

To cor¡nteract thís, samples were blanched iuunediately afËer cooking.

Comparison of the results for blanched and unblanched samples are shown

in Table 2. A study of the deviatíons, indicates thaË blanching effec-

tively controlled the tendency of the samples to continue cooking. In

most cases, it also resulted in a slight improvement of the resulËs for

all 3 Ëextural characteristics. This is most 1ike1y due to the reduction

of the range of variatíon and sÍnce these changes are in the same direc-

tion for all samples, should not exert any confounding effects in

statistical analysis.

As the result of this study, all other samples prepared for the

purposes of this thesis, rrere blanched ímmediately after cooking and
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prior to testíng.

TemperaÈure and duration of cooking time effects. The results for

tests done to examine the effect of cooking water temperature and length

of cooking time are shown in Tables 3 to 5. As can be seen, the lower

the water temperature used, the longer íË takes for the sample t,o cook,

as índícated by the disappearance of the central core. IË should be

noËed that, foï the 58.5oC saorples, although thís core disappeared afËer

30 min cooking, Èhe entire strand was slighËly opaque when squashed

between plastic plates. This was the case for all 3 varíeties. In

addítion, samples taking longer to cook r¿ere softer, more compressible

and showed no recovery at any point. For each of the textural parameters

measured, the effects of tíme and temperature for each variety as well

as the relationship of the varíetíes to each other, are shown in Figures

3 to 20. Consídering the relaËionshíp of varíeties at any orle tempera-

ture (Figures 3 to 11), resulËs for tenderness and compressibility showed

little difference among varieties. For recovery, tests conducËed at

58.50 and B2oC showed 1ittle difference among varieties, however, samples

cooked in boilíng rrater showed Quilafen and llakooma as having simílar

recoveries and l^Iascana to be inferior. Time effecÈs were also apparent

frou these figures. Both Ëenderness and compressibility tended to in-

crease wíth increasing cooking time regardless of variety or temperature.

Plotting recovery against time for samples cooked in boiling water showed

an initial increase, followed by a plateau then a decrease to zero.

Plots for samples cooked at 58.50 and B2oC were virtually sËraight and

índícated no recovery in Ëhese tests. From these graphs, it is noË

possible to state that one varíety is superior to another, however, there

\ùas a tendency for Wascana to rate the poorest overall. Since these
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samples were produced from pure varieËíes varying laarLy widely in pro-

tein content, it seemed surprisíng that no major differences hTere noted.

ïn attemptíng to explain this lack of difference, protein determinations

t¡ere done on Ëhe spaghetti samples. These results were then compared

with the protein levels prewÍously determined for the semolínas. From

Table 6 it ís evident that mixing of the varieties musË have occurred

duríng processing. Since samples were produced on a continuous process-

ing regimen, this was highly possible. The results suggest that the

varieties Tíere processed in the order of l{ascana, hlakooma and Quilafen,

thus only l¡Iascana was likely to be a pure sample.

Figures L2 to 20 show the effect of time and temperature on texture,

v¡ithin each variety. Consídering Figures 12 to 1-4, al-L 3 varieties when

cooked at B2oC, tend to be sofËer for at least the niddle time range,

than those cooked at 58.5oC or ín boiling water. This observation not

withstandl-ng, samples cooked at 98.5oC reached the a1 dente stage, thaË

is no longer evidenced a r¿híte core, 6 urin before those cooked aË B2oC

and 18 min before those cooked at 58.5oC. Samples cooked at 58.5oC were

the fírmesÈ at any given time period up to 28 min since they were noË

fully hydrated. At 30 nin this observation held true for trIascana, how-

ever, tenderness values for trIakooma and Quilafen were highest for 82oC

and 98.5oC samples, respeetively. The differences in texture due to

time in thís study, suggest that samples should be cooked to al dente

rather than for a specified length of time, to insure optimrmr texËural

characteristics for Ëesting purposes.

The observations as to the effect of temperature also suggest that

a certain amount of heaË is required for rapid water penetration and

Ëhat even more heat is requíred to maximize the Ëextural qualities after
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Table 6. Comparison of proteín conËent of semolina and
uncooked spaghetti used and produced corrner-
cially for variety study.

prorein (z) 1

Variety Semolína Spaghettí

trIascana

trüakooma

Quilafen

LL.7

13. B

L2.3

tL.7

T2.B

L2.7

1- 14% moisture basis.
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Figure 12. Effect of length of cooking time and cookíng r¡/ater
temperature on jnstrunentally assessed tenderness
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this penetration has occurred. This appears Ëo be especially true for

the recovery parameter krhere the effect of heat is very dramatic. A

decrease of 160 in cooking r^rater temperature results in a drop ín re-

covery from approximaËely 407" to less than 12. since this change is

effected in the region of B2o to 9Bo, it may be possible that gelatini-

zation of starch is responsíble for the ïecovery attribute of a sample.

This drastic temperatuïe dependence does not occur for tendeïness or

compressíbilíty and it is likely that these parameters are protein in-

fluenced rather than starch influenced. The suggestion that these

textural parameters are not starch dependent is borne out by the fact

thaË when samples cooked for 30 min at 58.5oc were placed ín boiting

r¡7ater for 5 sec, Ëhey exhibited almost the same d.egree of fírnmess and

compressíbility as shown by samples cooked to al dente in boiling hrater

(Table 7). The percent recovery, however, did not change to the same

degree. Further studies r^¡ere done to determíne Ëhe effect of the length

of Ëime that the spaghetti was cooked in boiling water following cookíng

for 30 min at 58.5oC. These tests were done only on l^Iakooma samples

since varietal differences with respect to textural qualiÈy appeared to

be negligíble. Iühen samples were placed in boíling water for 30, 60,

90 and 120 sec, further improvements ín Èexture r^rere noted (Table g).

At 60 sec, tenderness and compressibílity appeared to be almost identical

to the comparable values derived from samples cooked to al dente in

boiling water (Table 7). The recovery of the sample, after 60 sec r¿as

approxímately one half the value exhibited by al d.ente samples cooked.

in boíling v¡ater. cooking the 58.5oc samples for more than 60 sec in

boiling water, dÍd not improve the textural characteristics any furËher

and by the time they had been cooked for 120 sec, the resulËs were
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Table 7. Comparison of aver"g"l r""rrlts for tenderness, compressibility
and recovery of spagheÈti samples cooked at boilíng tenpera-
ture (98.5"C)n at 58.5"C and at 58.5"C plus 5 sec boiling r¡¡areï.

Variety _2
-Lreatment Tenderness"

mm/sec x 10-'
Compressibility Recovery

o/ d/
lo fõ

Quilafen

I^Jakooma

Wascana

boilíng liater (12 nín)
58.5oc (30 mín)

58.5oc (30 min) +
5 sec boiling

boiling hrater (12 min)

58.5oc (30 min)

58.5oc (30 nin) +
5 sec boilíng

boiling hrater (12 min)

58.5oc (30 min)

58.5oc (30 mln) +
5 sec boíling

34.7

86.4

44.2

32.4

74.6

36.3

36.3

67 .4

35.6

77.6

94.2

82.5

76.0

9L.7

77 .7

79.8

87 .2

75.4

36.0

0.0

2.9

33. 0

0.4

2.5

22.6

0.0

2.8

1 Arr.r"g. of 3 replicates.

2 S"*pl." cooked. ín boíling water and
as determined by the Braibanti test.

at 58.5oC were cooked to al dente
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beginning to indicate deteríoration in qualíty. The fact that starch

gelatinízation may be involved in these observed effects ís further

supporËed by the fact that samples cooked for 30 min at 58.5oc, when

examined under polarLzed light, showed approximateLy 957. of the starch

granules to be birefringent. After 30 sec in boiling $/ater, onLy Lo%

of the granules appeared to be totally birefringent., the remaining 90il

\.¡ere partially gelatinized. Sampl-es boiled for 60 sec and longer shor¿ed

almost total loss of birefringence. Thus it Trras not until gelatiniza-

tion had taken place that most of the textural qualities \.rere restored.

sÈarch gelatinization appears to take place in stages, with initial

swelling occurring aË temperatures between 55o and Tooc followed. by a

rapid increase in viscosity fron about 71o to 93oC (Crossland and. Favor,

1948). since it has been sho¡¿n that starch gelatinízation plays a

specific role ín bread baking, ín relation to the texture of the prod-

uct (sandstedr, 1961), it is highly possible rhar ir may also fulfil

a similar function in relation Ëo the cooking quality of spaghetti. The

results of these tests suggest that this is so, at least as far as per-

cent recovery is concerned.

In view of the effect on texture of blanchíng as r,¡ell as of cooking

r{ater temperature and length of cooking time, the standardizatLon and

control of these conditions is essential for acceptable results.

Volune increase with cooking time. Volume increase in samples with

respect to length of cooking Ëime rras also investigaËed. The diameter

of the stands of spaghetti can have an effect on instrunental assessment

of texture and it ís possible that it míght also affect sensory texture

perception. fncrease in weight or volume of cooked spaghetti was also

linked with cooking quality in the lj-terature reviewed (Binníngton et al.,
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1939) thus measuring this increase over time rnight be a simple way of

predicting quality. The average volumes for the 3 varietíes tested are

shown in Table 9. As can be seen, Ëhere vras very little dífference

among varieties at any one specific cooking time, and plots o¡ o,6f rme

against cooking tíme were practically superimposable as shov¡n in Figure

2L. This suggests that there is very little value in using this nethod

for prediction of cooking quality. However, the fact that the volume

continued to increase even after 10 uin overcooking Índicates that it

míght be considered in relation Ëo the effect of strand diameter on

texture measurement.

Plotting the 3 ínstrumental parameters against volume, as seen in

Figures 22, 23 and 24, gives curves similar to those obtained by plot-

tíng these parameters againsË cooking tine. This is because volume

increase is almost linear v¡ith cooking time.

Effects of processing condiËions. The effects of temperature and

pressure applied duríng Ëhe resting period of spaghetËí production on

fírmness, compressíbility and percent recovery of samples made from

Stewart 63 and Hercules sernolinas, are shown in Tables 10 and 11. The

analyses of variance for these results are presented in Table 12. rn

all cases, F values for Ëemperature r¡/ere signifieant at tine L7" level

of probability. Application of Tukey's hsd Ëest to the results for

Hercules are shown in Table 13. Sínce F values for batch were signifi-

cant for stewart 63, it was not permissible Ëo apply Tukeyrs test to

the ternperature results, however, the results tended to be in the same

dírection as those for Hercules. Examination of the data in Table 13

indicates that the two higher ÈemperaËures tend to effect negative

changes in the texture of cooked spaghetti, whereas the 2 lower tempera-
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Table 9. Arr"r"g"1 volume increase over time, for 3 spaghetti samples.

Cooking time
mín

Average volume (nI)
Variety

Quilafen l,Iakooma I¡lascana

0

2

4

6

B

10

12

T4

I6

18

20

22

24

z6

28

30

0.08

0.16

0.20

0.25

0.26

0.29

0.30

0.34

0.3s

0.37

0.40

0.42

0.44

0.44

0.46

0.46

0.09

0.16

0.20

0.24

0.25

0.29

0.31

0 .33

0.3s

0 .38

0.38

0.40

0.42

0.43

0.46

0.48

0. 0B

0. 15

0.20

0.23

0.26

0.27

0.32

0.33

0.36

0.35

0. 39

0 .41

0.44

0.4s

0 .48

0.45

1 A.r.r"g. of 3 replicates.
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Table 10. Arr.t"g"l results for
of spaghetti produced

fírmness, compressibilíty and recovery
frou Stewart 63 semolina.

Textural Parameter

Temo
oc^

Press
psi

Duplicate Tenderness,
mm/sec x 10-'

Cornpr ess íbi1í ty
(i¿)

Recovery
(%)

25

40

60

BO

0

1000

2000

5000

0

1000

2000

5000

0

1000

2000

5000

0

1000

2000

5000

1
2
1
2
1
2
1
2

1
2
I
2
1
2
1
2

1
2
1
2
1
2
1
2

I
2
1
2
I
2
I
2

40.0
4L.6
39.8
40.4
38.5
39.6
42.2
39 .1

39.2
36. B

37 .8
37 .8
37 .4
36.1
37.0
38.1

39 .3
40. 1
43.8
42.6
40.3
4L.6
39. s
4L.L

44.4
44.4
49.8
44.3
46.4
50.2
43.8
47.s

75.8
77 .4
7 5.3
77 .8
74.6
79.2
7B.L
77 .3

76.3
7 2.2
75.3
7 4.4
73.2
7 3.8
73.3
7 5.3

75.4
78.0
82.8
78.6
77 .7
78.7
76.7
76.9

78.6
80.9
81. 1
81. I
82.0
80.4
77 .0
84.0

23.7
20.0
23.2
22.6
24.5
25.8
2L.6
22.6

34.3
3L.4
33.2
26.L
3r.2
30.6
25.5
25.9

25.L
24.2
L6.6
18. 5
18 .4
20.3
24.2
20.5

L2.B
LL.4
14. B

9.0
10. B

L2.5
10. 9
4.9

1 A.r"r"g. of 3 replícates.
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Table 11. .1Average- results for
of spagheÈti produced

firmness, compressibilíty and recovery
from Hercules semolina.

Textural Parameter

Temooc' Press
psi

Duplicate Tenderness"
mm/sec x 10-'

Compressíbility Recovery
(7.) (%)

25 0

1000

2000

5000

0

1000

2000

5000

0

1000

2000

5000

0

1000

2000

5000

I
2
1
2
1
2
1
2

I
2
1
2
1
2
1
2

1
2
1
2
1
2
1
2

1
2
1
2
I
2
1
2

36.4
34.6
35.1
33. 0
36.4
33.4
35.3
34. B

33.5
35.2
35.4
36.9
36 .0
37 .4
3s.7
34.2

37 .t
34.2
4L.L
42.5
40.s
39.3
40. 8
42.0

39.5
40.4
4s.o
38.7
43.9
44.L
38. 9
42.2

74.7
72.8
7 5.2
73.7
75.0
76.2
73 "4
74.7

75.0
76.0
7 3.9
73.0
73.8
75.5
7 3.4
78.4

76.5
7 5.0
80.3
78. B
BO. B

81.9
80.9
80.9

78.5
77 .2
79.3
76.2
79.7
77 .2
77.9
76.9

30.4
30.1
3L.7
31.3
25.4
26.6
30.0
29.3

36.2
26.3
28.8
27.0
28.9
30.1
31.5
23.5

28.0
27.9
22.0
18. 2

16. B

18. 3
15.6
19.8

LB.7
2L.4
18.0
L5.6
L5.4
15.5
L4.6
2L,2

40

60

80

I- Average of 3 replicates.
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tures effect positive changes. rn general, compressibility appears to

vary directly with temperature while firmness and recovery vary inversely.

The effect of processing temperature \^ras also seen during cooking.

samples processed at BOo, when cooked for testing purposes, left alarge

amount of residue in the cooking water, while those samples processed

at the lower tenperatures showed fairly clear cooking water. The surface

of the 80o sarnples following cooking and. blanching, hras urieven and. ap-

peared to be coated wíth a sËicky residue. For all the other treatments,

the sample surfaces rrere smooth and sllppery. The sticky coating plus

poor textural attributes mede samples produced at BOo the least desirable.

For the Hercules samples, pressure effecËs were significant for

tenderness and recovery, however, the level of probability for signifi-

cance was 57. rather t}iran L7" as observed for temperature effects. No

significance vras found for any of the textural parameËers when the pres-

sure effect on sËewart 63 samples r¡ras examined. rn the case of this

variety, batch effects were significant (p < 0.05) for tenderness and

compressíbilíty but noË for recovery. These baËch effects were probably

responsíble for the lack of apparent significant pressuïe effects.

The sígníficanË pressure effects and the fact that low pressures

tended Ëo produce more desirable products suggests Ëhat sufficÍent pres-

sure lras exerted by Èhe míxer blades on the dough, during mixíng and

that addítional pressure duríng resting rrras therefore not necessary or

níght even be detrimental. These fíndings do not agree with the results

reporËed by Martin et al. (L946), who developed the micro method for

producing nacaroni. These authors reported that ïesËing the dough under

pressure was done to simulate conditions of corunercíal processi-ng and

to obtain maximum efficiency during extrusion. Since the latter T¡ras
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important for good surface characterisËícs, pressure \ôras used during

the rest period. At the time that this paper (Martín et al., 1946) was

published, the textural qualities of cooked samples r¡rere not being

assessed. Surface characteristics, however, rrere and pressure rras found

to have a positive effect on these sínce it reduced the number of air

bubbles in Ëhe dough. I/,Iith the introduction of the application of

vacurtrn during mixing, Èhe use of hígh pressures during the rest period

no longer appears to be as crucial. on the basis of these results, it

may be possíble to reduce the 1evel of pressure applied, or delete it

completely from the micro scale method.

Although both varieties showed the same trends as far as tïeatmenËs

\¡rere concerned (Table 10 and 11), in almost all cases, Hercules appeared

Ëo produce a product of beËter cooking qualíty than ster¿arË 63. rn

addition, Hercules seemed to have a greater tolerance to varíation ín

processing Ëhan did ster,¡art 63. rt would appear therefore, that the

varieËal role in cooking quality cannot be completely obscured by varia-

tion in processing conditions.

To determíne whether surface characterÍstics of a spaghetËi sauple

could be related Èo cooking quality and hence serve as a tool for its

predíction, samples of spaghetti produced from StewarË 63 and Hercules

semolinas were examíned using a scanning electron microscope (SU'f¡. All

the Ste\^lart 63 samples Lrere examíned, however, no obvious dífferences

could be seen among any of the trearments. For this reason, only a few

of the Hercules samples tlere examined and the same appeared to be true

for them. Thus, while the scanning electron mícroscope is of ínterest

in sËudying the surface characteristics of spaghetti samples, it does

not aPpear that these characterisËics are sufficiently different among
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treatments to be used for prediction of differences in cookíng quality.

As a result of these studies, the recommendation is made that sam-

ples be processed at 40oC and low pressure for optimun development of

textural characterístics. Since the standard micro technique employed

by GRL uses 5OoC and 2000 psi, observed differences ín quatity are likely

to be due to variety or to the physical or chemical compositíon of the

semolina, rather than to the processing conditíons imposed on the sample

Ín this method.

Instrumental Evaluation of Texture

Range in cormercíal samples. hrhen testing experímentally produced

samples, ít is useful to know the range of values occurring in sÈandard

samples so that the experimental results may be evaluated in this lighË.

Work reported by Matsuo and Irvine (1970) suggested that a range in

tenderness index of 35 to 45, as determined using the GRL spaghetti

tenderness Èesting apparatus, r{as representative of good cookíng quality.

To examine the range in texture of spaghettis avaílable eorunercially,

6 brand name samples were cooked and tesÈed. The results of these tests

are shorr¡n in Table 14. As ís evident, the tenderness values for these

brands are fairly close to the range suggested by Matsuo and Irvine

(1970) as desirable. No nr.merical ranges of acceptibilíty, however,

Ì/ere specífied by these authors for corrpressibility and recovery.

Instead, the suggestion Tdas made that low compressibílity and hígh

recovery were preferable. For Ëhese samples then, considering all 3

textural parameters, Agnesi brand would be the most desírable and

Constant the least, with all the other brands intermedíate to these two.

Scanníng electron microscope studies were also done on these
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Table 14. A.r.r"g"1 results
spaghettis using
apparatus.

of cooking tests done on 6 brand name
the GRL spaghetti Ëenderness testing

Textural Parameter

Brand Tenderness
mm/sec x 10-3

Compressibility Recovery

Agnesi

Barilla

Catelli

Constant

Creamette

Primo

32.24

37.7b

38.3b

4L.3c

36.7b

36 .4b

67.g4

76.24

69.Ba

93.0b

74.74

73.54

46.3c

27 .gb

20.5b

2.44

18 .4b

n.4b

1- Average of 4 replicates.

abc ---- - Numbers in Ëhe same coltmn
signíficantly different at
on Tukey's hsd Ëest.

bearing dífferent superscrípts are
xl:.e 57" level of probabilíty, based
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colDnercial samples. These studies showed some disËinct differences

betvreen Èhe sarnple of poorest cooking quality, constant, and the rest

of the samples, however, no major differences were visible between the

intermediate samples and the best one. Figures 25 and 26 are íncluded

to illustrate the differences found. Figure 25 shows the surface of a

strand of constant brand spaghetti, Figure 26 that of Barilla at the

same magnífication. Individual starch granules and a fairly rough sur-

face characi'erize the constant sample. The starch granules appear to

be coated, the sample is more compact and the surface much smoother in

the Barilla sample. A nr¡nber of reasons, including the type of wheat,

type of extrusion die and processing condítions used, may explain Ëhe

differences between brands. I{hatever the explanation, hohrever, for Ëhese

samples, the surface characterístícs seem to have some relationship to

cooking quality for these samples. Poor cooking quality míght possibly

be due to many of the starch granules being lost from the surface oï to

I¡rater penetration being too rapid due to the looseness of the structure,

or to the looseness of the structure ítself which rnight offer less resis-

tance to shearing and/or eompressíon Ëhan a more compacÈ structure such

as that seen in the Barilla sample.

Although samples of spaghetti produced from Ste!,rart 63 and Hercules,

under varying processing condítions showed few differences when examined.

under the SEM, cormnercíally produced samples did. Sínce the cornmercial

samples were presr-unably produced frour differenÈ varieties of durr:m and

possibly even from wheat other than durum, it is possible that Ëhe spl

might be of more use in predicting quality differences due to Ëhe start-

ing materíal raËher than to the processing conditions employed.. From

this point of vieu¡ it coul-d be of use in quality assessment.
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Figure 25. Scanning electron micrograph showing the surface
characteristics of an uncooked sample of Constant
brand spagherti (1,125 X).
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Figure 26. Scanning electron micrograph showing t.he surface
characteristics of an uncooked sample of Barilla
brand spagherri (1,125 X).
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Evaluation of samples to be used for sensory testing. Although,

consideratíon of the surface characteristics of a sample may assist in

the predictíon of íts cooking quality, much more than this ís required

for adequate assessment of the sample. The use of an instrumenË to

measure the physical manifestations of quality ís helpful, however,

even the measuremenËs from a uachine such as the GRL spaghetti tester,

would be more useful if the results could be nanípulated Ëo provid.e a

single figure for comparíson purposes. Table 14 shows that based on

analysís of variance and application of Tukeyrs test, one brand is

superior to all the others and one is ínferior. However, nothing is

indicated with regard to the 4 remaining intermediate samples. They

may be ordered according to the nagnitude of their results, hotrrever,

this order is different for each of the 3 textural parameters.

To establish the relationshíp among the textural parameters as-

sessed by the GRL spagheËti tester and to determine the correlation of

this instrument rsith evaluation by hunan subjects, a series of samples

of varying texture were analyzed by machine and by a taste panel. The

variatj-on in texture T¡ras achieved by adding different amounts of egg

albr¡nin. This ülas one of the t$ro proÈein addíËives r¿hich Matsuo et a1.

(1972) shor¿ed would improve the textural parameters without detrimental

effecËs to some other aspect of cooking quality. The instrumental re-

sults for these samples are presented in Table 15. As can be seen,

addition of egg albr¡mín increased the firrmress and recovery and de-

creased the compressibílities of the pastas. These changes, futhermore,

r¿ere in Ëhe same dírection as the arnount of alburnin added and Èend Ëo

supporË the observations of Matsuo et al. (]-g7z) that increasÍ"ng the

proteín conterit ímproves Ëhe cooking quality of spaghetti. rt musË be
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noted, however, that after a certain point, the change in texture levels

off regardless of the percent protein added. The greatest quality im-

provement r¡ras caused by the inítial addition of 2.5% albunin. In panel

work done with these samples, judges noted that the textural characÈer-

ísties of samples containing large amounts of added protein, exceeded

the levels which they expected to encounter and in some cases were al-

most objectionable. In order to determine r^rhether there rÀras a minimun

level for egg albr:mín addition which would effecË optimrmr ímprovement.s

in the textural quality of spaghettí, 4 additional spaghetËi samples

were made. These samples contained 0.5, 1.0, 1.5 and 2.0% egg albr¡nin

and were assessed instrr,mentally but not by the panel . Results for

these samples are shown in Table 16 and suggest that additions of 1.5

to 2.02 would be sufficient to optimize the eooking quality, in the

case of egg albtmin. It ís also interesting Ëo note that when percent

addítion of egg albumin is plotted agaínst each of the 3 textural pay.a-

neters measured mechanically (Figuxe 27), there appears to be a dírectand

continuing relatíonshÍp between concentration and improvement of results for

firrutess and compressibility. In the case of recovery, initial increases

in concentration are reflected in íncreases in this parameter to the

2.07" Ievel of addition after which the values tend to remain the same.

Again it, appears that the proteín component may be linked r¡ith tender-

ness and compressibílíty but not necessarily with recovery. This work

also suggests that additions of egg albrsrin need not exceed L.5 to 2.07"

when ít is being added to improve cooking quality.

Sensory Evaluation of Texture

To determine the relaËionship between the GRL spaghetti tester and

hunan assessment of firmness, a seríes of texËure evaluatíon panels rrere
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conducted. Five panelists, instructed in the method of ratio estimation,

used this technique to assess the firmress of the same samples tested on

the instrument. The results from these judges are shown in Table 17.

Duncanrs mulËiple range t.est shor¡ed significant differences (p < 0.05)

among the treatments, however, these differences were riot exactly the

same as those for any of the 3 parameters measured mechanically. This

is most easily explained by the fact that human perception of firmress

involves Ëhe assessment and integration of all 3 textural attribuËes

measured by the instrument. In order to relate the instrunental resulËs

to the sensory ones, it vras therefore necessary to perform a multiple

línear regression analysis. Analysis of variance applíed to the panel

results indicated a significant difference (p < 0.05) anong replicates.

I,Ihíle this difference was far outweighed by the highly significant

(p < 0.01) Ëreatment dífferences, ít was felt that for predicÈion pur-

poses, the results should be handleð as 24 distínct observations rather

than as 3 sets of 8. Most of the differences among replicates is prob-

ably due to the meÈhod of sample preparation and the method of presenta-

tion. It was not Possible to cont.rol the length of cooking time to the

second, and Ëhe length of time beËr¡reen saurpling and testing varied with

the time required by the panelist to couplete his evaluaËion. Panelists

Ëended to be fairly consistent as illustrated in Table 18 r^rhich shor.rs

the results of a typical replicate. Results from this table indícate

that the judges could identify the coded sËandard as shown by the fact

that they rat.ed it equal to the knom standard.. Results among panelists

were fairly consistenË for the sanples eontaining sma1l additions of egg

r¿hite. At higher levels, greaËer variation was observed. Much of this

variation, however, lras due to the magniËude of the scale which each



T
ab

le
 1

7.
 A

rr
"r

"g
"1

 r
at

io
 e

st
ím

at
io

n
eg

g 
al

bu
m

in
.

S
 ta

nd
ar

d 
sa

m
pl

e-
 c

om
m

er
ci

al

2C
I¡

IA
D

 s
em

ol
in

a 
* 

0.
0%

 e
gg

2C
I,I

A
D

 s
em

ol
ín

a 
* 

2.
5%

 e
gg

2C
I^

IA
D

 s
em

ol
in

a 
* 

5.
0%

 e
gg

2C
I^

IA
D

 s
er

no
lin

a 
* 

7.
5%

 e
gg

2C
I^

IA
D

 s
em

ol
in

a 
+

 1
0.

07
. 

eg
g

2C
V

üA
D

 s
em

ol
ín

a 
+

 L
2.

57
" 

eg
g

2C
[{

A
D

 s
em

ol
ín

a 
+

 1
5.

0%
 e

gg

S
am

pl
e

va
lu

es
 f

or
 

fir
m

ne
ss

 o
f 

sp
ag

he
tti

 s
au

pl
es

 c
on

ta
in

in
g 

ad
de

d

C
at

el
li

al
br

m
in

al
br

m
ln

al
br

m
rí

n

al
bu

m
in

al
br

rr
in

al
bu

m
in

al
br

m
in

1
A

ve
ra

ge
 o

f 
re

su
lts

 f
or

 5
 p

an
el

is
ts

.

"b
" 

N
,*

b.
rs

 b
ea

rin
g 

di
ffe

re
nt

 s
up

er
cr

íp
ts

 a
re

 s
ta

tis
tic

al
ly

pr
ob

ab
ilí

ty
 b

as
ed

 o
n 

D
un

ca
n'

s 
m

ul
tip

le
 r

an
ge

 Ë
es

t 
(F

 =

R
ep

. 
1

.8
8

L.
32

L.
99

3.
02

4.
LO

4.
48

5.
70

6.
20

R
ep

. 
2

1.
04

L.
24

r.
 8

9

3.
08

3.
 6

0

5.
10

5.
00

5.
20

R
ep

. 
3

0.
 9

5

1.
15

2.
to

3.
10

4.
60

6.
00

6.
10

7 
.6

A

O
ve

ra
ll

A
vg

.

0.
 g

64

L.
24

ab

1.
 9

9b

3.
07

c

4 
.1

0d
ê

5.
 1

9-

5 
.6

0e
f î

6.
33

r

di
ffe

re
nt

 
at

54
.4

0 
7 
, 

L4
th

e
df

)
5%

 le
ve

l 
of

\o O



97

Table 18. Typical panel results (replícate 2) for sensory evaluation
of spaghetti.

Panelist

Sample

S tandard sample-comnercial

2CI,IAD semolina * O,O% egg

2CI^IAD semolina * 2.5% egg

2CIIAD semolina * 5.07" egg

2CI^IAD semolína * 7 .5% egg

2CI^IAD semolina + 10.0i( egg

ZCI^IAD semolina + I2.5% egg

2CI,IAD semolina + 15.0% egg

carelli

albrnin

albrmín

albr:min

alburyrin

albumín

albrmin

albrrmí n

1.01

1.5

3.0

4.0

7.0

6.0

8.0

8.0

1.0

r.2

1.5

5.0

3.5

9.0

7.O

4.0

1.0

1.0

1.5

2.0

2.0

3.0

4.0

5.0

1. 0 L.2

1.5 1. 0

L.75 L.7

2.5 1.9

3.5 2.O

5.0 2.5

3.0 3. 0

5.0 4 -O

1 R"tio estimation values.
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judge chose to use. For statistical analysi-s purposes, panel results

vrere transformed into log form since it has been reported (Moskowitz,

L970) ' Ëhat sensory scales tend to be of a logarithmic nature. Results

of multiple linear regression analysis of the sensory and instrumental

data from these samples is shown in Table 19. on the basis of these

results, the followíng equation may be constTucted for predíctíng sen-

sory values when instrrmrental ones are knorsn.

log S = 2.784 - 0.928(1oe T) - 0.6L7(1og c) - 0.033(1oe R)

where T = tenderness

C = compressibility
R = recovery

usíng this equatíon, predicted sensory results for the ínstrumental

resulËs shown in Table 15, would be as follows:

Predicted Value

Standard sample (cormercial - Catelli)
2CI{AD semolína * 0.0% egg albumin

2CI^IAD semolina * 2.57. egg albumín

2CI^IAD semolina * 5.0% egg albumin

2CI{AD semolina * 7.5% egg albumin

2CI,IAD semolina + 10.0% egg albr¡nin
2CI,IAD semolina + L2.57" egg albumín

2CI^IAD semolina + 15.0% egg albr¡nín

1. 09

1.28

L.66

2.64

3.2L

3.86

4.L2

5.75

The corrected multiple r for these results is 0.97, which is signi-

ficant ar the L% level of probabiliry (df, 6). The corrected multiple
,r- value is 0.94 índicating that the 3 textural parâmeters measured

mechanically explain 94% of the variabilíty in the sensory response.

ß values reflect the relative importance of the independ.ent variables



93

Table 19. Multíple linear regression analysis of
instrumental data.

logs of panel and

Regression coeff icient

ß values

Intercep t
Corrected nultiple r
CorrecÈed urultiple 12

Standard error of estimate
F value (df 3,20)

tenderness
compressibiltty
recovery

tenderness
compressibilíty
recovery

-0.928
-0.617
-0.033

-0.7L9
-0. 331
-0. 109

2.784

0.968

0.938

0. 078

LLL.222*t'r

p < 0.001
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for this set of data. Since these values are dimensionless, it is pos-

sible to compare their relative sizes and hence determine theÍr relaËive

importance in predíction of the sensory results. In Ëhis case, tender-

ness is about twice as important as compressibility and 6.5 times as

important as recovery in predicting human perception of firrnness, and

eompressibilíty is approxímately 3 Ëimes as important as recovery. Ihis

relationship ís also suggested by the sizes of the regression coefficienËs

for this equation.

As mentíoned in the literature revien, the relationship betrreen

sensory perception and instrumental evaluation of an attribuËe of the

sample ín quesËion, takes Ëhe form

S=kln

r,¡ith the exponent n índicating how rapidly sensory magnitude grows wi-th

increases in physÍcal inËensity (Moskowitz et aL., 1972). If the expo-

nenË is less Ëhan 1.0, as it is for each of the 3 texËural parameters ín

this study, ít indicates that subjective nagnitude grons more slowly than

physical intensity and that the range of subjecËive intensity is narrorn¡er

than Ëhat measured physically. That is, the instrrment ís moïe sensitive

to sample variatíon than is the hr¡nan. Since this is true, and there is

a good correlation between panelist and machine, it means that this

ÍnsËruxnent may be used with confidence for routine laboratory testíng.

To test the predíction equatíon for the range of samples most. com-

monly found in laboratory analysis, a second set of tests was conducted.

In thís case, cormercially available samples were cooked and assessed

mechanically and by the panelÍsts. The instrumental results were then

subsËituted into the prediction formula and panel scores predicted.
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Table 20 shours Ëhe observed and predicted scores; the predÍ.cted values

are similar to the observed ones, although slíghtly higher in mostcases.

The prediction formula places Ëhe samples in the same order as the panel

results except for Catelli and Lancia. However, since these two samples

are not significantly different for either form of assessment Èhis does

not affect formula use. The prediction for Catelli and Creamette are

furthest from the observed. The major problem encountered here is that

values of 0.0 were recorded for recovery for Ëhese samples. This is

shown in Table 21 along with the rest of the instrumental results. Be-

cause 0 cannoË be expressed logarithmícally, a smal1 value such as 0.01

must. be used. This results in the incorporation of a fairly large nega-

tive nr.mber ín the analysis, which, when rnultíplied by a negative co-

efficient, 'narkedly affects the predicted score. In an aËËempt to solve

this problem, a number of values ranging from -1.0 to -3.5 were substí-

tuted into the equatíon. Best fit was obtaíned using a value of. -2.5 and

for all subsequent calculations this value r¡tas used as ïepresenËatíve of

the 1og of 0. Because the use of this value resulËs in a predicted score

larger than expected, calculations ínvolvíng 0% recovery may be somewhat

suspecf.

Analysis of variance applied to the instrr¡nental values (fatte Zt)

indícated significance at tlne I% level of probabilíty for tenderness

(F = 18.18, df 4,4) but no significant differences for compressibility

and recovery. Because tenderness is the greatest factor in hurnan percep-

tion of firmness, the panelists were stil1 able to distinguish differences

among the samples.

The lack of signifícance in regard Ëo the values for compressibility

and recovery is líkely due to the results for Catelli and Creamette. For
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Table 20. Comparison of
of comnercial

observed and predicted panel scores for firmness
spaghetti samples.

Panel scores

Sample observedl Predicted2

set t3 Set 2

Agnesi

Buitoní

Catelli

CreametËe

Lancia

1.36
L.67b

2.L4
2.244

1. 01
1.48bc

0. 87
0. B4c

r.28
1. 34b

1. 93
L.B7A

1.98
2.27a

1. 63
1. 93ab

1.35
L.zBC

1.48
1.59

2.s2
2.064

2.68
2.454

L.70
L.57b

L.52
1. 56b

L.7L
1.50b

1

2

3

Average of results from 5 panelists.

Calculated using prediction formula from multiple línear regression.

Set 1 predicted using instrr¡nental values in Table 2L, Set 2
predicted using instrr.mental values in Table 22.

Pairs of nrnbers in the same coh¡nn bearing different letters are
significantly differenË (p < 0.05) based on Duncan's multiple range
tes t.

abc
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both these samples, a large value and a very small value were recorded

for each paraneter. Inlhen the data v/ere compiled f or analysis the ord.er

of these values for one brand was balanced by that of Ëhe other, there-

fore neither duplicate nor treatment differenees r¡/ere significant. Des-

píte the fact that Ëenderness testing r¡as done on the same samples, no

wide range for duplicate values was noted for this païameter. To deter-

mine whether the range in values was due to faulty working of the instru-

ment or to Ëhe samples themselves, a second set of samples rsas cooked

and tesËed.

I^IiËh the excepËion of the values for compressibility and recovery

for the Catelli and Creamette samples, instrr¡uental values for the second

set' as shown in Table 22, were not very different from those recorded

for the samples used for sensory evaluaËion (fabte 2t). Reconsideration

of the curves used to calculate the data for the first set of samples,

showed that Catelli and Creamette samples had both cooked and overcooked

strands. This phenomenon vras most líkely due to variation in strand

diameter within the sample. At the poínt where al denËe was reached for

most of the strands, many of the thinner ones would be overcooked. Since

Ëhe GRL instrument has been shorm Ëo be more sensitive to textural varía-

tion than human judges, these differences ruould be recorded mechanically

but not necessarily noted by the panelists. Analysís of variance of the

second seÈ of data indicated the same type of grouping as shoq¡n in Table

2I. Predicted panel scoïes (Table 20) from these data were larger than

those observed by the panelists, however, analysis of variance and appli-

cation of Duncanfs multíple range test showed signíficant differences

(p < 0.05) in the same direction and, similar grouping of the samples.

rnstrrmrental results for samples containing 0.5 to 2.0"Á egg white
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hrere also substítuted into the

accurately which level, if any,

ment in texture" The predicted

predíction formula to deterurine moïe

produced the greatest overâll improve-

values were as follornrs:

Predicted panel score

2CI^IAD semolina + 0.5% egg albumin

2CI^IAD semolína + L.0"Á egg albr:min

2CI,IAD semolina + L.5"Á egg albr:min

2C[^IAD semolina + 2.0% egg albrrnin

7.23

r.54
L.69

1. B1

Comparison of these values wíth the predicted scores on page 92 indicate

that the spaghetti conËaining 2.07" added protein gave a higher value

than that resulËing from the 2.5% addíËion. The predicted score for the

2.0% sample was also higher than that for samples containing lower amounts

of egg albumin. These results suggest that addiËíon of egg albr:mín at

the level of. 2.0% ís sufficient to produce a spaghetti of good texËural

quality. Additions in excess of. 2.0% are wasteful since Ëhey do not pro-

duce proporËionate improvements in quality and. at levels above 7.5% may

even be detrimental. Additions of less tJnan 2.02 produce less marked

improvements ín texture.

Sínce Èhere is a good correlation between sensory evaluatíon of

firmness and Ëhe GRL spaghetti tenderness tesËer, it may be used wíth

confidence to assess samples for quality testing. This instrumenË appears

to be more sensitíve to textural differences than the htunan, requires less

sample and is less likely to have'offt days. rn addition, it is not sub-

ject to brand name loyalty or cultural bias and thus may be used to assess

any type of spaghetti desired. By using the prediction equation, it is

possíble to reduce the 3 Ëextural parameters to a single value which rnay

then be compared to results for other samples, if ranking of samples ís
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desired.

of samples

ness, buË

S tarch

The weighting included ín the equation also permíts comparíson

which have the same value for one parameter, such as tender-

different values for the other Ëwo.

Changes in starch during processing and cooking of spaghetti r¿ere

studied to determine Èhe relationship existíng between textural quality

and gelatinizatíon.

samples of semolina, ground spaghetti and cooked spaghetËi were

tesüed using an amylograph, to determine peak height and the temperature

at which Èhís peak occurred. The results for the 3 varieties tested are

presented ín Table 23. By comparíson of these resulËs and Ëhose in Table

7 f.or samples cooked in boiling $rater, it can be seen that the higher the

percenË recovery, the lower the amylograph peak height. Although there

is a range in peak heights for all 3 forms of the samples tested, and al-

Èhough within any one treatment, Ëhe samples follow the same order, Ëhis

order is not the same as that for either tenderness or compressíbility.

Peak height is a measure of the increasing viscosity of a starch

mi-xture and hence indicates the degree of gelatinízaËion. The greaËer

the height, Ëhe more gelatinízation has occurred d.uring the testing

period, Ëhereby indicating either 1itt1e starch damage or more starch

presenË. rn this study, samples of ground spaghetti gave higher peak

heights than did semolina. This is not in agreement wiËh the results

reported by Lintas and d'Appolonia G973) who found. that semolina samples

gave a higher reading than did spaghetti samples. The work done by these

authors, howeverr r,vas done on starch extracted from the semolina or spa-

ghetti whereas analysis done in this study r¡ras on Èhe actual ground spa-

ghetti or semolina. In the present. study, not only the starch but also the
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Tabre 23. ResulËs of Anylograph analysis of semolina, ground spaghetti
and cooked spaghetti.

Sample Temperature of peaking

oc

Ileight of peak

B. U.1

Semolina

Ground Spaghetti

Cooked SpagheËtí

Quilafen
lrlakoome
trrlascana

Quí1afen
Wakooma
lrlascana

Quilafen
Wakooma
I^Iascana

B9

92
94.5

110
130
300

20
25
30

89
87
B9

L70
350
490

95
95
93

Brabender Units,
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other components present, could ínfluence peak heíght" This could be

especially true with the samples of ground spaghetti. As has beenshown,

Èhe volume of spaghetti increases with cookíng time, thus in the amylo-

graph studies, it ís highly possible that this increase could cause a

considerable viscosíty increase which would be registered as an increase

in peak height. It is interestíng to note that the temperature at which

maxímr¡n peak height was reached, \¡ras lor¿er for the ground pasta than for

the semolina. This qrould further support the idea that peak height,

expecially for ground spaghettí, qras not related solely to starch gela-

tinizatíon. In the case of cooked spaghetti, peak height rras very small

and occurred at 95oc, the temperature most frequently quoted as beíng

the optimun for ge1.atini-zation. !üith these samples, much of the volume

increase would have already taken place, thus the peak seen should be

indícative of gelatinization. since it was so smal1, it appears likely

that most of the gelatinizaËíon of starch takes place duríng the cooking

of the spaghetti and it is therefore possible that this component could

indeed affect the qualÍty of the cooked product.

Further investigation of the process of starch gelatinization during

spaghetti cooking was done using a poLarized light microscope. ungela-

tinized starch granules when examined by this method, exhibit birefring-

ence and loss of this property r¡ras used as a measure of gelatinizatíon

(Radley, 1968). Starch granules from spaghettí samples soaked in water

fot 4 hr at room temperature, as well as from spaghettí cooked. for 5 min

and to al dente r¡rere examíned. The results are shorn¡n in Table 24 and 25.

Table 24 shows the effect of protein level on samples produced under

laboratory conditions. Figures 28 to 33 are photographs taken of varíous

samples under bright and polarized light to serve as an íllustration to



Table 24. Comparison of Ëhe degree of gelatinization of
produced spaghettis of varying proteín levels
polarízed light microscopy.

L04

starch in laboratory
as deterrnined by

Treatment Sample
7" Bí-ref.-ríngent
starch granules

Ëime to
al dente

Raw spaghetti
soaked 4 hr

Cooked spaghetti
5 min

al dent.e

Leeds 8% protein
L7% proteín

Tunisian B% protein
L77. proteín

2CI^IAD + 2.5% egg albrmrin
2CI^IAD + 15.07. egg albumin

90
90
90
90
90
90

Leeds 87"

L77"

Tunisian 87"

L77"

2CI,IAD + 2.5%

2ctIAD + 75.07"

protein core
outer zone

protein core
outer zone

proteín core
outer zone

proteín core
ouËer zone

egg albrnin core
ouËer zone

egg albrnnin core
outer zone

80
10
90
10
BO

10
90
10
BO

10
90
10

Leeds 8% proteín
L77" proteLn

Tunisian B% protein
L7i[ proxeí-n

2CI,IAD + 2.5% egg albrrnin
2CI^IAD + 15.0% egg albrmin

<1
1

<1
1
L
1

13| 00"
r4', 30"
13 r 05"
L4t 30"
13r 10"
LLt 30"
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Figure 28. Bright'light photomicrograph of srarch granules
in the outer zone of a spaghetti sample cooked
for 5 min (630 X).
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Figure 29. Polarized light photomicrograph of starch granules
ín the outer zone of a spaghetti sample cooked
for 5 min (630 X).
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Fígure 30. Bríght light photomicrograph of starch granules
in zone 2 of. a spaghetti sample cooked for 5 min
(630 x).
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Figure 31. Polari-zed lighË photomicrograph of starch granules
in zone 2 of a spaghetti sample cooked for 5 min
(630 x).
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Figure 32. Bright light phoËomicrograph of starch granules
Ín the core of a spagheËti sample cooked for
5 min (630 X).



(.¡ *-r I ,, å'= /), "t
1 J Õr ç; n-)

t \ -\- \, 0 f*r r)\J )o D ., 
i'1 LJ

. .i- ¡\ \**' G {,rti

çTT



116

Figure 33. Polarized light photomicrograph of starch granules
in the core of a spaghetti sample cooked for 5 min
(630 x).
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TabIe 24.

' The fact that all samples soaked for 4 hr showed 90% of the starch

granules as being birefringent, suggests that 1itt1e gelatinization of

the sample takes place durÍng processing under laboratory conditions.

Most of the gelatinization, as well as the main effect of proteín level

ís seen during the cooking period. Examínation of samples after 5 nín

cooking showed 2 or 3 zones of cooking depending on sample protein con-

tent. These zones are illustrated in Figure 34. Lo$r prot,eín saurples

shoqred 2 zones trhíle the higher proteín ones showed 3. For all samples,

Èhe ouËer zone showed almost total loss of bírefríngence and the inner

core showed very little loss. Zone 2 starch granules shov¡ed losses inter-

mediate to those of zones 1 and 3. The loss for the ínner core varied

with Ëhe proËein leve1, with samples having lower protein levels exhibit-

ing less birefringence. Samples cooked to al dente showed almost total

loss of birefringence and Ëhe only difference observed among samples at

thís point rnras the length of cooking tine requíred to reach al dente.

The high Protein samples took approximately 1r-" mirn longer Ëo be completely

cooked. From these results, it appears Ëhat the gelatinization process

takes place in an inward direction and Ëhat water penetration, and hence

cookíng, is more rapid at lower protein levels. The rate of water pene-

tratÍ-on is indicated by the presence of 1 more zone in the high pïotein

sauples cooked for 5 min than in the low protein samples cooked for the

same length of time.

Table 25 shows the effect of commercial production of spaghetti from

3 durrrn varietíes, on the gelatiní-zaËion of starch. Comparison of results

for semolina and rar,r pasta r,lhich were soaked in rrrater at room temperature

fot 4 hr shoqred a considerable loss of birefringence, presumably due to
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Zone L Core

Zone 2 Absent in
low protein sarnples

zone 3 Outer zone

Figure 34 Zones of cooking seen in spaghetti
for 5 min then squeezed betr¿een 2
plates.

samples cooked
plexiglass
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the cormercial processing regimen. Comparison of Ehe percent starch

gelatinized, wíth tenderness, compressibility and recovery results for

samples cooked for 5 min and 12 rnin (Figures 3, 6 and 9), suggests that

as well as beíng related to recovery, starch gelatinization may also

have some bearing on compressibility. Ihe values for these textural

parameters have been included in Table 25 for comparison purposes. rt

appears that the greater the loss of birefringence the larger the value

for percent compressibility and the smaller the value for percent re-

covery. In thís case' cooking time to al dente was almost the same for

all 3 varieties and protein levels were also similar.

The results of these tests confirm the findÍngs with Ëhe amylograph,

that most of the geJ'atjrnizatíon of starch occurs during cooking, rather

than during processing, and Èhis appeaïs to be Ërue regardless ofr.¡hether

samples are produced in the laboratory or cofirmercially.
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GENERAL DISCUSSION

As was noted in revíewing the literature, some method of quality

neasurement of spaghetti is necessary before assessment can be adequat.ely

made of the role of various biochemical consËituenËs in a sample. In addi-

tion, sínce texture is an important attribute of food where human consump-

tion is concerned, the measurement of quality in terms of textural para-

meters is also important. In Ëhis study, it has been shown that the spa-

ghetËi tenderness testing apparatus developed aË GRL (Matsuo and lrvine,

L969; L97I) can adequately fulfil thís role. It measures Ëhe 3 textural

parameters; tenderness, colnpressibility and recovery; ís simple and rapid

Ëo operate; requires a minimum amount of sample and its results are Íaít1-y

reproducíble. All these aËtributes are useful when an instrument is to

be considered for research work or for routine laboratory analysis. How-

ever' one other criterion must be net íf Ëhe researcher is to have con-

fidence in the use of results for quality prediction purposes. This cri-

Ëerion is thaË of good correlation of ínstrumental resulËs wÍth Ëhose of

human subjects asked to judge Ëhe same type of samples. Experiments in

this thesis, done to sËudy this relationship, showed that the 3 textural

parameters measured by the GRL spaghetËi tester explained for 94% of tlne

variation in the human judgenenË of firmness. The multiple correlation

coefficient between the instrr-unent and sensory panel was found Èo be 0.97,

which is highly significant (p < 0.01). The Ëextural parameter, tender-

ness, made the greatest contribution to the predicËion of human assess-

menL of firmress, while the recovery parameter made the leasË. Applica-

tion of rrultiple linear regression analysis to sensory and instrumental

resulËs provides a formula for predicting human response on the basis of
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instrr¡nenËal results. Since the instrrment was also shown to be more

sensiËive to textural changes than the human, its use and the applicatíon

of the prediction formula to its results, therefore, provide an effective

tool, not only for quality tesËing of samples, but also for comparison

of results and prediction of hrman response to sauple texture. This

instrument uray therefore be used for qualíty assessment of plant breeders I

varietíes as well as for determining the effect on quality of subsËitut-

ing one bíochemical component for another.

Once the researcher has established the reliability of an instrrment

for quality assessnent, ít is also necessary to determine the effects of

preparation techniques on sample quality. In the case of spaghetti, it

is necessary to consider the effect of cooking water temperature and

length of cooking time as well as the effect of blanching, on samples,

in relation to the instrtrtrental resulËs obtained. Studíes of these

effects índicated Ëhat all 3 of these treatmenËs affected the apparent

textural quality of spagheËti samples. rhe temperature of the cookíng

!/ater, studied. at 58.5o, B2oc and boiling temperature (9B.5oc) affected

all 3 of the Ëextural parameters measured l¡ith the GRL spaghetti ËesÈer.

Sauples cooked in boiling water produced the most desirable cooked. prod-

ucts. The use of temperaËures of B2oc and lor.¡er resulted. ín increased

tenderness and compressíbility to undesirable levels, and decreased re-

covery xo zeto. These samples also took longer to cook to al dente.

At all tenperatures, tenderness and coupressibílity increased wíth

íncreases in the length of cooking time. For samples cooked in boiling

water, recovery increased during the first 6 min, was roughly constant

for the next 6 min then dropped rapidly to zero after the al dente stage

had been reached. Recovery results T¡rere so small or non existant for
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samples cooked at 58.50 and BzoC, thaÈ Èine effects could not be ad.e-

quately assessed.

These effects of time and cooking \,rater Ëenperature on textural

quality of cooked spaghettÍ are important consideraËions u¡hen a meËhod

is being developed for sample preparation. Textural characËeristics may

be mechanically measured on any cooked sample, however, in order to com-

pare sample results especially when single strand measurements are in-

volved, it becomes obvious thaÈ preparation condltions must be standard-

ized. This standardi:zation of techniques is also necessary to insure

Ëhat measure:Dents are mede when quality is at its meximum. It has been

noËed previously that there are thro schools of thought in respect to

len¡3th of time sarnpl-es should be cooked prior to quality tesLing" Some

researchers (feillet, 1970) prefer to cook all sampl-.s fr)r a speclfied

tlme, for example 10 min, while others suggest Ëh¿).t a1l samples be cooked

to al dente. The results of studies relrorted in this thesís tend to

support Èhe 1atÈer group. The length of coc¡king tíme to al dente varied

with the sample, therefore, if all the samples are cooked for a speeific

time length, some will be undercooked, some overcooked and some cooked

to a1 dente. Because of thís, cookíng to a specifíed time may also re-

sult ín misl-eading prediction of poËential consumer acceptance of samples.

Since spaghetti testing ís often conducted with a mind to selectíng the

most econornically promising samples, errors in predíction could prove to

be financially enbarrassing.

The effect of blanching on the textural quality of spaghetti samples

was investigated primarily from a funcËional poínt of vl-ew. Samples not

blanched prior Ëo testing changed their Ëextural characteristics at an

extremely rapíd and undesírable rat.e. BlanchÍng was found to reduce these
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changes, thus improving the testing technique.

Differing slightly from cooking techniques, but nonetheless still

r¡rder the category of preparation techniques affecting quality, are the

acËual processing nethods used to produce a spaghetËí sample from semo-

1ina. Processing conditions and their effects on quality have been

studied previously, however, only wíth respect to such quality attributes

as color, handling properties and surface characteristícs (Anderson and

Cunningham, 1943; Crinníngham and Anderson, L943; MarËin et al. , L946).

More recently, work publíshed by ilalsh et al. (1971), indicated that

applícation of high vacuum during mixing improved fírmress and that high

absorption levels had adverse affecËs on this Ëextural property.

In the study encompassed in Ëhis Ëhesis, the effecË of both tempera-

ture and pressure during Ëhe rest period, were examined to determine

what contribution, if any, Ëhey nade to the textural qualities of cooked

pasta. These parameters \^Iere chosen since they had been previously shown

to affect qualíty characteristics such as handling properties of the dough

and surface characËeristics of the extruded product. The temperature and

Pressure treaËments \À7ere applied to 2 varieties; Hercules, which tends to

give a spaghettí of fairly high cooking quality, and SteT¡rarÈ 63, avariety

which produces spaghettí of inferior cooking quality. Tn these tests ít

appeared thaL Hercules r¡as less affected by processing conditions Ëhan

l¡as Ster¡art 63" Thís confírms the fact that in addiËion to the conditions

under which a sample ís processed, its genet,ic or biochemical constitution

is also a factor in determining its quality.

For both varieties, temperature effects r¡rere highly significanË

(p.0.01) with lower Ëemperatures of 25o and 40oC producing better qual-

ity products in terms of instrrrnentally assessed tenderness, compress-
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ibility and recovery. Pressure effects were signifícant, however, only

for Hercules samples and at a lower level (p < 0.05) of sígnificance than

tenperature. Low pressures appeared to have the least detrimental effect

on Ëextural quality, suggesting that it may be possible to delete pres-

sure application duríng the rest period of laboratory scale spaghetti

production. Pressure was originally included in the method since it ín-

proved the plasticity of the dough and hence its surface characteristics

after exËrusion and because it caused bubbles incorporated in the dough

during mixíng, Ëo coalesce and therefore improved the Ëranslucency of

Ëhe producË. tr^Iith the introduction of vacuum duríng míxing, air bubbles

are no longer a problem during processing. In addition, the use of

Teflon coated díes produces a much smoother surface than did the brass

dies previously usedn thus the plasticity of the dough, as well, is no

longer a crÍtical consíderation.

In suunarLzing the effects of external influences on the textural

quality of pasta, it appears thaË temperature is the most critical factor

involved, boËh in the productíon process where 1or¿ Ëo moderaËe tempera-

tures are desirable and in the cooking procedure where high temperatures

(9B.5oc) are necessary.

In addition to the effects of external influences, Ëhe biochemical

consËitutents of Ëhe semolina used for spaghetti making have also been

ímplicated in sample cooking quality. As was noted in the liËerature

review, different varieties of wheat produced spaghettis of varying qual-

ity (Sheu et a1. , Lg67). This is generally attributed to their chemical

or genetic composition, however, no component has yet been proven to be

the qualíty conËrolling one. To date, most of the investigaËions on the

relat.ionship of chemical componenËs to cooking qualiËy have been carried
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out on the protein fraction. BoËh quanËity and quality of this component

presenË in the spaghetti sample appear to affect its textural qualities.

In this study, the effect of addition of different amounts of protein,

ín the form of egg alburuin, vras considered. These additions were made

primarily for the purpose of producing samples wíth a rarlge of textural

qualities large enough for hrrnan judges to be able to differentiate among

them. Although this purpose r¡ras adequately served, a second benefit was

also derived, that of being able Èo assess the effect of protein addi-

tions on tenderness, compressibility and recovery of the samples. It

was found that the most effective change in these textural parameËers

occurred with the addition of 2.0% albunin. From this level upwards to

L5.O7", the improvement in texture was almost linear but relatively snall.

Thís finding is of economic ímportance to spagheÈti producing companíes

wishing to improve the quality of their products by protein supplementa-

tion, since the addition of egg white is fairly costly.

Since considerable work has been reported on studies of proteín and

pasta quality but 1iËtle on starch and quality, thís latter componenË

was consídered aÈ great,er length. SËarch and its geLatínization process

have been implicated in bread baking quality by several authors (Sansd-

tedt, L96L; Jongh et g!.1968). Since bread and spaghetti are boËh derived

from r¡heat, it was felt, that starch rníght also contribute to spaghetËi

texture. Thís idea was supported by a nurnber of observations made during

the examination of the effecË of exËernal influences on spaghetti textural

quality. Cooking r,rater temperature and cooking Ëime tests suggested Ëhat

some component other than prot.ein was involved in cooking quality. This

v¡as especially true for the textural parameËer recovery and the cornponent

implicated in this case \ilas starch. Samples cooked at temperaËures below
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B2oC showed little or no recovery regardless of the varieËy used. Since

starch geLatinízation is greatest at temperatures around 95oC and samples

cooked in boíling water shovred good recovery, it is possible that gelatin-

Lzatíon is necessary Í.or this parameter to become measureable. Cooking

samples for 30 min at 5B.5oC then placing them in boiling vraËer for 60

sec resulted in tenderness and compressibilíty readings comparable to

those of samples cooked to al dente in boiling vrater. Recovery results,

on the other hand, remaíned considerably lower than those observed for

al dente samples suggesting that the component responsible for this para-

meter vras in some r¡ray lacking. This rnight have been due to its diffusion

out, of Ëhe sample or to destruction by some oËher means during the period

that the sample was being held at 5B.5oC. In fact, if amylose, the frac-

Ëion of sËarch responsible for gel fornation (Griswold, L962) does con-

tribute to recovery in Ëhe sample, it is conceivable that lack of re-

covery could be due to its diffusion inÈo the cooking r¡rater, since it is

quite soluble ín water, espeeially at temperatures between 600 and BOoC.

In this respecË, it ís possible that one of the roles of protein in

pasËa cooking quality is to coat the starch granules, thereby preventing

losses due to diffusion. Comnercial samples examined with the scanning

electron microscope showed distincÈ surface differences. Loose sËarch

granules and rough surfaces were characteristic of Ëhe poorer quality

samples. Those havíng good cookíng qualities shorred fairly snooth sur-

faces and the starch granules appeared to be coated or embedded in the

structural material. In future work it might be useful to examine boÈh

the chemical strucËure of the cooked spaghett,í as wel-l as Èhe chemícal

composition of the cooking \^rater residue. In this way it uright be pos-

sible to establish whether cooked spaghetti is a sËarch or protein gel
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or vrhether there is an ínteraction beÈhreen these components which is

responsible for textural quality.

Starch is composed of Ëwo main fracËions, amylose and amylopectin

and it is possible that the ratio of these fractions in pasta might also

affecË its cooking quality. Amylopectin does noË possess the ability to

form gels as amylose does, thus it might be that samples having high

levels of amylopectin might also prove to be inferior in texture.

It is also feasible that there could have been some enz)rmic degrada-

tion of starch ín samples held at 58.5oC sínce cl-amylase would sti1l be

somer¡hat. active at this temperature. The presence of this enzyme, how-

ever, and its survival of the processing regímen, would líkely be small

since pasta ís generally produced from sound rather Ëhan germinated r¡heat.

Further study of the nature of Èhe starch during processing and

cooking was done r.rith both the amylograph and polarized light microscope.

ResulËs of amylograph testing of semolina, ground spaghetti and cooked

spaghetti samples indicated that most of the geLaxinization of starch

occurred during sample cookíng rather than processing. Peak heights ap-

peared to vary inversely wiËh recovery but shor¿ed no relation to tender-

ness or compressíbility results. Peak heights for ground spaghetËi sar

ples were greater than those for sernolina, however, the peaks occurred

at lower temperatures. These results might be explained by the fact that

whíle some starch gelatinízation occurred during processing, thís was

masked by the presence of other components in the pasta which swelled

duríng cooking, thereby increasíng the apparent viseosity and giwing a

greater peak height than expected. Because these resulËs $Iere complícated

by Ëhe presence of components other than starch, samples rüere also ex-

amined under polarized light. Results of these studies supported Ëhe
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observatíons that gelaLíni-zation did in fact occur largely during the

cooking period rather than during processing. In addition, studies of

spaghetti samples cooked at 58.5oC and in boilíng r¡rater, indicated that

high ternperatures rirere necessary to cause thís gelatinization during

cooking. Sarnples cooked at 5B.5oC for as long as 30 min still showed

907" birefringent starch granules when examined under polarized light,

while those cooked at 9B.5oC for 12 mín showed less than L% oÍ. the gran-

ules as being bírefringent. Comnercially produced spaghetti sauples

showed more gelatinization during processing than laboratory produced

ones, most likely due to the higher temperatures used under conrmercíal

conditions. Samples contaíning high percentages of protein showed the

same process of geLatinization during cooking as did 1ow proteín samples,

only they requíred a greater length of time Ëo be cooked to al dente.

ExaminaËion of samples after 5 mín cooking and aË a1 dente, showed that.

starch gelatinization takes place in an inurard direction and at a rate

which appears to be directly related to protein 1evel.

In conjuncËion with the examinatíon of starch during the various

phases of cookíng, it is inËeresting to note thaË alËhough many authors

have attributed cooking quality of spaghetti to Ëhe nature of its protein

fract.ion, it appears to be the starch component which deËermines the opËi-

mum cooking time. The basis for determinatíon of the al dente point of

a sample during cooking, is the disappearance of its v¡hite core. This

core nay be examined by cutting the sample in half r,rith a sharp knife,

or, as in the BraibanËi Ëechnique, squashing Èhe sample between 2 plexi-

glass plates. What,ever the method chosen to determine this end point,

the facË remains that it is apparently the process of starch gelatiniza-

tion which is being examíned and r¡hich determines the point at which the
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textural quality of the sample will be the most desirable.

Thus the sensitivity of the GRL spaghetti Ëenderness testing appa-

ratus and its high correlation r.¡iLh human perception of firmress provides

a useful tool for spaghetti Ëexture assessment. tr{ith Ëhis instrrment iÈ

should now be possible to anaLyze the quality aËÈributes required in

durun vrheaËs for export and hence t,o assist ín programs Ëo assess pasÈas

and to desígn products to fit eiÈher domestic or foreign consumer demands.

In additíon, it should prove useful in Ëestíng of plant breeders samples

and in further study of the roles of the various chemical fractions in

pasta quality. Other fields of study whích uright prove useful in clari-

fying the problem of cooking qualíty include chemical analysis of pasta

cookíng r¡rater for starch or proteín resídues, rnicroseopíc examination of

cooked pasta to determíne the natuïe of its physical structure and the

production and Èesting of starch or protein-free spaghetti samples to

further examine Ëhe conËribuËion of these components to quality.
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SI]MMARY AND CONTRIBUTÏONS TO KNOWLEDGE

1. A study was undertaken to det,ermine the effect of blanching with

cold water, on sample ËexËure. Upon ínstrrmental evaluaËíon blanched

samples showed greater firrnness and recovery and less compressibility

than samples which rrere not blanched imnediately after cooking. In addi-

Ëion, blanching reduced the varíability among instrulental readings for

a single sample.

2. The temperature of the cookíng qrater and duration of cooking

time were examíned to determine their contribution to the texËural quality

of cooked spaghetti. The lower the temperature of the r'rater used, the

longer the Ëime required before al dente was reached" In conjunction

wíth this, samples taking longer to cook were softer, more compressible

and showed littl-e or no recovery. The effect of Ëemperature on the re-

covery parameter of a sample is very dramatic and, since temperatures in

excess of 82oC r,rere necessary before the sample evidenced this parameter

to any degree, it was suggested that starch and iËs gelatir.Ízatíon during

cookíng made a signíficant contribuËion to cookíng quality. Time and

temperature effecËs do noË appear to be variety dependent. Differences

in textural quality due to time suggest that samples should be cooked to

al dente rather Ëhan Èo a specifíed time, to insure that all measurements

are taken when firmress, compressíbility and recovery are at theír

optimum.

3. Increases in voh.mre of cooked spaghetti, with length of cooking

time were found noË to be variety dependent and hence this technique was

rejected as a tool for quality differentiation. The fact that this in-

crease continued, however, even after 10 min overcooking, ís an important
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consideration for methods of testing where sample diameter is critical.

4. The effects of varieËy and processing condiËions on textural

qualíty I¡rere assessed using Stewart 63 and Hercules semolinas. Pressures

of 0, 1000, 2000 and 5000 psí and temperatures oÍ 25o, 40o, 600 and B0oC

were applied in all possible cornbinâtions during the resting period of

the micro scale spathetti making method. Temperature effects were highly

signíficant (p < 0.01) for both varieties, with 40o and 25o producing

the better products. Temperature varied directly with compressibility

and inversely wíth tenderness and recovery. Pressure effects rüere signi-

ficant at the 57" LeveL of probability for llercules but not for Stewart 63,

the latter possibly due to confounding by signifícant (p.0.05) batch

differences. Analysis of the pressure effects suggested that low pres-

sures produced products \,ríth better texËural characteristics.

The effecÈs of these treatments on the 2 varieti-es chosen were

similar, however, Hercules samples seemed less sensitive to processing

variations and in all cases produced better qualiÈy spaghetti than díd

Stewart 63. BetËer ínherent cooking qualíty appears to confer better

tolerance to processing condiËions.

Results of these sËudies suggest that blanching, temperature of

cooking rüater, length of cooking tine and processing condítíons musË be

carefully controlled if sarnple results are Ëo be compared.

5. Instrumental assessment of the textural quality of 6 commercial

brands of spaghetti showed fairly good agreemenË with the values reported

by Matsuo and lrvine (1970). Scanning electron microscope studies of

Ëhese samples suggested a relationship beËween visíble surface charaeter-

istics and cooking quality. Samples having a relatively smooth, compact

surface showed better cooking qualíty Ëhan those with rough surfaces,
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mâny starch granules visible and exhibiting a fairly loose structure.

Application of this techníque to samples varying in qualíty and produced

in the laboratory, however, showed no significant differences among sam-

ples. The use of this method, therefore, appears to be of academíc

interest rather than of practícal use for quality prediction purposes.

6. The effect of protein conËent on cooking quality hras measured

using a series of spaghetËi samples containing from 0.5 to 1-5.0"/" added

egg albrmrin. Instr@ental assessmerit was done using the GRL spaghetti

tenderness tester. An increase in firruress and recovery and a decrease

in compressibilíty were observed and Ëhese changes were in the same

direction as the increase in egg albumin added. The greatest improve-

ment, in Ëexture occurred wíth the addition of 2.0% albunín. Although

improvement in Ëextural qualitÍes continued up Ëo the additíon of 157"

albrmtin, the suggestion is made that addition is not necessary in excess

of 2.0% since levels greater than this may affeet sensory acceptibility.

7. To establish the relationship between the GRL spaghetti tender-

ness testing apparatus and human perception of firrmress, samples con-

taining 2.5 to L57. adð.ed egg albr:nin assessed using this instrument !¡ere

also tested by a sensory panel of 5 judges. Panelists were asked to

rate Èhe firmness of the samples in comparison with a reference sample

by usíng the method of ratio estimation. Multiple linear regression

analysis applied to the results produced a corrected multiple r of 0.97

which is sígnificant at the L% LeveL of probability (df 6). The corrected
tmultiple r- rdas 0.94, indicating that the instrumenËal resulËs could

account Í.or 947" of the variabílity in sensory results. Further examina-

tíon of the analysis shor,red that the instrumental parameter, tenderness,

\,ras the most valuable in predicting human reaction, rrhile percent recovery
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r¡ras the least useful .

8. Based on the multiple linear regression analysis, it I^Ias pos-

sible to construct the followíng formula for predicting sensory assess-

ment of firrmess.

1og S = 2.784 - 0.928(1og T) - 0.6L7(1oe C) - 0.033(1og R)

where S = sensory value

T = tenderness

C = compressibility
R = recovery

This equation was tested using conrms¡c'1t1 spaghetËi samples. Predicted

values calculaËed from instrrsrenËal results of analysis of the samples,

$rere very close to Ëhe results observed for panel assessment. Thus, the

equation may be used to inÈegrate all 3 Èextural results derived from

the GRL ínstrrment for the purposes of ranking Ëest samples or for com-

paring samples having identícal values for one parameter but differíng

for the oËher two. Inspection of the coeffícients involved ín thís

equaËion indicate that the instrr¡ment, is more sensitive to variatíon in

texLuTe than are humans. Thus it may be used wíËh confidence for labora-

tory analysis of spaghetti cookíng quality both for testing plant breeders

varieties and for routíne quality test work.

9. Using an amylograph, gelatinization studíes were conducted on

semolina, ground spaghetti and cooked spaghetti proeessed from 3 differ-

ent durrrn wheat varieties. Comparison of peak heighË v/ith percent re-

covery, as measured mechanically, indicated a direcË relationship and

suggested that the starch component is responsible for this parameter.

This relaËionship \^ras not observed for the tenderness and compressibility

parameters. Ground spaghetti samples showed greaËer peak heights than
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the semolina samples, however, these peaks occurred at a lower tempera-

ture. This observation was attributed to the presence of corponents

other than starch which swell on cooking and thus increase the viscosiËy

of the mixture. Sarnples of cooked spathetti had the lowest peak heíghts,

indicating that most of the starch gelatiniza:'ion occurs during this

s tage.

10. The course of gelatinization of sËarch during cooking was also

examined by polarized light microscopy. Starch granules in various spa-

gheËtí samples soaked f.or 4 hr at roon texnperature, remained birefringent

as did those in semolina. Examination of ground, uncooked spaghettís

showed a LOT" loss in birefringence, indicating some geLatinization during

processing. Comrercially produced samples showed greater losses of bire-

fríngence than did samples produced under laboraËory condÍtions. These

differences Ì¡rere mosË líkely due to the more rígorous conditíons applied

to the samples durÍng corunercial processing. Samples cooked Èo al dente

shorred almosÈ complete geLatinizaËion, as indicated by the presence of

fer,¡er tlnar' L% birefringent granules. In cooking samples to al dente,

some of the spaghetti was removed aË 5 nin. tr{hen these samples were

squeezed between plexíglass plates, a white core T^ras seen. The sËarch

granules in this core vrere almost completely birefringent, while those

around the outside of the strands r,rere 997" geLatínized índicating that

the gelaÈinízation process takes place in stagesn from the outside of

the strand, inwards. Examination of high protejn (I77") samples revealed

slower \rater peneËration and gelatinízation than for low proËeín (8%)

samples. The degree of gelatinization did not appear to be varieËy de-

pendenË, however, the rate r{as influenced by the amounË of protein

presenË"
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