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ABSTRACT

The effect that solids concentration and protein source had

on Lhe texbural properties of cooked plant protein model systems

was studied by eval-uating four solids concentrations of fababean,

pea and rapeseed protein concentrates. T\^lo starch samples, corn

and amioca, were aJso evaluated to assess which textural- parameters

were related to protein and which were related to carbohydrate,

Thc cffcnf. nrnt.ai¡ leve} had On texbure was also exemined bvw yt v uv¡r¡ vv^uur v yyqù @ov u^øtllrrgu vJ

eval'at.in' foilr nrnfain to¡rat. (7, 30, 50 and lØ") of fababean ard

wheat flours. Each protein level was examined. af four solids

concentrations. Samples vùere cooked., cooled. overnight and served

at room temperature" A six member trained panel judged- the

-:'^+^-^-:+-- ^çr ^*^t* +^..+,,-^ -^-^-^+^-^:*^-t..1:.^- -,:^^^-ir-- o*inlz'rrruçrrùruJ .' o'6ht texture parameters irrcluding viscosity, stickinesst

mouthcoat, slipperiness, drXmess, particle size, wateriness and

cohesiveness, using the method of magnitude esti¡lation, Viscosity

r,r:q fhe nnlrr nen¿meter perceiVed in all treatments. The parameters

found to be related to protein samples included mouthcoat,

sfickíness, dr¡rness and slipperiness. Parameters related to

carbohydrate samples j:rcluded slipperiness, cohesiveness and

wateriness. Differrences in the parameters perceived in each

treatment r^rere al-so found to erist. Slipperiness coul-d be perceived

in fababean concentrate but could not be perceived irl rapeseed and

pea concentrates. Only those treatments following a linear funcfion

were used for treatment compariison. If a significant relationship

v\ras not found, it is possible that the parameter coul-d not be

-tv-



perceived or the concentration r:ange examined for each freatment

lvas too narrow to permit intensity dj-fferences to exist. lÙhere

r qi oni f i e:nf. rel ¡t,i Onshi n bIâS f^"-.f lha ^-nr^rlh ^f *ho nornoì rraçl
e J¿6¡ur¿v@ru r jId.LTIUIIÞIIfP WdÐ rUEIut urrv órvvvu¡r vr u¿¡v yvr

paralneter over solids concenNration cou.ld be defined by the power

'n
function S=kC", For treatments which had a significant relafionshipt

t.he nereention of stipperiness and wateriness l{as found to decrease

as solid.s concentration increasedr whereas for the other texture

paralneters, the perceived intensity was found to increase as solids

concentration increased. An increase in protein level uras found to

¡ onrorqp f.ho ner.pnt.i nn nf .rrì <¿¡c-i *.rr. mnrrl.hr"o:t. . o* i nlri nacqLlçuf çGou urrv yvruuPurvrr ur vrowJSalujt IIIOUUIIUUaUt ÞtrIUlrIIrttÞÞt

slipperi:ress and hJateriness' The effect protein level had on drynesst

cohesiveness and particle size coufd. not be d-etermined' FIow

nrnncrt.ies of all treatments vüere assessed using the Brookfield LVTyt v vv¿

rriscometer. Apparent viscosity Inras found to relate directly with

increasing solids concentration but ilversely with íncreasing protein

Ievel. Treatments were found to be different in their shear thinning

behavior. Rapeseed., corn, W" taAaAean protein and 7O/" wheaU protein

v,Iere more affected by shear rate than trealments such as alRioca , lq"

fababean protein and- 3A/" wheat protein. High correlations vüere fouñd.

hef.ureen nerceive^ -rieanoit-' onrl inStlrmental viSCOSify making itt-/9 uw99rl P9r wu! vÜu v IÐuuù¿uJ qrru

nnssihle f,o rse t,hp r,ôr^rêr flunetion S=kPn to predict sensory responseyvÐÐIulv uv suv

on the basis of instrrrmer,rtal findings. Mouthcoat was found to

correlate l.Iell w-ith apparent viscosity but no relationship could be

established befween apparent viscosity and stickiness'.
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INTRODUCTION

Þr c-* ^-n*ai¡g are of increasinÉr int,eresf, t,o the food.y¿ v vv¿r¡u a! v vr J¡¡vr çcÐfttë3 JrUçI'tt¡j tr t

technorogist as the need to develop new protein resources

continues to grow. Legumes and oilseeds offer the greatest

potential as add-itional protein sources iri terms of economics,

technology, processing and accepLabirity in comparison to fish,
Leaf and single cell protein (Anon., L97O),

At present, soybean serves as the major source of high

quality plant protein. Not only has soybean become an important

food proteirl supplement, but it has become the main ingredient

ín many food products. Exbensive research on the nutritional_

^h/l f,.*^+-; ^*^'r *-arx-r r-unclaona-L properties of soybean protein has resulted.

Desirable f,rn"tional- properties found Ín soybean include

emu-l-sification, fat absorption, moisture hording, thickening ano

foaming" soybeans, however, are not without their rimitations in
food application and additional sources of prant proteins would

provide.a desirable range i¡ both functional- and nutritional

characteristics (Fan et aL., L)l\) " In add.ítion, the

util-ization of plant proteins is e4pected to increase and has been

nred'i nf.ad 1-.n nonf¿çs one ha]-f tO two third.s Of our fOod eradef v|.J!@ve v¡lv Irc,, ! vv uwu ult-LL LlÞ ur u

protein within the nerb several decades (nira, L97h)" In order

to meet these demands, the production of so¡rloeans and other plant

proteins must be expanded" unfortunately, cti-matic cond.itions in

ca:rada are not favourable for large scale production of soybeans.

Pulse crops such as fababean, pea and rapeseed. are mor€ suited to
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the corder cri¡ate for¡rrd in l¡lestern canada. Researchers have

shown these crops to be good yield.ing, high in protein and to

have functional properfi-es that equal and j-n some cases, excel

those found in soybeans. Through prant breeding and exbraction

mafhndc tlro -la- I ^+^^ -:* -^-^^^^J L^^ L^^* -^^1.-, urrv --\,rel of glucosinolates in rapeseed has been reduced

'to trace levels, permitting rapeseed. to be consid.ered a valuabre

proteil source,

Tlocnilo *ha rocoornl¡ l..oi-- n-r-ia.l n"l +^-,,e research being carried out to assess the

nutritionalr chemical- and functionar properties of novel protein

sources, few studies haie been undertaken to determine the perceived

texbural properties of these proteins. Johnson (tgZO) tias

^*-1^^^'i-^r +L^r f.he nnlrr rclirhlg way Of determining hOw a proteinEllrIJrldùJZçU UlId U r vlre v-

wil-l behave i¡ a food is to incorporate it into the formulation

and produce the final product, a task which is both time consunúng

^*^ ^^-+1-- ^- 
,,.^.l^..^J- ^*r: *- tldrlu uuùurJ. arr undêrstanding then, of the textur¡], properties

imparted by plant, proteins would be useful in predicting their

appropriate uses in food products. Since texbure is considered

important in food acceptance, a study was initiafed to assess the

texbural- properti-es of plant proteins in a model system"

The major objectives of the study vìrere as follows:

I, To describe the textural properties of several novel plant

protei-n concentrates.

1 rlt^ ^+"'l-. +1,.^ ^f +^^+ ^F -: -^-^^^-:*- -^1 : Å^ ^,-o rw ÞuuuJ urle effect of increasilg solids concentration on the

growbh of the perceived intensity of each parameter

-3. To study which texbural parameters are related to protein and

which are related to the carbohydrate fraction"



3"

l+" To study the effect of increasing protein level on the

ncrnonf.i ôn Of textUral- parameterS,

5. To assess if instrumental measr.-ì.rements of v-iscosity can be

correlated. and used for pred.iction of sensory responses to

one or more texbural parameters,
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REVIEW LTTERATURE

Rkreological Properties of Texbure

Rheolog-y is defined as the study of deformation or flow of a

material- u:rder stress. During mastication, deforrnation of a food

L-- -+-^^- ^-.-'1 ¡^d hr¡ lhe f.ecf.h nr t,onrrlle is onlv One of a numbefLJJ ù Ur I Þù dPPrrçs vJ UIIç Ugç UII Ur uvrróqv rr vrrJ

of processes occurring, Other processes include the reduction

i-n the size of a food and the mi:<ing and hydration of the food

/^ - ^--\with saliva (Bourne¡ L9l5). Thusl rheolory cannof provide al-l

the answers to food texture characterization, buf it does offer

a fi:ndamental, sound approach to the characterization of basic
/^ - ^-^\propertr-es \bzczesnr-aK, L9'( ( )

The assessment of the rheological properties of a material is

made somewhat compli-cated by the fact fhat most foods are nei-ther

onf.ì nol ¡¡ qnl i d n^- +-'1 -' f'l ììi.l hrrt. i ne.l-.erfl ñ.ìqqeSS fheOlOgiCâ}vr¡urrvlJ uvlru rrvr urulJ llufut vuu ¿llQvgeu !'UùÈ

properties of both states of matter. Basically however, fluids

ard semi-solid foods such as cooked pastes and gels can be

classifi-ed as either Newtoni-an or non-Ne'¡úonian systems, Newbonian

ftuj-ds flow at a steady rate or have a constant viscosity that is

independ.ent of shear rate. Food-s such as cooking oils, corn syrup,

and ùitute beverages exhibit Newbonian behavior (t',iutter, L973).

Most foods however, are non-Newbon-i-an and are therefore,

rìpnendcnt nn she¿¡ ratg" Pseudonl¡st.-in flnr¡r rena.êqcnl-.q nnp t.rrnae urv rlvvv r vyr vuvr¡vr u¡lv vJlJv

of non-Newbonian behavior that ís exhibited by cooked starch,

(Szczesniak et aL", L962) and protein pastes (Circte -el aI. , L96h;

Hermansso:nrLgT5). Pseud-oplastic fluid.s become less v-iscous as

OF



shear rates increase" A more detailed discussion of Newtonian

and non-Newbonian fluids has been presented by Muller (lrçrc),

Components That Influence Texbure

\ ..a) Hydrocolloids

The i-mportance of hyd-rocolloids in food products is based. on

the hydrophilic properties of the hydrocolloid which affects the

f^^^ ^+-,'^+"* +^--+,,-^ ^-l -^'1 ^I^¡ F.-*^ri^*^lruvu Þuruuuury, texLure and related functional properties (tfose

et al", L972)" Hydrocolloids are polyr"nerj-c materials that can be

dissolved or dispersed i:r water to give a thickening or gelling

effect (t<ose et aI., L972). Starch 1s onJ.y one of the hydrocolloids

+ h -+ -^-. 
'l-a fn"-.l -i * -'l ^-+^ ^-,l ; ^ -: * f ^^+ F^,,*urrdu ilrdJ us ruurru r¡r prorruÐ orrq rÐ r11 r d.u rr I tra,ard in corn' wheat

(Mcmi-cot et al, , L972) fababean and pea (Cerning-Beroard et aL,
lq"Á1, Ô*.hor nnl .rccnnoniÄac l.-.]-'i--- .--"'lniÄ .aidin .--Ì'inn--'l ^^+^-\L/ Iv,/ ð vurrer yulJoouvdl¿uUÐ \d.ad.UIIldlIt cüllJ!U-Lut dUILr-L(, dI'd.lJIllUB¿LLdUUafl/

have been i-dent,ified in rapeseeO (Siddique et al" , L97L+).

T\uo hesi r: f,¡rnes nf nnl rrrnêrs åre nresenf. i n mOst starChes, theserr¡ trrvoU ÐUOrVt¡vÐ, .V

being amylose and amylopectin. They differ not only in size and

shape but in the way the basic monomeric units are linked together.

Amylose is a li¡ear polymer containing hydroxyt groups which are

resnonsihl e flnr imparting the hydrophilic properties to the polymer.

There is a tendency for these moLecules to become orientated paraltel

to one another and through hydrogen bonding, form aggregates that are

jnsoluble i-n water. In dilute solutions, the aggregate precipitate

whereas in more concentrated solutions, a gel wiII form (ldurtzberg,

L972).
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In contrast, amylopectin is a highly branched_ polymer. The

mobitity of the molecule is limited by the branches and. therefore,

orientation.with other morecul-es cannot occur. As a resuft, pastes

made from amylopecbin starch have 'a resj-stance to gelling (lrrlurtzberg,

.^^^\L9'12)¡ one such starch, amioca, a geneticarly modified corn starch,

was included. for evaluation in the stud.y.

Modification of characteristics governi-ng starch properties

can be done by a variety of techn-iques. One such technique is by

I -:.*t--l '^ -cross-rr-nKl-ng. Cross-liri<ed starches are characterized by a short-
q¡lr¡o-lil¿o nnnnor*r¡ r^rlrinh r'^n^ l¡a^*i-- ^".-i^ì-1 -- ^1-^.^^^^ r^ ^-Þd!vn-r-Lr\u ¡[u¡.,cr!y VIn]-Cn UpOn heatil]g, qUiCkly ChangeS tO an

elastic and rubbery texbure when the swolren granules rupture,

forming dispersions of molecular aggregates (Wurtzlerg, LÇ12),

Pasting curves of pea starch have shown restricted-swelling

characteristics similar to cross-linked starches (Vose, Lg77).

Am¡rln.c/"m-.]6¡s¡itin lerre-ls are Simi_Lar fOr Wheat and COrn

starch with fevels of 25/75 and 26f74 fou¡d for each, respecti-vety.

rn comparison, amytose/amytopectin levels of pea and fababean are

'nennr"t.erì f.ô hÊ 2tr,/Aq llrfn\Ti ¡nl ol- ^r r nryo \r spvr uçu uu vç .) )/ u2, \r']ut!rr/ur 
- 

ë,-L c 1 J_'1 ( á ) .

Sosul-ski et al (tçZS) studied the v-iscosity ard gelation

nronert'ìes of f,en legume flours. Two of the flours examinedJ VVV VI U¡IV I IV

contained no starch (soybean, tupine). The range of starch for

the remaining flours v\ras lron j6"9/" Lo 59"L/"" Fababean and pea

nnnt oi narl Ã'l I n-^s rr t ¡l -L - -- -t- nocnan*-i r¡ol -, Tn ^¡l.l-i f -i ^- +l^^UUIIUAI.IÌ9Q )r.O anCI >4.LYo StafCn o ¿rr éuu¿u¿urr? urre

amylose content of the starches was determined, rt was found that

the starch conte.nt of the flor:r appeared to be more important than

rmrr'ìnqo 1or¡al in Áo*omin'ìn- lha rriann-j+'. ^L^-^¡!*116 ,,,- viscosity characteri_stics of
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cooked legume pastes as deterrnined by a viscoamylograph, Starch

did. j¡ftuence the amylograph patterns by showi-ng higher peak ano

cold viscosities for al-l flours containing starch i¡ comparison

to soybean and lupine flours containj¡g no starch.

McEwen et af (tçZg) compared the amylograph patterns of

fababean and wheat flour" Similar amylograph patterns vrere found

for the two flours except that the peak viscosity and a greater

rate of thickenine at the 35oC fiotd. period was found for the wheat

flour. It was noted however, that the same weight of the two flours

was used and therefore, wheat flour contaj-ned twice as much starch

than did the fababean flour because of the difference in protei-n

^,'^-+.i+-. T- ^^-*^-;*- ^ ^+^-^l^ +'-^^l-:^* ^F F^L^L^^- -i¿L --L^-lçluarrL]uyo rrr uomparing a starch fraction of fababean with wheat

starch, the same authors observed. d.ifferences j-ri the amytograph

patterns. Fababean starch showed a greater viscosity duri-ng the

initial- temperature rise as well as at cold paste rriscosity.

A recent stud.y by Vose (lgll) compared the starch fraction

of pea with corn and wheat starches. The pasting curwes of pea

starch showed restricted. swelling characteristics ín comparison to

the other two starches. This behav-ior was consid.ered. similar to

that of crosslirked modified starches,

To date, few studies have been underLaken to assess the

thickening properti-es of rapeseed carbohydrates. Most attention

has been focused on assessing the functi-onal- properties of rapeseed

ñF^Î ôl h

One of the greatest effects on the behav-ior of starch is the

amount of water available to the starch, In sauces, pudd.ings and
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pastes, where the amount of water present is not a limitilg

factor, the starch granules swell to an enormous size. However,

in li¡rited water systems such as found in bread, the starch and

protein fractions are in competition for the li¡rited amount of

'water available, Alt,hough profeins differ i:r their water'hotding

capacity, L?rsen QqeL) has shown that wheat starch can absorb

water more rapidly than wheat protein (gfuten), resulting in

insufficient hydration of gluten necessary for bread structure,

An unl-imited. water system was chosen for use in this study.
.\
D ,l rrotean

Advarces in technolory have made it possible to i solate many

nf *ha n¡ntoìnc Í¡^'.-r :* -'r ^-r^n Tlfe majOf prOtei_n fOUnd in Whrlvu¡u 'r yrû1uÐ. The major protei-n found in wheat

has been identified as glutenin (Dechary e! aL.t L966), known for

its elastic and cohesive properties. Globulin proteins are considered

the major proteins in fababean ard pea (Fleming et al,, Lg7il and in

nqnpqoed leirr r' r rnnl\r ayvÐuvu \u¿r! eL aa. I LY IO ) o

A study by Flemi:rg et at OWf) examirred the thickening and

gelation properties of heated dispersion of concentrates and

i qnl etaq nf npr and fababean" In addítion, the globulin protein**":'-*"-

fractions were isolated from pea and fababean concentrates ard. their

-^] ^+: ^- ^1--: 
-t ; +.Éeld.vrulr avtrtvf was evaluated. Concentrates and isolates for both

pea and fababean showed similar high rriscosities and had medium

gels" Tine I@" protein dispersions of the globulins for both

legumes for:med thickened gel structures upon heating in a dilute

salt solution.
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A study by Gilf and T\rng (WlA) examined the rheological

nnnrrpni.ia< nf iqy.-y-+ ,-olated globulins from rapeseed. Heating a

Äi qnorci an ¡1 I ' ¿ 1 +^Ä i - ^^-t ^+-.i ^-urÐpçrÐrvr1 uf ),u/o proLein, resul-ted in gelation and considerable

thickening was observed in a L/" heated protein d.ispersion,

Thickening and gelation properties are useful in meaf systems

for fat and moisture holdi-ng (Sriskey, 1!lO), The gelling abitity

exhibited by these proteins suggests their use in the meat i¡dustry.

Sensory Evaluation -of Texture,

Texbure has been defined as the composite of those properties

v¡hich arise from the structural elements of a food and the manner

in which these. register with the psychologicar senses (sherman, L97o).

This definition is acceptable to most workers stud.ying texture, since

iL recognizes three essential elements of texture: (r) texbure is
e qêr'lqñaalr nlr¡lil /^\ ''

./ y**--.y; \2) texbure stems from the structural parameter.s

of the food. (molecular, microscopic, or macroscopic); and (l)

texbure is a composite of several properties (Szczesniak , l-g77),

The perception of texbure is considered a complex,task, invotuing

sense organs found in the tongue, gums and the hard and soft palate.

.Because texuure is so comprex, its assessment by sensory evaluation

is probabry the only means of obtaining'reriable infornation on the

texture of a food (ltatz , Lg62).

n^^^-Ì +^ ^++iruÞp-Luu duúempts by Sherman (tqíç), Yoshikawa et al (fçZO),
L

Szczesniak st C] Qg$"), Szczesniak (l]li-) and Jovútt (f924), to

rìeer.ri'l'¡c rnd o-ir¡s ysfiona,l- meaning to textural- parameters, there

is no generall¡' accepted glossary of food texture terms.
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Szczesniak (tç61) proposed a system for classifying the

texbural characteristics of food based on fundamental rheological

principles. Thi-s work is the basis for most studies currentlv

tcs ï^rere "r.""rrtud
being done in this area. Texbural characteris,ti

into mechanicaf and geometric qualities as welr as those related

to moisture and fat content of the food product" Mechanicar

properties of food were furbher divided into primary parameters

such as hard.ness, cohesiveness, viscosity, elasiicity and.

adhesiveness. Secondary parameters included brittleness,

chewiness and gumminess"

I\rrther work by Szczesniak st al (tgtg") resut-ted in the

development of stand.ard rating scales for the sensory evaluation

of these parameters. Each poi¡t on the scafe is represented. by a

fnn¡l ^*.1'.^+ ^-l +1^^ ^^^'l ^r-uuu. IJllJquL:! ano. the scal-es are reported to cover the entire range

of texbure intensiti-es common in food products.

However, use of category scales has been found, to have several

li¡ritations. Moskowitz and Sidel (]jqru) summarized- these

h-rnitations:

l" The category scale lacks a true zeïo so that ratios of differences

cannot be inferred. The only concrusion possible is that the

samples are or are not d-ifferent"

o rn}.^ i,,t -^*^¿" rne Juogements are biased by the reluctance of judges to use

extreme categories at both end.s of the scale.

3, The intervals between the categories may be psychologically

unequaf o
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fn contrast to category scaling, a method known as

magnitude estimation may be used that has been found to

nnmnonq¡l.a fnn dì ffor.cn¡ês emôrìcr nnnel i st.q in hnndl ino qenqorrr
vv¡¡¡yv¡rrq v

information. It allows each panelist to jud.ge a sample on his

own sensory continuim (Moskowitz et aL"I L972). The task that is

inr¡nlrred is 'ìrrrìging the intensity of an attribute in relation to

a reference sample that ilLustrates this attribute. Furtheflnoret

magni-tude estimation is considered a si:nple technique to use, it

na^rrinaq l'it.f.lp f.r¡inino ¡nd h¡s heon qhnr^m f.n oirre renrnrìnnihl e¿ 9L1U¿r I Ð !r u ulv vr qlrf¡f6 qru r¡su

results

By means of the power function S=kCn, magnitud.e estimation

proï-id.es a method of predictilg sensory response (S) 
"f"o* 

a knohrn

nhwsie¡l Tesnons^ /n\ +^ ^- ^++-ibute¿ The value k is a constanuPITJÐTUil IVÐYVTTOE \U/ UU d.]T d.UUIIUUUg' T¡¡ç VqlL

and n is the åxponent which measllres lhe qrowl,h nf sensôl^v rcsrìonse@lg ¡¡ !J u¡¡v v^yvr¡

with increases in the physicat response. The pov\rer fr:nction can

be transformed by Logarithims to the equation log S = log k + n

tog C" From this equation, n becomes the slope of the regression

Iine relating log S to log C and log k becomes the y intercept
/^. ¡ 

^/n\\ötevens , LYÕv ).

irlhen n is greater than 1.0, the perceived. sensoïy intensity

grows more quickly than the physical infensity, If howeverr n is
1 ^^^ +L^- 1 rì the physical intensity grows more quickly than the!çùÞ UIId¡l Iovt L

-a¡nairroj inl-.onqit.rr TrThon n pnll¡lq -l 
-ô- l-.he rel .+'ì^--hi- ìa liY--alaonsnr-p r-s rr-near

and both ratios are said to qrow at the same rate o


