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AASTR.åCT

The feasibility of partial egg albumen replacement with

pea protein concentrate (PPC), in a sponge cake systern, was

evaluated " Response surface rnethodology \,ras used f or

sequential optirnization of a sponge cake formulation in which

at least 30 percent (weight/weight) of the egg albumen could

be replaced with PPC. In the first study, â 5 factor, 5 level

design was used to determine the importance of PPC, cream of

tartar, water and emulsifier levels, and. of whip times, to

spongle cake batter specific aravity, cake volume and Instron

texture characteristics. Pea protein concentrate, whip tirne

and cream of tartar had the greatest influence on sponge cake

quality, while water and emulsifier vtere less important" The

appropriateness of the independent variable levels for further

opÈimization studies was also evaluated. PPC leve1s (0-60å)

and whip times (4-1"2 min. ) used were appropriate, while cream

of tartar levels needed to be increased from 0-L"9 to l-.0-

2.9 grams per L00 grams flour" Appropriate constant levels

for water and emulsifier !.Jere respectively, 185 grams and 0.9

grams per 100 grarns of fIour"

In a second response surface study, the effects of PPC,

whip tirne and cream of tartar on physical and sensory sponge

cake characteristics vJere thoroughly evaluated, and their

leveIs optirnized. Cornbinations vrere identif ied which produced

cakes comparable to a 1OO percent egg albumen reference sponge

cake" All measured responses were influenced more by PPC and

1V



whipping than by cream of tartar. PPC díd not adversely

affect aroma or flavor. As PPC increased, longer whip times

\dere necessary to produce cakes of comparable volurne and

texture to the REF cake. Increasing cream of tartar permitted

higher PPC replacement Ievels or faster whip rates. Batter

specific gravity and cake specific volume \{ere the most

important dependent variables for assessing sponge cake

quality. Acceptable cakes (Instron hardness <32.6 N; Instron

gumminess <2L"3 N; SG <"45; sensory springiness >6"8) could

be produced when 30 or 40 percent of the albumen h¡as replaced

with PPC, by adding 2"9 grams cream of tartar per l-00 grams

ftour, and whipping for I and 1l- minutes, respectively. Based

upon these results, recolnmendations $¡ere made for the

development of a co-spray-dried PPC-whoIe egg mix for

commercial use in sponge-type snack cakes.

The effects of Instron testing conditions (plunger síze,

degree of sample compression, cross-head speed) on the

measurements of sponge cake hardness, cohesiveness, gumminess

and springiness vtere aLso evaluated. Sarnple compression and

plunger area strongly influenced texture measurements while

cross-head speed had much less effect. Instron conditions

which best discrirninated textural differences between sponge

cakes were determined. As weII, conditions most appropriate

for the simultaneous detection of aL1 four textural parameters

$/ere identified as being 75 percent sample compression, 6L6

mmz plunger and 5.1 centimetres/minute cross-head speed.
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CTÍAPTER X

Introduction and Review of Literature

ÏNTRODUCTTOSü

The fractionation of field peas (Pisun sativurn) into
fibre, starch and protein fractions has increased the utility
of a crop which has become increasingly important to lrlestern

Canada (Nielsen et aI., l-980) " fn Manitoba alone an estimated

130,000 acres $/ere planted in l-989 making it a substantial

special crop for this province (E. Lewis, personal-

communication, 1989). Woodstone Foods Ltd" (Portage La

Prairie, Manitoba) holds one patent for this fractionation
process (Nickel, 198L). Vlhile the fibre and starch fractions
are hiqhly utilized, the protein fraction has found limited
use as an animal feed fortifier and a feed rnilk replacer (M"

Lamb, personal communication, L987) " Pea protein is,
therefore, found in excess supply as a result of the high

demand for the fibre and starch components and consequently,

is a relatively inexpensive protein source ($f.:5/Lb, dry

weight) (E. D. Murray, personal communication, 1-989). Pea

protein concentrate (PPC) would provide an economical

alternative to a more expensive protein source.

The production of snack cakes has become a billion dollar
business and the market potential for such cakes continues to

grov/ (WeIIs, L989). Egg albumen is an expensive component of

the whole egg mix generally used to produce snack cakes such
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as sponge cake, cake rolIs and other sponge type products.

Its replacement with an alternative, less expensive protein
source would, therefore, be econornically advantageous to the

cake manufacturer" Export Packers Co. Ltd" (Winnipeg,

Manitoba) is a rnajor producer of dried albumen, yolk and whole

egg products. Egg albumen is in great demand due to its
widespread food applications (t. Carvalho, personal

communication , L987). Export Packers woul-d, therefore,

benefit economically if the albumen in their whole egg sponge

cake base could be partially replaced by a less expensive

protein, thereby increasing the availability of egg albumen

to meet the growing demand for this product.

Pea protein concentrate could provide an economical

alternative to egg albumen in a sponge cake system. A sponge

cake systern is a particularJ-y suitable system for eval-uating

the effects of such a replacement since overall cake quality

is highly dependent upon egg quatity" The effects of egg

aLbumen replacement with PPC should therefore, be emphasized

in a sponge cake system. The potential benefits of successful

substitution of PPC for egg albumen are outl-ined in Figure

1-.L. Woodstone Foods Ltd" would benefit by utilizing the

excess PPC and establishing a balance between the supply and

demand of pea fibre, starch and protein fractions" Export

Packers Co" Ltd. would benefit by freeing up albumen which is

in high demand, while still providing a less expensive whole

egg product. Finally, if albumen can be successfully replaced
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in a product as sensitj-ve as a sponge cake, there should be

potential for its use in a variety of other baked products.

The overall objectives of this research were to first
establish the feasibitity of using PPC as a functional
replacement for egg albumen in a sponge cake, then through the

use of response surface methodology, to develop an acceptable

sponge cake formulation in which at least 30 percent of the

al-bumen is replaced with PPC. This thesis is organized in the

form of three separate papers, preceded by a general review

of literature and succeeded by a general summary, general

conclusions and future research needs. The specific
objectives of each experiment have been compiled here, and are

restated in each paper"

The first experiment does not deal with the overall-

objective of this research, but rather, investigates the

effects of fnstron testing conditions on the detection of

textural differences in sponge cakes" The specific objectives

of this experirnent were:

1. To determine the effect of plunger area, degree of sample

compression and cross-head speed on sponge cake hardness,

cohesiveness, gumminess and springiness measurements"

2. To determine the operating conditions best able to detect

dj-fferences between sponge cake formulations for each of the

four textural parameters.

3. To identify the operating conditions most appropriate for
the simultaneous evaluation of the four textural parameters.



The second experiment, is a preliminary step towards the

optimizatj-on of a PPC-egg albumen sponge cake formulation in
which the feasibility of successful substitution is
established. the specific objectives of this research !,/ere:

1. To use response surface rnethodology to determine the

importance of five independent variables (Ieve1s of ppC, cream

of tartar, water and emulsifier, and length of whip tine) to
sponge cake batter specific gravity, specific volume and

Instron texture characteristics, in order to identify the most

critical variables for further product optiinization"

2. To select best fitting regression models from full second-

order models, to predict the effects of all five independent

variables on sponge cake quality characteristics.
3. To generate contour plots from the best fitting predictive

models to gain insight into the relationships between the most

influential independent variables and their effects on sponge

cake quaJ-ity"

4 " To identify independent variabl,e leve1s

further product optimization.

The final optimization experiment was

results obtained from the preliminary study.

appropriate for

based upon the

The specific
objectives of this study were:

1" To select best fitting regression models from full second-

order models,to predict the effects of PPC, whip time and

cream of tartar on each physicaÌ and sensory sponge cake

characteristic evaluated "
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2" To use the best fitting predíctive models to produce

contour and response surface prots, in order to visuarry
eval-uate the rerationships between PPc, whip time and cream

of tar-Èar and clarify their effects on the physical and

sensory characteristics of sponge cakes.

3. To identify sponge cake formulae with at least 30 percent

of the albumen repraced with PPc, that are comparable to l-00

percent egg albumen sponge cakes.

4 " To provide recommendations for the development of a co-

spray-dried PPC-whole egg mix for commerciaL use in sponge-

type snack cakes"
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Ï,ITER.ATURE REVÏEW

The use of PPC as a functional replacement for egg

al-bumen in sponge cake, ot any other food product, has never

been investigated. The feasibility of such a replacement can,

however, be evaluated frorn both a theoretical and a practical

perspective. Theoretically, the feasibility of successful

replacernent will be evaluated by comparing the molecular and

functional properties of pea proteins with egg al-bumen

protej-ns, thus highlighting sirnilarities and differences which

may ultimately influence sponge cake quatity. Practical

evaluation will be based upon a review of the effects of pea

protein on the quality of various baked products, âs well as

the effects of partial egg albumen replacement with bovine

plasma proteinr oD the quality of cakes. This practical

perspective should provide a more realistic view of what to

expect with the partial substitution of PPC for egg albumen

in a sponge cake.

Following the feasibility assessment, comrnonly used

methods for sensory and physical evaluation of sponge cake

quality wilt be reviewed with particul-ar attention paid to the

use of the Instron Universal Testing Machine for instrumental

texture evaluations. FinaIIy, the use of response surface

rnethodology as a statistical method to optirnize ingredient

levels and procedures will be presented.
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Comparíson of Bea Proteín and Egg Albumen Moleeular and
Functíonal ProperÈies

Successful- substitution of PPC for eqg albumen in a

sponge cake system will ultirnately depend on the sirnilarities
between the two protein systems. comparison of morecul-ar and

functional properties will highlight some of the simirarities
and differences which exist between the two protein systems.

Unstandardized experimental- procedures, methodologies and

reporting of resuÌts have made comparisons difficutt,
therefore only general observations and conclusions have been

attenpted"

Molecu1ar Properties

i) Pea Proteins

The protein in legume seeds typically ranges from 20-25

percent (Derbyshire et â1", L976') , although the protein

content in field peas has been reported to vary from 22-32

percent (Ali-Khan and Youngs, 1-973). the globulins legumin

and vicilin are the two major storage protein fractions
identified in field peas (DanieIsson, L949) and account for
approximately 8O + 1-O percent of the totat seed protein

(Pernollet and Mossè, 1983) " Legumin is usualJ-y found in
greater amounts than vicilin depending on the pea variety
(Gatehouse et â1", 1981-). An excel-lent review of legumin and

vicilin is provided by Derbyshire et al- " (1,97 6) . Water

soLuble albumins make a smaller, yet important contribution,
accounting for approxirnately l-3-14 percent of the pea seed
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fprotein (Grant et aI., L976) " The mol-ecular properties o

legumin, vicilin and al-bumins are sunmarized in Table l-.1.

Pea legumin has been characterized as a hexameric protein

cornposed of six pairs of subunits, one large acidic unit (Mw

40, 000d; pI 4 "5-4 "9) and one smal-l-er basic unit (Mw 20,000d;

pI 8 " 5-8.8) (Gatehouse et âI" , l-980r" Krishna et â1. , L979) .

The six subunit pairs are held together by non-covalent bonds

while the acidic and basic units are often held together by

disulfide bonds. The subunits are said to be heterogeneous

suggesting that more than one form of pea l-egumj-n may exist
(Derbyshire et â1., 1,976; Krishna et â1., L979).

Vicilin, the second rnajor globulin fraction in field
peas, is a glycoproteín which is smaller and more soluble in

salt solutions than legurnin (Pernollet and Mossè, l-983). No

well accepted structural model- of vicilin exists, however a

general model has been proposed by Gatehouse et al-" (1981-) .

This protein fractj-on is probably a trimer composed of three

heterogeneous subunits with molecular weights approximating

5O,ooo daltons" Unlike }egumin, there is no apparent disufide

bonding. It has been speculated that another form of vicilin

exists (Higgins and Spencer I L977 ,' Thomson et âI . , 1-97 8 ;

Thomson et aI., l-980) , however Croy et aI. (l-980) believe it.

may be a component of conviciÌin, a newly isolated storage

protein.

The albumin components of field peas make only a minor

contribution to seed protein and are therefore not weII
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lable 1.1 Holecular Propertles of the HaJor Field Pea Proteina

proteln Approrlmte Holecular Sedimentatlon Isoelectric Refereocec
Fracrion I of Total Welght Coefflclent Polntprotelo (daltons) (S¡0.ü) (pH)

Legnnln 350,000-400'000 L2.6 4.7 - 4.8 1-3,5-7,9,IO
80r10

vlcflln 150,000-190,000 7-8 5.5 1-3,8,9
Albu¡nins 13-14 <leg".to uod <J.eguoin and u/øl ê, g, l0vlcllfn vlcllln

¡Not avallable

1. Danlelaaon,1949.
Z. DanielBson. 1950.
3. Derbyohlre et al., 1976,
4 . Grant st å1. , 1976.
5. Croy et 41.,1979.
6. Blagrove et al. , 1.980.
7, Gstehoue€ êt sl., 1980.
8. Gatehouee et al. , 198I.
9. Pernollet snd Ho8se-, 1983.
10. Gueguen et al. . 1984 .
11. Schroeder,1984.
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characterized" Grant et aI. (1,976) used various isolation
technl-ques rshich indicated the presence of two components with
sedimentation coefficients of 0.53 and 3 " 55 using

ul-tracentrifugation, ten cornponents using poryacryramide ger

electrophoresis (PAGE), three components (Mv¡=7g,OOO , 47 ,700,
and 26 tooo d) using chromatography, and two rnajor components

(Mw=25,000 and 1-5r000 d) and six minor components using sDS-

PAGE. schroeder (1984) also used SDS-PAGE and found two rnajor

components (Mwx22,OOO and 8,000 d) which t/ere thought to equal

approximately 34 percent of the pea albumins. Some minor

components were also resolved" Thus the albumins appear to
partially consist of two major components of relatively low

molecular weights plus some minor components.

ii) Egg Albumen Proteins

Egg albumen is composed of approximately 88 percent water

and 1l- percent protein, with the remaining 1- percent

attributed to carbohydrate and fat (Vadehra and Nath, Lg73).

The major proteins known to contribute to egg albumen

functionality are ovalburnin, conalbumin, ovomucoid, ovomucin,

and the globulins lysozyme (c1), G2 and G3 (Parkinson, 1,966).

Excellent reviews of egg albumen proteins are provided by

Parkinson (L966), Vadehra and Nath (1,973) and powrie and Nakai

(l-986). Lysozyme has been extracted from the egg albumen to

be used in this study (exported for use as an antibacterial
agent) therefore, this protein fraction will be omitted from
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the review. The molecurar properties of the other egg albumen

proteins are summarized in Table L.2"

ovarbumin is the most abundant protein in egg arbumen

accounting for 54 percent of the total protein (powrie and

Nakai, l-986). rt is a phosphogrycoprotein which is composed

of three components 41, A2 and A3 which differ in their
phosphorous content (Parkinson, 1966; powrie and Nakai, 1995) "

Ovalbumin has four sulfhydryl groups and one disulfide group

(Nisbet et aI., L98L) and is said to be the only egg albumen

protein with free sulfhydryl groups (Vadehra and Nath, 1,973) "

In solution, ovalbumin is easiJ-y denatured when exposed to new

surfaces but is quite resistant to heat denaturation (powrie

and Nakai, 1985). S-ovalbumin is a more heat stable form of

ovalbumin which is formed during storage (Snith and Black,

r-e6s) "

Conalbumin (ovotransferrin) is the second most abundant

protein ín egg albumen providinq L2-13 percent of the protein
(Powrie and Nakai, 1-985; 1986) " It is a glycoprotein with no

phosphorous or sulfhydryl groups (Powrie and Nakai, l-986).

This protein is more heat sensitive than ovalbumin but is not

as sensitive to surface denaturation (powrie and Nakai, l-995) "

Ovomucoid is a gì-ycoprotein comprising 11 percent of the

egg albumen proteins (Powrie and Nakai, L986). This protein

has been described as a single polypeptide with portions of

hel-ix and random coil and contains eight disulfide links in
every chain (Powrie, L977) " This protein is quite heat
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lable 1,2 Molecular Propertlee of the llaJor Egg Alb¡¡oen Protelns

ProLein Approrinste Holecular sedimentatloû Isolectrlc Reforences
Fraction I of lotal Welght Coefflclent Polnt

ProLein (dslrons ) (Sæ,,) (pE)

Ovalbuslin 54 45,000 3.27 4.5 - 8.8 2'4'5' 8-10

Conalbunj.n 12-13 76,000-80,000 5.05 6.1 - 6.6 2,5'7,9,10

Ovosucoid 11 28,000 2.62 3.9 - 4.3 1,2,5.10

Ovonucln l.-3.5 very large 6.6 4.5 - 5.0 5,8,9
(vartes with (reducsd
leolatlon forn) conditlo¡)

G2 globulln 4? 3O,OOO-45,000 n/a¡ 5.5 6

G3 globulin 4? 45,000 n/a 5.8 3,6

rNot available.

l. Rhodes et al. , 1958.
2. Parkinsoo, 1966.
3. Baker,1968.
4. Vadehra and Nath, 1973.
5. Osuga aod Feeoey, 1977.
6. Povrie, 1977.
7 . Pyler, 1982.
L Gossett et sl.,1984.
9. Porrrle and Nakai, 1985.
10. Por¿rle and Naka1, 198ó.
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resistant (Powrie and Nakai, l-985) .

Ovornucin accounts for approximately 1-3.5 percent of the

egg albumen proteins (Baker, 1968; Gosset et al., 1994), and

is believed to account for the jelly-tike appearance of egg

white (Kato et â1., l-985). It is a very large glycoprotein

which is insoluble in neutral or acidic sol-utions (Pyler,

L982) but dissolves in dilute salt solutions at neutral or

alkaline pH (Vadehra and Nath , 1-9731 " This protein is highly
glycosylated with approximately 30 percent carbohydrate

content (Powrie and Nakaj-, l-985) and is described as fibrous
and fl-exible with disulfide bridges joining the fibres
(Vadehra and Nath, L973) "

c2 and G3 globulins comprise approxirnately 8 percent of

the egg aÌbumen proteins (Vadehra and Nath, L973; Powrie and

Nakai, l-985) and are said to exhibit great genetic variability
(Osuga and Feeney, 1-977) .

iii) GeneraL Comparison of Molecular Properties

Although amino acid cornpositions were not presented for
indívidual pea and egg albumen proteins, the amino acid

compositions of PPC (PROPULSE 9858 to be used in this study)

and dried egg albumen are compared in Table l-"3. OveraII, pêâ

protein and egg albumen amino acid compositions are quite

similar with the exception of the sulfur containing amino

acids (cystine and methionine), Typical of legurne proteins,

pea proteins are nutritionally deficient in the sulfur
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Table 1_.3 Amino Acid Composltlonst of Pea Protein Concentrate2 and Dried Egg
AIbumen3

-emfno ectd Pea Proteln Concentrate Egg Albumen

Aspartic Acid

Glutamlc Acid

*Ly s 1ne

Arginine

Hl s tidine
GIyc ine

Serine

*Threonine

Cystine

lyros ine

Asparaginea

Glutaminea

å,1anine

*Valine

* Leuc ine

*IsoLeucine

Prol ine
*Phenylalanine

*Tryptophan

*Methionine

t2.43

t3,74

6.82

8. 71

2.52

4.64

4.80

4.34

0. 76

3.L2

8.85

13.95

6.t6
5.84

2.27

3.74

7. 38

4 .45

2"48

4.02

5. 04

5.27

8.44

5.59

5,?9

6 .13

1. 06

1.31

6 .45

7 .49

8.70

6.10

3.76

6.29

1. 50

3.89

'Grams of amino acid/100 grams protein.
T{oodstone Foods Ltd., 1986.3Adapted from Posati and Orr, 1976. Converted from 100g egg v¡hite (82.42
protein )
to 1009 protein.

4Combined with Aspartic anC Glut¡mic acids.

*Essential arnino acid for adults.
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cont,aining amino acids. Other researchers have noted the

resemblance of legume storage proteins to egg proteins with

the exception of the sulfur amino acids (Pernollet and Mossè,

l-983) " It shouLd be noted however, that pea proteins are high

in lysine which make them complementary to wheat proteins

which are low in lysine (Kreutler, 1980) " Therefore, while

the partial replacement of egg albumen with PPC rnay result in

a slight decrease in the nutritional value of the product, the

presence of proteins from other sources may complement the pea

proteins.

While knowledge of the amino composition provides some

nutritional information, it does not indicate the sequence of

amino acids which has an influence on protein conformation.

Kinsella (L982) noted that unless a particular type of amino

acid predominates, the knowledge of amino acid composition is

not very val-uabIe for predicting protein conformation and

physical characteristics. In the case of pea and egg albumen

proteins, while their amino acid compositions v/ere quite

sirnilar, their molecular properties v¡ere very different.

A comparison of Tables 1"L and L.2 hiqhlights some of the

major molecular differences between pea and egg albumen

proteins. Firstly, and most notably, field pea proteins are

much larger and possess a more highly ordered structure than

egg albumen proteins" Seed storage proteins often associate

into compact arrangements in order to store amino acids in

small volumes (Pernollet and Mossè, l-983), thus accounting for
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the complex structures of legumin and vicilin" Secondly, egg

albumen is, overalì-, a more diverse system of proteins with

a wider range of isoelectric points" The diversity of
proteins in egg albumen provides the polyfunctionality

necessary for many food products, and is what makes this
system so difficult to replace" Thirdly, most of the pea

proteins are globulins (soluble in dilute salt solutj-ons)

whereas egg albumen proteins are primarily albumins (soluble

in water). Finally, all the egg albumen proteins evaluated,

with the exception of the globulins (G2 and G3), are

glycoproteins, whereas vicilin is the only glycoprotein in
the pea protein system"

The molecular properties of a protein will ultimately
influence functj-onality. Fiel-d pea proteins and egg albumen

proteins $rere found to differ only slightly in their amino

acid compositions, however other mol-ecular properties, in
particular size and structure, l/ere quite different" It is
expected, therefore that the functionality of the two protein

systems wilI also differ, reflecting the molecular differences

already discussed"

Funqtional Properties

Comparison of pea and egg albumen functionality is an

important comparison to be made when assessing the feasibility

of egg albumen replacement with PPC. According to Hermansson

(1979a), the functionality of a nev/ food protein is probably
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the most important prerequisite to commercial success"

Therefore, if pea protein is to successfully reprace some the

egg albumen in a sponge cake, it shoul-d possess simirar
functionality characteristics 

"

The functional characteristics believed to be important

to sponge cake quarity include protein sotubility, foaming and

coagurating properties. sponge cakes are foam cakes which

contain no chemical leavening agent or shortening (McI,Iilliams,

1,979) " Instead, egg albumen provides the foaming, foam

stabilizing and heat setting proteins necessary to produce

sponge cakes which are tender and of good volume (Kamat et al,
L973; Mcl,rIilliams , L979) . Thus egg albumen is a polyfunctional
protein system" A thorough review of egg albumen

functionality is provided by Baldwin (L986) " Although

standardized methods for functionality testing are 1acking,

general conclusions can be drawn from comparisons of

solubility, foarning and heat coagulating properties of pea

proÈein and egg albumen.

i) solubility

Solubility is generally one of the first functionality
tests conducted since the solubility of the protein may

influence other functional properties (Regenstein and

Regienstein, l-984 ) . Solubility is especially important f or

dried protein products if they are to function in foods (Morr

et â1., l-985) . Nitrogen solubility, protein solubitity and
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totar sorubiJ-ity are ways of reporting this characteristic
(Regenstein and Regenstein, 1984) "

a. Pea Protein Solubility
Table l-.4 summarizes some of the reÌevant research on pea

protein solubility. In generaì-, pea protein concentrates and

isolates hlere found to be least soluble in their isoelectric
range of pH 4-5, and exhibited low solubility also around.

their natural pH (approximately 6"5). Pea proteins vrere most

soluble at pH 9-l-l- but v/ere also very sol-ub1e at low pH

values, that is, away from their isoelectric points. The

addition of 2.5 percent salt increased pea protein solubility
and minimized the effect of pH.

Heat treatments, drying procedures and isolation
techniques Ì¡¡ere f ound to inf luence the solubility of the

proteins, therefore the results reported by Naczk et aI.
(1-986) and Sosulski and McCurdy (1987) may be the most

relevant. These studies reported the solubility properties

of pea protein products supplied by trloodstone Foods Ltd., the

supplier of PPC for this study (Table 1.4).

Studies on the sofubility of the najor pea proteins

(legunin, vicilin and albumins) have also been conducted.

Koyoro and Powers (1,987 ) investigated the effect of pH on the

solubility of legumin, vicilin and a mixed globulin fraction.
Mininum solubility of al-1 fractions lras at pH 5-6, while

maximum solubility of the legumin and mixed globulin fractions
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was at pH 3. Vicil-in showed maximum solubility at pH 7, and

!'/as more solubl-e at arl- pH levers than regumin. Grant et ar.
(1976) investigated the sol-ubility of pea arbumins and found

that this f ractíon s¡as very water sorubre and r^/as onry

rninimally influenced by pH.

b" Egg Albumen Solubility

Table 1.5 summarizes the results from two studies

reporting the sorubility of dried eqg albumen. Because the

albumen to be used in this thesis research is of the spray-

dried form, studies of dried egg albumen soÌubility are most

relevant. In general, egg albumen was very solubl_e at al1

tested pH values, regard]-ess of drying procedure or presence

of salt"

c. Cornparison of Pea Protein and Egg Alburnen Solubility
A comparison of the two protein systems indicates that,

in general t egg albumen proteins were more solubl-e than pea

proteins at all- revel-s of pH investigated" Pea proteins r¡/ere

most soluble at a pH of 9-L0 but were also soluble at very low

pH values" Limited solubility was exhibited around pH 4-5,

the j-soelectric range of the proteins. Egg albumen proteins

were highly soluble at all pH values, including around the

isoelectric pH of the protein system (pH 4.65) (Ma and Holme,

L982). For both protein systems, salt mininized the effect,

of pH on protein.solubility. This positive effect hras,
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however, more apparent for pea protein than egg albumen"

Protein sorubility is affected by protein composition,

conforrnation, síze and environmental- conditions such as pH,

ionic strength and temperature (Kinserra, l-992). observed

differences in solubil-ity between egg albumen and pea proteins

could be due to any or all of these factors" The major

components of pea protein are globulins which are solubre in
dilute sart sorutions and show lirnited solubirity in water.

Conversely, the najority of proteins in egg albumen are

albumins which are readily soluble in water. only one study

evaluated the effect of sal-t on pea protein solubility, and

in this study, solubility increased with the addition of low

Ievels of salt (Christenson, 1989) " Solubility studies should

consider the effects of controllable conditions such as pH,

ionj.c strength and temperature if the results are to be more

relevant to particular food systems. Protein size is another

obvious difference between pea and egg albumen proteins which

woul-d influence solubility. Pea proteins are larqer and more

highly ordered than egg albumen proteins and i-n general, the

larger the molecule, the less soluble it becomes (Kinsella,

1982). the moderately inferior solubility characteristics of
pea protein may ultimately be refl-ected in the foaming and

heat coaguJ-ating properties of the pea protein system.

ii) Foaming Propertì-es

The foaming properties of a protein are critical when the
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intended food apprication requires that a stiff, stabre foam

be formed" Because a sponge cake does not, contain chemicar

leavening agents or shortening, the air incorporated into the

egg foam is the sore leavening agent. Therefore, the foaming

properties (foarning capacity and foam stability) of egg

arburnen are probably the most criticar functionar properties

which PPc must simulate in order to achieve successful

substitution in a sponge cake system.

Measures of foaming capacity (foan expansion,

whippability) and foam stability have traditionarry been used

to characteríze protein foams (I^Ianiska and Kinsella , t97g) .

Common methods of measurement have been summarized by tlaniska

and Kinsella (1,979). Foaming capacity can be measured. by

whipping, shaking or gas sparging (bubbling) procedures.

Whipping, the most common method, requires 3-40 percent

protein for foam production" For this method, foaming

capacity is measured as foam volume increase, foam specific
gravity, or viscosity. The shaking method requires only i_

percent protein and foam volume is the usual measure of
foaming capacity. cas sparging requires 0.01-2 percent

protein for foam production" Foam capacity is calculated as

the ratio of the volume of gas in the foam to the volume of

gas sparged, oy as the ratio of maximum foam volume to gas

flow rate. For all three methods, foam stability is usually

measured. as the amount of liquid drained from the foam after
specific periods of time, oy alternatively, âs the vol-ume of
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foam remaining after specific Iengths of time,

The variety of methods availabte and 1ack of
standardization have made comparison of data from different
sources difficul-t" conseguently, the characterization of pea

protein and egg albumen foams is quite generar and comparisons

have been made cautiously"

a. Pea Protein Foaming Capacity and Foam Stability
Table l- " 6 summari-zes the most relevant research

investigating the foaming properties of pea proteins. WhiIe

this table crearly irrustrates the variety of procedures used

to evaLuate foarning capacity and foam stability, a qeneral

picture of pea protein foarnability can be drawn.

The foaming properties of pea protein v/ere influenced by

heat treatment, drying procedure, isolatj-on procedure and by

the addition of skin milk powder and wheat ftour. Heat

treatments adversely affected the whippabiJ_ity and foam

stability of PPC except for samples heated to 7OoC" Megha

and Grant (l-986) suggested that partial denaturation of the

pea proteins may have been advantageous to foam formation and

stabilization. The study by Vose (L980) illustrated the

importance of considering the effect of additional ingredients

on the ultirnate foaming properties of a protein. Vthile the

functionality of a protein in a sirnple model system may

indicate its use in a food system, it may not indicate its
functionality in the presence of carbohydrates, fats, other
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proteins, acids, salts etc" (Hermansson, Lg73) "

Because isol-ation and drying procedures infruenced the
foaming properties of pea proteins, the results from the study

by sosulski and t{ccurdy (L987) are perhaps the most relevant
(Table 1"6)" This study reported the foaming properties of
pea protein isoLate (Ppr) supplied by woodstone Foods Ltd",
the supprier of PPc for the proposed thesis research. The

acid precipitated PPr exhibited high initial vorumes which

v/ere fairry stabre throughout the two hour standing period.
The f oam was described as having a ,med.iumrr texture. These

authors concruded that ppr had promising functional properties
and should be evaruated as a potential ingredient in baked and

other food products.

The foamability of pea regumin, vicilin and albumins has

al-so been investigated. Koyoro and powers (1997) used the gas

sparging method to characterize the foarning properties of pea

globurins at pH 3 and 7. At pH 4 (around the isoelectric
range of the proteins) foams with small bubbles h¡ere initially
formed, however once sparging stopped, the foams quickly
corrapsed" Àt pH 3, art protein fractions foamed but regumin

and the mixed globulin fraction had significantry greater
foaming capacity than vicilin. The vicilin fraction did,
however, produce much more stabl-e foams. At pH 7, foams had

large air bubbres which broke as they v/ere formed.

rnterestingry, heating the protein solution in a gooc water

bath for five minutes produced higher foarning capacities than
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those observed for the unheated and pH 3 solutions. After
heating, the foaming capacity of the mixed globulin fraction
was significantry greater than that of regumin and vicilin,
whose f oarning capacities \üere no longier signif icantly
different. Heating improved the foam stabirity of the mixed

globulin and legumin fractions and decreased the foam

stability of vicilin. vicilin foam stability, although

decreased, was stirl greater than that of the nixed globulin
and legunin fractions" Thus heating apparently improved the

foaming ability of vicilin but decreased foam stability, whire

both foaming capacity and stabirity of the mixed globulin and

regumin fractions were improved. Heating increased surface

hydrophobicity of the proteins indicating that the proteins

unfolded to expose hidden hydrophobic regions. Surface

hydrophobicity $/as not, however, predictive of the foarning

capacity of the pH 3 unheated fractions. Townsend and Nakai

(1-983) did not find surface hydrophobicity to be a good

predictor of foaming capacity, instead, proteins which were

flexible, unordered and hydrophobic (not just on the surface)

illustrated good foaming properties.

Grant et a1" (1,976) investigated the foaming properties

of a concentrated alburnin rich pea protein concentrate (ARpc)

at pH 4,5"4 (natural pH) and 8 using a stirring method.

Unlike the other studies, the foaming properties of the pea

albunins vJere compared to those of egg albumen. The pea

albumins produced large amounts of foam which could not be
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dif f erentiated from the egg albumen f oarns. Thus the alburnin

fraction in field peas, arthough minor, hây play an important
role in foam formation and stabilization"

b. Foaming Capacity and Foam Stability of Egg Albumen

Tabre L"7 summarizes the resurts from the more rel-evant

investigations of egg al-bumen foanability. trlhile the

variabi]-ity of measurement has made cross-study comparisons

difficult, the results presented illustrate the unique ability
of egg albumen to form voluminous foams which are arso stabre,
particurarly with the add.ition of sucrose. These unique

qualities have made egg albumen one of the most commonly used

food foaming agents (KinseIla, 19BL).

The foaming properties of egg al-bumen proteins have also

been evaluated in more complex angel food cake systems

(MacDonne1l et â1., l_955; Johnson and Zabik, I981_a).

MacDonneLl- et aI. (l-955) found that the globulins were

responsible for the foaming capacity of egg albumen white

ovomucin stabilized the foam in short whip times. ovomucin

is a very large, highly glycosylated protein (powrie, i,977)

and the glycoresidues are believed to herp structure water and

therefore improve stability (Kinsella, i,981). It has also

been suggested that ovornucoid, a very heat stabl-e proteinr ñây

also increase foam stability by adding visco-elasticity to

filns during heating (KinseIIa, L98L) " Johnson and Zabik

(1981a) also found that the globulins exhibited the greatest
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Iysozyme and

c" Comparison
Properties

of Pea Protein and Egg Albunen Foaning

The variability of testing procedures used to evaluate

the foaming properties of pea protein and egq albumen have

made comparison of this functional quality difficult" In

general, however, egg aLbumen appears to exhibit moderately

greater foamj-ng capacity and much greater foam stability.
This observation is best illustrated by comparing the results
from Megha and Grant (1986) and Thompson et al" (1982) (Table

l- . 6 and A.7 ) " Sirnilar methods were used to evaluate the

foaming properties of PPC and egg al-burnen, except for whip

tirnes (8 min" vs 6 min.) and the tj-nes at which foam volume

was measured to indicate stability (1-r10r30,60 tLzO min" vs 0,

20, 40, 60, LzO nin. ) . The increase in foam volume for the

unheated PPC sample was 425 percent and foam stability after
30-60 minutes vras quite poor. Egg albumen produced an

increase in foam volume of 687 percent and the foam stability
as excellent even after LzO minutes. Differences in foam

texture may also exist, that is, egg albumen foams are

typically f ine textured r^¡hereas f oams produced from a pea

protein isolate were medium-to-coarse textured (Sosulski and

McCurdy, L987) " These differences in foam texture may

ultirnately be reflected in the baked sponge cake crumb.

Hsu et aL" (1,982) used egq albumen as a reference against
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which the foaming capacity and stability of pea protein
isolates (PPr) from germinated and ungerminated field peas

hrere compared (Table 1.6 and L"7) " This study appears to be

the onry one in which the foarning properties of egg arbumen

and pea proteins are directly compared" while the foaming

capacity of egg arbumen was moderatery higher, foam stabirity
v/as comparable to the ungerminated ppr, and much better than

the germinated PPr" rt is possible that egg albumen foarn

stability v/as infruenced by the degree of whipping, that is,
the egg albumen was only whipped to a soft peak stage" rf
whip times had been increased and stiff peaks formed, perhaps

foam stabil-ity would have increased.

The globulins in egg aÌbumen have been identified as the

fraction responsi-ble for foam formation whire ovomucin appears

to be responsible for foam stabilizatj-on. rt is difficult to
determine the exact role of each fraction in fierd peas" rt
appears, hovrever, that the arbumin and regumin fractions may

be responsibre for foam formation while arr three fractions,
particularly vicilin, seem important to foam stabilization.

Àccording to Kinsella (t-ggl-), factors which infl-uence the

foaining properties of proteins include morecurar properties
such as protein size, composition, conformation, compactness,

rigidity, and charge" These inherent properties may then be

influenced by processing and environmental conditions. Any

or a]] of these faetors eourld be responsibte for the apparent

differences in the foaming properties of egg alburnen and pea
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proteins. A brief review of foam formation and stabilization
theory may provide some expJ-anation for these differences.

Foam formation invol-ves the diffusion of soluble proteins
towards the air/water interface, where they unfold,
concentrate, and quickry spread to rower the surface tension

of the sol-ution (chefter et êr., r-985) " Townsend and Nakai

(1983) noted that proteins should be flexibLe, structurarry
less ordered and hydrophobic in order to quickry concentrate

at the air/water interface. supporting this, Kitabatake and

Doi (1'982) found that proteins which could quickly rower

surface tension hrere found to have hiqh foaming pov/er and were

flexible in nature. Rigid globular proteins took more time

to rower surface tension due to the increase in tine necessary

to unford their ordered structures. Frexible proteins, on the

other hand, easiry penetrated the air/water interface and

quickly lowered surface tension. protein size may also

infruence the rate of reaching the air/water j-nterface, that
is, small proteins diffuse more quickly than larger proteins

(German et aI", L985) .

Formation of a stable foam requires that the adsorbed

proteins interact among themserves to form continuous visco-
erastic and cohesive firns around the air bubbles (Kinserra,

1981-," Cheftel et âI., l-985) . protein f lexibility also appears

to be important to foam stability" rt has been suggested that
flexibre proteins are nore easily denatured (ie", unforded)

at the air-water interface than rigid protein mol-ecules (Kato
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et â1", 1985) . Surface denaturation increases the protein-
protein interacti-ons necessary to form the thick cohesive

filrns for foam stabilization (KinseIla, 1981-) " Vj-scous films
help decrease the rate of t*ater drainage from the l-amellae

s_urrounding the air bubbles (Phil1ips, l-981) . Excessive

surface denaturation wiII, hov/ever, resuLt in a loss of film
visco-elasticity and consequently, a loss in foam stability
(KinselIa, l-98L; Townsend and Nakai, 1983). Kato et al.
(L986) iì-lustrated the importance of protein flexibility to

foam formation and stability by cross-l-inking a rigid protein

(lysozyme) with a flexible protein (bovine serum albumin).

Results indicated that foaming power and stability of both

proteins were decreased as a result of the cross-linking. In

summary, for good foam formation and foam stability, proteins

shoul-d be soluble, smalI, f1exib1e, hydrophobic, and surface

denaturabÌe, in order to quickly reach the air-water

interface, concentrate, unfol-d, and re-orient to form viscous

protein films around the newly formed air bubbles.

Differences in the molecular and solubility
characteristics of pea and egg albumen proteins rây, in part,

explain the inferior foaming capacity and foam stability of

pea proteins. Egg al-bumen proteins were more soluble at all
pH levels and solubility has been considered to be an

irnportant prerequisite to foam formation (Kinsella, l-981-).

Some insoluble proteins nay however, be necessary for foam

stabilization (Schoen, 1977). Mcl^Iatters and Cherry (1977)
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found that protein solubitity was more closery related to foam

consistency and air celr size than to the increase in foam

vorume" Pea proteins are also rarger and more highly ordered

than egg arbumen proteins, consequently, are rikery slower to
diffuse to the air/water interface and to unford in order to
lower surface tension. possibre differences in hydrophobicity

rnay also account for differences in foamability"
The cornparison made between the foaming properties of pea

protein and egg albumen has been based upon a variety of
studies which differ substantially in their methodorogies.

There is a need for a direct comparison betr*een the two

protein systems, such as the one made between the foaming

properties of pea albumins and egg albumen (Grant et â1.,

1,976). The apparently inferior foaming properties of pea

protein may ultinately be manifested in the quality of the

sponge cakes produced with PPc. rt must be stressed however,

that the effect of pH on the foarnabil-ity of pea proteins was

never investigated, nor was the effect of salt. These two

factors influenced pea protein sorubility, therefore they may

also have had an effect on pea protein foarning properties.
Additionally, the presence of other sponge cake ingredients

may have an influence on the foarning properties of both

protein systems"

iii) Heat Coagulating Properties

The heat coagulating or gelling properties of a protein
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system are ímportant to the appearance and texture of many

food products (Hort et al., 1984) " The coagulation of egg

proteins is critical to the structure and crumb st.rength of
a sponge cake (Toney and Bergquist, 1993), therefore, it is
important that pea proteins exhibit the abirity to coagulate

if a successful substitution is to be made.

Geration and coagulation are often used interchang'eabry,

yet they differ srightry in their definitions (schrnidt, 19s1).

coagulation is the random aggregation of denatured proteins
while gelation is an orderly aggregation of denatured or

undenatured proteins (Hermansson, 1979b). Coagulation

invorves protein-protein interactions whereas geration
invorves a balance of protein-protein and protein-solvent
interactions as well- as attractive and repuJ-sive f orces

(schmidt, L98L). coaguration is characterized by a less

erastic, less hydrated structure than that of a protein get

which is characterized by a highly ordered tertiary network

(schnidt, 1981) " Despite these differences, geration is often
used as an index to coaguration (Baldwin | 1-9771 " cheftel et
aI" (1-985) and Bardwin (t-986) have provided reviews of protein
gelation.

A compilation of methods used to evaluate the

coagurating/gel1ing properties of proteins was made by Gossett

et ar" (l-984) " Methods have incruded the measurement of ge]

strength, changes in sorubility, gravinetric anarysis (anount

of protein left in the supernatant after centrifugation),
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formation of disulfide rinks, electrophoresis (disappearance

or appearance of protein bands), and evaluation of structural
chang'es using differential scanning cal-orimetry. viscosity
measurements have also been used to evaluate gelation (Flening
and Sosul-ski I 19'75; Hsu et al., 1992) "

a. Heat coagulating/celling properties of pea proteins

Table 1.8 summarizes some of the lirnited research which

has reported the coaguÌating/gerting properties of pea

proteins" rn general, p€â proteins exhibited the ability to
ger when temperatures were 90oc and heating times rt/ere long

enough. Pea protein isorate (ppr) sorutions heated for onry

ten minutes did not form gers while those heated 4s to 60

minutes did. Fleming and sosulski (L975) found that ppc

required 60 minutes of heating to form a ge1. Differential
scanning calorimetry indicated that the denaturation
temperatures (Td) of an isoerectric ppr and a micelre ppr were

94"5 and 88"9oc, respectively (Murray et al., j-985) " Because

denaturation is a prerequisite to coaguration (Ma and Holme,

1-982), temperatures of 90-95oc witr be necessary to coagurate

the pea proteins" Table L.7 indicated that pea proteins
gerred when heated to 90oc. unfortunately, Do studies were

done to evaÌuate the effect of l-ower heating temperatures on

pea protein coagulating/geIling properties.

sosulski and Youngs (L979ll, in addition to investigating
the gelling properties of a high pea protein fraction,
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evaluated the gerì-ing properties of the pea globulín and

albumin fractions. The fractions (10 z protein) were

dispersed in a 0"5 M Nacl solution, heated at gooc for 4s

minutes, and cooled. The grobulin fraction formed a gel
structure which was smooth, homogeneous and crear" An

increase in the protein fraction from r-0 to l-5 percent

produced a firm ger. The arbumin fraction did not produce a

gel, consequently, it was concluded that pea globulins were

responsibre for the geration properties observed in the high

protein fraction"

b. Heat Coagulating/celling Properties of Egg Albumen

Extensive research has been conducted on the

coaguJ-abirity of egg al-burnen and its component proteins. Much

of the research has focused on ovalbumin in attempts to
understand the mechanism of protein coagulation (Hayakawa and

Nakai, L985; Shirnada and Matsushita, i-980; Ma and Ho1me,

L982). Of interest to this review, hovJever, is the research

characterizing the coaguJ-ating/getling ability of egg al_bumen

so that comparisons to the pea proteins can be attempted.

Table L"9 summarizes the more rel-evant research on egg albumen

coagulability. The primary heat coagulating proteins in egg

arbumen have been identified as conal-bumin and ovarbumin

which, under neutral conditions, coagulate at temperatures of

60-65oC and 80-85oC, respectively (Donovan et â1., t975; Ma

et a1", 1-986) " MacDonnel-t et aI. (t-955) found that ovalbumin
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\das the main heat-denaturabre protein responsibre for the

setting of angeÌ food cakes.

The coagulability of egg albumen is affected by many

factors such as pH, time and temperature of heating, presence

of Nacr and/or other salts, protein concentration and the

addition of sucrose (Donovan et aI., LgTS; Shirnada and

Matsushita, l-980; Matsuda et â1., L9B1; HoIt et âI., t9B4¡

blatanabe et â1. , l-985; Baldwin, l-986; Ma et â1. , 1986;

!{oodward and cotterill, l-986). The effect of each factor on

gelation generalry seems to depend upon the other conditions
present in the system. $Ioodward and Cotterill_ ( j-986)

investigated the effects of pH, protein concentration, and

NaCI leve1 at various temperatures and times of heating, oñ

egg white ge1s. In general, 9e1 strength increased as

temperature, time of heating, pH and protein concentration

increased, and decreased with the addition of salt. HoIt et

al-. (1,984) found that ge1 strength increased with increasing

temperatures up until 80oC but then decreased when pH was less

than 8. Unlike the findj-ngs of Woodward and Cotteril_t (t_986),

increasing NaCI concentration only slightly affected ge1

strength (a minor increase with increasing NaCl). However,

the highest NaCl concentration used in this study was O.t- M

versus L.0 M used in the Vüoodward and Cotterill study" It is
apparent that the experimental setting in which egg albumen

coaguì-ability was evaluated determined the ul-timate results
obtained
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Egg Albumen
Coagulation/Gelation Properties

The comparison of pea protein and egg albumen

coagulation/geration properties is especiarly difficutt due

not only to the variability of methods, but also due to the

Ìimited research on pea proteins and detaired evaluation of

egg albumen coagulability" However, the literature does

suggest the capability of pea proteins to form gels provided

temperatures are high and long enough to denature the

proteins.

The most obvious difference between the pea protein and

egg albumen systems $¡as the temperature of denaturation

associated with the rnajor proteins in each system.

Denaturation temperatures for conalbumin and ovalbumin have

been reported to be 60-65oC and 80-85oC respectiveJ-y, while

pea proteins hrere found to denature at 89-95oC, depending upon

the isolation procedure. OnIy one endotherm r¡/as apparent for
the pea protein isolates suggesting that the denaturation

temperatures of the constituent proteins were in close

proximity to one another (Murray et aI., l-985). It appears,

however, that the globul-ins, not the albumins, are responsible

for pea protein gelation. The higher denaturation

Èemperatures for pea proteins \^/ere reflected in the slightly
higher temperatures required for gelation" A temperature of

90oC was used in al-I pea protein gelation studies.

The higher temperaÈures required to denature pea proteins

may ultimately influence sponge cake structure if a
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significant amount of egg albumen is replaced by ppc" If
temperatures are not high enough or long enough to denature

the pea proteins, there may be insufficient heat coagulating

protein to support the sponge cake structure. BeIl et aI.
(L975) reported that setting of the sponge cake batter
occurred in the temperature range of B5 to 96oC, while

Mizukoshi et aL. (l-980) reported end batter temperatures of
90 to 98oC. Final cake batter temperature will ultimately
depend upon the constituents of the batter, oven temperature

and length of baking time. In particular, the presence of

acids, salts and sugar may influence the coaguJ-ation

properties of the proteins.

Although the mechanisms of gelation are not weII

understood, several models have been proposed which identify
two major steps (Shimada and Matsushita, L98O; Cheftel et aJ-.,

1-985; Ma and Holme, Lg82). The first step involves heat

denaturation of the native protein, that is, breakage of

hydrogen bonds, formation of disulfide l-inks, and dissociation

or unfolding of the polypeptide chains to expose hydrophobic

groups. The second step involves the interaction of denatured

proteins to form aggregates which may participate in the

formation of a three dimensional network" Ma and Holme (L992)

found that formation of the coagulum involved hydrophobic

interactions between the heat denatured proteins which

decreased the number of exposed hydrophobic groups" It was

also noted that gelling required a balanced electrostatic
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attraction between protein morecures, and that surfhydryr and

disulfide interchange may be of irnportance.

Mo1ecu1ar differences between pea and egg albumen

proteins wil-I, in part, be responsible for some of the

observed differences in coagurating/gerling properties. pea

regumin and vicirin are much larger and. more cornpact than the

heat coagulating egg albumen proteins oval_bumin and

conalbumin. Proteins which are structuralry compact and

contain several disulfide bonds (such as legurnin) generally

show high resistance to denaturation (Johnson and Zablk,

1981-c) " Intermolecular bonds such as hydrogen, hydrophobic

and covalent bonds stabilize the protein structure and

therefore determine the stability towards denaturation

(I,fright, L983). Differences in the proportions of these bonds

would infLuence protein denaturation and subsequent

coagulation/gelation properties. The higher denaturation

temperatures observed for the pea proteins may, therefore,
have resulted from structural and compositional differences

between the najor heat coagulating proteins in each system.

A variety of methods and testing conditions have made the

comparison of pea protein and egg albumen coagulating

properties difficult. There is the need for a direct
comparison under identical conditions in order to draw more

reriabl-e conclusions. More importantfy, because environmentar

conditions such as pH, tine and temperature of heating, and

the addition of sucrose have been found to strongly influence
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the coagurating properties of egg arbumen, there ís a need to
evaluate these effects on the gerling properties of pea

protein" Results from these studies may provide a better idea
. of how pea protein may function in a complex food system.

summarv of the comparison of pea protein and Egq Arbumen
Molecul-ar and Functional Properties

The successful substitution of ppC for egg albumen in a

sponge cake system wirr urtinately depend on the sinirarity
between the two protein systems" The comparisons of
structure, amino acid composition, and functionar properties

highlighted some of the similaritj-es and differences between

pea and egg albumen proteins.

As expected, dj-fferences hrere found to exist between the

animal based egg albumen proteins and the plant based pea

proteins. Egg al-bumen proteins were smaller, less ordered,

more highly glycosylated than pea proteins. Egg albumen was

also a more diverse system of proteins v¡ith a wider range of
isoelectric points. The differences found at the rnolecuÌar

l-eve1 h/ere a good indication that functionality
characteristics woul-d also differ. Functionality tests showed

that, in g:eneral t egg alburnen proteins vrere more soluble,

exhibited rnoderately higher foam capacity, much greater foam

stability, and denatured at lower temperatures than pea

proteins " Pea proteins hrere soluble av/ay from their
isoelectric pH range (4-6) and exhibited the ability to foam

and coagulate under certain testing conditions. Therefore,
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from a theoreticar perspective, it, appears feasible that pea

proteins may be able to partiarry replace egg albumen in a

sponge cake formulation.

schoen (L977) cautioned that the resurts from simpre

functionality tests may not be indicative of the performance

of the protein in a more complex food system" The observed

effects of several environmentaL factors (pH, ionic strength,
temperature, sucrose, etc. ) on protein functionarity supports

this concrusion" consequentry, the best indication of protein
functionality and potentiar use in a food product is to
consider the effect of the protein in a more comprex food

system.

Evaluation of Pea Proteín use and Egg Àrbumen Replacement, in
Baked Product,s

The feasibility of partial egg albumen replacement with
PPc in a sponge cake can be evaruated from a more practicar
perspective based on two rather lirnited areas of research.

Firstty, the evaluation of pea protein use in baked products

should highlight some of the effects it has had on product

quality. Secondly, evaluation of partial egg aÌbumen

repJ-acement with an alternate protein source, in a cake

system, would indicate the feasibility of replacing this
highly functional cake component.

Applications of Pea Protein in Baked products

Much of the research to date has focused upon the use of
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pea protein products to improve the nutritional quarity of
baked goods, in particurar, bread. pea proteins are high in
lysine and therefore, are nutritionalry comprementary to wheat

proteíns (Kreutler, l-980) " consequentry, several researchers

have attempted to fortify various baked products by repracing
some of the wheat flour v¿ith pea frour (Jeffers et al., 1978;

Repetsky and Klein, LSBL; McWatters, L97B; Raidl and Klein,
L983) or more highly concentrated pea fractions (Freming and

Sosulski | 1-977 r" Hsu et âI., 1982). The effects on product

quarity resurting from the partiar replacement of wheat frour
with pea protein are summarized in Tabre i- " l-0. The volume

depressing effects and fravor probrems associated with pea

protein substituÈion are most obvious from these studies.
some deLeterious effects on texture are also apparent.

Nevertheless, acceptable products hrere produced r¿ith t-O to t_5

percent of the wheat frour replaced with pea frour or pea

protein concentrate. rn some cases, procedural or formulation
changes lrere recommended in order to produce acceptabre

products.

These studies highlight the importance of sensory

evaruation to the deveropment of acceptabre food products,

particularry where flavor may be of concern. Repetsky and

Krein (1981-) found that physicar measurements did not resurt
in significant differences between breads made with varying

levers of pea fLour, while sensory measurements indicated that
the texture, color and flavor of the high pea flour breads
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\dere not very acceptable. Sinilarly, McWatters (L978) found

that the baking perforrnance and physical characteristics of
sugar cookies \dere not significantly altered by the

substitut,ion of 30 percent pea f lour for wheat fl_our, yet

sensory evaluation indicated that undesirabte beany fravors
v/ere present at this lever of repracernent. urtirnatery,

consumer acceptability wilI depend upon the appearance,

texture and flavor of the product, therefore the use of both

physical and sensory evaluation in the assessment of a

product, is critical.
The studies presented in Table i-.10 have aII dealt with

the partial replacement of wheat flour with pea protein f1our,

or concentrates, for the purpose of fortification. White the

potential problems associated with pea protein substitution,
such as l-oss of volume and presence of of f -f lavors, rt/ere

highlighted, the relevance of these results to the functional
replacement of egg alburnen with pea protein (the objective of

the proposed research) is somewhat questionable. Mc$Iatters

(1980), on the other hand, evaluated pea protein fl-our and

concentrate as functional replacements for nilk proteins in
baking powder biscuits. Pea flour, peâ protein concentrate

and water rüere adjusted to simul-ate the protein and moisture

content of nilk" Pea protein biscuits vrere lighter and l-ess

yellow in crust color, J-ost less weight during baking, had

higher volumes and more uniform contour than the reference

biscuits" Sensory evaluation of the biscuits indicated that
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substitution of the pea products adversely affected the aroma

and flavor qualities of the biscuits. common d.escriptors

included ¡tharsh¡¡, rf beanyrr, and rrstrongrr. Appearance, color
and texture were not so stronEJ-y influenced, but scores were

lower than those for the contror biscuit" Biscuits v/ere

described as being ¡rduI1r¡ and r¡less bro\.rrnrr with a rrdoughyrr an¿

trslightly heavytr texture. Longer baking times were

recommended to improve the color and texture of the pea

biscuits" The authors concruded that aroma and fravor wourd

have to be improved or arterations made to the formuLation or

baking procedure, to make the biscuits acceptable. Once

again, the addition of pea protein resul-ted in flavor and

textural problems"

Overa1l, the literature indicated the potential for low

levels of pea protein use in baked products. Whil_e pea

proteins were never substituted for a complex protein system

such as egg albumen, or evaluated in a cake system, their
substitution for wheat and milk proteins provided some general

indication of their functionality in baked products.

UnfortunateJ-y, research on the use of pea protein as a

functional replacement for alternative proteins in baked

products is lacking" Such research would provide a better
indication of the functional potential of pea protein.

Although the addition of pea protein adversely affected

some of the physical and sensory characteristics of the

products, there were never any atternpts made to optimize
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procedures and/or ingredient l-evers which courd have improved

pea protein functionarity. The j-mportance of environmentar

conditions to protein functionality have already been

demonstrated and they must be considered if a more realistic
evaluation of functionality is to be made"

use of Bovine Plasma Protein for Eqq Albumen Replacement in
Cakes

Like pea protein, livestock blood is an under-utilized
source of protein (Johnson et â1., L979) " Bovine plasma

exhibits functional properties similar to egg albumen

therefore, the feasibility of j-ts use as a replacemenL for egg

albumen in cakes has been assessed (Johnson et aÌ., 1979; Khan

et aI., 1979) "

Johnson et aI. (L979) evaluated the substitution of

plasma protein concentrates at equivalent protein IeveIs for
egg white in a high-ratio white layer cake. Cakes made with

the plasma protein \^/ere comparable in volume to, and shrank

less than, the control cakes. Pl-asma cakes had good structure

and crumb texture" In a subsequent study, the functionality
of plasma protein sras improved by optirnizing water leve1s and

nixing tirnes. Bovine plasma protein could be used

successfully to replace egg white solids in white layer cakes.

Khan et aI. (1"979) evaluated the potential of plasma

protein isolate (PPI) as a replacement for dried egg white

solids in angel food cake, and as a replacement for wheat

flour in bread. While the foaming capacity of PPI was similar
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to egg t¡hite solids, in combination with the other cake

ingredients, results were very different" A 5O percent

replacement of egg white solids v¡ith PPr produced cakes with
significantly lower volumes and coarser crumb structures than

the 1-00 percent egg white cakes. Acceptable cakes resurted

from 25 percent substitution, although volumes were slightly
lower and crumbs coarser than the control_. The partial
replacement of wheat fl-our with PPI (O-10t) in bread produced

result.s similar to those observed for pea protein replacement

of wheat flour in bread" Substitution levels of 8 to 10

percent produced loaves with reduced volumes, darker crumb and

crust colors, and a more open texture. This is most

interesting since the protein v/as successfully used to replace

25 percent of the egg v¡hite in a very sensitive angel food

cake" It is possible, therefore, that pea protein will
exhibit better functionality in a sponge cake system than was

indicated in a bread system"

These two studies, in addition to having illustrated the

potential for egq al-bumen replacernent with an alternative
protein in a cake system, have brought up two irnportant

points" First1y, although a protein may il-lustrate very

sinilar functional properties when tested in isolation, the

results may differ significantly when tested in combination

with other ingredients. Secondly, it may be important to

optinize the cake formulation and nixing procedures in oroer

to improve the functionality of a particular protein system.
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summary of the Evaruation of pea protein use and Eqg Albumen
Replacement in Baked Products

The literature has demonstrated the potential for partial
egg albumen replacement with ppc in a sponge cake" pea

proteins (flours, concentrates and isolates) successfulry

replaced 10 to L5 percent of the wheat flour in a variety of
baked products, and functioned as a nilk replacement in
biscuits" Arthough higher replacement levers of pea protein
produced adverse changes in the physicar and sensory

characteristics of the products, it is possibre that
formuration and procedurar changes could reduce the negative

effects. Egg albumen was successfully replaced with bovine

prasma protein to produce acceptabre rayer and angel cakes.

This resurt suggests that egg albumen is not. indispensable and

may be successfully replaced in a cake system. Overall, pea

proteins functioned in baked products, and part of the eqq

albumen r¡,/as successfully repraced by an alternate protein
source in a cake system. consequentry, the potentiar exists
for the partial replacernent of egg albumen with ppC in a

sponge cake system"

Sensory EvaLuat,íon of Sponge Cake

Sensory evaluation of food quality is an essential

component of food experimentation since no one instrument, as

of yet, has been capable of replicating or replacing the

responses of humans (Canpbell et â1., 1979; Watts et â1.,

1989). The development of a nelv food product requires that
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certain quarity attributes be identified and measured using
a trained sensory paneÌ (lrlatts et â1., l-999). such paners

usuarly consist of 5-l-5 panelists who are speciarly trained
to identify differences between food products, or to measure

the intensities of serected quality characteristics such as

flavor, texture and appearance. Trained paners shourd not be

used to evaluate product acceptability due to their increased

sensitivity to the product.

Quantitative descriptive analysis is one rnethod of
sensory evaruation which is particurarry suited to product

development (stone et aI., L974) " panel training typicarry
involves identification of sensory attributes which describe

the appearance, fravor and texture of the product, forrowed

by the deveropment of appropriate terminorogy to describe

these attributes" The scale used to rate the intensity of
each attribute is a 15 centimetre rine scale rsith anchor

points l-"5 centimetres from each end. Descriptors determined

during panel training are used to anchor each end point.
Panerists rate the intensity of the attribute by making a mark

on the l-ine at the point which best describes their perceived

intensity of the attribute.
Littre sensory evaluation has been completed on sponqe

cakes. Descriptive anarysis (7 point numerical scal-e with
descriptive terrns) was used by Zabik et ar. (t-969) to evaruate

the texture, tenderness, moistness, coJ-or and fravor of sponge

cakes" Deethardt et a1. (1-965a, l-965b) used 5 point scales
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to evaluate sponge cake moisture, texture, tenderness, coror
intensiLy, flavor and acceptability. scoring has also been

used to evaruate sponge cake quarity" Milrer et ar. (1946)

scored crumb color, texture, tenderness, moistness and fravor.
uchida (1982) suggested that scoring of sponge cake quarity
should include evaluations of external characteristics such

as shape, crust coror and crust appearance, and internar
characteristics such as celr uniformity, cerr size, thickness
of cell walls, grain, texture (rnoisture, tenderness, and

softness), crumb coror, and flavor" pierce and warker (1997)

scored (excellent, good, fair, poor) the overalr crumb coror,
shape, and crumb texture (cel] size, evenness and density) of
sponge cakes"

According to Mc!{illiarns (L979) , a good sponge cake has

fairly fine, uniform cells and thin celr warrs. The cake

shourd be of high volume and tender with a preasing gorden

brown exterior. consequently, the cake characteristics which

may be irnportant to evaruate sensorily would be those

associated with a high quality sponge cake. These wourd

incrude evaruations of vorume, texture, grain and coror.
Reports of sponge cake sensory evaluation seem to have

evaluated the important cake quality characteristics. Because

the incorporation of pea protein into various baked products

resurted in altered texture, grain and flavor, particular
attention should be paid to these characteristics.
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Physieal/Inst,n:rnent,al Evaluat,ion of ggrong@ Cake

rnstrumentar methods of eval_uation are said to be more

precise and l-ess subject to error than sensory evaluation
because they do not depend upon human judgment (Funk et ar.,
L969 r' campbelr et aI", L979). The varidity of instrumentar
tests is, however, dependent upon their agreement with the
results from sensory evaluation.

Physicar measurements which have commonry been used to
evaluate sponge cakes incrude batter specific gravity, cake

vorume and texture. specific gravity can be used to indicate
the arnount of air incorporated into the cake batter (Funk et
â1", L969) and is measured by dividing the weight of the cake

batter by the weight of an equar vorume of water (carnpbell et
â1., L979) " Low specific gravity val-ues, indicating good air
incorporation and retention, have been associated with good

cake volurne and other desirable cake characteristics (Funk et
â1., 1969,' Dunn and White, l_939) .

cake volume is an important physicar- measurement because

it, relates to the underlying structurar development of the
cake (cloke et âr., l-984) " pierce and !.Ialker (LgB7 ) noted

that whire high vorume does not necessariry indicate a

desirabre cake, a cake of row volume is usuarly of low

quarity. volume measurements of sponge cakes were most often
deternined by rapeseed displacement (Jordan and pettijohn,
1946; Miller et al., 1946; uchida, LgBz," Mizukoshi, L985; sato

et aI", ]-987; Pierce and walker, 1987) . specific volume can
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be carculated by dividing the volume of the cake by its vreight

(cc/g) and allows comparison of products having different
weights (Campbell et aI., LgTg) "

sponge cake texture measurements have incruded

eval-uati-ons of compressibility and tensire strength (ptatt and

Kratz , 1933i King et â1., 1936; Jordan and pettijohn, J-g46ì

Miller et âI., L946; Deethardt et â1., 1965a,. Zabik et â1.,
Lg6g), as well as erasticity (pratt and Kratz, 1933; King et
al., 1936; Deethardt et al., 1965a), firmness (Sato et ãI.,
L987; Pierce and walker I L?BT ) cohesiveness (sato et â1.,

L987 ) and crumb fragirity (pierce and warker I ],gBT).

Measurements were made using a variety of instruments such as

the A11o-Kramer shear press, penetrometer, tensire strength
apparatus and the Instron Universal Testing Machj_ne.

The rnstron has been widely used as a method of measuring

the textural properties of food but has rarery been used to
evaluate sponge cake texture. rt is a frexibre, multipurpose

instrument which can be used v¡ith a variety of test cerrs,
prunger sizes, cross-head speeds and compression depths" This

has resulted in unstandardized, inconsistent conditions of
texture measurement (Breene, LgTs) " Varying rnstron test
conditions (cross-head speed, prunger area, and degree of
compression) have been shown to influence bread firmness and

cake firmness measurements (Boyd and sherman, L975¡ Hibberd

and Parker, L985; Redlinger et ê1., 19gS; Baker et aI., 1_986;

wal-ker et aÌ., 1987). There is, however, a need. to determine
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the effects of varying rnstron testing cond.iÈions on other
textural parameters such as cohesiveness, gumrniness and

springiness. As werl, there is a need to determine the
fnstron testing conditions which will- rnost effectively detect
differences in sponge cake texture" Lirnited. research has been

done to determine the Instron testing conditions most suitable
for the detection of differences in firmness among white
breads and cakes (i,Ialker et aI., r9B7; Baker and ponte, r9B7 ¡

Baker et â1", 1,988) . serection of appropriate testing
procedures for the textural- evaluation of baked products

shouÌd be investigated further.

Response Surface lfethodology

Response surface rnethodorogy (RSM) is an experimentar

technique which is particurarly suj-table for product

development because it herps to establish optimal ingredient
levers and processing conditions in a minimal number of
experimental runs (Johnson and Zabik, 1981a) " Because the

number of experimentar formulations is minimized, the costs
associated with product development are also minimized (Mu1len

and Ennis, L985) " Response surface rnethodology helps to
determine how the independent variabres singly and in
combination, infruence the dependent variabres (Giovanni,

1983). rn addition, interactions between the independent

variabres can be evaruated, unrike the one-varj,abLe-at-a-time
approach.
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Response surface designs (see Box and Hunter, LgsT; Box

and Draper I L987 ) specify the experimental_ runs, and. the
i-ndependent variable levers for each run (Thompson, Lggz).

The experimental- data are then corrected and used to produce

regression equations or moders r+hich define rerationships
between independent variables and responses, and which may be

used to predict the effects of variabte conbinations which

\^/ere not tested (Mu1len and Ennis , 1-g7g; Thompson, Lggz;

Henika, L982) " Because many model equations are very comprex,

two dirnensional contour plots and three dimensional response

surface plots can be generated which help visualize the
effects on the responses, of varying independent variable
levers (Thompson, 1982). superirnposing of the two dimensional

contour plots allows for the simuÌtaneous optirnization of
several- responses (Floros and Chinnan, 19gB).

Jogrekar and May (1997 ) have described two typical stages

of product development and optimization using RSM. The first,
a screening stage, is more concerned with serecting those

variables having an important effect on the response

variabres" At this stage, the identification of key variabres
is more important than investigating their rerationships and

interactions (Mullen and Ennis, l-985). The second stage is
optimization, the determination of optimar revers of the key

variables. rt is at this stage that the rerationships of the
variabres and their interactions, vrith the responses are

eval-uated thoroughly (Mutlen and Ennis, L985).
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Response surface nethodorogy has been successfurly used

to optimi-ze several cake formulations (Kisse11 and Marsharl,
1962r" Kissell, L967; Johnson and Zabik, 1_9gl_a; Lee and

Hoseney, L982; Neville and setser, 1996; vaisey-Genser et ar.,
1987), but has never been used to optimize a sponge cake

formulation" rn addition, ro studies have been found

reporting the use of RSM to optimize the use of pea protein
in baked productsr or the repracement of egg albumen with
al-ternative protein sources in cakes.
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CHAPTER 2

selectj-on of rnstron Testing conditions for the Detection ofTextural Differences in Sponge Cakes

ÏNTRODTTCTTOSI

Sponge cake quatity is highly dependent upon egg quality
making it an ideal system for studying the effects of egg

aÌbumen repracement with a fierd pea protein concentrate

(PPc). PPc is a reratively inexpensive protein source which,

unrike the fibre and starch fractions, is currentry under-

utilized (M" Lamb, personal communication , Lgg7,) . The

development of an acceptable food product incorporating a

substantial amount of PPC would aid in estabtishing a balance

in the demand for pea fibre, starch and protein.
Texture, a very important component of cake quality, is

expected to be affected by the substitution of PPC for al-burnen

in the sponge cake formuration. The degree to which the

texture will- be affected, however, is unknown. ft is
irnportant therefore, to have an objective rnethod of texture
measurement whj-ch is sensitive to textural- differences amongt

cake formulations.

The Instron Universal Testing Machine has been widely

used as a method of to measure the textural- properties of food

due to its convenience, accuracy and flexibility (Finney,

l-969). Coupled with a computer, the Instron has proven to be

a very efficient method of texture measurement (Buckrey et
â1., 1984). The Instron is a flexible instrument which can
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be used with a variety of test celås, prunger sizes, cross-

head speeds and compression depths. This has resurted in
unstandardized, inconsistent conditions of texture measurement

(Breene, L975) 
" Tab1e 2 .1, a cornpilation of Instron

conditions used for texture measurement of baked products,

indicates this variability.
rncreasing use of the rnstron to evaruate food texture

has led many researchers to attempt standardization of
control-l-abre testing conditions thought to af f ect texture
measurements (Redlinger et â1., l-985; Baker et âI., L986a,

1986b, 1988; Walker et aI., 1-987). The effect of cross-head

speed on measurements of bread and cake crumb firmness has

been investigated (Boyd and Sherman, I97S; Hibberd and parker,

1985). As we1I, the irnportance of plunger area and of degree

of sample compression to bread firrnness measurements

(Redlinger et al. , 1985," Baker et â1. , 1-986a) and cake

firmness measurements (Walker et aI., i,987 ) have been shown.

The effects of varying Instron conditions on textural
parameters other than the firmness of baked products, have not

been reported in the literature.
Linited research has been done to determine the Instron

testing conditions mosÈ suitable for the detection of

differences in firmness among white breads and cakes (vlarker

et â1", L987; Baker and Ponte I L987; Baker et â1., L98B) .

Once again¡ Do research has considered the fnsLron Lesting

conditions which wil-I most effectively detect differences in
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lable 2.1 Conditlone Uaed for the Texture Measurement of Baked Producte
Ualng the Inatron Unlveraal Teeting Machlne

Product Sarnple
Slze

Plunger Compresefon Croae-lead ReferenceSlze (ã) Speed
(cm/ntn. )

whlte breed 1 ellce 32 m dle. 33 5 4
3 cn thfck

angel food 2.5 cn 50 cmz area 40 ZO zcake cubes

rye and 2.5 c¡n 35 rnm dia. 80 ? Ifrench breade disk
2.5 cm
thick

Danlsh tin 11 m 25 r¡m dla. 25 ZO 3
bread and thlck
whit,e bread ellces

layer cakes 3x3x2 cm 35 sm dla. t0 ZO 5
and fennented thick sllce
cakes

1. Brady and Mayer, 1985.
2. Colenan and Harbers, 1983.
3. Joensson and loernaes, 1987.
4. Neukom and RuÈ2, 1981.
5. Perez and Jul1ano, 1988.
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other textural parameters amongi cakes or other baked products.

Therefore, this study had the following objectives:
1., To determine the effect, of plunger area, degree of sample

eompressíon and cross-head speed on sponge cake hardness,

cohesiveness, gumminess and springiness measurements"

2 o To det,ermÍne the operating condit,ions best, able to detect

differences betvreen sponge cake formulations for each of the

four textural ¡larameters "

3 " To ídent,ify t,he operatÍng condit,ions most, appropriat,e for
t,he símuLt,aneous evaluatíon of t,he four texÈural paramet,ers.
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}4ATERTÄ&S ÃND MET}ÍODS

Two sponge cake formulations &¡ere baked from standardized

recipes, one with 1OO percent albumen and the other with ppC

replacing 30 percent of the albumen (Appendix 2.4)" The 30

percent PPC formulation represented the design centre point

for a prelirninary response surface experiment. It was

predicted to be substantially different from the 100 percent

albumen cake thus facilitating the objective of selecting

Instron conditions best able to detect textural differences

between cakes"

ExperímenÈal Design

À 3X3X3X2 factorial design, replicated four times, was

used to evaluate the effects of plunger area, cross-head

speed, percent sample compression and percent PpC in the

formulation (Table 2.2). Thus 1-08 sarnples of each sponge cake

formulation were required.

Four replications of each plunger síze/ sample

compression/cross-head speed combination were completed over

a three day period" Two replications of one plunger size and

nine cross-head speed/percent sample compression combinations

\,ùere completed for both formul-ations in each half day period"

That is, 36 compression tests using one pi-unger size, v¡ere

completed per half day. One and one haÌf days were required

to eval-uate aL1 Instron testing condition combinations twice.

Another one and one half days were required for the additional
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Tab1e 2"2 Factors fncluded Ín the 3x3x3x2 Fact,orÍa] Ðesign

Factors Levels

Plunger area (tr*t)
314.0
616 .0

1018.0

Cros s -head speed ( cn/rnin . )
5.1

10.0
20 "0

Degree of compressiont (g)
25.0
s0.0
75.0

Level of PPC2 in
(g replacement

Sponge cake
of albumen)

0.0
30.0

lsamples sliced to 2 cm high.
"Pea protein concentrate.
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two reprications" Prunger size u¡as varied onry tv¡ice a day

due to the stress on the road cerr associated with changing

the prungers as welr as the need to recaribrate with each

plunger change. cake sarnples, plunger size, speed/compression

combinations and formulations were all randomized within each

test period" Appendix z "B contains an exarnpre of the

randomization within one test period"

Sponge Cake and Sanple preparation

Each formurati-on yielded three, 15 centimetre round

sponge cakes. Eighteen batches were prepared over a two day

period, resurting in a totar of 27, o percent ppc cakes and

27, 30 percent PPc cakes. Batches vJere randomized for each

bake day. cakes v/ere seared in polybags and were frozen (-
20oC) and stored overnight.

The following day, cakes v/ere removed one at a time (to
prevent thawing) for rapid sample preparation. cake tops v/ere

sliced off using a two centimetre high, L5 centimetre sguare,

plexiglass box as a guide. Each cake rdas then quartered,

yierding four, two centimetre high crustress wedges which v/ere

immediately re-seaJ-ed, randomized, and place back in the

freezer until texture testing. This sequence r¡/as repeated for
the 30 percent PPC cakes resulting in Log subsamples of both

sponge cake formurations (27X4:108) " A sampl-e height of two

centimetres hras chosen after preliminary baking indicated that
heights greater than this would not accommodate al-r cakes
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baked in the future optimization studies. Texture evaluations
\,ùere compreted approximateÌy tr,so weeks after sample

preparation. cake samples were thawed in their seared bags

for at least one and one half hours prior to testing"

Inst,ron Test,ing Procedure

The rnstron (Tab1e Moder TM) and a Texture profile data

acquisition and analysis program developed for the AppJ-e rrE
cornputer (Agriculture canada, L9B6) were used to evaluate four
textural parameters; hardness, cohesiveness, gumminess and

springiness" Figure 2"1 represents a typical force-time (arso

force-distance) curve for the sponge cakes and irlustrates how

each of the texturar parameters was evaluated (Bourne, rgTg).

For each Texture Profile (two plunger cycles), the

plunger was positioned just above the center of the cake wedge

and was then lowered at constant speed until the sample was

compressed to the predetermined level"

Stat,ist,icaI Analyses

Analysis of variance r¡/as uèed to determine the

significant effects of rnstron conditions on texture
measurements (sAS, L985) " The t-varues v/ere computed (Figure

2"2) , and their magnitudes compared, to iden,tify the most

discrininating set of conditions for individuat parameters.

selection of testing conditions appropriate for eval-uation of
all four parameters v/as based on the rel-ative importance of
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each textural parameter to cake qualityr or the size of the

coefficient of variation (CV) and coefficient of determination
(R2) associated with their corresponding anarysis of variance,

and on the rnagnitude of the t,-values for alr parameters.
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RESUT,TS ÃND DTSCUSSTON'

Prior to the determination of the rnstron testing
conditions best able to detect differences in sponge cake

'texture, the effects of plunger size, degree of sample

compression, and cross head speed on texture measurements,

\,üere considered. The rel-ationships between the testing
conditions and hardness, cohesiveness, gunminess and

springiness varues herped to explain why some rnstron
conditions resul-ted in better di-scrirnination of certain
parameters. The information derived from this study was used.

to select one plunger size, degree of compression and cross-

head speed for discrimination of all four textural parameters.

Effects of Inst,ron Testing Conditions on Texture Values

The first objective of this study was to determine the

effect of plunger area, degree of sample compression and

cross-head speed on sponge cake hardness, cohesiveness,

gumminess and springiness measurements. Table 2.3 summarizes

the significant F-varues from the analysis of variance for
each parameter and indicates the irnportance of prunger area,

degree of compression and cross-head speed to each rnstron
condition 

" Table 2 " 4 presents the corresponding mean

comparisons for each rnstron condition and treatment. This

table illustrates the differences in mean hard.ness,

cohesiveness, gurnminess and springiness values resurting from

varying plunger areas, degrees of cornpression and cross-head
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effects of each rnstron condition on texture varues are

presented in turn"

Effect of Deqree of sarnp-le compression on rnstron Texture
Values

compression had by far the most significant effect on al-r

four textural- parameters as is indicated by the very rarge F-

values associated with this rnstron condition (Table 2.3) .

The means presented in Tabre 2.4 indicate that the higher the

degree of compression, the higher the values for hardness,

gumminess and springiness measurements, whj-re cohesiveness

scores decreased with increasi-ng compression. Similar

findings were reported when the effect of compression depth

on bread firmness measurements was investigated (Redlinger et
â1", 1985; Baker et â1", 1988) . Observations recorded by

Baker et a1. (1988) and irlalker et aI. (L997 ) offer a prausibre

expranation for the increase in hardness force val-ues with

increased compression. The totar force val-ue may incrude

compression, tension and shearing forces, the relative
importance of each depending upon the degree of sample

compression (Figure 2 "3) . Levels of cornpression chosen for
this study were 25, 50 and 75 percent of a two centimetre high

cake sample. At a leveL of 25 percent compression,

deformation of the sample r¡ras visible but shearing of the

crumb $¡as not evident. Hardness values recorded courd be

attributed to compression forces beneath the plunget, plus
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Figure 2 "3 Illustration of forces present during cake
compression.



88

some tension forces at the edges of the prunger. At 50

percent compression, there was evidence of some shearing, so

that the force requíred to shear wourd contribute, with
. compression and tension forces, to the overal-l hardness

measurement" At the final compression setting of 75 percent,

shearing of the sampre was clearry evident and. packing of the

cake crumb resurted in a denser crumb, more resistant to the

appried pressure" Higher hardness varues would result from

increased shear forces and increased resistance of the sample

to compression"

While the effect of compression level- on hardness val-ues

has been well documented in previous studies, the effect of
degree of compression on other Texture Profile parameters has

not been investigated. consequently, explanations for the

effects of degree of cornpression on cohesiveness, gumminess

and springiness measurements have not been deveroped. cake

cohesiveness values (ratio of Area 2 to Area I; Figure Z.L)

v/ere found to decrease with increasing levels of compression

(Table 2"4) " This textural parameter has been defined as rrthe

strength of the internal bonds rnaking up the body of the

product't (szczesniak, l-963). rt appears that as the lever of
compression increased and the cake crumb became more compact,

the internar bonds v¡ere breaking resuJ-ting in lower recorded

vaÌues for this parameter. clearry, the higher the level- of

compression, the greater the effect on the interna] structure
of the cake and subsequent cohesiveness values, and the
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greater rikerihood of permanent deformation. permanent

deformation wourd produce lower Area 2/Area j- ratios and

therefore, lower cohesiveness values (as cohesiveness has been

defined) .

cake gumminess values increased with increasing

compression (Tabre 2"4). This positive rerationship is not

surprising since gumminess is calculated as the product of
hardness and cohesiveness (szczesniak, 1963). The magnitude

of the hardness varues in comparison to the cohesiveness

values resulted in hardness having much greater influence on

gumminess values" Effect of degree of compression on

gumminess varues were, therefore, similar to its effect on

hardness.

Table 2.4 indicates that cake springi-ness measurements

arso increased with increasing revers of compression.

springiness has been defined by Bourne (L978) as tthe distance

the food recovers its height between the end of the first rise
in force above zero in the second bite, and. the point of
maximum compressionrr, but is better irrustrated in Figure 2.L.

The key to understanding the observed effect of compression

on springiness measurements lies in the phrase, ilpoint of
maxirnum compression.r' rt takes more time to reach z5 percent

compression than 25 percent compression, therefore, the

distance between the first rise above zero in the second bite
and maximum compression is greatero with greater compressi-on"

Consequently, springiness val_ues were larger for higher
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degrees of compression. Logically it seems that the more a

sampre is compressed and therefore darnaged, the ress it v¿ourd

tend to spring back to its originar height. That is, greater

level-s of compression theoreticatly should not yierd a higher
springiness measurement" perhaps the definition and rnethod

of measuring springj-ness with the rnstron needs to be re-
evaluated so that the varues recorded represent the true
springiness of the sample.

Effect of Plunqer Area on Ins.tron Texture Values

Plunger area had a very significant effect on hardness

and gumminess measurements and a smalr, but significant effect
on cohesiveness and spri-nginess measurements (Table 2.3). As

plunger area increased, so did the vaLues for all_ four
textural parameters (Table 2.41 . lrfalker et aI. (l_987)

reported sirnilar resul-ts for firmness measurements of white

and sponge cakes. The larger the plunger area, the greater

\^/ere all compression, tensj-on and shearing forces associated

with the degree of compression. trùalker et aI. (1987)

suggested that prunger area is associated with compression

forces while plunger diameter is associated with tension and

shearing forces. shear and tension forces become important

components of the total force val-ues when compressions are

high.

The effect of plunger area on cohesiveness and

springiness v/as very small, likely due to the v/ay in which
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each parameter was carcurated" cohesiveness was carculated

as the ratio of the area under the second. peak to the area

under the first peak (Figure 2"L), therefore, the actual
magnitude of the areas is not irnportant" rncreasj-ng prunger

area increased the areas of both peaks, therefore its effect
on cohesiveness values wourd be mininal. springiness was a

distance measurement, therefore, the size of the prunger would

not influence this parameter.

Effect of Cross-head Speed on fnstron Texture Val_ues

The size of the F-val-ues for cross-head speed (Table 2. 3 )

indicate that this Instron condition v/as much less important

to textural measurements than degree of sample compression and

plunger area. In Table 2"4, the means for each cross-head

speed show that hardness, gurnmj-ness and springiness values

increased slightly with increasing cross-head speeds.

Cohesiveness was not affected by the rate of compression,

probably because the areas under both peaks wourd be affected

equaJ-ly, producing similar ratios regardless of cross-head

speed "

Faster cross-head speeds Iikely increased the forces

present during cake compression, resuÌting in slightly higher

values for hardness and gumminess. Baker et aI. (1986a) also

found that Instron force (firmness) tended to increase

slightly with greater cross-head speeds. Springiness values

also increased slightJ-y with increasing rates of compression.
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Because springiness is a distance measurement rather than a

force measurement, increasingr values cannot be attributed to
increases in the forces present as the cake is compressed.

Perhaps, because faster cross-head speeds decreased the length

of tirne that the cake crumb rüas compressed, ress permanent

crumb deformation occurred" rf this v¡ere true, the first rise
in force above zero for the second bite would occur sooner

(since the plunger wourd touch the cake sooner than if the

cake $¡as permanently compressed) resulting in a longer

distance from this point to maximum compression, and higher
springiness values.

. Boyd and Sherman (1,975) noted that while cross-head speed

was important for the texturar measurement of some foods it
v/as not as irnportant for interrnediate hardness foods such as

Madeira cakes. Peleg (L987) atso found that the type of
product determined the irnportance of cross-head speed to
texturar measurement. The more solid or erastic the food, the

less dependent the texture measurements on the cross-head

speed. The sponge cakes used in this study were both fairly
firn and also elastic, and so fall- into the category of foods

thought to be less affected by cross-head speed"

rnteraction between Prunger Area and Degree of comþression

There î/ere highly significant interactions between

plunger area and degree of sarnple compression for both

hardness and gumminessr âs shown in Figure 2"4" Hardness
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varues increased as both compression l-ever and prunger area

increased, however, the rnagnitude of the increase was

dependent upon the combination of compression and prunger

area. when compressions increased from 25 to 50 percent, the

hardness values approximately doubled for arr prunger sizes.
At 75 percent compression, hardness val-ues doubl-ed again for
the smarrest prunger but vrere three times greater for the

medium prunger and four times greater for the largest one.

Similar results were found for gumminess.

The plunger area*degree of compression interaction
indicated that significantry higher hardness and gumminess

values ç¡ere recorded when 75 percent compression and any of
the three plungers hrere used, however, the l-O1g **2 plunger

yielded particularly high values. l.Ihen samples v/ere

compressed to 75 percent of their height, larg'e force varues

resulted from the presence of compression, shearing and

tension forces, in addition to some compacting of the cake

crumb. The effect of plunger area would also be more

pronounced when the degree of compression was high since high

degrees of compression create more forces (compression,

shearing and tension) which contribute to the final
measurement. At l-ower degrees of compression, Iarger plunger

areas would onJ,y increase compression and possibry tension

forces.

Cohesiveness \^/as also af f ected by a srnaIl, but

significant, plunger area*degree of sampJ-e compression
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interaction" The rerationship betv¡een prunger area and

compression depth !¡as not, however, sirnilar to the one

observed for hardness and gumminess. That is, while
significantry l-ower cohesiveness varues were recorded with
increasing depth of compression, the prunger size had very
little effect on the cohesiveness varues. rt j_s possibre

that, for this parameter, the interaction between prunger area

and compression depth occurred. by chance.

several- other interactions (treatment*degree of
compression; treatment*cross-head speed; plunger area*cross-
head speed; degree of compression*cross-head speed; and

plunger area*degree of compression*cross-head speed) \¡/ere also
statistically significant but practically, were not important.
F-varues were low in comparison to those of the two primary

main effect.s (plunger area and degree of sample compression).

select,íon of operat,ing condit,ions for the rndividuat Detectíonof Differences in Four Textural paramet,ers

The second objective of this study was to determine the

Instron operating conditions best able to detect differences
in each of the f our texturar parameters r. hardness,

cohesiveness, gumminess and springiness. sponge cakes baked

from formulations substituting 3o percent ppc for egg arbumen

v¡ere predícted to be substantially different from those baked

with 100 percent al-bumen. rn this study, however, differences
between treatment means for each texturar parameter (Tabre

2.4) were quite smalI. whire this made the discrirnination
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task more difficuJ-t, it allowed identification of fnstron
condit.ions sensitive to smalt differences.

AbsoLute t-values have been used to evaluate the ability
of each set of Instron conditions to discrirninate hardness,

cohesiveness, gumminess and springiness between cakes" High

t-values indicate that the difference between the means of the

two formulations was large and the variabitity of measurement

minimal (Figure 2 "2) " Thus hiqh t-values would result if the

set of fnstron conditions detected marked textural differences

between the 0 and 30 percent PPC sponge cakes. High t-values
would also result, however, if differences between treatments

were fairly small but the variability of measurement was very

Iow" For the best discrimination of textural differences,

high t-values should result from both differences detected

between the treatrnents and low variability.

Selection of Instron Conditions for the Discrimination of
Cohesiveness

Table 2 .5 presents the absol-ute t-values f or

cohesiveness. There were no apparent relationships between

a specific plunger area or cross-head speed and consistently

high t-values. However, the higher t-values associated with

75 percent compression suggest that high levels of compression

were conducive to greater discrimination of cohesiveness

beLween cakes. I¡¡ith only one exception (l-ol-8 ^*2 plunger,

5.1- cm/mj-n" cross-head speed, 75 percent. compression),



Table 2.5 ¡lbsoÌute t-values for Instron CoheaiveneEa

Plunger Àrea
( rún' )

Cross-head Speed
( cm/rìin. )

Conpression (t)
50 75

1018

616

314

20,0
10.0
5.1

20.0
10.0
5.1

20.0
10.0
5.1

0.9r
0.69
1.51

0.9s
0.15
0.03

0.13
1 .07
0.96

1 .40 3.29
0.44 2.L2
2,L2 1.73

L,97 2.46
2.68 4.70
2,05 3,50

0.33 0.67
0 . 64 8.09r
0.26 2.00

lHighest t-vaLue.
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compressions of 75 percent produced the highest t-varues for
each of the nine plunger area/cross-head speed combinations.

Tabl-e 2 " 6 presents the mean cohesiveness values for the o and

30 percent formurations, and irlustrat.es that the high t-
values associated r¿ith 75 percent compression v/ere due to the

detection of differences between the two cakes and low

variabílity of measurement" Conversely, for ZS percent

cornpression, differences between the means were generally

small and variability fairly large, resulting in lower t-
values

The association between high degrees of compression and

increased breakdown of internal cake structure may help

explai-n the greater discrinination between the two cakes when

75 percent compression was used. At lower levels of

compression, cake structure was Iikely not altered
sufficientry to indicate differences in cake cohesiveness.

cornbined conditions producing the highest t-varue v/erez 7s

percent compression with a 314 r*2 plunger and a cross-head

speed of 1"0.0 crn/rnin. This particular combination of fnstron
conditions produced both a large difference in mean

cohesiveness varues and demonstrated low variability (Table

2.6) "

Selection of fnstron Conditions for the Discrimination of
Sprinqiness

The absoLute t-values for springiness are presented in



Table 2,6 Meanl CohesÍvenesa Values
Sponge Cakes

for 0â and 30g PPcee

fnstron Condit,ions

n

Treatment

O8 PPC 30s PPC
Area
1mmz)

Speed
(cm/min, )

(s)

1018 20.0

10.0

5.1

75
50
25

75
50
25

.679 ( .01 )t

.736 ( .0r. )

.786("01)

.658(.01)
"722( "02 )
.799 ( .03 )

.671 ( .01 )

.738("01)
"764(.01)
.672 ( .01 )
.730(.00)
.786 ( .02 )

.685(.01)

.734 ( .01

.772( "02

75
50
25

.686 (

"720 (
.764(

.01

.01)
"02)

616 20.0

10.0

5.1

75
50
25

75
50
25

.686

.729

.77 6

.680(,00)
,740(.00)
"773(.02)
.6e2 ( .01)
.738 ( .03 )
.766(.03)

.01 ) .663

.01 ) .714
"01) .767

.02)

.01)

. 01)

.666 ( .00 )

"725 ( .01)
.772("01)

.672 ( .01 )

"724(.01).766(.0r)

75
50
25

314 20.0

3to. 
o

5.1.

75
50
25

75
50
25

75
50
25

.6s6 ( .02

.738 ( .01

.764(,02

.648(.02)
"746(.01)
.766 ( .02 )

" 643( .01 )

"726 ( .00
" 778 ( .00

.633(.01

.739 ( .01

.782( .01

"682(
.735 (

.782(

.00

.03 )

" 01)

"649(.01)
.740 ( .01 )
,77L(.02)

lMean of 4 det,erroinat,ions.2standard deviation associated with t,he mean.3Conditfons producing highest t-vafue.
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Tabre 2"7. For this parameter, no specific plunger area or

lever of compressi-on seemed to produce consistentry high t-
values" However, a relationship was apparent between srower

cross-head speeds (5"1 and 10"0 crn/rnin") and high t-varues.
rn particular, a cross-head speed of 5"1 centimetres/rninute

improved discrirnination of springiness between the two

formulations. With tr¿o exceptions (616 rm2 ptunger, 1O.O

cm/min. cross-head speed, 50 and 75& compression), this slow

rate of cornpression resulted in consistently high t-val-ues.

Tabl-e 2.8 presents the mean springiness values for the two

cake formurations for each set of rnstron conditions
evaruated" Higher t-values associated with slower cross-head

speeds, resulted from both row variability of measurement and

differences between springiness means for the two cakes. At

a cross-head speed of 20.0 centimetres/minute, ress dj-fference

in springiness was detected. Measurements v¡ere generalry more

variable, resul-ting in lower t-values.
Slow cross-head speeds may have permitted more ilspringil

back after cake deformation, resulting in greater detection

of differences between cakes" conditions which produced the

highest t-varue $rere: 50 percent compression combj-ned with

a 3L4 mmz plunger and a cross-head speed of 5.1

centimetres/minute. The high t-value produced for this
combination of conditions \das a resul-t of substantial
differences in springiness between the two formulations and

low variability of measurement (Tab1e 2.8) "



L01

Table 2 "7 åbsolute t-valuee for Instron Springineee

Plunggr .årea
l nun'¡

Cross-head
( cm/mÍn.

Compression (B)
50 7s

Speed
) 25

I 018

6L6

314

20.0
L0.0
5"1

20.0
10.0
5.1

20.0
10.0
5.1

0,44
L,32
1,46

0.73
0.86
1.14

1.10
L.23
3. 14

0 .49
0.3s
3"25

0 .29
2.47
0.57

1 .85
I .55
4.19t

0. s6
0"58
2.89

0.00
2,05
1.04

0.00
0.90
3.63

Ittighest t-val-ue.



Table 2 "8 Meanr Springiness Val-ues
Sponge Cakes

for 0E and 30g PPc Loz

Instron Condit,ions Treatment

Plunger
Area
1mm2)

Cross-head
Speed

( crn/rnin. )

Compression
(8)

OB PPC 309 PPC

r.018 20.0

10.0

5.1

75
50
25

29"2("8)t
23.0(1"0)
13.6 ( 1.1)

2e.3(

2e"6(.8)
22"s(1.s)
13.0(1.1)

75
50
25

75
50
25

"8)
L.2)
.s)

.e)

.6)
"4)

28.9
22 .0
13.2

27 .8
20"4
11.6 (

1.3)
L,2)22 .3

L2.8

29.2
2L"4
12.3 (

.2

.3

.2

.8)

616 20.0

10.0

5.1

75
50
25

75
s0
25

75
50
25

.6

.5

.8

2e"2(1.6)
22.4(.6)
13.8(1"1)

29 .2(.8)
21.4 ( .4 )

2e .2(.3)
22.6(1.3)
13.0 (1.7 )

12.1(.e)

28 .2
20 .4
11.6

28.1
20 "9
L2.2

28 .6
20.8
t2,5

.7)

.1)

.1)

.8)

.s)
,7\

314 20.0

10.0

5.1

75
50
25

75
50
25

75t5o
25

2s "6 (1.6 )
22.8 (1 .0 )
14.1( .8 )

29"6(1.s)
21.6(.s
13.5 r .8

29.7
2L "7t2.7

.B)
1"4)
.s)

29 "2
20 .2
T2.L

27 .0
L9.7
TI .2

1.1)
.8)

.3)

.6)

.7)

.6

28.6
2L .4
L2.5

.8)

.6)

.3)

lMean of 4 determinations.zstandard deviation associated with the mean.3Conditions producing highest t-value.
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serection of rnsÇron conditions for the Discrimination of
Hardness and Gumminess

The absolute t-values for hardness and gumminess are

presented in Tabres 2.9 and 2 "Lo, respectiveJ-y. while no

specific prunger area or level of compression seemed. to
produce consistently high t-values for either of these

parameters, faster cross-head speeds (i-0"0 cm"/mj-n" and ZO"O

cm/nin.) generally produced higher t-values. It shouLd be

noted, however, that cross-head speeds of 5" 1

centimetres/minute did not always produce smarr t-varues

suggesting that the rel-ationship between faster cross-head

speeds and improved dj-scrirnination night not be real, Tabres

z"LL and 2.L2 present the mean hardness and mean gumminess

values for 0 and 30 percent PPC sponge cakes. In most cases,

and particularly evident v¡ith 25 percent compression, high t-
values resurted prirnarily from J-ow sarnple variability rather
than detection of J-arge differences between treatments.

Highest t-values for hardness and gumminess were, however,

produced by 25 percent compression combined with a 6L6 **2

plunger and a L0.0 centimetre/rninute cross-head speed. It was

difficult to be certain that this set of Instron testing
conditions was really the best able to discriminate hardness

and gummj.ness.
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Table 2 "9 åbsolute t-values for Inst,ron Ilardnese

PLunqer årea
(*ñt )

Cross-head
( cm/mín.

Speed
)

(E)
7525

Compressfon
s0

1018

616

314

20.0
10.0
5.1

20.0
L0"0
5.1

20. 0
10.0
5.1

L.29
I .40
0 .04

6.51r
0"11
2.77

0.09
3.s8
1 .33

4,2L
1.09
0.99

1.06
0.67
0.85

0.96
3.06
I .02

2.12
0.06
0.72

2.Lêr
0.43
1.49

2.68
0"s9
0.29

ItiighesÈ t,-value.
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Table 2,10 åbsolute t-val-ues for Instron Gur¡unineee

Plunger "årea
(IrEn')

Cross-head
( cm/min.

Speed
) 25

Compreesion (g)
50 75

1018

516

314

20 "0
10.0
5.1

20.0
10.0
5.1

20.0
10"0
5.1

2 "12
1 ,5L
0.46

6 .09¡
0. 13
4.70

0.04
3 .47
1" 73

3.69
I .40
1.16

0.73
4.26
0.49

0.96
2 "0LI .03

L.92
0.38
0.5s

L.82
0"03
1" 11

2.54
0.34
0.03

lHighest t-value.
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Tabl-e 2 . 11 Meanr Hardness Values for 0g and 3OS PPC

Sponge Cakes

fnsËron Conditione

n

Treatment

Og PPC 30s PPC
Àrea
1mm2)

Speed
(cn/min. )

(s)

1018 20 .0

10.0

5.1

75
50
25

24.9(,?Iz
6.s(.s)
3.3(.1)

22 "s(2.2)6.6(.7)
3.1(.3)

29.6 (4.4)
7 "7 (.31
3.s(.2)

75
50
25

22"4
7"L
3.4

2.5)
.3)
.3)

75
50
25

2L.0(2.s) 22"4(2"e\
6.0(.2) 6,4(.8)
3.2(.s) 3.2(.3)

616 20.0

10.0

t5.l

75
50
25

ls.7(r.5) 18.1s.1("s) s.s
2.4 ( .1) 2.9

1.8)
.4)
.1)

75
50
25

ls.2(.8)
4.i(.3)
2.3(.2)

13.8(1.3)
4.6(.3)
2.3( .2)

i_s.s(1.1)
4.8(.4)
2.3(.1)

15.2 ( 1.3 )4.8(.4)
2.s(.1)

75
50
25

314 20.0

10.0

5.1

75
50
25

75
s0
25

75
50
25

1.0 )
.2)
.1)

8.2(.3
3.0(.3
1.7(.3

e.0(.s)
3.3(.4)
1.7(.1)

8.s(.e)
3.2(.2
1.6(.1

7.9(.7
2.7 ( .2
1.s(.1

1.4(.r_)

8.2(.s
2.8(.1

7"7
2.8
1.4

lMean of 4 detenninations.2standard deviation associated with the mean"3Conditions producing highest, t,-vaÌue.



Meanr Gumminess Val-ues for 0g and 30& ppC
Sponge Cakes

t- 07Tabl-e 2.Lz

Instron Conditions Treatment

Plunger
Area
l mmz)

Cross-head
Speed

( cm/nin. )

Compression
(s)

O8 PPC 3OE PPC

1018 20"0

10.0

5.1

16 " 9
4.8
2.6

15.4
4.9
2,4(

14.4(
4.3(
2 "4(

.3)'

.3)

.1)

1.4 )
.s)
.2)

1"s)
.1)
.3)

75
50
25

75
50
25

1e.s(2"7)
s.6(.3)
2.8(.1)

ls.0 ( 1.s )
5.2(.2,)
2 .6 ( .2')

ls.0(1.8)
4.7(.6)
2.5(.2)

75
50
25

616 20.0

10 .0

5.1

75
50

3zs

75
50
25

75
50
25

10.8
3.7
1.9

10.3
3.4
1.8

1.0)

.5

.2

L2.0
3.9
2.2

10.3 (
3.s(

1.0 )

"2)
.1)

.8

.2

.1

"4
.1

.1) 1.8

e.5(.e)
3.4(.2\
1.7(.1)

L0.2
3.5
1.9

"8
.3
.1

314 20 "0

10.0

5.1

75
50
25

75
50
25

5.8
2.4
1.3

5.5
2.3
1.3

s.0
2.0
r.2

.2)

.3)
s.4(.3
2.2( .2
1.3(.2

,,] 
5

50
25

5.5
2.L
1.1

5.0
2.t
1.1

.4

.2

.1

.7

.0

.7

.1

.1)

(.1
(.1

.s)

.1)

.1)

IMean of 4 determinations.2standard deviation associated with the mean.3Conditions producing highest t-value.
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summary of rnstron Testing conditions for the rndividual
Discrimination of Differences in cohesiveness, springiness,
Hardness and Gumminess

Differences in cohesiveness were accentuated when depth

, of compression $/as high, while springiness v¡as best

discriminated when cross-head speeds were row. Faster cross-

head speeds generalÌy produced higher t-values for hardness

and gumminess, yet some ror¿ cross-head speed combinations al-so

produced high t-values. The high t-values associated with
cohesiveness and springiness resul-ted from the detection of
substantial differences between the cakes and low variability
within the sarnples (standard deviations) " For hardness and

gumminess, however, high t-values seemed to result primarily
from l-ow variability within the samples. The retationship
between cross-head speed and high t-values for hardness and

gumminess was much less apparent than the relationships
evident for cohesiveness and springiness. These resul_ts

suggest that it rnay be more important to determine the best

set of Instron testing conditions for detecting differences

in sponge cake cohesiveness and springiness, than hardness and

gumminess 
"

Graphical presentations of the conditions producing the

greatest discrimination of hardness, gurnminess, cohesiveness

and springiness (largest t-vaJ-ues), are presented in Figure

2.5. The t-values associated with the same set of conditions

for the other textural parameters are also shown" These plots

show that v¡hile specific combinations of testing conditions



TNSTRON CONÐ|ïÐNS: Pluñqør or€o - 616 mm8
Cr6 -heod opeed - Ðcml min
Compression - 25%

TEXTURAL PARAMETER

HARDNESS (N)

COF€SIVENESS

GUMMINESS (N)

SPRINGINESS (MM)

oor P<.OOl
567a9
T-VALUE

234
ABSOLUTE

gru$TRÛffi ffiÅRMMËS$ & &['ffiWgMgSS 109

rMSTR&W CÛ&{Ë$ïVEMËS$

srusTR&M SpRrN&äffiËss

INSTRON COfrJOlTlONS: Plungor orso - 314 nn¡
Croø¡- hsod sg@d - 5.1 cmlmin
Comprooøíon - 50%

TEXTURAL PARAMETER

HARDNESS (N)

CCÞ€SÍVENESS

GUMMINESS (N)

SPRINGINESS (MM)

naP<0
t23¡$56789

ABSLUTE T-VALUE

Figure 2.5 rnstron testing conditions producing the greatest
texturar discrimination of hardness, gumminess, cohesiveness
and springiness between sponge cakes.

INSTRON COt'JO|T|ONS: Plungor ofeo - 3t4 mmt
Cross - heod speod - tOcm / min
Compression - 75 "/.

TEXTURAL PARAMETER

HARDNESS (N)

CO{iESIVENESS

GUMMINESS (N)

SPRINGINESS (MM)

sàä P <OOl ABSO-UTE T-VALUE
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allowed successful discrinination for individual textural-
parameters, only hardness and gumminess shared the same set
of conditions" this resurt is not surprising due to the

strong dependence of gumminess measurements on hardness

measurements" For these two parameters, the medium sized

plunger and highest cross-head speed combined with 25 percent

compression were found to produce the highest t-values. such

Low levels of compression are not recommended, however since

the high t-varues associated with 25 percent compression

generally resulted from very low sampre variabirity. For the

best discrimination of texturar differences, high t-values
should result from both differences detected in the treatments

and l-ow sample variability" fn addition, the use of 25

percent compression resulted in very sma1l hardness and

gumminess values, suggesting that differences nay not be as

evident at low degrees of compression than when rarger values

are produced v¡ith higher degrees of compression.

consequently, while high t-values indicated that the greatest

discrimination of hardness and gumminess r,,/as achieved using

25 percent compression, such a Ìow degree of cornpression is
not recommended. Interestingly, the test conditions

reconmended to evaluate crumb firmness of white pan bread have

been reported to be 25 percent compression, i-0.0

centimetres/minute cross-head speed and a round prunger with

an area of 600-11-50 mnz (Baker et aI., 1986b) . The basis for
selection of this compression lever vras the low variance
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associated e¡ith the force values. From this study it was

apparent that because force varues v/ere very low with 25

percent compression, standard deviations were arso Ìow.

Therefore, the choice of 25 percent cornpression for white pan

bread may be questionable. The differences between the means

should also be considered.

These results suggest that one 1evel of compression,

plunger size and speed of compression may increase the

discrinination of one textural parameter yet sirnul-taneousry

hi-nder the discrirnination of other texturar differences. rf
only one texturar parameter is of interest the choice of
Instron conditions is straight forward. If, however, a

texture profire analysis consisting of several- pararneters is
p]-anned, then the choice of rnstron conditions becomes more

cornplicated"

Select,ion of operat,íng CondiÈíons for t,he Sinultaneous
Detect,ion of Differences in all Four Textural paramet,ers

The final objective of this study lrras to identify the

operating conditions most appropriate for evaluating arr four
textural parameters at once, that is, for a texture profile.
Because different conditions were most appropriate for
discrirninating the texturar pararneters, the researcher must

make some cruciar decisions as to the importance of each

textural pararneter to the quality of the test product. The

variabiÌity associated with the measurement of each paramet.er

should also be considered.
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each set

2"

of

L1,2

13 presents the absolute t-val_ues associated with
Instron conditions for alt four textural

parameters " This tabl-e highright,s those condj_tions which

generarry discriminated the four parameters on the basis of
their absolute t-val-ues.

Figure 2"6 ilrustrates the set of conditions thought to
be most appropriate for the simultaneous evaruation of the
four texturar parameters. This combination produced t-values
exceeding 1.oo for each parameter with cohesiveness and

springiness having the highest t-values. cohesiveness and

springiness were felt to be very important characteristics for
this sponge cake formuration which is intended for use in
swiss roIIs. rn addition, cv val-ues, indicating the overarl
variability associated with each texturar parameter, \^/ere

lowest for cohesiveness and springiness, whire the R2 varue

for springiness, indicating model fit, was highest (Tab1e

2"3). Also, the choice of prunger area, revel of compression

and cross-head speed nay not be so crucial for hardness and

gummr-ness 
" Therefore, a 6L6 **2 plunger, 75 percent

cornpression, and a cross-head speed of 5.1 centimetres/minute

\¡/as f elt to be most appropriate f or the texture prof ile
analysis of these sponge cakes. ff, hov/ever, all four
parameters v¡ere not of interest, some other set of conditions
night be serected as being most appropriate for the parameters

tn lro fac'l-a¡l
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Table 2.13 Absolute t-valres for Alì Textr¡ral Paraæters ard Instron Co¡dftlote

1

Textural Para@ter.s

1018
t0l8
t018

1018
10r8
1018

r018
1018
1018

20.0
20.0
20.0

r0.0
10.0
r0.0

2.r2
4.21
r.28

0"(6
l"G'
1"Ð

0.72
0.s
0.0¡8

2.r2
0.4r8
0.69

2.46
r.97
0.9s

4.70
2.68
0.r5

2.m
0.26
0.s

1.92
3.69
2.r2

0.s
I "4{lt.5t

0.55
1.16
0.46

1.82
0.73
6.æ

0.03
0"26
0.13

r. tl
0.49
4.70

2.æ
0"s
0.0¿E

0.3¡
2.01
3.¿$7

0.03
r"03
r"73

0.s
0.49
0.44

2.05
2.47
0.86

1.04
0"57
1.14

5.1
5.1
5.1

0.58
0"35
1.32

2.89
3.2s
1.46

0.m
0.29
0"73

0.m
1"85
1.10

0.w
1.55
1.23

3.63
4.18
3.14

3"29
1"40
CI.9r

1.73
2.r2
1.51

3.Ct
2.tts
0.03

0.67
0.33
0.13

8.$'
0.64
r-07

2.t4
r.(þ
6.5r

1.49
0.85
2.77

2.8
0"ffi
0.ß'

0.59
3.Íb
3.S

0.æ
l.frz
r..33

75
50
25

75
50
25

75
5{¡

25

75
5{)
25

75
c¡
25

75
50
25

75
50
25

75
g,
25

75
50
2s

616
616
616

6r6
616
616

2oro

616
616

314
314
31¿g

314
314
314

314
314
314

20.0
20.0
20.0

10.0
10.0
10.0

5.1
5.1
5.1

20.0
20.0
20.0

10.0
r0.0
10.0

5.1
5.1
5.1

0.43
0.67
0.lt

lH. hardress; C =cotresiveæss: 6=grxwiress; S =sprlrqiress"
fuost appropriate set of corditions for discrieiratirq all textrral parawter:.



IruSTRON CONDITIONS:
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Plunger oreo - 616 mmz
eros -heod speed - 5.1 em/min
Gompression - 75 %

conditions most appropriate for
of all parameters between sponge

Figure 2"6
the textural
cakes "

fnstron testing
discrimination

TEXTURAL PARAMETËR

HARDNESS (N)

COHESIVENESS

GUMMINESS (N)

SPRINGINESS (fuîM)

?345678
ABSOI.UTE T. VALUE
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CO3{CTJUSIONS

High F-val-ues from the analyses of variance for each

textural parameter indicated that degree of sampre compression

and plunger area strongly infruenced sponge cake texture
measurements by the rnstron. Therefore, these testíng
conditions must be carefully selected for texture eval-uation

studies.

rt was possible to discrininate among sponge cakes on the

basis of hardness, cohesiveness, gumrnj-ness and sprínginess

when conditj-ons appropriate for those individuar parameters

were selected" High degrees of sarnple compression hrere found

to improve the discrimination of cohesiveness, whire srower

cross-head speeds aided the detection of differences in
springiness. Discrirnination of hardness and gumminess may

have been improved with faster cross-head speeds, however,

this rerationship v/as not clear. Therefore, the choice of
rnstron conditions did not seem to be as crucial for hardness

and gurnminess as for cohesiveness and springiness.

I.ihile one set of conditions did not discriminate equatry

wel-r for arr parameters, an appropriate set of condj-tions v/as

identified on the basis of cv values, R2 values and t-values

as welr as the rel-ative importance of the parameters to sponge

cake quality.

This study presents a method for standard izíng the

selection of rnstron testing conditions on the basis of
discriminatory power. with increasing use of the rnstron for
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texture profiling, ê systematic rnethod of determining the most

appropriate set of condj-tions for detecting differences among

the test products is needed" The type of product under

investigation will dictate how practical it is to use this
method for selection of appropriate rnstron testing
conditions.

Fina11y, and most importantly, the relationship of the

fnstron Texture Profile to sensory Texture Profile evaluation

needs to be investigated" Deterrnining the Instron conditions
best abre to discrininate between cakes becomes of littre
value if these differences are not detected by sensory

analysis.
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CTüAPTER 3

Pea Protein Concentrate for partial Replacement ofin Sponge Cakes fdentification of Critical
Variables Using Response Surface Methodology

Egg AÌbumen
Independent

TSqTRODUCTTOSü

The fractionation of field peas (pisun sativun) ínto
fibre, starch and protein components has increased the utirity
of a crop which has become increasingry important to western

canada (Niersen et al., 1980). rn Manitoba alone an estimated

1301000 acres were planted in l-989 rnaking it, a substantiar
special crop for this province (E. Lewis, personal

communication, L989). bloodstone Foods Ltd. (portage La

Prairie, Manitoba) holds one patent for this fractionation
process (Nicke1, l-981-) and notes that while the fibre and

starch components find widespread use, the protein fraction,
a by-product of the process, is currentry under-utirized (M.

Lamb, personal communication I ]-9g7) " production of an

acceptabre food product incorporating pea protein concentrate

(PPc) wourd aid in estabrishing a balance between the supply

and demand of the three pea fractions.
Pea proteins have been found to be an acceptable

arternative to soy protein in such products as pasta (Niersen

et al., L980), a tofu type protein curd (Gebre-Egziabher and

sumner, 198L) and a meat extender in ground beef (vaisey et
âI., 1,975) " ft has also been found to exhibit potential as

a replacement for non-fat dry rnilk in bread (patel et âf.,
198L). Most research, however, has focused on the replacement
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of wheat flour with pea frour, or other pea protein products,

to improve nutrit.ional- quality of breads and other baked

products. Pea proteins are high in lysine (Holt and sosulski,
L979 ) and therefore possess an amino acid composition

nutritionarly complimentary to wheat proteins (Kreutler,
1980) " successful incorporation of pea protein frours,
concentrates and isorates in yeast breads, quick breads and

cookie formulations have been reported by Flening and sosurski

(1,977), Jeffers et aI . (797g), Repetsky and Klein (l-981-), Hsu

et aI " (1-982) , Raid1 and Klein (t-983), and McWatters ( j-979).

In addition, several investigations of pea protein
functionality have indicated that the proteins generaJ-ry

possess good functional properties (Vose, 19BO; Sosulski and

Younqs, L979; Sumner et al", 1_98Lr. Hsu et aI", L9g2; Fleming

and Sosulski, L975¡ Megha and Grant, 1-986; Naczk et âI.,
1986) " Thus, the protein may be a good candidate for the

partial replacement of a more expensive protein source.

Egg albumen is one such protein source for which a high

demand exists (L" Carvalho, personal communication, L?BT ) due

to its widespread food apprication. partial repracement of
egg albumen with pea protein in a food product woul-d increase

the market suppry of egg arbumen, utirize excess pea protein

and, at the same time, Iower ingredient costs. A sponge cake

system is a particularly suitable system for testing the

effects of such a replacement since overall cake quality is
highly dependent upon egg quality. A sponqe cake system
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shoul-d, therefore, emphasize the effects of egg albumen

replacement with PPC"

successfur attempts have been made to reprace egg albumen

with bovine plasma protein in cakes. Khan et aI. (Lg7g,)

evaruated the potential of plasma protein isorate as a

repracement of egg white sorids in an angel food cake. whire

the foarning capacity of the prasma protein isorate was very

similar to that of the egg white sorids, results v/ere

significantly different when tested in combination with the

other cake ingredients. Acceptable cakes, however, were made

with a 30 percent substitution. Johnson et al" (tg7g)

successfully substituted prasma protein concentrate for egg

white in a high ratio white layer cake after optirnizing water

levels and rnixing tirnes.

These two studies emphasize two important points,

firstly, although a protein may exhibit very simitar
functional properties to eqg albumen when tested a1one,

results may differ significantly when tested with other
product ingredients" Second1y, it may be necessary to
optimize both cake ingredients and mixing procedures, in order

to suit the pea protein system" Thus, successful- substitution
of PPC for egg arbumen will rikery depend upon formulation and

procedural changes which enhance pea protein functionality.
Response surface nethodology (RSM) is an experimental

design which is especiarry suitable for product development

as is helps to achj-eve optimaÌ ingredient l-eve1s and
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conditions in a minirnal- number of experimental formul-ations

(Johnson and Zabik, l-991). This minimizes the costs

associated with product deveropment. unrike the one-variable-
at-a-time approach, RSM helps to determine how the independent

variables, singly and in combination, affect the dependent

variabLes (Giovanni, l-983) . Additionarty, interactions amongt

variables can be determined" Response surface methodology has

been successfully used to optirnize a variety of cake

formulations (Johnson and Zabik, 1981; vaisey-Genser et al.,
1,987; Neville and Setser, 1986; Lee and Hoseñêy, LTBZ; Kissell
and Marshall , 1"962,. Kissell, L967) 

"

Joglekar and May (L987 ) have described two typicar stages

of product development and optimj-zation using RSM. The first,
a screening stage, has the objective of identifying
independent variables having the most important effect on

chosen response variables. At this stage, the identification
of key variables is more important than investigating their
relationships and interactions (MuJ-ren and Ennis, j-995) " The

second stage is referred Èo as the optimization stage where

optimal levers of the key variables serected in the screening

stage, are determined. ft is during this stage that
relationships between the variables are investigated in detail
(Mul1en and Ennis, l-985) .

This study falls into the first stage of the product

developnent process using RSM. Giovanni (1993) suggests that,
for simplicity, the number of independent variables
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investigated should be limited to two or three, and. that any

greater that three makes the interpretation of resurts
difficult. rn addition, for those variabres under the control
of the researcher, a fairly broad range should be set. rf
necessary, additionar RSM studies could be conducted using

narrower ranges of levels so as to more closely approach the

optimum" Therefore, identification of the critical
independent variabres infruencing sponge cake quality and

their appropriate test l-evers are important steps towards the

optimization of a formulation in which egg arbumen is
partially replaced with ppC" The objectives of this
prelirninary study hrere:

1." To use RSM to determine t,he inportance of fíve independent,

variabres ( revels of PPc, cream of t,artaru water and

enulsífier, and length of whip tine) to sponge cake batt,er

s¡lecifíc aravity, specifíc volume and rnstron texture
characteríst,ics, ín order to identify t,he most, critical
variables for further product optinization,

2" To serect best, fit,ting regression moders from furl second-

order model-s, to predíct, t,he effects of all five independent,

variables on sponge cake qual.ity characteristícs"

3 o To generate contour plot,s fron the best, f itt,ing predictive
nodeLs to gain insight, into the reLatÍonships between the most

ínfluentiaL independent variabl.es and theír effects on sponge
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cake quali€y.

4 " To ídentify índependent, varíabre l-eveLs appropriat,e f or
furt,her product opt,ímizat,ion"
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MÃTERTATJS AND METIÍODS

Mat,erials

Pea protein concentrate (ppc) was suppì-ied. by Íüoodstone

Foods Ltd", Portage La Prairie, Manitoba. The protein, trade
named Propurse 9858, was prepared from yerlow fierd peas by

an acid extraction method deveroped by Nicker (j-981). Enough

pea proteín was suppried to comprete the entire experiment.

A typical anal-ysis supplied by IVoodstone Foods Ltd. is
presented in Table 3.L" spray-dried egg arbumen containing
whipping agents (triethyr citrate and sodium rauryl suJ-phate)

was supplied by Export Packers co" Ltd., wÍnnipeg, Manitoba.

Lysozyme was extracted prior to drying for commercial sale.
A typicar anarysis for the dried albumen is presented in Table

3 -2 " A commercial cake frour | 7 .5 percent protein (L4z

moisture basis), was obtained from Reid Milring, Mississauga,

ontario" The emulsifier, Top-scoR s powder (sodium stearoyl
ractylate), was provided by Breddo Food products corp.,
Kansas" Al-1 other ingredients were purchased rocarly when the

experiment r¡as begun, in amounts sufficient to comprete the

entire experj-ment.

Sponge Cake Preparat,ion

Cakes v¡ere prepared, with minor changes, accord.ing to the
procedure out.rined in Appendix 2.A" water hras measured in
grams instead of millilitres to irnprove accuracy, and the

amount used to re-hydrate the highest ppc level was increased
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Table 3.1 Qpical .ånalysis of propulse 9g5B pea
Protein Concentrate

Prorein (KJeldahl - N x 6.25)db

Moisture (dry 16 hours at l00oC)

Fat (.å,O.å,C 7 . 056 , 13th ed. )db

Crude Fiber (Modif ied AO.å,C 7 . 068, 13rh ed " )db 0 .4g

pH (10t soJ-ut,ion)

Ash (å,O.ê,C 14 . 006, 13th ed )db

838

5E

24

6.5

4.09

Woodstone Foods Ltd.

Tabre 3.2 Ty¡gicar .ånarysis of spray-Dried Egg .å,Lbumen

Protein 80S max.

Moisture 8t max.

Fat negligible
Carbohydrate 0.19

pH 6"5 7.5

Ash 5S max"

Export Packers Ltd.
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from 50 to J-00 grams (50 grarns of water was then deducted from

the water added to the albumen batter), facilitating ppc

hydration. cakes hrere weighed in their pans after cooring for
.20 minutes and cake weights calculated (weight of cake in pan

weight of pan) for use in specific volume measurements.

After cooring an additional zo to 30 minutes, cakes were

placed into polybags and the air removed for 10 seconds prior
to sealing. cakes were frozen (-2ooc) for exactly eight days

prior to texture measurement" The revised procedure is
presented in Appendix 3..A,.

ENperiment,al Design

A central composite, rotatable, response surface design

was chosen to determine which independent variables \¡/ere most

critical to selected sponge cake characteristics (Box and

Hunter, 1-957) " The experimental design consisted of five
variables (PPC, whip tine, cream of tartar, water, emulsifier)
at five levels and required 32 test runs. Tabl-e 3.3 rists the

actual and coded revels of PPC, albumen, cream of tartar, whip

time water and emursifier. Tabre 3.4 il-rustrates in coded

form, the entire experimental design. A traditional 5s

factoriar would have required 3,L25 test runs, therefore the

efficiency of response surface methodology is iLrustrated.
The 32 cake treatments hrere prepared in a randomized order

over four consecutj-ve days" The study was not replicated due

to the screening nature of the experiment.
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Table 3.4 Experlæntaì Oeslgn

Treatnentr x.
(Hhlp ilre) (.""*h tartar) (ewl3rrrer)

xr
(PPC)

X.
(Haier)

I
-1
-1
I

-t
I
I

-1
I
I
t

-l
-1
-t
-l
I
0
0
0
0
0
0
0
0
2

-2
0

I
-1
I

-l
I

-1
1

I
-1
I
I

-1
-l
-1

1

-1
0
0
0
0
0
0
2

-2
0
0
0

I
t

-l
-l
I
I

-1
I
I

-1
I

-1
-1
I

-t
-l

0
0
0
0
2

-2
0
0
0
0
0

I
I
I
I

-l
-l
-l
I
I
I

-l
-1
I

-1
-l
-l

0
0
2

-2
0
0
0
0
0
0
0

I
I
I

-l
-1
-l
-1
I

-t
-l
-1
-l

2

-2
0
0
0
0
0
0
0
0
0

I
2
3
4
5
6
7

I
9

r0
u
t2
13
l4
15
l6
L7
l8
l9
20
21
22
23
24
25
26

27 42"

lTreaüænts were randomized.2Treatnents 27-32 are design center points.
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Prel-iminary baking experiments indicated that the five
independent variables chosen for this study hrere rikely to
account for most of the variability in sponge cake quality.
The experiments arso led to the deveropment of a acceptabre

30 percent PPc sponge cake which !üas used for the design

center point" The other four reveLs of the variabres hrere

then chosen such that a fairly broad, but practicar, range r¡/as

covered. Therefore, because of the screening nature of this
study, the ranges of PPc, cream of tartar and water levers
have been set to be fairly broad. The revers of emulsifier
r^rere set such that the highest level approaches the linit
permitted by Government regulations (0.5å sodium stearoyÌ
lactylate of the weight of the dry ingredients). The highest
leveI of whip time was set at L2 minutes because J-onger whip

times are not likely to be commercially practical.

Ins t,runent,a I / Phys i ca I S{ea surements

Batter specific gravity, cake specific volume, and crumb

hardness, cohesiveness and gumminess were determined for each

treatment"

i) Batter specific qravity (SG) v¡as

weight of a 50 nillilitre metal cup

weight of the same cup filled with
1-979) " Duplicate measures r4¡ere taken

preparation.

ii) Specific volume of the baked

measured by dividing the

filled with water by the

batter (Canpbell et â1.,

imrnediately after batter

cake hras calcul-ated by
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dividing the volume of the cake (as determined by rapeseed

displacement) by its weight (carnpberr et ar., LgTg) . vorume

measurements were performed on the two cakes baked on the
right and left hand sides of the oven. Duplicate measurements

v/ere made on frozen cakes to prevent crumb indentations.
Cakes were wrapped in a thin filrn of plastic.
iv) H"rdr"==, 

"oh"=iren"==, grmmir"== .rd =prir.ri."== of the
cake crumb r¡/ere determined using the Instron Universal Testing
Machine (Table model TM) and a Texture profite data

acquisition and analysis program developed for the AppJ_e rrE
computer (Agriculture canada I r9g7) " operating conditions
v/ere selected based upon preriminary experimentatj-on (chapter

2) in which a 6i,6 *r2 round plunger, 5.1 centimetres/minute

crosshead speed and a 75 percent, sampre compression yielded
good detection of textural differences for arr four
parameters " All rnstron Texture prof il-ing v/as perf ormed on

cakes baked in the center of the oven" After eight days of
frozen storage, the tops of each center cake !{as sliced off
with the guidance of a two centimetre high, 15 centimetre

square, plexiglass box" The cake bottom was then sriced into
f our equal wedges. samples r¡rere immediately re-sealed and

thawed for an additional- two to three hours prior to testing.
sanpring v/as done one cake at a time so that cakes did not

thaw, in order to prevent the crurnb from tearing. Thus

texture measurements h¡ere made on four sampres from each of
32 treatments. chapter 2 describes, in detail, cake sampre
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preparation and Texture Profile rnethod using the Instron"

St,atísÈieal ÂnaLyses

. The RSREG procedure of the statisticar Analysis system

(sAS, l-985) was used to conduct a joint test which indicated
the overall effect (rinear, guadratic, and interaction
combined) of each of the 5 independent variables on the 6

dependent variabres. This procedure ri¡as also used to test
model adequacy (lack-of-fit) .

A second order regression equation was fitted for each

dependent variable using the cLM procedure (SAS, 1-985a).

Analyses v/ere carried out on means of two readings for
specific gravity and specific vol-ume, and four readings for
rnstron texture measurements. For some treatments, problems

with the rnstron resul-ted in onry two or three texture
readings.

The GLM procedure produced Analysis of Variance tabl-es

for each dependent variabl-e. Best fitting models \¡/ere then

selected based on these tables by elirninating variables of low

significance (p<.05) " rf a Linear effect was not significant
but. its quadratic or interaction term was, the rinear term was

al-so retained in the mode1. New models were re-anaryzed using

the GLM procedure (SAS, l-985a) in order to generate ne\¡¡

parameter estimates for the final best fitting regression

equations 
"

Contour plots were generated from the best fitting
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equations using the GCONTOIJR procedure (SAS, t_985b) "
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RESULTS ÃND DISCUSSTOSü

overvíew

The importance of PPC, whip time, cream of tartar, water

and emursifier to sponge cake quarity, !¿as first determined

from a joint test and then by considering individuar analyses

of variance. For each independent variabre, significant
linear, quadratic and interaction effects s¡ere selected for
best fitting model-s in order to predict their effects on

spongie cake quality. These model-s hrere subsequentry used to
produce contour prots of the cake quality characteristics
tshich best illustrated the effects of the most infruential
independent variabLes. These plots helped gain some

preriminary understanding of the rerationships between

crj-tical independent variables and their effects on sponge

cake quality. Levels of PPC, whip time, cream of tartar,
water and emulsifier, appropriate for further product

optimization, were then set based upon their irnportance to,
and effect on, sponge cake quality. Finally, reconmendations

have been made for further optirnization of a ppc-albumen

sponge cake formulation"

fm¡rortance of
Characterístics

Independent Varíables to Sponge cake

The first objective of this study was to determine the

importance of PPC, whip ti¡re, cream of tartar, water and

emursifier to serected sponge cake quality characteristics,
in order to identify the most criticar variables for further
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product optirnization. Tabte 3.5 summarizes the F-varues and.

corresponding levers of significance (probability values) from

a joint test showi-ng the combined linear, quadratic and

interaction effects of each dependent variabl-e on each

dependent variable. For exampfe, the F-value for the overarl
effect of PPc on batter sG (15.87) reflects the combined

effects of PPC, PPC2, PPC*whip tirne, ppC*cream of tartar,
PPc*v/ater, and PPC*emulsif ier. The F-val-ues and their
corresponding probability values indicate the importance of
the independent variables to the prediction of each dependent

variabre" rt is crear from this tabre that ppc, whip time and

cream of tartar v/ere the most important independent variables
influencing all sponge cake characteristics except

springiness. springiness was not significantl-y infruenced by

any of the variabl-es evaluated and therefore, rÂ/as eliminated

from further analysis" Pea protein concentrate had the

greatest effect on batter sG, cake specific volume, and crumb

cohesiveness, while rength of whip time was most critical to
rnstron hardness and gumminess. cream of tartar, aJ-though

significant for all characteristics, v/as less infruential.
water l-evel had a sright, but significant effect on specific
vol-ume and cohesiveness, while the combined linear, quadratic

and interaction effects of emulsifier \,rere not signif icant for
any characteristic.

Tab1e 3"6, an expansion of Table 3.5, provides the F-

values (fron the fulL model_ analyses of variance) for the
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linear, quadratic and interaction effects associated with each

independent variable" The significant overal-r effect of ppc

on sponge cake quality (Table 3"5) appears to have come from

the strong rinear and interaction effects evident for arl
characteristics, and to a lesser extent, from quadratic

effects (SG, specific volume, cohesiveness). For whip time,

however, the presence of strong 1inear, quadratic and

interaction effects for arr characteristics, accounted for its
significant overall effect on sponge cake quarity. The most

notable interaction for both PPc and whip tirne, were their
interactions with each other, strengthening the irnportance of
these two variabl-es to sponge cake quality.

The linear effects of cream of tartar for SG, hardness

and gumminess, and fairry strong interactions with ppc and

whip tirne for all characteristics but SG, account for its
sma11, but significant overall- effect on sponge cake quality.
The slight, but significant effect of water on specific vorurne

was due to a significant linear effect, whire the smal-r effect
on cohesiveness was due to interactions v¡ith both ppc and whip

tirne" A smarl- but significant interaction of water with
ernursifier hras arso present for both sG and hardness, however,

the overarl effect of water or emul-sifier on these two

characteristics, was not significant (Table 3.5).
The foregoing analyses have clearly indicated that the

lever of PPc and length of whip tine were the independent

variabres most important to sponge cake qual-ity, followed by
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the Ievel of cream of tartar and v¡ater. Emulsifier lever was

found to have very l-ittle infruence on final cake quality.
Emulsifiers have been used in sponge cakes as egg saving

ingredients and to provide faster whipping rates, improved

vorume and texture (Flack, l-983). DistirLed saturated

monogrycerides (liquid crystalline dispersion or ger forn) are

said to be the most effective aerating agents for sponge cakes

(Krog, Ag77; FJ-ack, L983), yet sorne sucrose fatty acid esters

have also been found to improve sponge cake vorume, tend.erness

and texture (Pierce and Walker I I9g7) " Andres (L979)

described a spray dried emulsifier, composed of corn syrup

sol-ids, monoglycerides, propylene glycol of fatty acids,
sodium stearate and diacetyrated tartaric acid esters of
monoglycerides, which al-1owed frexible production of hiqh

quarity sponge cakes. Perhaps sodium stearoyr lactyrate was

not appropriate for a sponge cake apprication in which foam

formatj-on and stability were critical" sodium stearoyr

lactylate is a hydrophillic emulsifier used primarily as a

dough conditioner in baked products (Anonymous, l_988) " Dough

conditioners rnainry interact with the gruten proteins during

mixing (Krog, L977 ) and therefore, may be more appropriate for
bread products than sponge cakes"

It has been suggested that, when using RSM, the number

of independent variabres investigated be Limited to no more

than three (Giovanni, 1983). Therefore, further optirnization
of this formuration should incl-ude evaluation of ppc revel,
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whip tine, and cream of tartar revel" Arthough water and

emulsifier revels had onry slight effects on sponge cake

quality, they should stirl be set at revers most beneficiar
to the sponge cake formuration. This wirr be addressed during
the discussion of independent variable levers appropriate for
further product optimization"

select,ion of Best ritting Models for Each sponge cake
Characteríst,ic

The second objective of this study was to select best

fitting moders to predict the effects of ppc, whip time, cream

of tartar, v/ater and emulsifier on each sponge cake

characteristic" Because lack-of-fit tests, indicating the

adequacy of the second-order models, v/ere not significant for
any dependent variables, analyses could proceed.

The goal of a best fit model is to provide a useful
prediction equation which is composed of only the most

important explanatory variables. Selection of the best

fitting moders was based upon the significance of linear,
quadratic and interaction effects found in Tab1e 3 " 6.

statistically significant effects (p<"05) were retained in
each model while those having IittIe effect rdere el-irninated.

Linear effects which were not significant but appeared in
significant quadratic or interaction effects, h¡ere also

retained in each model.

Best models $/ere re-analyzed to produce reqression

coeffici-ents for use in predictive equations. The regression



1-4L

coefficients, coefficients of determination (R2), coefficients
of variation (cv) and overarr model significance for each best

sel-ected moder are sunmarized j-n Tabl-e 3.7 " Joglekar and May

(1987) have suggested that R2 values, cV var-ues and overal-l

model significance are three measures to evaluate the goodness

of a selected model. R-square value is the percentage of the

variation in the dependent variabre explained by the moder,

cv value describes the amount of variation in a popuration

rel-ative to the mean, and model significance indicates the

lever of confidence that the serected model- cannot be due to
experi-mental error" According to these authors, for good

model fit, R2 values should be at least 80 percent, CV values

should not exceed 10 percent and model significance should be

at least p<.05" In this study, all three requirernents were

met for each dependent variable with the exceptions of Instron

hardness and gumminess whose CV values (I4.42 and L4"OZ,

respectively) exceeded l-O percent, indicating fairly high

variability for these two characteristics" Sampling

procedures, or variability within the cake crumb itsetf, could

possibly account for the observed variability" R-square

values remained high ( "82 to .95) when full- models r¡/ere

reduced to incrude onry those variables making a significant
contribution. Thus, the models for batter SG, cake specific
vorume and rnstron cohesiveness v/ere considered to be highly
adequate for predicting sponge cake quality, while the rnodels

for rnstron hardness and gumrni-ness possessed less predictive
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ability due to variabiLity of the measurenents.

WhíIe F-values fron the full- ¡nodel anaÌyses of variance

indicated which independent variables significantly affected
the dependent variabl_es, the regression coefficients represent
the incrernental change in the dependent variabl-e (yi)

assocj-ated with a unit change in the independent variable
(xr), while alL other regressors re¡nain constant (Wonnacott

and Wonnacott, L9e2) . The sign precedíng the coefficient
indicates the direction in which to change the variables to
improve the response. The size of the coefficients and their
associated probability values denotes the relat.ive irnportance

of the independent variabLe to the prediction of the dependent

var iable .

The influence of both ppc Level and 1ength of whip time

on all dependent variabLes was again apparent. Based on the
coefficients for the linear effects, a decrease j-n ppC leve1,

hoLding al,l other regressors constant, shoutd decrease batter
sG, increase cake volunes, and produce a softer, J,ess gumrny,

rnore cohesive sponge cake. Än increase in the 1ength of whip

time should achieve sinilar results. Àn increase in the level
of cream of tartar should also irnprove (Iower) batter SG, and

produce a softer, less gurnny cäke texture. Thes e

interpretations have only considered the linear effects of
PPc, whip tí¡ne and cream of tartar assurning that alI other

regressors have been held constant, and are, therefore,
overs inpJ-ified. The presence of strong interactions and
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quadratic effects make it difficul-t to interpret the actual
relationships specified by the prediction equations.

consequentry, contour plots û¡ere generated to help visuarize
the information contained in the best fitting prediction
equations.

Int,erpretation of Result,s Based upon Cont,our plot,s

The third objective of this study r,rras to use the best

fitting moders to produce contour plots which would give

information on the relationships between the rnost influential
independent variables, PPc, whip tine and cream of tartar, and

their effects on sponge cake quality" The number of contour

plots possibre from this study T^rere too numerous to produce,

therefore only those necessary to convey critical ínformation

were generated.

Ef f ects of PPC, l.lhip Tirne and cream of Tartar on sponqe cake
Characteristics

Best fitting model-s for batter SG, cake specific volume,

rnstron hardness, cohesiveness and gumminess indicated that
all five variabres hrere significantry affected by ppc, whip

time and cream of tartar. Therefore, for alr contour prots,

PPc and whip time, the two most irnportant variabres, v/ere

chosen for the plot axes. Cream of tartar, the least
important of the three, was held constant at low (O"Og),

medium (1"59), and high (3.0g) levels in order to evaluate it.s

ef f ect on the dependent variables. !.Iater and emulsif ier
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levels &Iere held constant at their center point l_evers (j,gsz

and 1" 31-9, respectivery) since the ef f ect of these two

variables on sponge cake quality r^ras sma1l.

Highly significant interactions between ppc and whip time

\nrere present for aIÌ sponge cake characteristics indicating
that the effects of these two variabres on sponge cake quality
depended upon the specific Ppc-whip time combination used.

Therefore, the effect of PpC at low and high whip times, and

the effect of whip tirne at l-ow and high ppc revels, wilr be

discussed for each sponge cake characteristic. The effect of
j-ncreasing PPC wirr be evaruated by moving along the y (å ppc)

axis at 4 and L2 minutes of whip tine (Figure 3.1) . The

effect of increasing whip tirne witr be discussed by moving

along the X (whip tine) axis at 0å and 60? ppC l_evels (Figure

3 "2) " significant interactions of both ppc and whip time with
cream of tartar (PPC*tartar; whip time*tartar) vrere also

present for all dependent variabres (except batter sc for
which the PPCxtartar interaction was not significant),
indicating that the effects of PPc and whip time were ar-so

dependent on the leveL of cream of tartar" These

relationships will be briefry explored for each dependent

variable by evaluating cream of tartar 1evels.

The levels presented in the plots represent the actual
revels evaluated and hrere based upon the range of coded revels

determined by the experirnental design (-2, -Lt O, *1, +2).

contour lines on the plots shor+ how levels of the dependent
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ofvariable changed as the level-s of PPC, whip tirne and crearn

tartar were varied.

i) Effects of PPC, Whip Time and Cream of Tartar on Batter SG

Figure 3.3 presents batter SG as a function of ppC level
and whip time, when cream of tartar lras held constant at O.O,

1.5, and 3.0 grams" For these plots, water and emulsifier
\Ârere held constant at their center point leve1s.

At 1ow whip times, increasing PPC resulted in an increase

in batter SG, indicating that less air was incorporated into
the batter. This effect was evident at all cream of tartar
Ievels, hohrever, at high cream of tartar level-s SG values were

Iower for each level- of PPC.

At high whip tirnes, higher proportions of PpC first
decreased SG, and thenr âs PPC leve1s approached the 60

percent Ievel, increased it stightly. Once again, this
effect was evident at all cream of tartar levels. Specific

gravity values v/ere, however, higher as cream of tartar levels

increased" Lors cream of tartar Level-s and long whip times

r¡/ere required to achieve low SG val-ues with high amounts of

PPC.

At lour PPC levels and low to medium leve1s of cream of

tartar, specific gravities first decreased and then increased

as whip times increased" However, at the intermediate cream

of tartar level- (1.5q), SG values began to increase at a

shorter whip time than the lowest level (0"09). At the
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EATTËR SPECTFTC

Cream of tertan * 0.09

GRÅVTTY

ereaø of tartar . 1.5S

ô
wla fld t¡l€.¡

I
ql¡ lld rit!.¡

ereaø of tertar * 3.09

Figure 3 " 3 contour prots for the effects of ppc and whip time
on batter specific Aravity (SG) at low, medium and high cream
of tartar revels. water and emul-sif ier \dere herd constant at
their center point revers. Higher varues represent increasing
sG" LeveLs of PPC, whip tine and cream of tartar are actual-
values.

ffi
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highest cream of tartar reve], increasing whip tirne resurted
i-n an increase in SG"

At high ppc 1evels, increasing whip time decreased sc

values for al-I cream of tartar revels. The sG lowering effect
of increasing whip time was not, however, as pronounced at the
highest cream of tartar l-eve}, âs indicated by the frattened
lines.

rn general, when ppc levers were high, ronger whip times

hrere required to incorporate more air into the batter (ie.,
decrease batter sG varues). conversery, when ppc revels were

low, shorter whip tirnes were required to keep batter sG varues

low since extended whip times increased sG values. rncreasing
the l-ever of cream of tartar shortened the whip tirne necessary

to achieve low specific gravities with rnoderatery high ppc

formulations.

ii) Effects of PPc, whip Time, and. cream of Tartar on cakeSpecific Vo1ume

Figure 3.4 presents specific vol-ume as a function of ppc

revel and whip tirne, with cream of tartar herd constant at
0"0, 1.5, and 3.0 grams, respectivery" !^Iater and emur-sifier

hrere held constant at their center point levels.
At low whi-p tirnes, increasing ppc had a negative effect

on specific vorume, that is, volumes decreased. This effect
was evident at all cream of tartar levels, however, the vorume

depressing effecÈ of ppc was rninirnized as cream of tartar
leve1s increased.
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SPËCTFTC WÕLUffiË (cc/e)

Cream of ta¡"tar * 0.0g ereem of tartar * !..Sg

ô
Ftr lid t¡t¡,14lt rl{ ¡¡t¡.1

Cream of tantar * 3"09

Figure 3"4 contour plots for the effects of ppc and whip timeon cake specific vorurne at Iow, medium and high cream oftartar l-evers. water and ernulsif ier lqere herd constant attheir öenter point levers. Higher varues represent increasing
specif ic vol-ume" Levers of ppc, whip time and cream of tartarare actual values"
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At high l*¡hip times, specif ic volumes increased. with
increasing amounts of PPc, particularry at the lol* cream of
tartar level-" As cream of tartar level-s increased, whip time

had little effect on vol_ume.

At low PPC revels and low to medium cream of tartar
level-s, specific volumes first rose and then ferl as whip

times increased" However, ât the medium cream of tartar
rever, vorumes began to fall at a shorter whip time than the

lowest cream of tartar l-evel. At the highest cream of tartar
Ieve1, shorter whip times produced only sright decreases in
volume, however continued whipping resurted in more dramatic

volume l-osses "

At hicrh PPC leveIs, increasing whip tirne improved

specific vorumes regardless of cream of tartar revel-. The

effect of whip time on specific vorume v¡as, however, more

pronounced when cream of tartar levels were low.

In general, when ppC levels were increased without
increasing whip times, cake vorumes fell. rncreasing the

length of whip time \¡ras necessary if vorumes were to remain

high with the addition of moderate amounts of ppc" whil-e high

specific vorurnes v/ere possibre at Iow cream of tartar levels,
Iow PPC revers and rong whip tirnes lüere necessary to achieve

this result. rncreasing the lever of cream of tartar also

helped nininize the vol-ume depressing effects of ppC

incorporation. That is, comparable specific vorumes courd be

achieved using high PPc levels and shorter whip times when
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cream of t.artar level-s were hiqh, rather than low.

iii) Effects of PPC, t{hip Time and cream of Tartar on rnstron
Hardness

Figure 3 " 5 illustrates rnstron hardness as a function of
PPc leve1 and whip tirne, with cream of tartar held constant

at 0.0, L"5, and 3.0 grams, respectively. !{ater and

emul-sifier were held constant, at their center point revers.

At low whip times, increasing the rever of ppc increased

crumb hardness at low and medium revers of cream of tartar.
At the highest cream of tartar lever, increasing ppc had a

slight crumb softening effect.
At high whip tirnes, increasing ppC softened the cake

crumb. This v/as evident at all cream of tartar revels,
however was most apparent when cream of tartar revels were

hiqh

At low PPC leve1s, increasing the whip time of 1ow and

medium cream of tartar formulations first d.ecreased hardness

and then increased it. At the intermediate cream of tartar
lever, however, the increase in hardness occurred at a shorter
whip tine than when no cream of tartar was used (Iowest

Ievel) " At the highest cream of tartar .leve1 short whip

times produced only sright increases in hardness, however the

effects of additional whipping on hardness, hrere more

pronounced.

At hiqh PPC levels, increasing the length of whip tirne

produced softer cakes, regardless of cream of tartar lever.
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The crumb softening effect was, however, more pronounced when

cream of tartar levels v¡ere l-oç¡.

rn general, increasing ppc without increasing whip tine
resurted in cakes r*hich brere harder than those produced when

whip tj-mes had been increased. rncreasing ppc l-evers

combined r,sith long whip times actuarJ-y produced a crumb

softening effect. The effects of cream of tartar vrere al-so

quite apparent from these plots. The high cream of tartar
level allowed the production of soft cakes from high ppc

formurations using shorter whip times than cakes made with
lower l-evels of cream of tartar"

iv) Effects of PPC, whip Time and cream of Tartar on rnstron
Cohesiveness

Figure 3.6 presents rnstron cohesiveness as a function
of PPC level and whip time, with cream of tartar hel-d constant

at 0"0r 1.5, and 3.0 grams, respectively. Water and

emulsifier were herd constant at their center point l-evers.

Àt low whip times, increasing ppC decreased cake

cohesiveness across all cream of tartar levels" The g:reater

width between the contour l-ines of the highest cream of tartar
plot indicates that the effect v/as minirnized when cream of
tartar leveIs v¡ere high.

At hiqh whip tirnes and low cream of tartar IeveI,

until

which

Ievel-s

increasing PPC had l-ittle effect on crumb cohesiveness

protein levels exceeded approximately 40 percent, after
time cohesiveness began to decrease. When intermediate
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of cream of tartar were combined with high whip times,

increasing PPc had littre effect on crumb cohesiveness.

cohesiveness increased srightly, rernained constant, and. then

began to decrease once PPc levers reached 60 percent" The

greatest effect of increasing PPc, when whip times hrere high,
r¡/as apparent when the leve1 of cream of tartar tìras also hiqh"

cohesiveness vaLues increased quite dramatically when ppc

levels increased. This was particularly true when ppc levers
were low.

At row PPC revels, it can be seen that for low and mediun

cream of tartar levers, cohesiveness first rose and then ferl
as whip times increased" The critical- whip time at which

cohesiveness began to f all- , however, v/as shorter f or the

intermediate cream of tartar formulation (8 vs 1-o rnin.). At

the highest cream of tartar l-eveI, increasing whip time

produced a decrease in cake cohesiveness, which \,üas

particularly evident at the higher whip tirnes"

At hiqh PPC l-evels, i-ncreasing whip tirne caused crumb

cohesiveness to increase across all cream of tartar l-evels.

this effect was most apparent at low cream of tartar revers.

In general, cake cohesiveness was seen to decrease when

short whip times $¡ere accompanied by increasing leveIs of ppc.

rncreasing the length of whip time rninirnized the negative

effect of PPC on cake cohesiveness. I,ihire l-ow cream of tartar
leveIs produced the highest cohesiveness values, Iow ppC

level-s and long whip times were necessary to achieve this end.
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when whip times krere short (4-6 min. ) , high cream of tartar
leveIs made it possible to incorporate more ppc and achieve

similar cake cohesiveness. However, once whip times
'increased, low cream of tartar levers perinitted greater ppc

incorporation whire achieving sirnilar cake cohesiveness.

v) Effects of PPc, whip Tine and cream of Tartar on rnstron
Gumminess

Figure 3 "7 presents Instron gumminess as a function of

PPc Level and whip time, r*ith cream of tartar herd constant

at 0.0, 1.5, and 3.0 grams, respectively. lrlater and

emulsif j-er T¡/ere held constant at their center point levels.
At low whip tirnes, increasíng ppC increased qumminess

across all cream of tartar leve1s, hoÌ,/ever, this negative

effect was lessened as cream of tartar levels Ìrere increased.

At hiqh whip times, increasing ppC had varying effects
across cream of tartar levels" At the lowest cream of tartar
Ieve1 (0"09), increasing PPC had very little effect on

gumminess" As cream of tartar level was increased, however,

increasing PPC had greater effects on gurnminess. For both the

intermediate and high cream of tartar levels (1"5q and 3"Og),

gumminess hras seen to decrease as PPc !'¡as increased. This

ef f ect !,ras most pronounced at the high tevel of cream of

tartar "

At low PPC leve1s and low to intermediate cream of tartar
levels, increasing the length of whip tirne caused gummì-ness

to first decrease and then increase once again after exceeding
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a critical whip tirne. This criticar whip tine \das much

shorter v¡hen cream of tartar was increased frorn 0. 0 grams to
1 . 5 g'rams . At the highest level of cream of tartar,
j-ncreasing whip tíme to approximatery 8 minutes had rittre
effect on gumminess. Longer whipping, however, produced

quite rapid increases in gunminess.

At hiqh PPC levers, increasing whip time decreased cake

gumminess at all cream of tartar levers" As cream of tartar
levers increased, long whip times vrere seen to have less

effect on gumminess values. This is particularly evident at
the highest cream of tartar 1evel.

In general, cake gumrniness increased when short whip

times vrere coupled with increasing ppc levers. However,

increasing the rength of whip time herped improve crumb

texture by decreasing gumminess. The high cream of tartar
lever made it possible to achieve reduced cake gumminess from

high PPc formurations using shorter whip tines than those

required by cakes made with lower cream of tartar level-s.

vi) Surnmary of Effects of PPC, Whip Time, and Cream of Tartar
on Sponge Cake Quality
Contour plots generated from the best fitting regression

equations have herped provide a prelirninary understanding of
the relationships between PPC, whip time and cream of tartar,
and their effects on sponge cake quality. Because

substi-tution of substantial amounts of ppc for egg albumen is
an ultimate goal of the final sponge cake formulation, it. is
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important to understand the effects of this substitution on

sponge cake quality, and how it, may be inf l_uenced. by the

length of whip time and level of cream of tartar.
Generally, when whip times were Iow, increasing the level

of PPC had a negative effect on sponge cake quality. Batter
sG, crumb hardness, and qumrniness increased with ppc addition
while cake vorumes and crumb cohesiveness decreased. However,

the negative effect of substantial PPC substitution could be

mininized and, in some cases eliminated, by simply increasing

the length of whip tirne. The length of whip time necessary

to improve PPC sponge cake quality vras, however, dependent

upon both the levels of PPC and cream of tartar used in the

formulation. The higher the level of PPC, the longer the whip

tj-me necessary to improve cake quality. This length of whip

time was then shortened as cream of tartar l-evel was

increased. That is, for moderately high ppC formulations,

increasing the leve1 of cream of tartar shortened the whip

time necessary to achj-eve cakes of comparable quality"
Conversely, if a specific whip time was selected, increasing

the l-eve1 of cream of tartar would perrnit greater ppc

incorporation while achieving comparable cakes.

The importance of PPC, whip time and cream of tartar to
sponge cake quality has been established. Contour plots

illustrated that, while the substitution of ppC for egg

aLburnen }owered the quality of sponge cakes, the negative

effects could be virtuaJ-Iy eliminated with the appropriate
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adjustment of whip tines and cream of tartar levers. This
study has, however, only provided a preriminary rook at the
rerationships betr,ueen PPc, whip tirne and cream of tartar, and

their effects on sponge cake quarity. Further investigation
is required to more fu]Iy understand. the consequences of ppc

substitution for eqg arbumen in a sponge cake system. rn

order to do so, it is important to determine whether the range

of independent variabre levers chosen for this study is
appropriate for further product optimization, or v/hether they

need to be revised to improve more upon cake quality.

rdent,ificat,ion of rndependent variabre r,evers Ãppropriate for
Further Product Opt,inization

The final objective of this study tras to identify the

best rangie of PPc levels, cream of tartar revel-s, and whip

times, to use in final optirnization of the sponge cake

formulation" I^Iater and emursifier level-s T,{ere found to have

very little effect on sponge cake quarity, yet in further work

it, vrould be beneficial to set these at revers most

advantageous to the sponge cake formuÌation" rn al-l contour

plots presented, water and emulsifier levels were convenientì-y

held constant at their center point leve1s (t-95å and t-.31_g,

respectively) whiLe the effects of ppc, whip time and cream

of tartar were evaluated" rt is possibre that these revers

were not the most beneficial leve1s for the sponge cake

formulation. The setting of water and emursifier revel-s wilr
be considered after the l-evel-s of the more critical
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independent variabl-es have been evaluated.

Evaluation of Cream of Tartar Levels

The cream of tartar revels evaluated in this study ranged

from 0.0 grams to 3"0 grams. The positive infruence of cream

of tartar on whip times and ppc incorporation has arready been

shown" rt is possibre that with even higher revers of cream

of tartar whip times could be reduced even further, oÍ ppc

revels íncreased, without any loss of cake quality. Because

shorter whip times and increased ppc incorporation are goars

of the ultirnate sponge cake formulation, future investigations
should evaluate higher cream of tartar revers. A practical
level for the design center point of an optimization RSM

experiment wourd be 3"0 grams, with lower and higher revels

defined by the experimental design" This range of 1evels

would test whether higher amounts of cream of tartar were more

benefíciar to the formulation, while still evaluating revers

sirnilar to those tested in this screening study"

Evaluation of Whip Times

In this study, the whip times tested ranged from 4

minutes to 12 minutes in length. contour prots indicated
that, depending upon the levels of ppC and cream of tartar,
all- whip times were capable of producing cakes with low SG

values, high specific volumes, low hardness and gumminess

values and high cohesiveness val-ues. rt was clear that when



l_63

PPc levels were high, longer whip times were required to
produce cakes comparabre to low ppc cakes. conversely, when

PPC levers were Iow, whip times had to be shortened to produce

high quality cakes. Thus the range of whip times tested in
this study would be suitable for evaruation in a future
optirnization study, with a center point whip tirne of 8

minutes. rf whip times v/ere increased beyond 1-z minutes, it
might facilitate incorporation of more ppc, however, this
extended whipping time wourd not be practical from a

commerciaL standpoint "

Evaluation of PPC Levels

A broad ranqe of PPC revel-s was eval-uated in this study

spanning from o percent PPc (l-ooå arbumen) to 60 percent ppc

(4oe" albumen) . Arthough cake quality v¡as very poor when high

PPC l-evels ri/ere combined with short whip times, quality T¡¡as

improved substantiatly when whip times v/ere longer. Higher

cream of tartar l-evers might also make possible successfur

incorporation of greater amounts of ppc" Therefore, the range

of PPC levers chosen for this study should be appropriate for
further optimization work, with a center point egg albumen

replacement Level of 30 percent.

Evaluation of Water and Emulsifier Levels

The Levels of the two less critical- independent

variabres, water and emursifier, should be set at levels most
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advantageous to the sponge cake formulation. water level
significantly affected specific volume measurements v¿hi1e

emulsifier al-one did not significantly influence any of the
dependent variabres (TabJ-e 3.6) . water and emulsifier did,
however, interact to produce a slight but significant effect
on SG and hardness measurements"

Although water and emursifier had small- effects on sponge

cake quarity, their s]íght effect on specific vorume, sG and

hardness should be considered when determining the leve1s most

Iikely to improve the sponge cake formulation. Four

sequential steps rr/ere taken to identify the levels of water

and enulsifier most likeIy to result in the most acceptabre

specific volumes, sG and hardness values. The first two steps

involved, 1-) identification of water/emulsifier combinations

best abre to improve (decrease) sG and hardness, and 2) water

revers most likely to produce the highest specific vorumes.

rn the final steps, the selection of the most appropriate

water and emul-sifier Levers lrere made based upon the results
frorn the first two steps"

Figure 3 " I ilrustrates the effects of varying water and

ernursifier leve1s on batter sG and rnstron hardness" pea

protein concentrate, whip time and cream of tartar $/ere held

constant at their center point levels (30å, I min. and. I.5g,
respectively) " These pJ-ots indicate that row sc values and

soft cakes v/ere achieved with inediun-to-high water reveLs and

low-to-medium emulsifier l-evels, oy Iow-to-medium
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Figure 3 " 8 Contour plots for the effects of water and
ernulsifier on batter specific gravity (SG) and Instron
hardness. PPC, whip time and cream of tartar were held
constant at their center point levels. Higher ''values
represent increasing SG and hardness" Levels of water and
emulsifier are actual values.
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v/ater leveIs and medium-to-high emuÌsifier revers.

Intermedj-ate levels of both emulsif ier and v¡ater al-so produced

fairry low sG and hardness varues. Thus, higher water level-s

\¡/ere most beneficial to SG and hardness when emul-sifier levels
were row, and lor¿er water levers were best when emulsifier
levels were high. This inverse relationship between water and

emulsifier levers accounts for the significant interaction
observed for SG and hardness"

Figure 3 " 9 presents specific volume as a funct.ion of ppC

l-ever and whip time, with water levels herd constant at r-85,

l-95 and 205 percent (å flour basis), respectively. Cream of
tartar and emulsifier v/ere hetd constant at their center point
leve1s (3.09 and 1-.319, respectively). These plots illustrate
the negative effect of increasing water lever on cake specific
vol-ume, that is, vol-umes decreased with increases in water

level. The lowest water level (185å, flour basis) was most

beneficial since it atlov¡ed comparable volumes to be achieved

with higher l-evels of PPC.

While several water and emulsifier level combinations

improved SG and hardness, Iov/ water levels resulted in the

highest specific vol-umes. Therefore a combination of 1ow-to

-medium water lever and medium-to-high emursifier level wourd

likeJ-y produce the best resul-ts in the optimization study, and

the specific levels to use should be identified"
Based upon these resul-ts, the combined effects of various

low-to-medium water level-s (l-95å, 1-9OZ, 1,952) and medium-to-
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high emul-sifier levels (1"319, L.969, 2"629) were eval-uated

more closely (step 3). contour plots of batter sG vrere used

to evaruate the nj-ne possibre combinations of water and

emursif ier l-evels because this independent variabre r^¡as

significantly affected by a water*ernul-sifier interaction, and

a nearly signif icant, water effect (p=. Oøgø) (Figures 3.l_O-

3 "L2) "

PPc and whip time formed the axes of the contour prots

due to the importance of these variables to sG. cream of
tartar $/as hel-d constant at its highest rever (3.0g) since

this lever was found to be most beneficiat, whire water and

emulsifier Levers v¡ere systematically varied. selection of
the best water/emulsifier combination was based upon SG values

achieved after whipping 30 percent ppc formulations for g

minutes (these were the design center point level-s for ppc and

whip tine). For sponge cake batters, a SG of approxì_mately

0.45 is the commercially acceptable value set by Export

Packers, Ltd., therefore, the water/emulsifier combination

producing such specific gravj-ties for 3O percent ppC

formulations, after 8 minutes of whip time, T,{ere considered

to be most appropriate. From these plots, three potential
combinations of water and emul-sifier vüere identified;195
percent water and L.3t- grams ernulsifier (Figure 3"10); l-90

percent water and 1"3L grams emulsifier (Figure 3.LO); and 195

percent water and 2.62 grams emulsifier (Figure 3.1-2). Each

of these water/emursifier combinations produced sG val-ues of
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Figure 3.10 Contour plots for the effects of low-to-mediurn
v¡ater leve1s (8 flour basis) and L"31 grams of emulsifier on
batter specific gravity (SG). Cream of Èartar was held
constanÈ at 3"0 grams. Higher values represent increasing SG.
Levels of PPC, whip time, and çrater are actual vaLues.
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Figure 3.11 Contour plots for the effects of low-to-medium
water leve1s (8 flour basis) and L"96 grams of ernulsifier on
batter specific gravity (SG). Cream of tartar was held
constant at 3"0 grams" Higher values represent increasing SG.
LeveLs of PPC, whip tine, and water are actual values.
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Figure 3"I2 Contour plots for the effects of low-to-medium
water levels (3 flour basis) and 2"62 grams of ernulsifier on
batter specific Aravity (SG). Cream of tartar trüas held
constant at 3"0 grams" Higher values represent. increasing SG.
Levels of PPC, whip t,ine, and water are actual values.
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approximately 0"45 rdhen ppc levels were approximately 30

percent and whip times less than 8 minutes.

Finally (step 4) o eontour plots for specific vorume and

.hardness (the two other characteristics affected by water

and/or emulsifier) were generated for each of the three
water/emulsifier combinations identified to be most

appropriate, in order to determine which was most beneficial
to these cake characteristics (Figures 3"1-3 and 3"1-4) " The

lowest water lever (l-B5E) combined with l-.31 grams of
emulsifier produced cakes with the highest specific vorumes

and softest crumb. Therefore, for future optimization of this
sponge cake formuration, water levers should be set at 195

percent (z flour basis) and 1.31- grams of emursifier shoul-d

be used.
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SUMMARY ÃND EONCÍ,USTOS{'S

lhis study represented a prelirninary step towards the

optimization of a sponge cake formulation in which egg

arbumen, âD expensive protein source, was partiarly repJ-aced

with less expensive PPc" Response surface methodorogy v/as

efficientry and successfully used to identify three critical-
independent variables infruencing sponge cake quarity, as well
as to gain some understanding of their effects on quarity"
The lever of PPC and length of whip time $¡ere by far the most

important independent variabl-es infruencing sponge cake

quality" The effect of cream of tartar was also significant,
but to a much resser degree. $tater and emursifier revels had

the least effect on overall sponge cake quality"
contour plots generated from best fitting regression

equations for each dependent variabre indicated that
j-ncreasing PPC leveIs produced a decrease j-n specific vorune

and cohesiveness and an increase in specific gravity, hardness

and gumminess. These negative effects on sponge cake quality
were particularly evident at low whip times and low cream of
tartar Ievels" I{hile the substitution of ppc for egg arbumen

decreased sponge cake quality, the negative effects could, to
a large extent, be overcome by adjusting cream of tartar
levels and whip times. The higher the level of ppC, the

longer the whip time necessary to improve cake quality. When

PPC levels r¡/ere moderately high (or high) , for a set amount

of PPC, an increase in cream of tartar generally shortened the
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whip time necessary to achi-eve cakes of good quarity.
conversely, for a set whip time, increasing cream of tartar
level- permitted greater ppC incorporation.

contour prots hrere also used to determine whether the

levels of PPc, whip time, and cream of tartar used in this
study !/ere appropriate for an additional optimization study.

Because cream of tartar positivery influenced ppc

incorporation and length of whip time, it was concLuded that
higher levels shourd be evaruated in the final- optimization
study. The whip times used in this study v/ere all capable of
producing cakes of good quarity, and. ronger whip times would

probably have pernitted greater ppc incorporation. whip times

longer than L2 minutes v¡ere, however, thought to be

commercially irnpractical. consequent]-y, it was concruded that
the range of whip tirnes shouLd remain the same. rt was arso

concl-uded that the range of ppc level-s should remain

unchanged. Arthough the quality of the 60 percent ppc cakes

v/as generalry J-ow, increasinq cream of tartar levels may

improve the quaJ-ity of such high ppC formulations.

Arthough water and emursifier \^rere of minor importance

to sponge cake quality, it v/as determined that water levers
of 185 percent (z frour basis) and emulsifier l-evers of 1"31-

grams were most beneficia] to the high cream of tartar
f ormul-ations 

"

lo summarj-ze, PPC, whip time and cream of tartar \dere

identified as the three independent variables which shouLd be
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evaluated in the next optimization study, with the revels of
PPC ranging from 0 to 60 percent and whip times from 4 to Lz

mi-nutes. rt was decided that cream of tartar levels should

be increased, with the highest l-evel used in this study (3.0g)

serving as the center point rever in the next study, and that
water and emulsifier level-s shourd be set at l_95 percent and

1.31- grams, respectivery" successful repracement of at reast
45 percent egg aLburnen with ppc (weight/weight) appeared

feasibre using appropriate cream of tartar levels and whip

Limes.
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CTTAPTER 4

Pea Protein concentrate for partial Replacement of Egg Al_bumenin . sponge cake optirnization ofl critical tridependentVariables Usi-ng Response Surface Methodology

INTRODUCTION

The production of snack cakes has become a billion dollar
business and the market potential for such cakes continues to
grohr (weIIs, l-989). Egg albumen is an expensive component of
the whole egg mix generally used to produce snack cakes such

as sponge cake, cake rolls and other sponge-type products. rts
replacernent with an alternative, less expensive protein source

wourd, therefore, be economically advantageous to the cake

manufacturer.

Export Packers Co. Ltd. (Winnipeg, Manitoba) is a major

producer of dried albumen, yo1k, and whole egg products. Egg

albumen is in great demand due to its widespread food

applicat,ions (L. carvalho, personal communj-cation, ].gBT) .

Export Packers v¡ouId, therefore, benefit economicalry if the

albumen in their whore egg sponge cake base could be partiaì-ry
repJ-aced by a ress expensive protein, thereby increasing the

avail-ability of egg albumen to meet the growing demand for
this product.

Pea protein concentrate (I*Ioodstone Foods Ltd.", portag.e

La Prairie, Manitoba) is an under-utilized by-product of fierd
pea (Pisum sativum) fractionation (8. D. Murray, personal

communication, l-989) " A high demand exists for the pea fibre
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and starch fractions, and meeting these demands urtimately
resul-ts in an excess supply of the protein" A resurt of the
excess suppry is a reratively inexpensive protein source

($r.¡5/rb, dry weight) (E" D. Murray, personar communication,

l-989) " Pea protein concentrate (ppc) could provide an

economicar alternative to egg albumen in a sponge cake system.

Research investigating the replacement of egg arbumen

with arternative protein sources in a cake system is very

limited but does suggest that egg arbumen is not
indispensable" Khan et a1. (rg7g) successfulry replaced 3o

percent of the egg white sorids with bovine plasma protein
isorate in an angel food cake. Johnson et a]. (1-g7g) found

that bovine prasma protein concentrate courd successfurly

rep]-ace egg white sorids in white layer cakes if the water and

mixing tj-mes v/ere adjusted. Thus it is possibre to reprace

the al-bumen in a cake system with an alternative protein
source and still achieve an acceptable product.

Pea protein flours, concentrates and isolates have been

investigated in a variety of baked products, arthough, there
have been no reports of their use i-n sponge or other cake

systems" Research has been focused on the repracement of
wheat flour with pea flour, or other pea protein products, to
improve nutritional quality. pea proteins are high in J-ysine

(Holt and sosulski, L979) and therefore comprement the amino

acid composition of wheat proteins (Kreutler, l-9Bo).

successful incorporation of pea protein frours, concentrates



L84

and isorates in yeast breads, quick breads and cookie

formulations have been reported. by Freming and sosulski
(1-977), Jeffers et a1 . (L979), Repetsky and Kl-ein (l-981-) , Hsu

et al. (L982), Raidl and Krein (l-983) and Mcwatters (r97g).
The potentiar of pea proteins as rnirk protein replacers

has also been investigated" Mclrlatters (l_9go) attempted to
partially repl-ace nilk proteins with pea flour and pea protein
concentrate in a baking powder biscuit. Formul-at.ion changes

and f l-avor improvement v/ere recommended to produce an

acceptabre product. Patel et al-. (1991) co-spray-dried pea

protein concentrate with cheddar cheese whey in an atternpt to
produce a product sirnilar to non-fat dry nilk. The product,
then tested in a bread formulation, s/as found to have

potentiar as a replacement for non-fat dry rnirk in bread.

The literature, in generaÌ, irlustrates great potential
for pea protein use in baked products. Research is racking,

however, on the use of pea protein as a functional repracement

for egg albumen in baked products, particularly sponge cakes.

severar investigations of pea protein functionality have

indicated the very good functional properties of the proteins
(Flening and Sosulski, 1-975¡ Sosulski and youngs, Lg7g,. Vose,

l-980; Sumner et aÌ., l-981-; Hsu et al., I9B2; Megha and Grant,

1986; Naczk et ê1. , l_986) . Good functional properties,
coupred with successful use in some baked products, suggest

the possibility that pea proteins rnight be successfulry used

in sponge cake type products for albumen replacement. The



L85

use of a sponge cake system should have the additional benefit
of emphasizing the effects of al-bumen replacement with ppC due

to the high dependence of cake quality upon egg quarity.
The benefits of successfurry developing a sponge cake

formulation, incorporating ppc are, therefore, two-ford.
I{oodstone Foods Ltd" would benefit by utirizing the excess

PPc and establishing a better balance between the protej_n,

starch and fibre fractions. Export packers Ltd. woul_d benefit
by freeing up arbumen which is in high demand, while stil-Ì
providing a less expensive whore egg product. rn addition,
if albumen can be successfurly replaced by ppc in a product

as sensitive as a sponge cake, there shourd be potential- for
its use in a variety of other baked products.

optimization of a sponge cake formulation can be done

efficientry by using response surface methodorogy (RSM). This
is a statistical technique for establishing optimal
formuration conditions in a minimar number of experimental

runs (Johnson and zabik, L981-a) " several_ investigators have

successfully used RSM to optirnize cake formulations (Johnson

and Zabik, 198la; Vaisey-Genser et âr., tgBT; Nevirle and

setser, 1986¡ Lee and Hoseney, r9g2; Kissell and Marsharr,

Le62) 
"

According to Joglekar and May (LgB7 ), product deveLopment

using RSM typicarty involves two stages. The first stage

involves ident,ification of key independent variabl-es through

screening investigations. This stage has been compreted and
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is described in chapter 3. This study wirr focus upon the
second stage where optimal l-evels of the key variabres are

determined in order to simurtaneousJ-y satisfy a specific set

of desirabre product characteristics. Finalry, rerationships
between the variabres can be examj-ned more thoroughly at this
stage of investj-gation (Mu11en and Ennis, l_985).

fn summary, PPC is an inexpensive, under-utilized
fraction of the field pea fractionation process. This protein
fraction is found in excess suppry as a resurt of the high

demand for the fibre and starch components. consequentry,

there is a need for a food product to herp utilize the excess

supply of PPC. Egg albumen, on the other hand, is an

expensive, highly utilized protein source for which there is
a great demand. This high demand has created a need for an

alternative protein source which could successfu]-ly replace

part of the albumen in products such as a whore egg rnix. pea

protein concentrate has been shown to exhibit good functional
properties and potentiar as a food ingredient, making it an

ideal choice for evaruation as an egg albumen repracement in
a food product" A sponge cake is a logicar product choice for
both commerciar and experimentar reasonsr âs discussed.

Partiar replacement of egg albumen v¡ith ppc in a sponge cake

wourd accomprish three things; i) it woul-d help utirize the

excess PPC and restore balance among the three pea fractions;
ii) it would free up egg albumen for additional sale; and

finally, iii) it coul-d open the door to widespread use of the
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pea protein in a varj-ety of baked products. Therefore, this
study had the following objectives:
1" To selecÈ best, fit,t,íng regression models from futl second-

order models, to predict, t,he effects of ppc, whip time and

cream ot t,artar on each physícal. and sensory sponge cake

eharacterist,ie evaluat,ed .

2 o To use t,he best, f it,ting predict,ive models to produce

contour and Eesponse surface protsu in order to visuarly
evaluate the rerat,ionships between ppc, whíp time and cream

of tart,ar and cJ-arify their ef f ects on the physicar and

sensory charact,eríst,ics of sponge cakes.

3o To identify sponge cake formurae vrit,h at reast, 30 percent

of the albumen replaced ç¿ith ppc, that, are comparable to 1oo

percent, egg albumen sponge eakes.

4 " To ¡rrovide recolunendations

spray-dried PPC-çrhole egg nix
type snack cakes"

for t,he development of a co-

for comnercial use in sponge-
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M.ATERTAÍJS ÃND METNODS

MateriaLs

Pea protein concentrate was supplied by [rloodstone Foods

Ltd", Portage La Prairie, Manitoba. The protein, trade named

Propulse 9858, v¡as prepared from yerrow fierd peas by an acid
extraction method deveroped by Nicker (l-g8j-) . Enough pea

protein rrras supplied to comprete the entire experiment. A

typicar anarysis suppried by woodstone Foods Ltd. is presented

in Tabre 4"1-. spray-dried egg albumen containing whipping

agents (triethyr citrate and sodium laury1 surphate) was

supplied by Export packers co. Ltd., winnipegr Manitoba.

Lysozyme was extracted prior to drying for commerciar sale.
A typical anatysis for the dried albumen is presented in Tabl-e

4.2" A commerciar cake flour, 7.5 percent protein (r4z
moisture basis), v¡as obtained from Reid Mirring, Mississauga,

ontario" The emulsifier, Top-scoR s powder (sodiun stearoyl
tactylate) , r¡ras provided by Breddo Food products corp. ,

Kansas. À1r other ingredients were purchased rocally when the
experi-ment was begun, in amounts sufficient to cornprete the
entire experiment.

Sponge Cake preparat,ion

sponge cakes were prepared according to the procedure

outlined in Appendix 4.4. Reference (REF) cakes v/ere prepared

with 100 percent arbumen (oå ppc) fron the same forrnulation
as treatment cakes.
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Table 4.1 TlpicaÌ Ãnalysis
9858 Pea ProteÍn

of Propulee
Concentrate

Protein (KJeldahl - N x 6.25)db

MoisÈure (dry 16 hours at l00oC)

Fat (ÀO"âC 7.056, 13rh ed. )db

Crude Fiber (Ffodified ÀO.å,C 7 "069, 13th ed. )db
pH (109 solution)

Ash (.å.OAC 14 . 006, 13th ed )db

839

5g

âo.zþ

0.48

6.5

4 .0s

Table 4.2 flpical ånalysj-s of Spray-Dried Egg Ã,Lbumen

Protein

Moisture

Fat

Carbohydrate

pH

Ash

8OS max.

8t rnax.

negligible

0.19

5.5 7.5

5t max.
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ENperimental Design

A cenLral composite, orthogonaJ-J-y blocked, rotatable
response surface design was used (Box and. Draper | L9g7)

consisting of three variables (ppc, whip time, cream of
tartar) at five levels (Tabre 4"3)" Tabre 4.4 rists the
actuar and coded val-ues of egg al-bumen and. the three
independent variabres. The design required 24 test runs,
significantry fewer than the i-25 test runs necessary to
evaruate the same range of combinations using a traditional
53 factorial design. one block of six treatments was

completed for four consecutive days, Blocks, and treatments

within blocks, r¡/ere randomized. center points and star points
were replicated within the experimental design, âs well,, the
entire design was replicated"

ÃLLocat,ion and Preparatíon of sampres for sensory and physical
Test,s

Because the sponge cake formulati-on produced onry three
cakes, a detailed sarnpling procedure \Ä/as necessary to ensure

enough sample f or al-1 physicar and sensory tests. Figure 4 . 1-

illustrates the all-ocation and. preparation of both treatment

and l-00 percent egg albumen (0? ppc) REF cake sampres for
physical and sensory measurements" Left, center, and. right
represent the cake position in the oven.
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Table 4 " 3 Experimental DesÍgnr

Blocks Treatment2

Independent Variables
Goded Levefs

X2 X3X1
(PPc) (vthfp time) (Crean of

Tartar)

L

-1
-1

1
0
0

-t
-1
I
I
0
0

-1
I

-1
I
0
0

I
2
3
4
5
6

-1
I
1

-1
0
0

-1
-1

1
I
0
0

-1
I

-1
1
0
0

7
I
9

10
11
L2

0
0
0
0
€
{î,

0
0
E
$

0
0

JZ
$

0
0
0
0

r3
L4
15
16
L7
18

0
0
0
0

JZ
[7

0
0

Fz
E

0
0

Jã
€

0
0
0
0

19
20
2L
22
23
24

rBlocks andzTreatments
5,6 rL]- tL2
point,s.

treatments within blocks were
1-4 and 7-10 are cube point,s;

are cent,er points; treatment,s

randomized.
treatments
13-24 are star
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Treolrnent Cokes

Reference Cokes

(VolurererumbEvoluof lons oa br Treofmenf Cokee l

Figure 4. l- sponge cake sampre preparation and arlocation forphysical and sensory measurements. v:volume measurement,r:instrumentar texture measurement, M=moisture measurement,C:color measurement, S=sensory evaluation.
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Aflocation of sampres for physicar and sensory Tests

i) Treatment cakes: Left and. right cakes were used. for
volume, moisture and all sensory measurements . rt lvas

necessary to designate two sample pieces for the sensory

evaluation of each treatment because more than one cake piece
r^/as needed to complete the sensory task" samples from the
right cake vJere designated rÀr and were used to evaruate the
intensity of aroma and fl-avor, âs werL as cake firmness.
samples from the left cake, designated rB,, t¡ere used to
evaluate springiness, cohesiveness, and moistness. This

ensured that any differences due to oven position would not
infl-uence the evaluations. For example, cake moistness was

always evaluated on cakes baked in the reft oven position
(sanpre B). cake strips for visual crumb evaluation v/ere

taken from both the right and l-eft cakes in order to consider

variability within cakes from the same treatment batch. The

center cake was used for instrumental texture and color
evaluations.

ii) 100 Percent Egg Albumen REF cakes: Left and right cakes

r¡tere used for volume and sensory measurements exclusively.
REF samples were not designated A or B, but rather, r¡/ere

assigned an r¡R¡r and were randomly assigned to each judge"

That is, unlike the treatment samples, it was not specified
which REF sample to use for each judgernent. The remainder of
the center cake was used to evaruate instrumentaL texture,
color and moisture.
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vorume measurements for treatment and REF cakes \^/ere

performed on whole right and reft cakes just prior to sampJ_e

preparation for the remaining physicar and sensory tests.
vorurnes were performed on frozen cakes to prevent crumb

indentations" Additionalry, cakes \.rere wrapped in a thin film
of plastic pernitting use for sensory anarysis. Forrowing

volume measurements, cake tops v/ere sriced off with the
guidance of a two centimetre high, fifteen centimetre square,

prexiglass box" sampling was done one cake at a time so that
cakes did not thaw, in order to prevent the crumb from

tearing.

cakes were sriced according to the scheme presented in
Figure 4"L" Thin strips of cake (approximately o.5cm) were

removed from the niddre of the reft and right cakes, trimmed

to eight centimetres long, and used for visuar crumb

assessments. Both treatment and REF cakes were prepared this
I¡¡ay" The rernainder of each cake was divided into twelve equal

wedges and allocated to sensory and moisture tests for
treatment cakes, and sensory tests onry, for REF cakes. The

tips and rounded crust edges of each wedge were trimmed so

that samples woul-d fit into their sampre cups" samples used

for moisture determinations r,¡ere further trimmed to fit the

moi-sture determinatic:_: cups.

The center treatment and REF cakes lsere first cut into
f our equar wedges. one harf of the REF cake \¡/as further
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divided into six wedges r¿hich were allocated for additional
sensory REF samples. The other harf of the cake was divided,
as ill-ustrated in Figure 4.r, to produce samples for
instrumental texture, moisture and coror measurements.

Limited REF sampre perrnitted only one measurement of texture
and moisture. The entire treatment center cake was subdivided

to produce samples for instrumentar texture and color
measurements, identicar to those of the REF cake. However,

three cake wedges v/ere avairabre for texture measurement.

After each cake rá/as prepared, pieces were resealed in
porybags and placed back into the freezer untir the next
morning" The morning of testing, cake samples for sensory

and physical tests r¡/ere removed from the freezer. samples

for instrumentar texture, coror and moisture measurements

remained sealed and were equilibrated to room temperature (22"

c) before testing. samples for the first sensory panel were

thawed approximatery one harf hour in their potybags before
being placed into sampÌe cups where they continued to thaw to
room temperature (22oc). sarnples for the afternoon paneI,

already at room temperature, r¡rere placed into sample cups

approximately one half hour before the paneJ-.

Cake strips for the morning visual crumb eval-uation v/ere

placed flat into a petri dish which had been rined with brack

felt to produce greater contrast. The petri dish was covered.

and then placed into a prastic zip-rock bag to prevent any

drying. samples for the afternoon panel r^/ere sirnirarry
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prepared.

InstrumentaJ- /Physieal Measurements

Batter specific gravity (sc) and pH, cake specific
voLume, and crumb hardness, cohesiveness, gumminess, moisture

and color s¡ere measured on treatment and REF batters and

cakes.

i) Batter sG vras measured by dividing the weight of a 50

nirrilitre metar cup filled with water by the weight of the

same cup filled with batter (Carnpbell et al. , 1,g7g) .

Duplicate measures v/ere taken immediately after batter
preparation.

ii) Batter pH measurements (one per cake batch) v/ere made

using a Fisher Accumet pH meter (Model B1O).

iii) specific voÌume of the baked cake was determined by

dividing the vol-ume of the cake by its weight (canpbelr et
â1., L979) " volume measurements !/ere made using a vorumeter

and rapeseed displacement" cake weights were recorded 20

minutes after removal frorn the oven.

iv) Hardness. cohesiveness and qumminess of the cake crumb

were determined using the rnstron universar Testi-ng Machine

(Table model TM) and a Texture profire data acquisition and

analysis program developed for the Apple IIE computer

(Agriculture Canada, t9B7). Operating conditions were

selected based upon prerinrinary experimentation (chapter z)

in which a 101-8 *^2 round plunger, 20 centimetres/minute
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crosshead speed and a 7s percent sample compression yierded
good detection of texturar differences for alr three
parameters. These conditions differ from those used in the
prevj-ous screening study due to the omission of springiness
from the texture profile analysis. chapter 2 detaiÌs the
Tnstron Texture Profile method used.

v) Percent moisture content was determined by a rnodification
of the standard air oven nethod, AAcc Method. 44-l_5A (t-9g3)"

Small cake samples hrere dried for 24 hours at l_O3oC.

vi) Crumb color was determined using a Huntertab Tristimul-us
colorimeter (Moder D25M-9; Hunter Associates Laboratory, rnc.,
Reston, virginia) . The meter h¡as stand.ard.ized using the white
standard tile (L:92 " 4 , a=-1.2, b=0.5) and values for lightness
(L), red-green (a), and blue-ye]low (b) r¡rere obtained. Each

cake wedge vras placed into a petri dish cut side down. The

center of the wedge was positioned over the port and the

reading taken. The sampre was rotated l-Bo degrees and a

second reading was made. color measurements were taken onry

to determine if the addition of ppc created any serious coror
probÌems" To evaruate this, color measurements were al_so

taken of cakes availabre in the commercial market which were

simil-ar to the experimental sponge cakes.

Sensory Descript,ive Ã,naIysis

Sensory evaluations were

trained panel (nine female and

performed by a ten member

one male; students and staff
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in the Department of Foods and Nutrition). For each

reprication, a total of 24 treatments were evaruated over
eight sessions" Two sessions v¡ere held dairy (morning and

aft,ernoon) over four consecutive days

Panel Training

E1even training sessions v¡ere conducted over a three week

period: sessions one to five v/ere used to introduce the
product, define important characteristics for evaruation,
standardize handling procedures, and develop acceptable

bal-rotsr' sessions six to nj-ne focused upon the introduction
and use of REF samples and the introduction of visual crumb

evaluations; the l-ast sessions familiarized panelists with
the finar ballots to be used experimentarry and al-so served

as practice sessions.

The first session invorved a generar orientation to the
product, and predominant sponge cake characteristics were

identified for scaling. sponge cake samples of varying
quarity vrere chosen for training in order to represent the

variety of products to be expected during the experiment.

The objectives of the next four sessions h¡ere to refine
and clarify definitions of the characteristics to be judged,

determine and standardize handring and evaluation proced.ures,

and construct a ball-ot with which alr panelists agreed. A

L5.o centimetre unstructured line scaLe was chosen due to the
panelistst faniliarity with this scaring technique. The l-ine
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scale v¡as anchored 1.5 centimetres from each end wíth
appropriate descriptors " A val-ue from o. o to l_5. o v/as

determined by measuring the distance, in centÍmetres, from the
left end point to the paneristrs mark. rn order to define and

clarify endpoínt descriptors, products representing the
endpoints vrere provided. rnformation on the endpoints used

is provided in Appendix 4.8" References to help identify
predominant aromas and fravors r¡/ere also provided. (eg. eggy,

egg albumen, PPC, sweet, etc. ), however, panelists \¡/ere unable

to scale any of the aroma and flavor attributes identified in
the first training session, consistentJ-y. For this reason,

only the overall intensity of aroma and ftavor r{ere evaluated.

Resurts of the previous dayrs paner v/ere briefry
discussed at the beginning of each session and group

discussions were herd at the end of the sessions. At this
tine, panelists Ìrere encouraged to discuss eval-uation

techniques, sensory definitions and any probrerns and/or
suggestions they night have. The set of characteristics
sel-ected f or the evaluation of sponge cakes v/ere overall_

intensity of aroma and fravor, firmness, springj-ness,

cohesiveness, moistness, predominant celr size, cerr
uniformity and celI wall- thickness.

The next three sessions were conducted in the sensory

panel room where evaluations v/ere made in partitioned booths

under yerlow lights. An identified reference (REF) sampre

(oz PPc/ 100å al-bumen sponge cake) was introduced and panerists
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rdere instructed to score the REF and three other samples

according to the REF.

Three visuar crurnb characteristics (predoninant cel_l-

size, celJ- uniformity and cerr walr thickness) and a second

ballot for scal-ing these characteristics, were also introduced
and discussed during these sessions. Reference cards with air
dried cake sampres representing the end points of the scales
(predorninant cell size- very smalI, rarge," celr size
uniforrnity- very uniform, moderately irregurar; cerl wall-

thickness- very thin, very thick) were provided for
cl,arification of the characteristics and as a frame of
ref erence f or making eval-uations. The air dried sampres \^/ere

sliced according to Figure 4"L ("visual crumb evaruation"),
and were sel-ected from sponge cakes baked during prelirninary
experimentation. Panelists r¡/ere, again, asked to score the

REF and three other samples according to the REF.

The last sessions introduced the panelists to, and

familiarized then with, the finar barrots to be used for the

experiment. these batlots are shown in Figures 4.2 and 4.3.
Because eval-uation of all treatments on one barlot seemed to
resurt in comparisons among the treatments, bal-l-ots were

changed such that only one treatment was evaruated per baIIot.
The REF scores, having been determined by taking the group

mean for the REF cake from three training sessions, v/ere

pernanently positioned on the Line scale"
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For each characteristic, pl-ace a vertical_ line across the
hori.zontal line at the point that best descri.bes that
characteristic in the sampLe. Compare the sanple to the
reference (R), r.¡hich has been positioned on the f ine. Eval-uate
each treatnent independently for aÌ] of the characterj.stics
befo¡e noving on the the next treatment. Hhen you have eval_uated
all the samples Erove on to the MacBeth Booth to- evaluate the cake
crunb structure.

OveralL lntensity of Arona

Jud ge :

Date:

Samp 1 e

SPOI{GE CAKE EVAIIIATION

Cc;;entus:

OveralL lntensity of Flavor (evaì.uate just prior to swal)-owing)

Coroments :

Fi runess

ext rene
so ft

Springinegs bJr louch

EOO e reïe exrre
spr i ngl

Cohesiveness

spr l ngJ¡

sIlg ex t retre
cohes Lve cohesive

Floi stness

Figure
cakes.

4"2 Ballot used for sensory evaluation of sponge
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Judge:

Date:

Sirmol- e

SPONGB CAffi CRUffi EYAIIIATIOg

For each characteristic listed, place a vertical- l-ine across the
horizontar line at the point that best describes that
characteristic i.n the sampJ-e. Compare each treatment to the
reference, whi.ch has been positioned on the line. Eval-uate each
treatment i.ndependently for al1 of the characteristics before
noving on to the next treatment.

Pre<loninant Cell Size

Cel-I Size Unifornity

r I .t -very ( Eoderate-lyuniforn - irregurar
CelI WaLl thickness

I
ve ry
thin

COHHEFTS:

very
thick

Figure 4.3
crumb.

Bal-l-ot used for sensory evaluation of sponge cake



204

SampIe Presentation

Panelists completed aroma, flavor and texture evaluations
of the cake sampÌes prior to the visual- evaruation of crumb

characterj-stics" The 48 treatments (24 x 2 reps) were

presented in the same randomized order used for baking. A]1

panelists received the same three treatments at any one

session but the order of presentation was randomized.

Aroma, flavor and texture eval-uations v/ere made in
individual- sensory booths under yerlow lights. rnstructions
for evaluating each parameter (Appendix 4"c) \^rere posted in
each booth and distill-ed water, unsalted crackers and

toothpicks v¡ere provided. for rinsing and clearing the teeth
between treatments. Each panerist received three REF samples

plus two sampres (A and B) of each of three treatments. A

plastic knife was provided for cutting the wedges into
specified pieces for eval-uation. A set of reference end point
samples were provided for the first paner of each reprication
in order to reorient panelists with the scare. Treatment and

REF sampÌes Ìdere presented in 60 mirriritre Lidded prastic
souffle cups and were coded r¿ith three digit random numbers.

Arr evaruations were make in comparison to the REF sampre.

visual evaruations of predorninant cerr size, ceJ-J-

uniformity and ceII wall thickness were conducted in a Macbeth

booth (Moder EBx-222) under incandescent light. Three

treatment samples and a REF sampre were placed in the booth,

and eval-uated by each panelist. The samples, presented in
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petri dishes lined with brack felt, were coded with three

digit random numbers and an rAr or lBr. Five panerists hrere

randomly assigned to judge set rAr and the other five
panelists judged set rB!. Panerists evaluated each sampJ-e by

bringing it, to the center of the Macbeth booth, which v¡as

rnarked by a black felt circle, and removing the rid of the

petri dish" rnstructions were provided to the panerists
(Appendix 4"D) aÌong with visual reference cards representing

the end points of the three scales" All evaluations v/ere made

in comparison to the REF sarnple.

Stat,ist,ical Ãnalysis

A second-order regression equation lras fitted for each

dependent variabre using the GLM procedure of the statisticat
Analysis System (SAS, 1985). For each replication, analyses

of physicar measurements were carried out on means of two

readings for specific gravity, specific volume, and moisture

determinations, and three readi-ngs for rnstron texture
measurements" only one reading was made for pH. Regression

equations for sensory data \^/ere based on the panet means of
ten judges.

The GLM procedure produced fuIl model analysis of

variance tables for each dependent variabre, from which best

fitting moders hrere serected by eriminating variabres of row

significance (p<.05). rf a rinear effect was not significant.
but its quadratic or interaction term ï¡as, the linear term
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was retained in the moder. Repricate and brock effects were

removed from the moders" The new models hrere re-anaryzed
using GLM in order to gienerate new parameter estimates for
the final best fitting regression equations. contour prots
were then g'enerated from the best fitting regression equations
(STSC, Statgraphics , I_996) "
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RESULTS Ã3{D DISCUSSTO¡T

overview

Prior to any interpretation of the resurts, residual
anarysis was conducted as a diagnostic check of the

assumptions underrying the regression anarysis (Jogrekar and

May, l-987) " Following residual anarysj-s, the importance of
PPc, whip time and cream of tartar to sponge cake quarity, v/as

determined from the individual- analyses of var j-ance.

significant linear, quadratic and interaction effects of ppc,

whip time and cream of tartar, were selected for best fitting
models and subsequentry used to produce three-dimensional-

response surface prots and two-dimensionar contour prots.
These plots herped to visuarize the rerationships between ppc,

whip time and cream of tartar, and clarify their effects on

each of the physical and sensory sponqe cake characteristics
tested. Contour plots for selected sponge cake

characteristics r/ì¡ere then superimposed to define an area of
PPc, whip time and cream of tartar level-s which, predictably,
would produce cakes comparable to the REF sponge cakes.

Finally, formulation recommendations for the production of a

co-spray-dried PPC-whoIe egg mix were made based upon the

resul-ts of the superimposed contour plots.

Evaluation of Assumptions Underlying Regression Ãnalysis

The residuals (observed value - predicted value) for each

dependent variabre were pJ-otted against the predicted values
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generated from the ful-1 moder in order to check the
assumptions underlying the analysis (egs" normarity and

constant variance) " An example of a residuar prot for batter
sc is given in Figure 4.4" The random distribution of the
residuals about the zero mark suggest that no assumptions of
the statisticar anaJ-ysis Í¡ere viorated (Joglekar and May,

1-987). The remaining residual plots (not shown) arso

indicated that no assumptions were violated.

selection of Best, Fitting Models for Each physicar and sensory
Sponge Cake Characteristic

The first objective of this study vras to serect best

fitting model-s to predict the effects of ppc, whip time and

cream of tartar on each of the physical and sensory responses

evaluated" The goal of a best fit moder is to provide a

prediction equation that is composed of only the most

important expranatory variabl-es. For each physical and

sensory response, selection of the best fitting models r¡/as

based upon the results of the furl model analysis of variance.

Summary of Results from the Analyses of Variance

Tables 4 "5 and 4.6 summarize the F-values and

corresponding levels of significance (probability varues) from

the fu]l model- anarysis of variance for each physicat and

sensory response, respectively.

The importance of ppC and whip time to physical and

sensory sponge cake quality is irlustrated by the presence of
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val-ue predicted
specific Aravity"

- enTel\ PaÀresqo) sTPnPTseä

Figure 4.4 Plot of residuals (observed
value) versus predicted values for batter
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significant F-values for linear, quadratic and interaction
effects invol-ving these two factors. There were significant
linear and/or quadrati-c and/or j-nteraction effects of ppc on

arr physicar cake characteristics except moisture content, and

on arr sensory characteristics except aroma intensity. The

length of whip time affected the same physicar and sensory

characteristics as PPc, except fravor which was srightry
affected by PPC, but not by whip time"

Moisture content and aroma intensity were not
significantty affected by any of the independent variabres
investigated, whire fravor intensity was srightry affected by

PPc in the form of a significant interaction with cream of
tartar. Measured moisture content varj-ed srightry from day

to day (significant block effect), probabry due to fluctuating
oven temperatures during drying, therefore no further anaJ-ysis

was conducted on this data" sinilarry, aroma intensity was

excluded from further analysis because only small differences
were observed among' sponge cake treatments. Mean sensory

scores (n:1-0) for aroma intensity ranged from 6.0 to g.0 on

a scale from O " O to l-5 " 0.

rt was interesting that ppc did not seem to influence the

aroma of the sponge cakes and only srightly affected the

flavor intensity. Many researchers attempting to incorporate
pea flour or pea protein into various baked products have

documented f ravor and aroma problems (McÏ,ratters, L97 B ;

McüIatters, l-980r" Repetsky and Kl_ein, 1981_; Raidl and Klein,
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1983). The PPc used in this study did not appear to
contribute any of the utbeanytu, r¡harshr¡, rrpear¡, o¡nuttyr¡ or
Itstrong¡¡ aroma and f lavor notes described. by other
researchers" rf such flavor notes had been present, even at
low intensity Ievels, they should have been detectable in the
brand sponge cake formuration. This is a very positive
finding due to the importance of fravor to urtimate prod.uct

acceptability 
"

cream of tartar hras found to have much ress effect than

PPc and whip tirne on physical and sensory cake

characteristics. Batter pH was significantry affected but
batter sG and cake specific volume were only srightly affected
by cream of tartar, while of the sensory characteristics, onry

flavor intensity and cerr wall thickness were significantry
affected. The effect of cream of tartar on fravor intensity
was much more apparent than its affect on cerr warl structure,
with significant linear, quadratic and interaction effects.
snack cakes are often flavored with remon and the slightry
acidic flavor evident with higher revers of cream of tartar
would likely be masked with this flavoring.

These results strongly support the findings of the
prelirninary study presented in chapter 3 | in which ppc and

whip time !,rere found to be criticar factors affecting the

sponge cake characteristics evaluated. The influence of
cream of tartar on cake quality was significant, but much ress

pronounced 
"



2r4

Selection of Best Fit Models

Best fitting models to predict each of the physicar and

sensory cake characteristics \dere determined based upon the
significance of linear, quadratic and interaction effects
found in Tables 4"s and 4"6. statisticalry significant
ef f ects (p< . 0s ) were retained in each model whil_e non-

significant effects were ornitted. Linear effects which \,rere

not significant but appeared in significant quadratic or
interaction effects, were also retained in each moder"

Best rnodels were re-analyzed to produce regression
coefficients for use in predictive equations. The regression
coefficients, R2 varues and coefficients of variation for each

best selected model for physical and sensory characterj-stics
are summarized in Tables 4"7 and 4"g respectively. vühiIe F-

values from the fuII moder analyses of variance indicated
which independent variabres significantry affected the

dependent variabres, the regression coefficients represent the

incrernental- change in the dependent variabre (vi) associated

with a unit change in the independent variable (xi), white ar1

other reg:ressors remain constant (vüonnacott and wonnacott,

1'982). The sign preceding the coefficient indicates the

dj-rection of the change. For example, increasing the ]eve1

of PPC from 30 to 51-"22 percent (a one unit change), hording

all- other terms constant, wourd result in a rinear increase

ín batter specific gravity of approximately 0.06. rncreasing
the whip tirne from 8 to 10.83 minutes woul-d produce a rinear
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decrease in batter sG (as ind.icated by the negative
coef f j-cient) of approximately O " 04. The size of the
coefficients and their associated p-values denotes the
rerative importance of the independent variabre to the
prediction of the dependent varial:re. Thus, the trends
observed in Tables 4.5 and 4.6 are arso apparent in Table 4.7

and 4"8" That is, ppc and whip time v¡ere the two most

important factors affecting both physical and sensory sponge

cake characteristics"

Jogrekar and May (L987) have suggested three measures to
eval-uate the goodness of a selected moder: overarl_ moder

significance, coefficient of nultipre determination and

coefficient of variation. rn the folrowing discussion, these

three criteria have been applied to judge how wel-l the models

fit the data.

Moder signifj-cance is the lever of confidence that the
serected moder cannot be due to experimentar error. Joglekar

and May (1'987) have suggested that for a good modet, moder

significance should be at least p<"05. The moder significance
for aII dependent variables in this study r¡/as p<.O0Ol_.

Coef f icient of mul-tipIe determination lR2 ) is the

percentage of the variation in the dependent variabre

exprained by the rnode]. According to Joglekar and May (j-gg7) ,

in general, R2 varues shourd be at least go percent. For nine
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out of fourteen dependent variables evaluated, the serected
model-s expl-ained at least 80 percent of the variabirity. R-

square values for sensory judgernents \üere, in general, much

lower than those for physical measurements. Most notably, R2

val-ues for flavor and crumb quarity evaluations (predominant

celr size, ceII uniformity, and cerr warr thickness) v/ere

quite lolv expraining only 4o, 59, 53 and zg percent of the
variation, respectivery. vaisey-Genser et al. (l-9gz) noted

similar resurts for fravor and crumb quarity judgernents of
ì-ayer cakes. unexplained variabirity in fravor judgements may

be due to the complex task of judging overal-r flavor intensity
in a product that is rather bland in flavor. Al-ternatively,
perhaps, PPc, whip time and cream of tartar do not adequatery

exprain the differences in fravor judgements. unexprained

variability in the sensory evaluation of cake crumb quality
may be due to the difficulty of the judgement task, or to
variability within the cake samples presented. Judgements

coul-d differ depending upon where, within the cake sampre, the
panelist based his/her judgernent.

coefficient of variation lcv) is equal to the standard

error of estirnate/mean of dependent variabre x l-oo, and

describes the amount of variation in a popuJ-ation rerative to
the mean. rn generar cv revel-s for moder adequacy should be

no greater than 10 percent (Jogrekar and May, L9g7) | however,

experience with sinilar dat.a is necessary to know whether cV

val-ues are unusuarly high (steeJ- and Torrie, t-9Bo).
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coefficients of variation greater than t-o percent were

observed for rnstron hardness and qumminess, and all_ three
sensory crumb evaluations. The remaining responses showed

limited variabirity with cv values ranging from l-.0 percent
for pH to 4.0 percent for specific volume. variabirity amongr

rnstron hardness and gumminess scores courd possibry be due

to slight differences in the heights of the tested sampres.

During texture testing, it !,/as noted that some cake wedges
rrsprungrr back higher than 2.o centinetres after thawing,
resurting in sample heights ranging from about 2.o to 2.3
centimetres" Additionarly, there could be variability within
the cake crumb itserf" variabirity among judgernents of crumb

qua]-ity as discussed, is most rikeJ_y due to a combination of
sampre variability and the difficulty of the judgement task.

Model significance, R2 varues and cv varues v/ere used to
judge model adequacy in order to identify the dependent

variabres that should be further investigated via contour and

response surface plots.

rnterpretat,íon of Resul-t,s Based upon contour and ResponseSurface Plots

The second objective of this study was to use the best
fitting moders, which showed good fit to the data, to produce

contour and response surface plots. These graphicar
presentations of the models, in two and three dimensions, herp
to visualize the linear, quad.ratic and interaction
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rel-ationships between ppc, whip tirne and cream of tartar.
More importantly, contour and response surface plots herp to
crarify the effects of ppc, whip tirne and cream of tartar on

the dependent variables, and f,aciritate the l_ocation of
optimal/acceptable physical and sensory cake characteristics.

seLected best moders rneeting alr three good fit criteria
(model significance <.05, R2 >goå t ot cv <l-oå), were used to
produce contour and response surface plots. Good fit moders

included batt,er specific gravity, cake specific vorune,
rnstron cohesiveness, batter pH, sensory firrnness, springiness
and cohesiveness. plots r¡/ere arso generated from models

meeting onry two of the good fit criteria (rnstron hardness,
gumminess, sensory flavor, moistness), however resul_ts were

interpreted with caution. The models for predominant cell
size, ceII uniformity, and cell_ wall thickness, hrere not used

to produce plots since aII three crumb characteristics yieJ_ded

l-ow R2 vaÌues and high cv values indicating rinited predictive
ability.

rn the following discussion, conto*r and. response surface
plots of the physical cake characteristics wilr be presented

first, followed by the sensory characteristics. Acceptance

regions have been highlighted (shaded) on arl contour plots,
except fravor and pH, in order to id.entify sponge cake

formurations which have met the REF sponge cake standards
(Tabre 4"9). That is, the shaded regions indicate the sponge

cake formulae which are predicted to produce cakes of



Table 4.9 Reference VaLues and Standards for
Sensory Characteristics of Sponge

22L

Physical and
Cakes

Dependent
Variable

Mean Responset fot
REF Sponge Cake
(roog albumen)

REF
St,andard2

Physical Characteristics

Specific Volume (cc/g)

Hardness (N)

Cohesiveness

Gumminess (N)

Specific Gravity

Sensory Characteristics

Firmness

Springiness

Cohesiveness

Moistness

3.83

29 "60

0.66

19.40

0.40

6.3

7.6

7 "0

6.8

s32.60

s21 " 30

6.9

6.8

6.3

6.1

IPhysical Characteristics - n=16 (8 x 2 reps) for hardness,
cohesiveness, gumminessi n=32 (8 x 2 observations x 2 reps)
for specific volume and specific gravity.
Sensory Characteristics n=30 ( 10 judges x 3 training
sessions ); mean vaLue is the reference score positioned on
a 15 cm line scale where 1 = Low leveL of the characteristic
and 15 = a high level of the charact,erist,ic.

'Limit set as a minimum (10t less than the REF sponge cake
mean response) for specific volume, Instron cohesiveness,
sensory springiness, cohesiveness, and moistness" Limit, set,
as a maximum (L08 greater than the REF sponge cake mean
response) for Instron hardness, gumminess and sensory
firmness. Limit for bat,ter specific gravity was based upon
acceptable commerciaL value set by Export Packers, Ltd.



222

comparable quarity to the 100å albumen REF cakes. For each

sponge cake characteristic REF standards were set to come

within ten percent of the rnean value obtained from evaluation
of the 1-00 percent al-bumen REF cakes. REF standards were not
set for overall flavor intensity due to the difficulty of
identifying a specific acceptable/unacceptable cut-off for
this very general fravor parameter. prots irlustrating the
effects of PPc, whip tine and cream of tartar on batter pH

hrere used only to help explain their effects on other
dependent variabres" Finarly, where possibre, comparisons

between physicar and sensory responses have been made.

Phvsical Sr¡onqe Cake Characteristics
The effects of PPc, whip time and cream of tartar on

batter sG and cake specific vorume wirl be examined first due

to the high predictive ability of these two models. The

importance of sG and volume to overalr cake quarity has been

suggested by other researchers. wells (L989) noted the
importance of carefulÌy controlling the sG of snack cake

batter because of its direct effect on the finar vorume, grain
and texture of baked cakes. Pierce and l'Ialker (Lgg7 ) suggest

that whire high volume cakes do not arways represent a good

quality cake, cakes of row volume are generarly of row

quarity. Funk et aI. (l-969) found that vorume v/as a varid
assessor of angel- cake texture " Thus, sG and vol-ume are

probabÌy the two most important physicar characteristics
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cake quality. In the second

PPC and whip tirne on Instron
gumminess will be discussed.

i) Batter SG and Cake Specific Volume

Best fitting moders for batter sc and specific vorume

indicated that both variables were significantly affected by

PPc, whip tirne and cream of tartar. since it. is possibre to
simultaneously vary only two variabres at one tirne in response

surface and contour plots, the two most influentiar variables,
PPC and whip time, were chosen for the axes. cream of tartar
was held constant at low (1"59), medium (3.0g) and high (4"5g)

levels in order to evaruate its effect on the dependent

variables. Thus, cream of tartar, having the l-east effect on

the response, was held at a constant val-ue, while ppc and whip

time were varied.

Figures 4.5 and 4.6 present sG and specific volume as

functions of PPc lever and whip time, with cream of tartar
held constant at 1-.5, 3.0 and 4.5 grams, respectivery. Levers

presented in the prots represent the actuar revels evaluated

and were based upon the rangie of coded IeveIs determined by

the experimental design (-Íã , -L, o, *1, +{ã ). Reference

standards have been hightighted on each contour plot
indicating the sponge cake formulations that have met these

REF standards" shaded regions represent sG values <.4s and

specific volumes >3.45 cubic centimetres/gram. Acceptance
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regions for both sc and specific vorume are quite large
offering a number of PPC and whip time combinations which rnet

the REF standards. In general, Ior,r quality cakes,

characterized by hiqh sG values and row specific volumes,

resul-ted when high PPc levers ü¡ere accompanied by low whip

times and when low PPc level-s were accompanied. high whip

times " The l-evel of cream of tartar did not ef f ectiveJ-y

chang'e this relationship 
"

The shape of the response surface plots clearly
ill-ustrates the significant rinear, quadratic (curvil-inear)

and interaction effects found in the best fitting moders for
sc and specific vorume" Because of highry significant
interactions between PPc and whip tirne, it is impossibre to
discuss the effect of PPC on sG and vorume without considering

the length of whip time, and vice versa. Therefore, the

effect of increasing PPc at low and high whip times wil-l be

discussed by moving along the x (t ppc) axis at 4 and L2

minutes of whip tirne (Figure 4"7) " converseÌy, the effect of

increasing whip time at low and high ppc levers wirr be

discussed by movingr arong the y (whip time) axis at o percent

and 60 percent PPC leve1s (Figure 4"8) "

At low whip tirnes, increasing ppC had a negative effect
on batter SG and cake specific volume, that is, batter Sc

increased and specific volumes decreased (Figures 4.5 and

4"6) " This effect was evident at all cream of tartar levels,
however, SG values were lower and specific volumes higher, ât
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all but the loløest PPC levers¡ âs cream of tartar increased"

Recall- that high sc values indicate l-ess air
incorporation into the batter and that sponqe cakes depend

entirely upon this air for leavening. Therefore the fact that
high sG values v/ere accompanied by row vorumes, is not
surprising. Other researchers have found similar
rerationships between batter sG and finished cake vol_ume (Dunn

and lr7hite, 1939; Rolfes et aI., 1955; Zabik et al., l-969) .

At hicrh whip times, increasing ppc first lowered sG, and.

then, once beyond a critical- protein revel, sG val-ues were

seen to rise agai-n. The point at which sc values began to
rise, however, depended upon the level of cream of tartar.
High cream of tartar levels shifted this critical protein
lever (where sG values began to rise again) such that it was

possible to incorporate greater revels of ppc before causing

SG values to increase. Unl_ike SG, volume r¡ras only slightly
affected by increasing ppc rever when whip times were high.
vorumes initially increased slightry, and then d.ecreased,

however, little change occurred across alr ppc revers. Low

cream of tartar revers produced the highest vorumes, êt row

PPC IeveIs, but high cream of tartar revels were necessary to
achieve good vorumes with high revels of ppc. Thus negative

effects of high PPc levers on sc and specific vorume hrere

reduced by long whip tirnes and high cream of tartar levels.
Moving along the Y-axis, at low.ppC 1evels, it can be

seen that increasing whip time first decreased sG and then
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increased it. while this effect r¡ras evident at al1 cream of
tartar levels, the sG at any given r*hip time was higher as

cream of tartar Ievels increased" vorume, oD the other hand,

rras only slightly affected by whip tine when ppc levers r¡¡ere

low" volurnes were seen to farr slightry at high whip times,
particularry when cream of tartar levels v/ere high. Thus row

cream of tartar leve1s appeared to be most beneficiat when ppc

levels were al-so low.

At high PPC levers, increasing whip time improved both

batter sc and specific volume. Batter sG decreased and

specific volumes increased. This effect was evident at arl
cream of tartar Ievels, however, the sG values and specific
vorumes at any given ppc lever r¡¡ere rower and higher,
respectivelyr âs cream of tartar increased.

some genera]- rerationships between ppc, whip time and

cream of tartar, and their effects upon batter sG and cake

specific volume, have emerged from the response surface and

contour plots. rn qenerar, when ppc revels were high, ronqer

whip times were necessary to improve batter sG and cake

specific volume. Higher sc vaLues and lower specific vorumes

r¡/ere a result of short whip tj-mes combined with high ppc cake

formulations" conversery, when ppc levers were row, whip

times had to be shortened since long whip times $/ere seen to
increase SG values and decrease specific volumes.

The subtre effects of cream of tartar on sG and specific
volume have been cl-arified in Figure 4.9" The REF standard
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contour lines for sG (s0"45) and. specific volume (>3.45), for
1"59,3.og, and 4"s grams of cream of tartar, have been

superirnposed on one contour prot to highlight differences.
These plots indicate that high cream of tartar revers rdere

most beneficiar for high ppc formulations. At high ppc

l-evers, increasing cream of tartar decreased the whip time
necessary to meet the REF standard" similarry, when ppc

revels and whip times were retativery high (ie. exceed

approxirnately 30? and 8 min., respectivery), high cream of
tartar levels perrnitted greater ppc incorporation for a given
whip time, while still- meeting the REF standards. The best
cream of tartar l-evel depended, however, upon the specific
l-eveI of PPc and whip time chosen for the sponge cake

formulation.

sponge cake batter sc and finished cake volume both

rel-ate to the amount of air incorporated and retained during
rnixing and baking, and therefore, are affected by the foaming

and coagulating abilities of the proteins in the system.

Because cakes did not falr when removed from the oven, and

there v/as no evidence of uncooked batter, the higher
denaturation temperatures of pea proteins (approxirnatery 90o

c, Murray et âf., 19g5) versus egg arburnen proteins
(approximately 65 and 84oc, Donovan, Lg77; cuy and pithawala,

1981-), did not appear to be criticar. Thus, heating times

must have been long enough and/or temperatures high enough to
produce sufficient amounts of heat denatured proteins to
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stabilize the cake structure. Thompson et a1. (1982) found

that whi-Ie a rapeseed concentrate produced foams simirar to
those of egg arbumen, the concentrate did not coagul_ate upon

. heating like egg albumen. consequentty, once baked as a

meringue, volume was not maintained.

Differences in the foaming abirities of the two protein
systems rnust, therefore, be the major reason for the observed

effects on sG and specific vorume. smaIr, soruble, highry
fÌexibre proteins with exposed hydrophobic surfaces are

postulated to make good foaming agents (German et aJ-., l-985).

such morecures are thought to quickly reach the air-water
interface, concentrate, unford, and re-orient to form viscous
protein films around the newl-y formed air bubbres (Kinserla,
l-981-; Phillips, 19gi-; Cheftel et âf ., l-9g5). The globulins
regumin and vicilin, which comprise 70 to 90 percent of the
protein in peas, are very large protej-ns (360,000-4ooroood

and 145,000-200,000d, respectivery) with highry ordered,

complex structures (Tabre 1.1, chapter r-). pea proteins are

less soruble than egg arbumen proteins (Tabres 1.3 and 1.4)

however, so]-ubirity may be increased by the addition of sart
via a salting in effect (christensen, L9B9¡ cueguen, 19go).

Thus, pêa proteins appear to rack the properties thought to
produce a good foam. However, the literature indicated that,
while pea protein foam capacity and stability lrere inferior
to that of egg albumen, peê proteins did exhibit some

foamability (Tabte L.6, chapter r-). This study showed that
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the pea proteins did foam v¡hen whip times were lengthened,
suggesting that additional energy \das necessary to unfold them

to perrnit association and filn formatÍon at the interface
(German et âr., l-985) . sunfrower and jojoba proteins have

also been shown to require long whip times for foam formation
and stabilization (Huffrnan et ê1., j.g75; wiseman and price,
l-987) " cream of tartar appeared to reduce the energy

necessary to unfold the proteins, thus reducing the whip time
necessary to achieve acceptable sG val_ues. rncreased cream

of tartar lowered the pH so that it approached the isoel_ectric
points (pr) of legurnin (pr:4.8; Tabte l-.1-) and, in particurar,
vicirin (pr:5.5; Tabte 1.1). Near the isoel-ectric point of
the protein, the rate of protein coaqulation is sometimes

increased (Halling, t-9gl-) , which may help explain the faster
rate of whip time observed at high cream of tartar levels.
Rhodes et ar" (L960) found that addition of an acid ingredient
(lemon juice) to duck egg ar-bumen decreased the time required
for whipping.

Long:er whip times produced ppc foams that appeared of
simil-ar stiffness to egg arbunen foams, however, the vorumes

of the PPc foams v/ere less. This suggests that whire the
foaming capacity of the ppc/arbumen mixture r.vas depressed due

to the presence of ppc, the stabirity of the foam may have

been retained, and even improved in the case of rong whip

tinres. rt has been suggested that large groburar proteins
which do not unfol-d quickly aÈ the air/water interface form



234

thick films which rnay contribute to foam stabi]_ity (cheftel
et â1., l-985) " cream of tartar may arso have herped to
increase the stability of the forrned foams by rowering the
batter pH closer to the isoerectric points of the pea

proteins. rt has been postulated that foam stabirity is
maximum at the isoelectric point of the protein due to
increased viscosity and rigidity of the protein firms
(Halling, rg}Li Irlaniska and Kinselra, Lg79; chefter et âr.,
1985; Phil1ips, j-981) " The addítion of cream of tartar to
defatted sunflower meal increased foam volume and stability
when sugar v¡as also present (Huffnan et âr., l-975) " Foam

stability is important to final cake structure as it prevents

the foam from collapsing while the heat coagulable proteins
are denatured (Bardwin, 1986) " This may be particularly
important for the high ppc cakes due to the higher coagulation
temperatures of }egurnin and vicilin compared to the heat

coagulable egg albumen proteins.

The l-oss of foam stabirity due to overwhipping of protein
sol-utions is believed to resurt from excessive protein
unfording and aggregation (Kinsella, j-981). rn this study,
the overwhip effect (denoted by a decrease in sG forlowed by

an increase, as whip tines were increased), was most apparent

when low PPc/high cream of tartar formulations $/ere whipped

for greater than approximatery 9 minutes. Egg albumen is
known to be susceptibte to overwhipping and destabirization,
caused, it is believed, by excessj-ve surface denaturation of
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ovalbumin (KinselIa, i-9BL) " Because 1or¡ ppc formulations are
also high egg arbumen formurations, the observed overwhip
effect was probabry due to the excessive denaturation of
ovarbumin. cream of tartar appeared to accereraie the
overwhip effect probably due to increased surface
denaturation.

Halling (1981) noted that overwhip effects are not as

severe with other proteins, as with albumen, and this appeared

to be true for the pea protein" At higher revels, ppc seemed

to exert a protective effect over excessive ovalbumin

denaturation when whip times lrere high, that is, the overwhip
phenomenon was less apparent" The lower rever of egg albumen

proteins in the high ppc formurations accompanied by the
rrslow-to-denaturerr pea proteins, probabry accounts for this
observation.

The loss in foam stabirity resurting from overwhipped

protein systerns is ultirnately ref lected in lower cake volumes.

The ce]I warls enclosing the air in such foams rose elasticity
and do not expand as the cake is baked, conseguentry cake

vorumes decrease (McI{i1}iams, L979). sinil_ar resurts have

been reported for sunflower mear and jojoba protein
concentrate (Huffman et aI., l97s; wiseman and price I rggT) "

ïn summary, the observed effects of partialry replacing
egg arburnen with PPc, on sG and specific volume, appear to be

due to dif f erences in the f oarning propert j-es of these

proteins" when the l-evel of ppc substitution increased, whip
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times had to be increased as welr, to provide the additionar
energy required to unford the pea proteins so that they courd

participate in foam formation and stabirization. Excessive

whip times were seen to result in a loss of foam stabirity
which manifested itself in the forn of high sG varues and row

specif ic volumes. Low PPC/high albumen f ormulations r^/ere rnost

sensitive to this overwhip effect probably due to the

susceptibility of egg ovalbumin to overwhipping. cream of
tartar decreased the whip times necessary to achieve

acceptable sG varues probabry by increasing the rate of
protein denaturation" The foam stabilizing effect of cream

of tartar can be attributed to the rowering of batter pH so

that it approached the isoelectric points of the pea and

albumen proteins"

ii) Instron Cohesiveness, Hardness and Gumminess

Best fitting moders for rnstron cohesiveness, hardness

and gumminess indicated that all three parameters hrere

strongJ-y af f ected by PPC and whip time. Unlike the

preriminary study, cream of tartar revel did not significant]-y
affect any of the texture measurernents in this study. Gates

(1,976), however, found that cream of tartar helped produce

softer, more tender sponge cakes.

Figure 4"1-0 presents Instron cohesiveness, hardness, and

gumminess as functions of PPc lever and whip time. Because

cream of tartar did not significantly affect these parameters
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it, was not incruded in the regression equations used to
generate the contour and response surface plots.
consequentry, separate prots for row, med.ium and high cream

of tartar levels v¡ere not produced, since one plot wourd

represent any leve1 of cream of tartar" The conclusions drar^¡n

from the hardness and gumrniness plots should be considered as

trends due to the variabirity associated with these

measurements (high cv varues). once again, acceptance regions
for cohesiveness, hardness and gumminess r¡{ere quite large with
high quarity cakes produced by a rarge number of ppc leveLs

and whip time combinations. Low quaJ-ity cakes would resurt
from a combination of high ppc levers and row whip times as

well- as low PPC levels combined with high whip time. The ross

of cake quality due to the ratter combination, however, was

not as severe.

The sj-gnificant linear, quadratic and interaction effects
of PPc and whip time found in the best fitting moders, are

clarified in the three dimensionar response surface pIots.
rn the contour plots, slopes of the rines indicate that whip

time had a greater effect than ppc on rnstron cohesiveness,

hardness and gumminess" rnteractions between ppc and whip

tirne were highly significant, therefore, their effects could

not be considered independentry. The effects of ppc and whip

tirne on rnstron cohesiveness, hardness and gumminess wirl-
therefore be discussed in the same manner as hras done for sG

and specific volume.
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At low whip times, increasing ppc decreased cake

cohesiveness, and increased cake hardness and gumminess. At
hiqh whip tines, the effect of ppc on rnstron texture
measurements hlas much less pronounced, particularly for
gumrniness. Differences in slopes of rínes for row and high
whip times emphasize this resurt (Figure 4" j_0). At fj_rst as

PPC increased cake cohesiveness also increased, while hardness

and gumminess decreased. once past a criticar ppc reveJ-,

however, high levers of ppc adversely affected cake texture
producing ress cohesive cakes which were harder and gummier.

At low PPC levers, increasing whip time had littre effect
on cake cohesiveness, hardness and gumminess, that is, texture
values did not change a great deal with increasing whip times.
cohesiveness was increased slightry, and then ferr again when

whip tines exceeded approximatery l-o minutes. sinilarly,
hardness and gumminess decreased srightly, remained constant,
and then increased when whip times approached approximatery

l-0 minutes 
"

At hicrh PPC revets, increasing whip time significantly
increased cake cohesi-veness and decreased hardness and

gumrniness. The marked effect of longer whip times on rnstron
texture measurements, when ppc l-evels v¡ere hiqh, is shown by

the closeness of the contour lines on the contour prots
(Figure 4. Lo) " onry smarl increases in whip times \Á/ere

required to increase cohesiveness and decrease hardness and

gumminess.
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The response surface and contour prots irlustrate some

important rerationships between ppc and whip time, and their
effects on rnstron cohesj-veness, hardness and gumminess" rn
generar, when PPc revels were high, longier whip times v/ere

necessary to increase cake cohesiveness and d.ecrease cake

hardness and gumminess. High ppc revers combined with row

whip times produced cakes of row quarity. Low whip times

were, however, necessary when ppc levels were Iow since

excessive whip tirnes negatively affected cake texture.
These results tend to mi-rror those observed for batter

sG and cake specific vorume suggesting that cake texture was

strongry determined by initial batter sc and finar cake

volume. Other researchers have noted sirnilar relationships
(I{el]s, L989; Johnson and Zabik, L981-b; Funk et âI., l_969) .

A comparison of the response surface plots for sG and specific
volume (Figures 4"5 and 4.6) with those for cohesiveness,

hardness and gumminess (Figure 4.10) ernphasizes their
reLationship. This rel-ationship is not surprising when the

method of sampre preparation for rnstron testing is
considered. cake samples were cut to identicar heights,
regardless of initiar cake height. cakes of lower vorume

$tere, therefore, much more compact and dense than higher
volume cakes which resulted in higher hardness and gumminess

values. rnterestingry, although cakes of high vorume were

produced from low PPc/high whip time fornurations, hardness

and gumminess measurements were quite hiqh. such cakes v/ere
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overs/hipped and the batter produced rdas meringue-rike in
appearance and texture. consequently, once baked., the cake

also took on a firm, meringue-like texture.
Loss of crumb cohesiveness did not appear to present a

probrem unless high ppc cakes were whipped for a very short
time. rn this case, cakes were very dense and when compressed

by the rnstron plunger, tended to stay indented rather than
springing back. cohesj-veness is d.efined as the ratio of the
areas under the curves produced by two compressions (Figure

2"a, chapter 2), and a l-ow ratio represents row cohesiveness.

Sensory Sponqe Cake Characteristics
sensory evaluations of cake crumb firmness, springiness,

cohesiveness and moistness r,/ere arr significantry affected by

PPc and whip time, therefore, these parameters wirl be

discussed together. overal-l fravor intensity, which was

significantly influenced by the leveL of cream of tartar and

its interaction with ppC, wil_l then be discussed.

i) sensory Firmness, springiness, cohesiveness and Moistness

Response surface and contour pì-ots for sensory moistness

and the three texturar parameters are presented in Figures
4.11- and 4"L2, respectively. cream of tartar did not
significantry affect any of these parameters, therefore, for
each parameter, onty one contour and one response surface prot
was necessary to evaruate the ppc and whip tine effects.
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shaded regions (acceptance regions) indicate sponge cake

forrnulations which met the REF standards f or f irrnness,
springiness, cohesiveness and moistness. Acceptance regions
for firmness and springiness r/ere sirnil-ar to those observed

for all physicar measurements. unacceptable varues for these
tv¡o attributes occurred in the high ppc/row whip tirne regions,
and to a lesser extent, in the row ppc/high whip time regions.
The acceptance regions for cohesiveness and moistness included
the entire acceptance region, therefore, these two attributes
do not appear to be restrictive characteristics for the
optimization of this sponge cake formulation.

The significant l-inear, quadratic and interaction effects
of PPC and whip time are, once again, best irrustrated in the
three dimensionar response surface prots. Most notably,
highry significant interactions between ppc and whip time
existed for all parameters except moistness. rncreasing ppc

level resul-ted in an increase in the perception of crumb

moistness, while whip time had very rittle j-nfruence on this
attribute. These results shoutd be interpreted as trend.s,

however, since moistness met onry two of the rgood fiLrt
criteria 

"

Pea protein isotates and concentrates generally have been

found to possess very good water binding properties (Naczk et
â1., l-986) which may account for the higher moistness

perception with increasing level-s of ppc. However,

instrumental- moisture determinations, although subject to a
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day effect, \dere not significantly affected by ppc, whip time
or cream of tartar" This suggests that, for high ppc

formulations, increased perceptions of moistness r¡¡ere not
likery due to the ability of ppc to bind water. Funk et ar.
(l-969) evaluated angel cake moistness sensoriry and

instrumentally and found that moistness differences detected
by panelÍsts were not detected instrumentally. This

difference in results was attributed to the fact that sampres

for sensory evaJ-uation were of constant size whire sampres for
moisture determination v¡ere based upon weight. consequentry,

low vorume, denser cakes were perceived as moister than high
vorume cakes. rn this study, increasing whip time, known Lo

improve cake vorume for high ppc formurations, did not
extensively change the perception of moistness. That is, low

volume cakes (resulting from high ppc/Iow whip time
formurations) were not perceived to be much moister than cakes

of higher volume" The expranation put forth by Funk et al-.

(1969), therefore, does not rearly appry in this study.

Perhaps, then, the heightened perception of crumb moj_stness

with increasing Ppc l-evel resul-ted from d j_f f erences in
moisture release from the cake crumb during mastication.

unlike moistness, highly significant interactions between

PPC lever and length of whip time meant that their effects on

firmness, springiness and cohesiveness courd not be discussed

independently. At l-ow whip times, increasing ppc level
increased sensory firmness and cohesiveness and decreased
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springiness. At high whip times, firmness and cohesiveness

first decreased, then remained constant, and finalry increased
as PPc 1evels rose from o to 60 percent" springiness was

inversery affected, that is, values increased., remained

constant, and then decreased as ppc levers increased. when

whip tirnes rnrere high there were l-arge areas of constant
firmness, springiness and cohesiveness reflecting a rninirnal

effect of PPC on sensory texture.
At row ppc leveIs, increasing whip time was seen to first

decrease, and then j-ncrease firmness and cohesiveness.

springiness v/as sirnirarÌy, but inversely, affected. vühip tirne

had littre effect on texture when ppc revers were row, as

indicated by the limited change in firmness, cohesiveness and.

sprJ-nginess, over the whip times evaluated.

At hiqh PPC levers, firmness and cohesiveness decreased

and spr j-nginess increased as whip tirnes hrere lengthened. The

irnportant effect of whip time, when ppc Levers were high, is
evident from the steep slopes of the lines in the response

surface plots and by the croseness of the contour l_ines in the
contour plots " snall- increases in whip time resul-ted in
marked decreases in firmness and cohesiveness, and. increases
in springiness.

Judgements of cohesiveness, firmness and springiness were

most rikely influenced by the method of sampre preparation.
Because sampres r¡/ere of sinrirar size, those cut from row

volume cakes contained a greater proportion of crumb than
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sampres cut from higher volume cakes, and therefore, were nore

compact and dense. Thus samples from lov¡ vorume cakes (such

as from high PPc/1ow whip time formurations) were perceived
to be firmer, more cohesive and ress springy than samples from

higher vorume cakes (ie., cakes having received sufficient
whipping for the amount of ppc incorporated). cohesiveness

was judged as the degree to which the sampre held together
after five chews, therefore, denser samples could give the
impression of hording together better than 1ight, airy
sampres" Firmness was judged as the force required to
compress the sample against the palate. Dense cakes would

require more force to compress. Finarry, springiness v¡as

judged as the quickness of crumb recovery after compressing

the sampre to one half its height with the finger, holding for
two seconds, and then releasing'. The compact cell_ structure
of the high PPc formulations probabry reduced the erasticity
of the cell warrs, thereby slowing the rate of recovery.

rn summary, increasing ppc lever caused an increase in
moisEness, f j-rrnness and cohesiveness and a decrease in
springiness. rncreased perception of moistness \À/as possibry

due to more moisture release from the cake crumb. panelistst
perceptions of crumb texture courd have been influenced. by the
method of sampre preparation" rncreasing ppc levers had a

negative effect on cake firmness and sprì-nginess yet the

resurtant increase in moistness and cohesiveness could be

viewed positively" Higher amounts of ppc produced firmer,
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less springy cakes, but cakes that were moister and more

cohesive" Therefore, alI ppc revels within the acceptance

region could produce cakes of acceptabre moistness and

cohesiveness, and by lengthening the whip tirne of high ppc

formulations, cakes of acceptable firmness and springiness
could be produced. on the other hand, whip time had rittre
effect on the texture of low ppc sponge cake formurations.
The influence of PPc and whip time v/ere, therefore, sirnilar
to those reported for sG and specific vorume, suggesting that
sensory texture was dependent upon initiar sc and finished
cake volume"

ii) Overall Flavor Intensity
cream of tartar was the most significant variabre

affecting overall flavor intensity followed by ppc, therefore,
these two variabres formed the axes of the response surface

and contour plots. Because whip time did not significantry
i-nfluence flavor, only one set of plots rdas necessary, and

they are presented in Figure 4. t_3

The significant rinear and quadratic effects of cream of
tartar and its interaction with ppc are most apparent in the

response surface plot. The interaction between cream of
tartar and PPc is of particurar interest. At low cream of
tartar levers, increasing ppc level increased the overarr

flavor intensity of the sponge cake. At high crearn of tartar
levers, however, increasing ppc lever hras seen to d.ecrease
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overall fravor intensity" At row ppc revel_s, increasing cream

of tartar increased the flavor intensity but when ppc levels
were hig_h, increasing cream of tartar first increased. fravor
intensity and then decreased it"

rn general, fravor intensity was weak when both cream of
tartar and PPC levels were low, or when both revels hrere high.
The perception of flavor intensified when high cream of tartar
l-evels hrere combined with row ppc revers, when low cream of
tartar levers were combined with high ppc revels, and. when

intermediate l-eve1s of the two ingredients \^¡ere combined.

Kisserr (1978) found that the flavor quaJ-ity of anger cakes

r¡/as improved when f oams hrere prepared with less acid,
apparently by decreasing the acidic aftertaste. Therefore,
to determine whether flavor intensity $¡as related to acidity,
the contour plot for batter pH !'Jas superimposed on the flavor
intensity contour prot (Figure 4.L4). rnterestingry, the
highest flavor intensity occurred when batter pH røas rowest,

that is, v¡hen cream of tartar levels hrere high and ppc l_evers

low. High acidity ilây, therefore, be the reason for the
perception of high fravor intensity. Figure 4.14 also
indicates, however, that acidity cannot be solely responsibre
for high fl-avor intensity. Low levers of cream of tartar
cornbined with high ppc revels also produced fairly high
measures of flavor intensity. perhaps when cream of tartar
leveIs were fairly low a fravor associated with the ppc

predorninated. At intermediate cream of tartar and ppc levers,
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a combination of acidic and ppc flavors may have increased
panelists¡ perceptions of overalr flavor intensity. These

resurts must be int,erpreted cautiously, hovrever, since it is
questionabre how werr the best fit rnoder predicted the
responses presented graphicalJ-y 1R2:. a o ; cV:g . oå ) .

Additionally, sponge type products are typicarly fravored with
lemon and are served with jarn or cream firlings" Therefore
sright differences j-s flavor intensity shourd not present a

problem.

The irnportance of batter sc and finar cake vorume to the
ul-tinate perception of crumb texture was quite apparent. The

instrumental measurement of crumb texture v/as arso highly
dependent upon these two characteristics, therefore
instrurnental and sensory measurements clairning to measure the
same characteristic (ie., rnstron hardness and sensory

fi-rmness, and rnstron cohesiveness and sensory cohesiveness),

should arso be related. The simirarity between the
instrumental measurement of hardness and. sensory measurement

of firrnness is best irlustrated by comparing response surface
plots (Figure 4"1-5). The shapes of the plots are very similar
suggesting that fnstron hardness measurements simuÌated the
sensory judgenents of cake firmness. According to both

instrumentar and sensory measurements, high ppc/J_ow whip time
formulations produced the hardest cakes.
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FÍgure 4 "16 presents the response surface prots for
instrumental cohesiveness, sensory cohesiveness and sensory

spr].ngl_ness. Comparison of instrumental and sensory

cohesiveness plots indicates that the panerists' perception
of cohesiveness was not simutated instrumentally. The rowest

instrumental measurement of cake cohesiveness was detected for
hiqh PPC/]ow whip time formurations while sensoriry, this
formuration v/as perceived to be the most cohesive. Thus

instrumental and sensory cohesiveness appear to be inverseì_y

related, âs is apparent from the response surface plots.
Differences in the sensory and instrumental definitions

for cohesiveness are likery responsible for this observed

relationship. The calculation of instrumental cohesiveness

is illustrated in Figure z.L (chapter z) " using this
definition, a cake sampre which does not fracture, and springs
back to its origÍnar size woul-d illustrate a high degree of
cohesiveness because area 2 would be very similar to area l-

(ie., Area2/Areal woul-d be close to 1). Conversely, a cake

sampre which remains compressed would irrustrate a 1ow degree

of cohesiveness because Area 2 woutd be much smaller than Area

L.

The sensory definition of cohesiveness used in this study

was the degree to which the sampre held together after five
chews, theref ore, rrcohesiveness of the cake massr (Munoz,

1986) was actually measured as opposed to the degree of cake

crumb compression before breaking (civiIle and szczesniak,
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L973), such is measured by the rnstron. A brownie

represented the rrextremery cohesive¡0 endpoint of the sensory

cohesiveness scale because it rated high on the cohesiveness

of mass reference scare proposed by Munoz (t_986).

rnstrumentally, however, a brownie woul-d exhibit a l-ow degree

of cohesiveness because, although it would not fracture, it
wourd remain compressed thereby producing a lou¡ Area2/AreaT

cohesiveness ratio. rt appears that the inverse of rnstron
cohesiveness may be a better representation of sensory

cohesiveness

rnstrumental cohesiveness seems to more closely refrect
the springiness of the spong,e cake crumb because of its high
dependence upon the spring back of the crumb. comparison of
the plots for instrumentar cohesiveness and sensory

springj-ness supports this observation (Figure 4.L6). rt is
questionable, therefore, whether Instron cohesiveness actually
relates to the human perception of cohesiveness, particularly
when human perception invorves the presence of sariva, heat

and much more comp]-ex mechanical breakdown. rn chapter 2, the
Texture Profile definition of springiness was arso chalrenged.

More research is necessary to understand exactly what textural
parameters are measured by the rnstron, and how these rerate
to human perception.

fdentification of Ãccept,able Sponge Cake FormuLae

The third objective of this study was to identify sponge
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cake formurae, with at least 3o percent of the albumen

replaced with PPc, that v/ere comparable to 100 percent

albumen/O percent PPC REF sponge cakes" This v¡as accornplished

by superimposing the contour plots of the sponge cake

characteristics ilrustrating good predictive ability, and for
which REF standards could be set. Therefore, the cake

characteristics incruded were batter sG, cake specific volume,

rnstron cohesiveness, hardness, and gumminess as v¡e1l as

sensory firmness, springiness, cohesiveness and moistness.

Figure 4"L7 irrustrates the superimposed contour pIot. of the

REF standard lines for each of these physical_ and sensory

responses. The shaded region represents the combinations of
PPC and whip time which are expected to, on average, produce

spong'e cakes of comparabre quarity to the 1-oo percent albumen

REF cake. The darker shaded region indj-cates the formulations

incorporating at reast 30 percent ppc. For this prot, cream

of tartar was herd constant at its highest revel (4.5g) due

to the positive infruence of this variable on the acceptance

regions for high PPC forrnulations (Figure 4.1-8). rncreasing
cream of tartar from l-.5 to 4. 5 grams substantially j-ncreased

the region of acceptance.

According to Figure 4.L7, whip times would have to exceed

approximately 7 minutes in order to successfulry replace 30

percent or more of the albumen with ppc. rncreasing ppc

Levers beyond 30 percent would necessitate even longer whip

times. The longest whip time (1-2 min.), however, v¡as not
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sufficient to produce a 60 percent ppc sponge cake comparable

to the 100 percent albumen REF sponge cake. Had whip times

exceeded 1-2 minutes, perhaps an acceptable cake could have

been produced with 60 percent ppc" However, it is doubtful
that such a long whip time wourd be acceptabre from a

commercial production stand point"

The results of this study indicate that PpC level-s should

not exceed the 50 percent replacement lever; The conclusions

drawn from this superimposed contour prot must be interpreted
cautiously, particurarry when the conclusions are drawn from

the boundaries of the acceptance region, âs in this case.

Regression analyses hrere performed using mean values,

therefore while the average response for a cake formul-ation

rnay have fallen within the acceptance boundaries, individuar
cakes may fall outside. The risk of this occurring is
dependent upon the variability associated with the particurar
cake characteristic. rn order to determine the variabirity
about each REF standard contour line, 9s percent confidence

intervals (intervals of varues likel-y to contain the true
val-ue of that response) were generated for specific ppc/whip

time combinations which ferr crose to the boundaries of the

acceptance regi-on " In general, the confidence limits
generated (results not shown) included some values which fel-r
outside the acceptance boundary. This suggests that, whj_J-e

some cakes produced frorn a certain PPC/whip tirne formulation
may compare to the REF sponge cake, others may not.
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Therefore, concrusions should not be based. upon ppc/whip time
combinations occurring close to the boundary of the acceptance

region. rnterestingly, however, an increase in whip time for
a set PPC level usually resulted in confidence intervals which

felI entirery within the acceptance region. Thus, an increase

in whip time v¡ilI help to ensure that every sponge cake is
likely to be an acceptable one. At high ppc revels, there was

littre chance of overwhipping the protein, therefore,
lengthening whip times to increase the chance of producing an

acceptable cake is not likeIy to adversery affect foam

stability.

The i-mportance of batter sG and final cake vorume to
ultirnate cake quarity has been stressed throughout the

discussion of individual cake characteristics. The

superimposed contour plots indicate that specific volume had

no infÌuence on the boundaries of the final acceptance region.
specific gravity, however, limited the acceptance region when

PPC levels were low and whip times high, but r^ras onry slightty
infruentiar when both Ppc leveIs and whip times v/ere high.
rnstron hardness, gumminess and sensory springiness were the

three characteristics limiting the acceptance region for low

PPc/row whip time and high ppc/hiqh whip tirne formulations,
respectivery. The limit.ing effect of sensory springiness is
more important than rnstron hardness since springiness l-imits
the acceptance of higher ppc formurations" The importance of
sponge cake springiness to ul-tirnate cake quality is not known,
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therefore whether this characteristic should lirnit the
acceptability region is questionable" rf the springiness REF

standard line \{ere removed, the acceptabirity region wourd

. expand allowing greater ppc incorporation" Batter sG, v¡hich

has greater predictive abirity and is known to infruence
overal-l sponge cake quarity, would then become the riniting
characteristic for higher ppC formul-ations.

Having identified the conditions predicted to produce

high PPc sponge cakes comparable to 1oo percent arbumen REF

cakes, the next step should be to experimentalry verify that
the predicted conditions do produce acceptable cakes.

However, because the resul-ts from this study were onry to be

used to recommend feasible levels of albumen replacement with
PPc in a whore egg mix, verification was not necessary.

RecommendaÈíons for a co-spray-oried ppc-whoLe Egg Mix
FormuLat,ion

Al-though this research has been based upon the use of egg

yolk and albumen in two separate batter systems, a more

practical/commercial approach wouLd be to partiarly reprace

the egg albumen with ppC in a spray-dried whole egg mix.

sponge-type snack cakes are generalry produced from whole egg

mixes because it allows an 'ral-I int process as opposed to the

two stage process described in this research. From an

economic stand point, the egg arbumen is generarry the most

expensive component of the mix. Therefore, the final
objective of this study was to provide recommendations for the



263

deveropment of a co-spray-dried ppc-whoÌe egg mix for
commercial use in a sponge-type snack cake" The superirnposed

contour plot of significant sponge cake characteristics
presented in Figure 4"L7 illustrates the feasibre levels of
PPc for albumen repracement, and corresponding whip times

necessary to produce acceptable sponge cakes" co-spray-
drying liquid whole egg with a slurry of ppc courd arter the

manner in which the egg and pea proteins interact as welr as

change Èhe highly significant protein-whip time interaction
so prevarent throughout this study. patel et aI" (l-981_) found

that co-spray drying cheddar cheese whey and ppc resulted in
a product with the potentiar as a non-fat dried nilk
repracernent in bread" Pea protein concentrate/whey brends

subjected to right heat treatrnents (63oc for 30 min. ) prior
to drying exhibited better functional properties than two

commercial non-fat dry rnilk samples and soy/whey blends. rn

particular, foam stability was irnproved. I{hile the effects
of co-spray drying PPC and egg albumen on protein
functionarity has not been deterrnined, reconmendations of ppc

replacement levels like1y to be successful in a co-spray-

dried product can still be made. From the superimposed

contour plot (Figure 4.1,7) it is uetievea that ppc courd

successfully replace 30 percent of the egg arbumen if 4.5

grams of cream of tartar was used and whip times r^/ere at least
I minutes long" rncreasing whip times an additionar three

minutes woul-d permit about a 40 percent repracement level.
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use of these PPc, whip tirne and cream of tartar revel_s are

most likely to succeed because the confid.ence intervars for
all sponge cake characteristics were

acceptance boundaries" Based upon

reconmended that:

contained within the

these results, it is

l-" rnitial attempts to co-spray-dry the two agueous protein
systems should be made with a 30 percent egg árbumen
replacement rever since this revel appears to be mostfeasi-bl-e. rn addition, evaruation with a fairly low egg
arburnen replacement rever wilr herp evaluate the successof adapting this optimized formuration to a co-spray-dried
mix"

Because cream of tartar had a positive influence on the
higher PPC formulations, the co-spray-dried ppC-whole egg
mix should be evaluated in an acidified (pH 5.2-5.4) sponge
cake systern"

The effect of whip time shourd be re-evaruated in order to
determine the effects of co-spray-drying on the foarningproperties of the proteins. Ialhip times may have to be
adjusted to produce batters of acceptable sG (ápproximateJ-y
0"45).

If adaptation to a co-spray-dried mix is successful, and
the foamability of the pea and egg albumen proteins
improves due to the co-spray-dry process, then ppc
replacement 1eve1s should be increased beyond the 3Opercent replacement 1evel.

2"

4.
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sttM¡4.ARY AND eO3üCr,USIOlqS

This study has ill-ustrated the potential use of ppcr âD

inexpensive, under-utilized field pea fraction, âs an egg

arbumen replacement in a whole egg mix for use in sponge cake-

type products" Response surface methodorogy was successfully
and efficiently used to clarify rerationships between ppc,

whip time and cream of tartarr âs well as to determine their
effects on physicar and sensory sponge cake characteristics.
For every cake characteristic except fravor, a very

significant reLationship emerged between the amount of ppc

incorporated and the length of whip time. As ppc revers
j-ncreased, longer whip times v¡ere necessary to produce sponge

cakes of comparable vorume and texture to 0 percent ppc REF

sponge cakes, probabry due to differences in the foarning

abiÌities of PPC and egg albumen. cream of tartar, arthough

less influentiar than ppc and whip time, was an important
component of the sponge cake formuration, particularly when

PPc leveIs were high" rncreasing cream of tartar levels
allowed either higher ppc replacement revels (for specific
whip times) or faster whip rates (for specific ppc levers),
while still achieving acceptable sponge cakes.

Batter sG and cake specific volume $¿ere the two most

criticar dependent variabres for assessing urtimate sponge

cake quality. Instrumental and sensory texture measurements

were, in general, deterrnined by final cake volumes, which, in
turn, appeared to depend upon initial batter SG" Cakes of
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high SG and lov¡ volume were characterized by high instrumental
cohesiveness, hardness and gumminess measurements. onty a

high degree of cohesiveness could be considered a positive
attribute, particularry for cakes which are roLred.
sensorily, panerists perceived row vorume cakes as being

firmer, more cohesive and less springy than high vorume cakes.

Preriminary sponge cake experimentation should, therefore,
include measurements of sG and specific volume since they were

prirnary indicators of cake quality. Finar ceII structure
should also be monitored since high volumes may result from

excessivery large, uneven air cerls. The additionar physical
and sensory quality measurements conducted in this study need

to be carried out only in the finar- testing stages of
additionar studies, unless possible problems with fLavor

warrants preliminary sensory evaruation of this pararneter.

rn this study, one of the most irnportant and positive
findings was that ppc did not adversely affect sponge cake

flavor. Therefore, partiar replacement of egg albumen with
PPc shoul-d not adversely affect the fravor of a sponge cake

type product, particularly when such snack-type cakes are

traditionalì-y fravored with vanirra, remon, or chocolate, and.

served with a jam or cream filling.
sponge cake color is another quarity which wourd

infruence consumer acceptabirity. color measurements were

made on all sponge cake formulations and were compared to
measurements made on commercial cakes of similar coloring.
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crumb color was not adversely affected by ppc addition
(results not shown), therefore, it. is not rikery to present

a problem i-n sponge cake-type products.

. The methods used to evaruate physicar and sensory texture
of any product wilr infl-uence the way in which results are

interpreted. If instrumental tests are to be used as reliable
tests of quality, they must simurate human perception of
quality, since people, not instruments, uttimatery determine

product acceptability. fn this study, a comparison of
response surface prots showed that rnstron hardness values

corresponded to panelistsr perceptions of firmness. rnstron
cohesiveness values did not correspond to sensory cohesiveness

assessnent, instead, the rnstron cohesiveness response

surfaces resembled sensory springiness response surfaces.

Therefore, for products such as the sponge cake tested in this
study, the ratio of Texture Profile curve Area Z/ Area l_

(defined as cohesiveness) appears to be an indicator of
sensory springiness rather than sensory cohesiveness.

The ultimate goal of this study was to optimize a sponge

cake formulation using PPC substitution levels of at reast 3o

percent or more. superirnposition of contour plots reveared

several PPc, whip time and cream of tartar cornbinations

predicted to produce sponge cakes comparabÌe to the l-OO

percent albumen REF sponge cake. Based upon these results,
it is recommended that the 3O percent substitution be

evaluated first, as it is most likely to succeed. The sponge
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cake system should be acidified (pH s"z-s"4) and whip times
may have to be adjusted depending upon the effect of the co-
spray-drying procedure on pea protein and egg arbumen

functionarity. rf co-spray-drying improves the functionality
of the pea and egg albumen proteins, then higher levels of
PPc, such as a 40 percent replacement, shourd be atternpted.
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CHÃPTER 5

suamary, conclusions and Recommendations for Future Research

gUS4MARY

rn the first chapter of this thesis, âr atternpt was mad.e

to evaruate the feasíbitity of successful egg albumen

repracement with ppc in a sponge cake formulation. A

theoretical- assessment was made which compared the molecular
and functionar properties of pea proteins with egg albumen

proteins in order to highlight simitarities and differences
which woul-d ultinatery infruence sponge cake quality.
Morecurar differences were manifested in the form of srightry
inferior solubility, foaming and coagurating properties.
Nevertheless, the use of pea protein concentrate (ppc) as a

partial egg albumen repracement in sponge cake was considered

feasibre if conditions promoting pea protein functionarity
were utilized"

A more direct feasibirity assessment was made based upon

a review of pea protein use in baked products, âs well as of
partiar egg aJ-bumen repracement with bovine plasma protein in
cakes. An examination of the effects of pea protein
incorporation on baked product quality provided some idea of
the possibre effects to expect v¡ith ppc substitution in sponge

cake" Evaruation of partiar egg a]-bumen repracement with an

al-ternate protein source assessed the feasibirit,y of repracing
this highly functional cake component. The literature
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indicated the potential for using row revels of pea protein
in baked products without adversery affecting sensory and

physical quarity" As werr, acceptabl-e layer and anger cakes

!'¿ere produced with partial repracement of egg albumen with
bovine prasma protein, suggesting that egg albumen is not an

indispensable cake component.

overall, the feasibility of successfur partiar egg

arbumen repracement wÍth ppc in a sponge cake formuration was

estabrished" sensory and physicar testing methods for sponge

cake evaluation were al-so reviewed as well- as the use of
response surface rnethodology as a product optirnization
technique.

The first study of this thesis (chapter 2) arose out of
the need to select Instron testing conditions for the textural
evaluation of various PPC-egg albumen sponge iakes. The

effects of rnstron testing condit,ions (prunger size, degree

of sample compression and cross-head speed) on the
measurements of sponge cake hardness, cohesiveness, gumminess

and springiness !üere evaluated" Degree of sample compression

and prunger area strongry j-nfluenced sponge cake texture
measurements and therefore, should be carefully selected for
texture evaluation studies. cross-head speed had rnuch less

effect on texture values"

The Instron testing conditions which best discrirninated
texturar dif f erences between sponge cakes r.{ere aLso

identified. rt v/as possible to discrirninate among sponge
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cakes on the basis of hardness, cohesiveness, gumminess and

springiness when condj-tions approprj-ate for those individual
parameters were serected. High degrees of compression

. improved the discrinination of cohesiveness, whire srower

cross-head speeds helped detect differences in springiness.
Discrimination of hardness and gumminess may have improved

with faster cross-head speeds, however, this relationship was

not clear. Therefore, the choice of rnstron conditions did
not seem to be as crucial for hardness and gumminess as for
cohesiveness and springiness. Because one set of rnstron
testing conditions did not discriminate equarry werl for alr
parameters, a set of conditions v/as selected which was most

suitable for the simultaneous detection of differences in all
four parameters.

Chapter 3 presented the first experiment in the

optirnization of a PPC-egg al-bumen sponge cake formulation.
Response surface methodology (RsM) v/as used to identify the

criticar independent variables infruencing sponge cake

quarity, and to gain some preriminary understanding of their
effects on cake quarity" The effects of varying l-evers of
PPc, whip tine, cream of tartar, water and emursifier on

batter specific gravity (sc), cake specific vorume and rnstron
texture characteristics were evaruated. of the five
independent variables, ppc rever and length of whip tirne v/ere

by far the most inportant independent variabres influencing
sponge cake quality. The effect of cream of tartar $/as also
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significant, but to a much Lesser degree. Water and

emulsifier level-s had the least effect on overall sponge cake

quaJ-ity.

contour plots generated from best fitting regression
equations depicted the rerationships between ppc, whip time

and cream of tartar, as they affected each dependent variable.
rn generar, when whip times were low, increasing the l-evet of
PPc had a negative effect on sponge cake quarity. These

negative effects couId, to some extent, be overcome by

adjusting whip tirnes and cream of tartar levers. The length
of whip time necessary to improve sponge cake quatity \¡/as,

however, dependent upon both the lever of ppc and of cream of
tartar. Higher levels of ppc substitution required ronger

whip times in order to improve sponge cake quality, while the

addition of cream of tartar shortened the necessary whip

tirnes. conversely, for a set whip tine, the addition of cream

of tartar perrnitted greater ppC substitution Levels.

Because PPc, whip time and cream of tartar r,rere critical
to spong:e cake quality, it v/as concluded that these three

varíabres be studied more thoroughly, and their revers

optirnized, in a second study. prior to further investigation,
however, it was necessary t.o determine whether the revers

tested for each independent variabÌe were appropriate, or

whether adjustments v/ere required" The range of ppc leveIs
and whip times used in the preliminary study $¡ere appropriate

for further optimization, while higher cream of tartar revers
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\dere indicated by the positive influence of this variabre on

PPC incorporation and length of whip time. Al_though water and

ernursifier were of minor importance to sponge cake quality,
levers most advantageous to the sponge cake formuratj-on were

also determined. \

The final optinization response surface study v/as

presented in chapter 4" rn this experiment, the rerationships
between PPc, whip time and cream of tartar, and. their effect,s
on both physical and sensory cake characteristics, v/ere

evaluated and crarified through the use of two dimensionar

contour plots and three dimensional response surface plots.
Physical sponge cake characteristics r^,rere strongry

affected by the lever of ppc and J-ength of whip time. rn
general, when PPc revers were high, longer whip times were

necessary to improve batter sG, cake specific volume, crumb

hardness, cohesiveness and gumminess. These results support

those found in the preriminary response surface experiment.

High PPc levels combined with low whip times produced cakes

of l-ow quatity, but Iow whip times !,¡ere necessary when ppC

levers v¡ere arso low since excessive whip times negativery
affected cake quality. cream of tartar did not significantry
influence the fnstron texture characteristics but did have an

effect on batter sc and cake specific vorume. At hiqh ppc

levels, increasing cream of tartar decreased the whip tirne

necessary to meet the 1-00 percent egg albunen reference (REF)

sponge cake standards for sG and specific vorume" simirarly,
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v/hen PPc levels k¿ere relatively high, high cream of tartar
levers permitted greater ppc incorporation for a given whip

time, whire stiIl meeting the REF standards. However, the
optimum cream of tartar lever depended upon the specific revel
of PPC and whip tj-me chosen for the sponge cake formuration.
Differences in the foaming properties of the two protein
systems were believed to be responsibre for the observed

effects on sG, specific volume, and ultimate cake texture.
sensory evaluations of cake crumb firmness, springiness,

cohesiveness and moistness were arr significantly affected by

PPc and whip time. Higher amounts of ppc produced firmer,
ress springy cakes, but the cakes s/ere more moist and

cohesive. unacceptable firmness and springiness values

occurred in the high PPC/Iow whip tirne regions, and to a

lesser extent, in the low PPc/high whip time regions, whereas

acceptable moistness and cohesiveness values v/ere produced at
any combination of PPc and whip tine" rt was possibre to
achieve acceptable firmness and springiness varues for higher
PPc formulations when whip times were increased. This trend
hras similar to that observed for sc and specific volume

suggesting that sensory texture (firrnness and springiness)
!ùas also dependent upon these two quality characteristics.
Thus both instrumental- and sensory texture measurements

indicated the importance of batter sG and cake specific volume

as a measure of quality which generally reflected the ultimate
textural- quality of the sponqe cake.
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cream of tartar did not signifieantly infl-uence any of
the sensory parameters except. overarr fravor intensity"
various combinations of cream of tartar and ppc produced

sright differences in fravor intensity, however, such

differences would not present a problem in sponge-type cakes

which are typically fravored and served with jarn or cream

fillings "

Superimposition of contour plots allowed identification
of PPC-albumen sponge cake formulations which v/ere predicted
to resurt in sponge cakes comparabre to the 1oo percent egg

albumen REF sponge cake" The highest cream of tartar level
(4.59) increased the number of formurations which met the

objective of at l-east 3o percent arbumen repracement.

Acceptabre cakes could be produced when 30 or 40 percent of
the arbumen was replaced with ppc by adding 4"5 grams cream

of tartar and whipping for I and Ll- minutes, respectively"
substitution of up to 50 percent of the alburnen with ppc

appeared possible.

Based upon the results of this study, recornmendations

hrere made for the development of a co-spray-dried ppc-who1e

egg mix for commercial- use in sponge-type snack cakes.
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GENERa& CONCLUSTOS{S

The overall objectives of this research were, fi_rst to
estabrish the feasibility of using ppc as a functional-
,replacement for egg albumen in a sponge cake, and then to
develop an acceptabre sponge cake formulation in which at
least 30 percent of the egg al-bumen ü¡as repraced with ppc.

Recommendations for the development of a co-spray-dríed ppc-

whore egg mix \'¡ere to be made ¡asèa upon the results from this
research "

The feasibility of partiar egg albumen repracement with
PPc in a sponge cake f ormulation vras conf j-rmed by this
research" rt should be possible to replace 30 to 40 percent

of the albumen with Ppc without compromising cake quarity,
provided that whip times and cream of tartar revels are

adjusted appropriately.

Response surface nethodology was shown to be an extremery

useful and efficient method for first identifying the critical-
independent variabres affecting cake quarity, and then

establishing optimar ingredient revers and processing

conditions to produce cakes of comparable quaì-ity to a l-oo

percent REF sponge cake. contour and response surface p]-ots

il-lustrated and crarified rerationships and interactions
bett*een the key independent variables as well as their effects
on each dependent variable.

This research showed that sponge cake quality undoubtedry

depended upon the lever of ppc substitution and the length of
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whip time. Higher PPc formulations required ronger whip tirnes

to produce cakes of comparable voÌume and texture to the REF

cakes, probabry due to differences in the foaming properties

of the two proteín systems. cream of tartar was ress

influential than the level of ppc and length of whip tine but

was seen to either increase the whipping rate of high ppc

formurations, or permit greater Ppc incorporation for a given

whip time. Thus, PPc exhibited greaÈ potential for use as a

functional eqg albumen replacement in sponge cake, provided

that whip times and crearn of tartar levels tr¡ere optirnized for
the }ever of PPC substitution" PPc revels of 30 to 40 percent

shouLd be attempt,ed in a PPC-whole egg co-spray-dried product.

The choice of fnstron testing conditions greatly affected

the measurements of hardness, cohesiveness, gumminess and

springiness. Plunger area and degree of sample compression

were shown to be criticaL to rnstron texture measurements

while cross-head speed was of less importance. Conseguently,

plunger area and degree of sample compression shoul_d be

carefully selected for texture eval-uations. Because one set

of conditions did not discrininate equally wel-l for aII
textural parameters, the conditions most appropriate for the

evaluation of several parameters should be identified.
Instron testing conditions should be chosen based upon their
ability to detecÈ textural differences among test products.
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RECOMMESIDFTIFTO¡IS FOR FUTURE RESEÃRCTï

PPc functioned as an egg al-bumen repracement in sponge

cakes provided whip times were rong enough to arlow foam

formation and stabilization. Research is needed to improve

the foaming properties of ppc. This couLd incrude the
addition of whipping agents and/or reavening agents to improve

batter aeration, mi]-d heat treatments (as was shown by Megha

and Grant, Lg86), and/or chemicat rnodifications of the
proteins to irnprove their functional characteristics. Johnson

and Brekke ( l-983 ) f ound that acy]-ation with acetic and

succj-nic anhydride improved the functionar properties of pea

protein isorates, in particular, foam capacity and stability.
rmprovement of pea protein functionality woutd make ppc a more

marketabl-e food component, therefore, efforts to improve its
functionality should continue"

Pea protein concentrate illustrated great potential- as

a partiar egg albumen repracer in a very sensitive sponge cake

system, therefore, great potentiar exists for its use in a

variety of other baked products such as cookies, shortened

cakes, biscuits, etc., which do not depend so highly upon egg

functionality for success. Pea protein concentrate could also
be evaluated in an angel cake system which is highry dependent

upon egg arbumen functionality for success. pea protein
concentrate should be evaruated as a partial egg albumen

repracemenÈ in other baked products, and RSM would be an

efficient method for this task.
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Recommendations were made for the deveropment of a co-
spray-dried PPC-whore egg mix for commerciar use in sponge-

type snack cakes, therefore, research shourd continue in this
area" once again, RsM woul-d be an appropriate technique for
optinizing ingredient l-evers and processing conditions.

with increasing use of the rnstron universal Testing
Machine for texture profiling, a systematic nethod of
determining the most appropriate set of conditions for
detecting differences among test products is needed. The

research presented in chapter 2 of this thesis attempted to
standardize the selection of Instron testing conditions on the

basis of discriminatory power. Research shourd continue in
this area in order to deverop a standard procedure for
determining the best set of testing conditions for a variety
of products. Additionally, the definitions of rnstron
cohesiveness and springiness need to be reviewed so that they

relate more closely to sensory measurements of cohesiveness

and springiness.

the last reconmendations for future research have arisen
out of the literature review rather than the thesi_s research.

there is a need to standardize protein functionarity tests in
order to facil-itate comparisons from one study to the next.
rt r.ras also apparent that a rarge gap between protein
functionarity in a sirnpre system and its functionarity in a

more complex food system" There needs to be a better
understanding of how results from simple functionality tests
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relate to the functionality of the protein in a food system.

Functionality tests evaluating the foaming and coagurating
properties of PPc and egg albumen should be conducted and

::erated to the resurts obtained from this thesis research.
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Appendix 2 "A" Sponge
(Adapted from

Cake Formul-a
King et a1.,

and Procedure
1e36)

Inqredients Grams mls *Fl arrr

YOLK BATTER:

Dried yolk

Tap water

Granulated sugar

fcing sugar

ALBUMEN BATTER:

Dried albumenl

Granulated sugar

Salt

Cream of tartar
SSL2

Tap water

Pea protein concentrate4
(PPc)

FLOUR:

Cake flour, sifteds

66"4

40. o

54.0

variable

180.0

3.5

l_. 5

1.3

variabLe

t_54 " 0

73 "O

227.03

43 .1,

47 .4

26"O

35.1

variable

116.9

2.3

l-. 0

0.9

L47.4

variable

1-00.0

2

3

4

Export Packers Ltd., Winnipeg, Manitoba. (gOå protein,"
NX6.25)" OZ PPC cake:26"49 albumen; 3OA ppC cake:t_8.48g
albumen.
Top-Scor S Powder; Breddo Food Products Corp", Kansas.
1,77.O9 + 5Og for hydration of 30U ppC¡ 227.09 for OZ ppC.
l.Ioodstone Foods Ltd., Portage La prairie, Manitoba. (93?
protein; NX6 "25) " 3OZ PPC cake:7.92g ppC"
7 "52 protein (t-4å rnb); Reid Milling, Missisauga, Ontario.



289

PROCEDIIRE

PPC RE-HYDRÄTION (for 3Qå ppC formulation):

1-" weigh out PPC into a plastic contaj-ner, add 50 mr of water
and mix to hydrate al_l ppC.

2" Cover and re-hydrate overnight"

YOLK BATTER:

l- " Shake yolk and sugars in encl-osed

2" Using the whisk attachment, mix
Kitchen Machine (Mode1 KM 32) for
combine dry ingredj-ents.

container to mix.

on speed 1 of a Braun
30 seconds to thoroughly

3. Add 73.0 ml of water, which has been heated to 80 t 1oC,to yolk mix"

4. Mix on speed 3 for 3O seconds.
incorporate any dry ingredients

Scrape down sides to
remaining on bottom of

bowl.

5. Continue to mix on speed 3 for
sides "

6. Mix on speed 3 for 9 minutes.

30 seconds. Scrape down

ALBUMEN/PPC BATTER:

1-. rn 10 quart Hobart (Model c10o) rnix bowr combj_ne al-l dryingredients. Blend wetl manually using a wire whisk

2" Add hydrated PPC and remaining water (add zz7 mr of waterfor the OA PpC cake).

3" using the wire whip attachment, mix on speed l- for j- minuteto combine. scrape dor+n sides and bottorn, making sure the
sugar has not accumurated on the bottom of the bowr.

4" wþip on speed 3 for 4 minutes for the oz ppc cake, and Sminutes for the 30å ppc cake (these times yield foarns ofsirnilar stiffness) .

*NorE - Batters should be preÞared so that they are ready tobe combined at approximately i,he same time.
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COMBINTNG BATTERS:

l-" Add yolk batter carefully Èo aÌbumen batter"
2. using the Hobart flat paddre attachment, mix on speed Lfor 10 seconds" Scrape down sides.

3" sprinkre r/3 of flour (51-"39) over batter. Mix on speed
l- for l-0 seconds" scrape down sides. Repeat for second
L/3 of flour.

4" Add last of flour to batter and mix on speed 1 for 30
seconds" Scrape down sides.

5. Manually fold batter 3 to 4 tirnes using a spatula.

6" Take 2 specific gravity rneasurements.

7. Pour 2OOg batter into each of 3, l-5 cm round, ungreased
aluminum cake pans"

BAKTNG:

l-. Bake cakes 23 minutes on the middle rack of a t-gOoC oven.
Be sure to standardize the placement of the cakes.

COOLÏNG AND DE-PANNTNG:

1" Cool cakes in their pans, oD a cooling rack, for 20
minutes "

2. Remove cakes from pans and coor on racks for an additional
20 to 30 minutes.

3. Place in plastic bags, seal and freeze (-zOoC).
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Appendix 2 " B ExampJ-e of cake sarnpre Randomization within oneTest Period

Då,y/TIHE PUUNGER AREå
(n:nz ) (cnlnfn. )

SPEED / COHPRESSION REP
(e)

FORHI'I-A
(&PPc)

I/am 616 20/
20/
20/
20/

5.r / 75
s.I / 7s
5"L / 7s
5"t / 75

20/
20/
20/
20/

75
75
75
75

25
25
25
25

10
I0
10
10

20
20
20
20

/2s/2s
/25
/2s

5.L / 25s,l / 2s
s"L / 25
s.r / 2s

s"L / so
s"L / s0
5.r / s0
5"L / s0

I
I
2
2

I
l_

2
2

I
I
2
2

1
T
2
2

I
1
2
2

I
I
2
2

t
L
2
2

I
I
2
2

I
]
2
2

50
50
50
50

0
30
30

0

30
30

0
0

30
0

30
0

30
0
0

30

30
0
0

30

0
30

0
30

30
0

30
0

0
30
30

0

30
0

30
0

t0
10
10
10

l_0
10
t0
10

50
50
50
50

75
75
75
75



Appendix 3.Ä'. Sponge
(Adapted from

Cake Formula
King et aI.,

292

and Procedure
1e36)

Incrredients Grams rnls åFlour

YOLK BATTER:

Dried yolk

Tap water

Granulated sugar

Icing sugar

ALBUMEN BATTER:

Dried albumenl

Granulated sug'ar

Salt

Cream of tartar

SSL3

Tap water

Pea protein concentrate4
(PPc)

FLOUR:

Cake flour, sifteds

66"4

40"0

54"0

variable2

t-80.0

3"5

variable2

variable2

variable2

variable2

l_54 " 0

73"O

43.l_

47 "4

26. O

35 " r_

variable

l_1_6.9

2.3

variable

vari-abIe

variable

variable

t_00.0

2

3

4

5

Export Packers Ltd., Winnipeg, Manitoba"
NX6.25) 

"

(80? protein;

Ref er to Table 3 " 3 f or variabl-e levels.
Top-Scor S Powder; Breddo Food Products Corp., Kansas.
Woodstone Foods Ltd., Portag,e La Prairie, Manitoba. (83å
protein; NX6.25).
7.52 protein (14å mb); Reid Milling, Missisauga, ontario.



293

PROCEDURE

PPC RE-HYDRå,TION (for PPC formulationsì:

1-" weigh out Plç into a prastic container, add 50 or 10ogwater (depending upon amount of ppc) and mix to hydrate arÍ
PPC "

2" Cover and re-hydrate overnight"

YOLK BATTER:

l-" Shake yolk and sugars in enclosed container

2" Using the whisk attachment, rnix on speed
Kitchen Machine (Mode1 KM 32) for 30 seconds
combine dry ingredients.

3. Add 73"0 mls of water, which has been heated

to rnix"

1- of a Braun
to thoroughly

to 80 t 1oC,to yolk mix"

4" Mix on speed 3 for 3O second.s.
incorporate any dry ingredients

Scrape down sides to
remaining on bottom of

bowl "

5" Continue to mix on speed 3 for
sides.

6" Mix on speed 3 for 9 minutes.

30 seconds. Scrape down

ALBUMEN/PPC BATTER:

1. rn 10 quart Hobart (Moder c100) rnix bowr combine arr dryingredients" B1end well nanually using a wire whisk

2" Add hydrated PPC and remaining water.

3. using the wire whip attachment, mix on speed l- for 1 minuteto combine. scrape down sides and bottom, making sure the
sugar has not accumulated on the bottom of the bowl-.

4 " r,Ihip on speed 3 for the experimentar J-ength of timeoutlined in Table 3.3.
*NorE - Batters should be prepared so that they are read.y to
be combined at approximately the same tine"
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COMBINTNG BATTERS:

l-. Add yolk batter carefully to albumen batter"
2" using the Hobart frat paddle attachment, mix on speed t-for l-0 seconds" Scrape down sides"

3" sprink]-e r/3 of flour (51.39) over batter. Mix on speed1 for t-o seconds. scrape down sides" Repeat for second.L/3 of flour.
4" Add l-ast of flour to batter and mix on speed t- for 30seconds. Scrape down sides"

5. Manually fold bat.ter 3 to 4 tirnes using a spatula.

6. Take specific gravity measurements.

7 " Pour 2oog batter into each of 3, 1s cm round, ungreased.
aluminum cake pans"

BAKING:

1-. Bake cakes 23 minuÈes on the niddre rack of a 19ooc oven.
Be sure to standardize the placement of the cakes.

COOLÏNG AND DE-PANNING:

l-. CooI cakes in their pans, on
minutes.

2 " f{eigh cakes in pans 
"

a cooling rack, for 20

3 " Remove cakes from pans and cool on racks for an additionar
20 to 30 minutes.

4" Place in plastic bags, seal and freeze (-20.C).
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Appendix 4"^A," Sponge Cake
(Adapted from King

Formula and Procedure
et aI", 1936)

Inqredients Grams mls åFlour
YOLK BATTER:

Dried yolk

Tap water

Granul-ated sugar

fcing sugar

66"4

40"0

54"0

73"O

43 " 1

47 .4

26.O

35.1-

variable

L1-6.9

2.3

variable

0.9

137 .7

variable

100.0

ALBUMEN BATTER:

Dried albumenl variable2

Granulated sugar l_80 " 0

Sal-t 3 " 5

Cream of tartar variableZ

ssl,3 l-. 3

Tap water ZI2.O&

Pea protein concentrates variablez
(PPc)

FLOTIR:

Cake flour, sifted6 154. 0

1 Export Packers Ltd., Winnipeg, Manitoba. (80å protein;
^ NX6 .25) "
1 nefer to Table 4"4 for variable levels.?- Top-Scor S Powder; Breddo Food products Corp., Kansas.- !62"09 + 5Og for hydration of g.ZBå and 3OA ppc¡ L1,2q + lOOg
* for hydration of 5L"22Z and 60Z ppC; 2L2g Í-or OZ ppC.
" !{oodstone Foods Ltd", Portage La prairie, Manitoba. (g3Zl
. protein; NX6.25) .

" 7 "52 protein (t-at mb); Reid MilJ-ing, Missisauga, ontario.
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PROCEDTIRE

PPC RE-HYDRÄ,TION (for PPC formul_ationsl:

1" weigh out PPc into a prastic container, add 50 or 1o0g
water (depending upon amount of ppc) and mix to hydrate arI
PPC "

2" Cover and re-hydrate overnight"

YOLK BATTER:

l-. Shake yolk and sugars in enclosed

2. Using the whisk attachment, mix
Kitchen Machine (Mode1 KM 32) for
combine dry ingredients.

3. Add 73"0 mls of water, which has
to yol-k mix.

4. Mix on speed 3 for 3O seconds.
incorporate any dry ingredients

container to mix.

on speed l- of a Braun
30 seconds to thoroughly

been heated to 80 t loC,

Scrape down sides to
remaining on bottom of

5"

6"

bowl "

Continue to mix on speed 3 for 30 second.s. Scrape down
sides.

Mix on speed 3 for 9 minutes.

ALBUMEN\PPC BATTER:

1-. fn 10 quart Hobart (Mode1 C100) rnix bowl combine all dry
ingredients. Blend well manually using a wire whisk.

2" Add hydrated PPC and remaining water.

3. Using the v¡ire whip attachment, mix on speed l- for l_ minute
to combine. Scrape down sides and bottom, rnaking sure the
sugar has not accumulated on the bottom of the bcwl.

4" Whip on speed 3 for the experimental- length of time
outlined in Table 4.3 "

*NOTE - Batters should be prepared so that they are ready to
be combined at approximately the same time.
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COMBINTNG BATTERS:

1-" Add yolk batter carefully to albumen batter.
2" using the Hobart flat paddle attachment, mix on speed l-for 10 seconds. Scrape down sides.

3" sprinkle L/3 of flour (5L.3g) over batter" Mix on speed
1 for l-0 seconds. scrape down sides" Repeat for second
I/3 of flour"

4" Add last of flour to batter and rnix on speed l- for 30
seconds" Scrape down sides"

5. Manually fold batter 3 to 4 times using a spatula.

6" Take specific Aravity measurements and reserve this batter
for pH determinations.

7 " Pour 2OOg batter into each of 3, 15 cm round, ungreased
aluminum cake pans"

BAKÏNG:

1. Bake cakes 23 minutes on the rniddle rack of a 19OoC oven.
Be sure to standardize the placement of the cakes.

COOLING AND DE-PANNING:

1. Cool cakes in their pans, ot a cooling rack, for 20
minutes.

2 " I^Ieigh cakes in pans "

3 " Remove cakes from pans and coor on racks for an additional-
20 to 30 minutes.

4" P1ace in plastic bags, seal and freeze (-20.C) 
"

**NOTE - 100 percent egg albumen reference (REF) sponge cakes
were made according to the method outlined above. Egg
albumen:26.49; PPC:O"09; cream of tartar=3.09 (center point
leveì-); whip time=3.00 rnin.
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Appendix 4.8" Sensory Reference Endpointsl

Firmness:

rrextremely soft¡¡ - Betty Crocker French Vanilla Supermoist.
rrrnoderately f irm¡¡ - Banana breadz.

Sprincriness bv touch:
rrmoderately springyt¡ - Saf eway Generic large marshmallows
(approximately 3cm X 3crn) "

rrextremely springytt - fine foam piece (approximately 4cm X
4cn) .

Cohesiveness:

ttslightly cohesive¡¡ Supervalue No Na¡ne spongie cake layers.
rrextremely cohesiver¡ - Monarch Added Touch Brownie Mix.

Moistness:
rrmoderately dry¡! - Supervalue No Name sponge cake layers.
rrmoistrr - Monarch Added Touch Gol-den Cake Mix (1iqht recipe).

lR"f"r"n"" endpoint samples were baked in the same pans and
prepared in the same lJay as treatment sponge cakes (Figure
4.L).
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2B.rr-rr. Bread

Ingredients Grams

margarine

egg

granulated

all purpose

salt

mashed ripe
baking soda

sugar

flour

55"0

l- med.

200.0

220.O

1.5

250 .0

5"0

bananas

PROCEDURE:

1" Combine flour and salt in a large bowl. Set aside"

2. Manual-Iy cream margarine and sugar in a separate bowl.

3" Add egg and mix weIl.

4. Mix baking soda into mashed banana. Add to egg-sugar-
margarine mix. Mix we1I"

5. Add flour. Mix"

6. Spoon 3809 batter into 2, l-Scm round, greased cake pans.

7. Bake 50 minutes at 190oC"

8" Cool 5 minutes in pans" Remove and cool- on racks
overnight. Freeze (-20oC). Remove, thaw and sample like
for sponge cakes"
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.A,ppendix 4.C" Sensory Evaluation Instruction Sheet

SPONGE CAKE BVALT'ATIOH INSTRTICTIOI{S

Tou have been given two-sponge cake eanples (A&B) for each
treatnent. You have also been given enough reference (R) sarople
to allow re-evaLuation when necessary.

Use the botton half of the ¡eference sÊmplee for firmness and
cohesiveness eval-uations only and the top half for noistness and
flavor evaluations only (as necessary betveen treatnents).

At^., ttl'o p*t^, /-.
t/cr n*a"ø'

tt -r-r¿- {/tr ølt .'tt-^t

'R,"

Evaluate each treatnent in comparison to the reference which has
been positioned on the line scale. Evaluate each treatnent
independently for alr of the charaeterigtics before noving on to
the next treatnent.

ÎREAIKEflI SAHPIE A: Use this sanpLe to evaluate AROI{A INTE}¡SIIY.
@p up to your nose, lifting the-fÍffiTi!ñTftt
one side and take 2-3 short sniffs. Following this evaruation,
cut the sa.mple in half. Cut the top half in half again and use
it to evaluate FIAY0R rNTENSrrr first. use the entire botton
half to evaluate WÌow).

FIRI'INESS: Eval-uate the firnness of the sample by pJ.acing it onyo-irtõTgue and gently conpressing it agaÍnsi you" iaiate.Fj-rmness is the fo@press-the saäple àgainstyour palate.

c.rfuç o[
,J
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TREAIHBNT SAKPIE B: Use
wslt{DSS

to evaLuate SPRINGINESS,this sanple
(eee below).

9PRIN9T.NESS lY TOucH: use your index finge.r to gently conpressth@1etoapproxinate1yi/2ite-heigilt(1.cn);
hold for a count of 2 seconds; then quickly release tñe pressure
and evaluate the quicknese of recovery.

FoLlowing thÍs evaluation, cut the eanple 1n half" Cut the tophalf in half agaln and use it to evaluete HorslNESS. use thebottorn haLf to evaluate COHESMNESS. Use tl€-tîre piece for
each evaluation.

OOHESTvENESS: EvaLuate cohesiveness as the degree to which the
@ after 5 chewe.

M0rsrNESS: Evaluate moistness as the perceived degree ofniTFF[iË-T- the sanple after 5 chews
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Appendix 4.D. Cake Crumb Evaluat,ion Inst,ruction Sheet

SPOKGts CAKE CRITHB STRTICTURts EVAIIIATIOE

l. View the vlsua1 reference cards whlch llluetrate the 11ne
ecale anchor pointe-ftr-predoninant ceII alze, celL elze
unlfornity, and ce11 çaIl thickness"

2. Visually evaluate the cake sanples in the order fndicatetl on
your balIot.

," Bring the firet sanple to the posltion in the booth narked by
B black circfe. Renove the lid of the petri-dish to vtew the
eanple, tilting the dish towards yourself to_ _pernit optinSl light
reflectance. Evaluate predominant cell size, ce11 eize
unifornity, and cell- waIl thickness.

PRBD0ß{Il{A.gf CEI'tr SIZB: the ceII size that nakes up the largest
@e.
CE[,L SfZE IÍíIFORHIîY: the cell size unifornity is dependent on
the
the
the
the

ffit ceIl sizes present withfn the sanple. If
cells are Fll the sa¡e eize the sanple is very uniforn. As
nunber of ilifferent celL sizes within the sanple increase,
sanple becones nore irreguLar.

CELtr WÅÍL fEICKFESS: If a sanple is so

-.r 

L

waI 1e
very
rlght

conpact that the cell
telL whether they are
wal1 thicknees at theffiishable (you cannot

thick or very tnin) ' score the ceLl
endpolnt of the scaLe (f5).

4" Replace the Lid on the Petri-dÍsh, so the sarnples do not tlry
out
ffiTe the gecontl eanple to the viewing position and evaLuate f t 'contfnuing until all the sanples have been eval-uatecl


