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ABSTRACT

Flavor interaction in a model system of soy/tomato mix-

tures was studied. The system consisted of a constant level
of soy protein (52 w/w) in various concentrations of tomato

sauces (55 - 1008). Since textural- differences resulting from

varying tomato concentrations might interfere with taste judg-

ment, two series of tomato sauces of identical concentration

were made up. Varying quantities of a thickener were added.

to one of the series, so that all the sauces were of equivalent

viscosity..

A six-member trained panel defined the dominant odors of
soy protein as whole grain-Iike, rarrrr green beany, s¡{eet and

cooked cold potato-like; and its tastes as whole grain-like,
beany, sweet and. bitter. The odors of tomato sauce were des-

cribed as fruit-Iike, heavy/earthy, acidic, metallic and. can-

ned tomato-fike; while its tastes were described as acidic,
harsh, bitter, astringent and car¡ned tomato-Iike.

Perceived intensities of the tastes of tomaÈo sauces as

a function of tomato concentration were determined. The taste

characteristics eval-uated. \nrere overall- taste, acidic, harsh,

bitter and astringent. The intensities of the different tastes

were found to increase with tomato concentration.

Combination of the soy and tomato components resulted
in the repression of cert.ain tomato flavors: harsh, bitter
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and astringent. The presence of soy protein significantJ-y

reduced the intensities of the overall and acidic tastes of

the tomato sauces, Reduction appeared to be greateï at the

Iower concentration region. The slopes of the intensity func-

tions were not significantly affected. Similarly, the indivi-

dual odors and tastes of tlre soy protein became indistinguish-

able in the soy,/tomato mixtures. The overall soy odor, taste

and aftertaste vre re substantially reduced in intensities with

the increase in tomato concentration in the mixtures. Plea-

santness of the mixtures increased linearly with the increase

in tomato concentratior¡ at a rate approximating those of the

overall and acidic tastes of the tomato . component in the ¡nix-

tures. The adclítion of a thíckener general-1y did not affect
the intensities of the different tastes or the pleasantness of

the mixtures.
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TNTRODUCTTON

The import.ance of soy protein has emerged with the in-
creasing demand for new protein sources. The U.S. alone pro-

duced 42 nillion metric tons of soybeans in 1925 and the

figure \^¡as expected to reach 61 million metric tons by 1985.

Soy protein offers an economical and nutritional_ alter-
native to the conventional meat protein- It has been estima-

ted that an annual 500 pounds of soy protein could be produced

from the same acre of land which couLd only raise 58 pounds of
beef protein. With heat. treatment and proper processing, the
nutritive val-ue of soy protein could be improved to approach

that of meat and milk.
In spite of the great potential for food use, the appli-

cation of soy protein in human foods is stil1 limited. The

greatesÈ deterrent was found. in the unpleasant flavors, espe-

cially beaniness and bitterness, associated r^rith the product.

Many attempts have been made to ameliorate this problem.

Most of the methods aim at removing the off-flavor components

or preventing their formation. However, recent studies indi-
cate that these endeavours have not been entirely successful.
Unpleasant flavors still- exist in various commercial_ soy pro-
tein products (Kalbrener et al., L971) a¡r d the addition of
certain brands of textured soy protein to beef patties has

been de¡nonstrat.ed to greatly detract from flavor desirability
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-2-
ratings (Smith et al. , L976).

A practical alternative appears to be masking the off-
flavor of soy protein with a food system that possesses fla-
vors that are both pleasant' and strong. The tomato seems to

be a suitable food to serve this purpose. It has a strong

flavor and is well- Iiked by most people in North America.

Tomato juice has demonstrated a superior masking ability for
bitterness when compared to another food (Mackey and Va1assi,

l-956). The major amino acids in tomatoes are glutamic and

aspartic acids which have been' four¡d useful for masking bit-
terness (Watanabe, J-974). A glutamic acid rich oligopeptide
al-so displays potent bitËer-masking activity (Noguchi et aI.,
L975). As vrell-, the most cornmon use of soy prgtein lies in
the extension of com¡nunited meat products such as ground

meat patties, meat s.auce and sausages where the use of tomato

sauce ís customary. It r.¡as decided, therefore, to observe the

masking effect of tomato flavors on the fl-avors of soy protein.

The major objectives of the present study are as fol-
Lows :

l-. To devel-op a model system in which to test the interaction
bethTeen soy and tomato flavors-
a. To determine the ser¡sory attributes of the model

system - flavor characteristics and intensities
of the soy and tomato components.

b. To test the effect of cornstarch, used as a thicken-
ing agent, on the sensory attÏibutes of the model
system.

2. To determine qualitatively and quantitatively the soy,/
tomato flavor interaction in the presence and absence of
the thickening agent.

3. To observe the pleasantness of the soy/tomato mi:<tures.



REV]EW OF TTTERATURE

A. Flavor of Soy Protein Products

Much effort has been e>çended to achieve a bland soy

protein product. However, experimental evidence consistentLy

confirmed the presence of undesirable flavors in soy protein,
the most predomínant ones being beaniness and bitterness.
Slight variations in flavor had been observqd in various pro-
duct for¡ns due to the different kÍnds of processing applied.

Moser et aI . (1967) evaluated the effect of steaming on

the flavors of full fat soy fJ-our. A l6-menber trained panel

was seLected to evaluate a 25å aqueous soy flour slurry on a I0-
point scale (1 = strong; 10 = bland). The raw full fat soy

flour which served as the control was rated a low I.5 with fla-
vors described as beany, bitt.er and green in order of their
prominence (Tab1e 1). The flavor was significantly improved to
a score of 6.3 with steaming up to a duration of Z0 minutes.

The green flavor disappeared, bitterness lrras reduced while new

flavors: nutty. toasted, s!íeet emerged. Honig et aI. (f969)

described ra\^¡ defatted soybean mgal as possessing green, beany,

bitter flavors, with a throat.- catching, Iingering aftertaste.
Hor'¡ever, the condiÈions of t.he tasting proced.ures were not de-

tail-ed. Kalbrener et al . (197I) substantiated the above findings
i¡ their study of the odors and tastes of various commercial de-

-3-
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TABLE 1

EFFECT OF STEAMTNG ON THE FLAVOR OF SOY FLOUR

Steaming
duration Fl-avor

(min. ) scoreê
I'Iavor

des críption

0 1.5 beany, bitter, green

3 4.5 beany, bitter, nutty, s\¡reet, toasted

10 6.0 beany, nutty, bitter, toasted, sweet

20 6 . 3 beany, nutty, bitter , toasted, s\,i7eet

40 6-I beany, nutty, bitter, toasted, sweet

t 1= stïongr L0 = btand.

(from Moser et a]., !967)



-5-
fatted soybean flavors, concentrates and isolates. Samples

were presented to a l7-member panel as 28 dispersion in water.

The panelists rated the odor and taste intensities of each

sample on a lO-point scale (1 = strongt 10 = bland) and des-

cribed the predominant odors and tastes present,. Tablê 2 con-

tains the intensity scores of the sampJ.es with a list of their

odor and taste descriptors. Apparently, the additional pro-

cessing procedures necessary to produce concentrates and iso-
lates did not substantially affect the odor and taste inten-

sities of soy piotein, as all the thÏee types of products

achieved a simil-ar maximum score. The effect of processing,

however, was refLected in the descriptions. While some odor

descriptors such as beanR cornmeal, CW (a combination of cer-

eal and singed wool in water) werê conmon to all, each type

of product possessed a slightly different odor profile from

the others. The predomínant tast,es in all the products r¡ùere

beaniness and bitterness. However, differences again appeared

in the description of each type. The green beany taste was

peculiar only to the soy flour. Astringency was not,ed only

in the concentrates and isolates. The isolates received the

most varied responses including cardboard., chalky, mealy,

toasted, flour and nutty.

The ra¡ge of odor and taste intensity scores within in-

dividual pro¿luct type reflected the variability ín quality

among the commercial products. The flour samples exhibited

the widest score range and the isolates the least. the con-

siderabl-e improvement in the scores of some flour sampl.es was
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TABLE 2

ODORS AND TASTES OF COMMERCTAL SAMPLES
OF SOY PROTETN PRODUCTS

ODOR TASTE
b

S.AMPI,EA Score Description Score Des cription

Soy flour 5.8-7 .4

Concentrate 6.4-7.4

fsolate

beany, toasted, 4.2-6.7
cornmeal, van-
itla. C.w. c,
N.P.d

beany, stal-e, 5.6-7 . O

cornmeal , musty,
toasted, C.W.,
N. P.

musty, cornmeal , 5.9-6.4
beany, spoiled,
ffour, C.w.

bitter, beany,
green beany,
toasted

bitter, beany,
astringent

beany, card-
board, bitter,
astringent ,
chalky, mealy,
cereal-, toasted
flour, nutty

6.8-7.7

t 2å dirp"rsion in vrateÌ at room tempetature.
h- 1= strong; I0 = btand.

" C.w. = odor similar to a coñbination of high-protein oat
cereal and singed wool in \4rater.

d ___* N.P. = none predominant.

(adapted from l(aLbrener et al., 1971) .
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attributed to the increased amount of heat treatment received

during processing. It vras also noted that in some of the

higher rated flours, the green beany flour was replaced by the

toasted flavor. This is in agreement with the findings of
Moser et al . (L967'). Since all- isolates rdere produced basi-
calJ-y by the s ame process, these samples show the least dif-
ference in scores. A recent study by Rayner et al. (1978)

indicated that there still existed a great deal of variatíon
among the flavor quality of soy products. Three different
soy flour samples were assigned flavor scoreis of 3.5, 5.2 and

7.9, respectively, by a trained paneL (L = strongt I0 = bland).

Simil-ar1y, three protein isolates we re variously clescribed as

bland¡ moderately off-flavor and unacceptable. Chromatogra-

phícaì. analysis revealed. that the number and concentration of
flavor vol-atiles and residual- solvents used in processing were

inversely related to flavor ratings.
Flavor threshold of soy protein had been demonstrated to

be very low. A comparison had been made betr¡reen raw soy flour
diluted with various 1evels of wheat flour and a wheat fLour

controL (Moser et aI., 1967). Panelists r'rere asked to deter-

mine whether soy flour was present in the sample and to selecE

from a pair of samples the one having the stronger raw beany

flavor. It was discovered that even at a dilution as 1o\.{ as

1:2500 (wt. ratio) , 442 of the 16-member panel v¡e re able to
detect. the presence of soy ffour; and at a ratio of 1:500,

all panelists could detect the difference. Kalbrener et al,
(f971) determined the sample detection threshold for a raw de-
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fatted flour, a concentrate and two isolates. The threshold

values represented the concentration of s amp l-e in qrater r4rhich

the panel-ists found to taste different from the water control.

The threshold values were found to be extremely J-ow for all
products, ranging from 0.005 to 0.06S. Average paneL thres-
hold was also determined for beaniness and bitterness, the

most objectionabLe flavors in soy products. The low values

obtained, except in the case of the isolates, implicated the

intensity of such flavors in the soy products.

B, Off-Flavor Deve lopment, in Soy protein

(1) Mechanism

Development of off-flavor in soy protein is primarily
attributed to lipid oxidation during processing arrd storage.

Oxidation gives rise to hydroperoxides which, on further de-

gradation, decompose into various vo]-ati].e flavor components.

Leu (1974) demonstrated that oxidation of linoleic acid, cata-

lysed by soybean lipo:<lzgenase, produced. two hydroperoxide

isomers: l3-hydropero:¡y- 9 , ll-octade caðienoi c acid and 9-

hydrope ro>r1z-10 ,12-octadecadienoic acid, the reaction being

in favour of the l3-hydropero>q¡ acid. Further degradation of
these hyclroperoxides gave rise to voJ.ati1e compounds such as

adlehydes, hydrocarbons and furan derivatives. Findings incli-
cated that the reaction was specific for unsaturated fatty
acids possessing a cis , cis- 1 , 4-Þentadiene system (Hamberg

and Samuelson, 1967). In autoxidation, o>{fgen !,¡as taken up

spontaneously by the unsaturated. fatty acids to form equal
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amounts of the 13- and 9-hydroperoxides vía a free radical
system (Sessa and Rackis,1977). Lipid oxidation had been found

to occur during the þreparation of full fat ancl defatted soy

flakes as r4rel- 1 as soy proteinate (Maga and Johnson, 19?2;

Sessa et aI., 1969) . prolonged storage of the proteinate

also resulted in decreased. unsaturated fat leveL.

(2') Flavor eomponents.

It has been shown that hydroperoxides and their decompo-

sition products developed from oxidation of Linoleic and lino-
leic acid possessed flavors that were characteristic of soy

products, especially in the gras sy/bearryr aspect (Kalbrener

et aI., 1974'). Many volatile and. non-volatile flavor com-

pounds have been identified in soybean products. These in-
cl-ude aldehydes, ketones, alcohoJ-s, fatty acid.s, furan deri-
vatives, anines, phenols, sulphur "o*po*d", phospholipids,

and lactones. Whether all of these compounds arise directly
from hydroperoxide decomposition remains to be proven. Not

everyone of these compounds contribute to the undesirable

flavors of soy protein products. Lactones have been reported
to be pleasant smell-ing (coossens , 7974r. Several fatty acids

such as n-caproic, isocaproic and n-caprilic acids have been

identified in raw defatted soybean meal and found to possess

green beany flavor, However, their concentration was con-

sidered too l-ow to signifícantl-y affect the soybean flavor.
Símilarly. four polyamines: putrescine, cadaverine, spermi-

dine, and spermine \,cith odors described as putrid, musty and
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anunoniacal, were

in soybean f J-our

found to be present at subthreshold levels
(Wang et aL. , L9751 .

(a) Carbonyl compounds

Carbonyl compounds are one of Èhe major groups of vola-
tiles found in soy protein proilucts. Hexanal with a green

pJ-ant,-like flavor had been identified in defatted soy flour
at I - 5 ppm lrujimaki et al. , 7965; Hitl and Harnmond, 1965) .

Gas chromatogram of soy flours that was rated high in
- taste intensity revealed the presence of a significant amor¡nt

of hexanal and residual sol-vents (Rayner et al., L978). Cis-

3-hexenal had been isolated from oxidized soybean oil (Hoff-

rnann, 1961). Its odor was described as green bean-Like.. The

development of a green bean od.or and flavor during wet grind-
íng of full-fat soybean had been att.ributed to the presence

of- vinylethyl ketone (Mattick an¿l Hand, 1969). hlith heat

treatment, the green beany flavor in soy product disappeared,

and was replaced by a cooked beany flavor (KaLbrener et a1.,

1971). This was speculatêil to bè partly due to the isomeriza-

tion of some of the carbonyl compounds (Sessa and Rackis, J.977).

(b) Alcohols

The volatile neutral compounds in raw soybean had been

investigated by Arai et al-. (1967). A number of alcãhots were

identified including methanol-, ethanol, 2-pentanol , isopenta-

no1 , n-pentanol , n-hexanol and n-heptanol. Isopentanol, n-

hexanol and n-heptanol were found to possess green bean-Iike
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odor. Their respective content in ra\^r soybean are shown in
Table 3. The authors considered these compor¡nds as irnporbant

contríbutors to the green bean-like odor.

A significant aaount of l-octen-3-ol was found to deve-

1op during the soaking of soybean in water as a pretreatment

for soy milk manufacture (Badenhop and Wilkens, L969). The

odor of this compor:nd had been variously described as mush-

room, musty or earthy. Its flavor threshold in soy mil-k was

determined to be betr,reen 0.5 and 1.0 ppm.

(c) Furan

A volatile compound., 2-pentyl- furan was isolated from

reverted soybean oiL and soy protein isolate (Krishnamurthy

et. al-., 1967 ¡ Smouse and Chang, 1967; ouist and von Sydow,

L974'). Its flavor threshold in oi1 at room ternperature. is
approximately J- ppm. In its concentrated form, this compound

produced a licorice odor, However, at concentrations of 1 to

I0 ppn, it imparted a grassy odor and fl-avor to oil.

(d) Phospholipids

Sessa et aI . (L974) found that an intensely bitter tast.e

deveJ.oped during the autoxidation of purified soy phosphati-

dylcholine, a non-volatile compound. The bitterness detection

threshold of this compound in \"later was determined to be

0.006C by weight. Since dehuLled defatted soy flakes con-

tained a rninimum of 0.08å phosphatidylcholine by weight (Sessa

et al,, ]-976r, these constituents hrere considered t.o be a



TABLE 3

CONTENT OF SOME AI.COHOLTC COMPOUNDS
TN RAIV SOYBEÀN

Compound Amount (ppm)

I sopentanol

n-Hexanol-

n-Ileptanol-

2.2

1.6

L.2

(from erai et a1. , !967).
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prime factor for the bitterness of soy protein products.

(e) Phenolic acids

Phenolic acids are flavor compounds that do not arise
from J-ipid oxidation. Phenolic acids had been characterized

as possessing sour, bitter and astringent fl-avor (Arai_ et aI.,
I966a). Maga an d. lorenz (1974) observed 27 peaks from the free
phenolic fraction of conrnercial defatted soy flour. Fourteen

of thesê r^rere identified. The tot.al free phenolic acid con-

tent was calculated to be 256 ppm. Tabte 4 shows the content

and flavor thresholds of the major phenolic acids. Combination

of two or more of the compor:nds was known to l'esult in syner-
gistic effects which greatly reduced the threshold values.

( f ) Arnines

A total of 1.5 ppm of volatile amine was isolated from

raw soybean (Arai eÈ al-., 1966b) - The presence of ammonia,

monomethylamine, dimethylamine, piperidine and. cadaverine was

detected. Ðímethylamine .!ras the main component and was con-

sidered to be responsible for the dried fishy f1avor of raw

soy flour.

Although many fl-avor components have been identified,
there is littl-e information on their relative import.ance in
the soy products. ProbabÌy, no specific compound is entirely
responsible for the off-flavors which are likely the result
of interaction arnon g the various components.
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TABLE 4

CONTENT AND FI,AVOR THRESHOLDS
OF SOME PHENOLIC ACIDS
TN DEFATTED SOY FÍ,OUR

Compound
AInount

(ppm)
Threshold

(pp¡n)

Syringic

Feruli c

Vanillic

Sali cylic
p-Hydroxyben zoi c

Genti s tic
p- Coumeri c

43

32

35

20

22

2L

I6

240

90

30

90

40

90

40

(from Maga and lorenz, 1974)
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C. Flavor Improvenent

Many approaches have been taken to improve or reduce

the undesirable flavors of soy products. preventive measures

include grinding soybeans under acidic conditions (pH 3.85 or
lower) (Kon et al., 1970), or applying heat treatment to soy-

bean meats before grinding (Mustakas et al., L969). Such pro-

cedures serve to deactivate the soy lipo>q¿genase enzyme which

catalyses the formation of volatile compounds responsible for
the off-flavors in soy products. Odor and fLavor modification
to more desirable fori.rìs through deep-fat frying of soybeans

(!\lilkens and Lin, J-970) or applying yeast on soy flour (Bradof,

1957) have been attempted. Solvent extraction, e.g. by using

80? aqueous alcohol or azeotropic mixture of hexa¡e:alcohol
(Moser et aI. , L967¡ Eldridge et al. , L97L, succeed.êd in partly
reducing the flavors. Enzymatic proteolysis of soy protein
was effective in removing the- beany flavor, probably through

the breakdown of the interaction between fl_avor components

and soy protein (Fujirnaki, 1968). However, in many cases,

this effect \^ras counteracted by a concommitant emergence of
other fl-avors such as bitterness, astringency and oiliness.
None of the approaches outlined above succeeded to produce

entirely satisfactory products. Another alternative is to
mask these undesirable flavors. Some attempts have been made

in this area.

Rakosky ,Jr. (1974) reported that salt an¿l lemon oil had

a masking effect on soy fLour. The l-atter could be used at a

level of approximately 0.004 8. Nagel (1975) claimed that
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. when heavily seasoned hot water l4ras used t,o reconstitute extru-
ded dehydrated soybean protein and the resulting product was

incorporated into animal protein, the end product became

indistinguisha-ble in taste- ttom the extended a¡ima1 protein
per se. Seasonings comprised table salt and a spíce

selected from a group consisting of pepper, garlic, sesame

'oil, chicken or bouil'lon cubes, oregano or soup- Ilaas (1975)

clai¡ned that high flavor malt v¡as effective in masking the
beany or bitter flavors of soy protein. A malt:soy ratio from

-j-:1 to= I-:5' by-weight was considered sufficient to improve

palatability.

D. FLavor Interaction.
(1) Taste inte raction-masking

When taste substances are combined in a mixture, the
interaction rnost o ften noted is one of mutual- masking or sup-

pression of the intensities of t.he different flavor components.

Flavor enhancement has also been observed occasional-Iy.

(a) Basic tastes

Numerous experirnents have been conducted to observe

taste interactions from different. combinations of the four
basic tastes. Most of the findings indicate the resultant
interaction as a frmction of concentration. Fabian and Bl_um

(1943) observed the effect of adding a subthreshold level
taste corponent to a primary taste compounil piesent at a sup-

rathreshold level in aqueous solution. Both suppression and
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enhancement of the different fl-avors were noted. Sugars sup-

pressed the saltiness of sodium chl-oride and the sourness of
acids. Sodium chLoride reduced the sourness of acids but in-
creased the sweetness of sugars. Acids generally increased

saltiness and. sr^reetness. In a study of the interactions be-

trnreen sucrose and sodium chloride ranging from threshol_d to
solubility limit, Beebe-Center et al. (.Ì959) found the principa.l

effect to be one of mutual masking. Enhancenent of s\¡üeetness

occurred. in some cases when Iow levels of sodium chloride were

added to the sucrose solutions. However, the effect uras

slight $rhen compared to the amount. of masking at the high

levels of sodium chloride.
Pangborn (1960) examined the taste refationships among

the four basic taste solut.ions. Taste compounds of subthresl¡-

old and threshold levels were added to a primary taste at

suprathreshol-d concentration. AJ.I binary mixtures of the

taste compounds: sucrose, citric acid, sodium ct¡loride and

caffeine, were studied. In general, all compound.s were found

to depress the taste intensity of each othe!, the most pro-

nor¡nced effect being the reduction of the intensity of sucrose

by citric acid and vice versa. Dilute solutions (subthreshold

level) of sodium chloride slightly entranced the shTeetness of

sÌlcrose. In two subsequent ex¡reriments, Pangborn (1961, 1962)

studied taste interactions only at suprathreshold level-s.

Citric acid was found to depress the sweetness of sucrose.

The masking effect appeared to increase with the concentration

of citric acid and was greater at the lor+er level of sugar.



- 18-

Sucrose reduced the saltiness of sodium chloride but the effect
of sodium chloride on sucrose was more compJ-ex. High 1evel of
sucrose was d.epressed by all leve1s of soclium chloride added.

Ho\^tever, at the lower sucrose concentrations, sv¡eetness \4ras

generally enhanced. by lower and depressecl by higher levels of
saLt addition. Interestingl-y, the depression of both salti-
ness and. sr4reetness was of a greater magnitude at the higher
concentration of the primary tastes, in contrast to the results
obtained by adding acid to sucrose.
' Moskowitz (J-972) studied the perceptual changes that
occurred when sapid chemicals r^/ere tasted. in simple and in
mixture solutions. Sugar solutions (glucose and fructose) of
d.emonstrated suprathreshold concentrations were separately
mixed with sodium chloride, citric acid and quinine sulphate
each- at four different leveLs. The separate taste intensities
of both components as well as the míxture hTere measured. A

multiple regression program was used to as.sess the fitness of
different equations to the empirical data. Results suggested

¿ì mutual suppression of each taste in the mixture. Ilowever,

the reduction was not equal- for the two components. ft was

also observed that when a constant level of a second taste
lrTas added across varying sugar concentrations, the former

often completely masked sweetness at low sugar concentrations

which did not taste sweet. This effect was especially pro-
nounced. when a high concentration of a second. taste substance

was added.

From the above findings, the effect of one taste sub-
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stance on another appears to be related to their respective
concentrations. In generaL, intensity of flavor components

are being suppressed in a mixture. The amount of suppression

usual1y increases with the concentration of the masking agent.

However, enhancement may occur especially when one or both of
the taste substances are present at dilute concentrations.

It has been suggested that the degree of suppression in
the mixture may be related to the qualitative difference anon g

the taste components. Moskowitz, in a series of experimènts
(I97L, L972, I973,.I974), studied the interactions of mix-

turês of substances with different tastes as well as mixtures

of substances with simil_ar tastes. on the basis of his own

data and those from the l-iterature, he concluded that suppres-

sion occurred between pairs of substances with different taste
qualities while simple additivity or synergism occurred bet-
ween pairs of subsÈances with similar taste qualities.

Bartoshuk (1977) contended that the relative suppres-

sion tast,e components undenlrent in a mixture depended on the
psychological functions produced by t'he unmixed components

themselves. Taste components with a compressed (slope < 1)

function would exhibit suppression in a mixture and mixtures

of tast.e components with an e:q>anded (slope > 1) function
would exhibit synergism instead. Sirnple additivity \"/ould be

predicted only for tast,e substances with an expolrent of 1.0.
In an experiment utilizing different sugars, acids and bitter
substances of equal perceived intensities, Bartoshuk demon-

strated that mixture of two through four taste substances of
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similar taste gualities produced psychophysical functions simí-
1ar to those of the unmixed components. When the unmixed com-

ponents showed compression, the mÍxture showed suppression in
the shape of the function. Thus, the dífferent sugars with
slopes 0.75 (sucrose), 0.78 (fructose), 0.69 (glucose) , O.70

(maltose), prod.uced a mixture with a sJ_ope of 0.80. A similar
rel-ation was noted in mixtures of substances with different
taste qualities. Intensity functions of each of the foux

basic tast.e solutions (sucrose, sodÍum chloride, hydrochloríc
acid, and quinine hydrochLoride) were examined in their un-

mixed state and in combinatíon with one through three differ-
ent tast.ing components of equal perceived intensity. Functions

of all the unmixed components showed compression while func-
tions of the four taste substances in mixtures showed suppres-

sion. Hydrochloric acid which showed the least compression

was also least suppressed in the mixture while quiníne hydro-
chloride which exl¡ibited the gfreatest compression was also
most suppressed in the mixture. Thus, the substance that
showed the most compression when added to itseLf also showed

the most suppression when other taste substances vùere added to
it.. However, it was pointed out by the author that this sug-

gested relation bet\'.reen mixture interaction and the shape of
the psychological function of the component did not contra-
dict the previous data. It had been noted that the slopes of
the psychological function of the taste substances couJ.¿l be

altered by employing different tasting proced.ures resulting
in a corresponding change in the function of the respective
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mixtures (Meiselman, LITL). The experiments that led to the
conclusion that simple additivity or synergism always occurred.

in mixtures of similar tasting substances were conducted with
tasting techniques that tended to produce power functions
with exponents of 1.0 or greater.

The dynamícs of growth intensity of a given taste h,hen

a second taste is present as a background has been explored.
Moskohritz (1971) obtained the power functions of the four
basic tast,es h'hen these were judged in pure solutions and in
mixture hTith another taste. AI1 combination of tastes were

examined and aLl stimulus solutions were presented at supra-
threshold l-evels. A comparison of the sets of functions ob-
tained from the primary tastes and their corresponding mixtures
suggested that the intensity functions of a taste compound were

not disturbed to any great extent by the addition of a constant
l-evel -of a sêcond. taste. rhe percentage change in the expon-

ent from the pure t,aste to the mixture always rernained less
than 254. In a following study, Moskowitz (L9721 agal-n obser-
ved the effect of adding a constant level- of a second. taste
across varyi,ng sugar concentrations. fn general , there
appeared to be slight distortion in the sLopes of the func-
tions by the addition of separate taste material. Ifolrrever.

some severe changes occurred in the exponents in certain cases

especially where high amounts of the second. taste were present..

Since the taste sweetness of the 1ower sugar concentrations
had been completely masked by the background taste, it was

not possibl"e to determine whether the deviation was representa-
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tive or merely a consequence of too few points due to the nask-

ing effect.

The interaction among taste components in a mixture
should be viewed in connection with the concentxations of the
taste substances, the tasting proced.ure and measuring tech-
nique enployed. Such have been demonstrated to hawe a definite
role on the effect obtained. These and other variables are

probably contributing to the often contradictory data in the
literature on taste interactions.

(b) Food systems

Flavor masking has been demonstïated to be a common phe-

nomenon in the more complex food systemå. ChappeJ-J- (1953)

found that lemon oi1 had a masking effect on the taste of saLt
depending upon the anount added. Hinreíner et aI. (1955a,

1955b) observed that the minímum detectable concentration díf-
ferences of a number of taste substances were raised r4rhen Èast-
ed in wine rather .than in water. Sirnilarly, the threshold
Levels of certain täste components of an artificial peach bever-

age were increased in the presence of other compounds (Keith

and Po\,¡ers, 1968). pangborn (1960) reported that the greater
the acidity of the fruit nectar, the greater the depressing

effect it had on the intensity of added taste compounds. Nogtts

chi et aI. (1975) reported on the bitter masking activity of a

glutamic acid-rich oligopepÈide fraction. A plastein product,

synthesized from fish protein hydrolyzate and enriched with
gJ-utamic acid, did not give rise to the usual bitterness on
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subsequent hydroJ.ysis. Ãn oligopeptide in the acidic fraction
of this plastein r^/as found to be l-gJ-utanyl-I-glutamic acid.
When this oligopeptide was added to solutÍons of various bitter
s.ubstances, their bitterness scores were invariably reduced by

a considerable extent.

A more complex sit.uation occurred when more than one

flavor component was used as a masking agent. Guadagni et al.
(1973) observed the effect of sucrose and citric acid on limonin,
the primary bitter components in grapefruit and orange juice.
Both sucrose and citric acid created. a masking effect on the
bitterness of limonin when these were added separately to limo-
nin in r47ater. However, when citric acid and a sugar mixture
were added simultaneously, with pH heJ-d constant at 3.5, the
threshold of limonin fell significantly relative to that when

acid was added alone, but sti1l remained above the level when

onl-y sucrose was added. ft ilras suggested that the intense
sourness of the acid solutions interfered with bittêrness detec-
tion whil-e sugar reduced the extreme sourness and facilitated
the tasting of bitterness. Similar result.s were obtained by

Ahmed et aI. (1978) whose group determined the effect on the
threshold of d-limonene, the riajor volatiJ-e organic constituent
of orange juice, when acids and sugars were added at a percen-

tage approximately equal to that common in orange juice. ecids

were found. to significantly increase the threshoLd values of
d-limonene. Sugar also increased the threshold val-ues but the
ef fect \,¡as not signif icant - lÍhen alL three coq)onents v¡ere

mixed together, the threshold value of d-Iimonene fell_ in bet-
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r{reen those obtained wh€n sugar and acid were added separately.
A contradictory finding was observed when citric acid and a

sugar mixture r¡¡as added to naringin (a bitter component in cit-
rus juice) at pH 6.0 (Guadagni et aL.,J-973). The simul-taneous addi-

tion of citric acid and sugars raised the threshold level_ of
naringin above those observed when the tvro components had been

added individually. It is not kno$rn whether this effect r^ras

due to the different pII, compounds or other variables invol-ved.

Some flavor subst,alrces appeared to have a greater flavor
masking effect than others. Tomato juice was found to exÌ¡ibit
a greater masking effect on bitterness thán some other foods.
Mackey and Val-assi (1956) conpared the effect of tomato juice
and milk egg custard on taste perception. The results showed

that at each level- added, caffeine was more difficult to detect
in tomato juice than in custard, whether these be in the liquid
or gel form.

Flavor masking in natural food systems can be quite com-

plex owing to the presence of many fl_avor components and other
factors such as the pH vaLue, texture, etc. However, vùith

careful control, flavor masking can be successfully employed

to optimize the flavor of a food product.

(2) Odor interaction-masking

It has been observed that when different odor stimuli
are combined in a mixture, some odorants emerge dominant and

mask the odors of the others. Jones and. Woskow (l-964) noted
that in certain binary mixtures of odorous chemicals, only
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one odor appeared to be important in determiníng the intensity
responses to the mixtures while the other odor had been suppres-

sed.

The maskíng effect among odors appears to be related to
the concentration of stimuli invoLved. Cain and Drexler (1974)

estimated the perceived odor intensity of various concentra-

tions of pure pyridine (a malodorant) and in separate mixtures

with several secondary od.orants presented at a constant leve1.
ft r,.ras found that the odor of pyridine hras completely rnasked

at the lowest concentration, but the masking effect weakened as

the concentration increased. At the highest concentration, the
pyridine odor predominated while Èhe secondary odor r¿as masked

instead. Mitchel-l and McBride (1971-) found that when propanol

was added to various concentrations of eugenol at four levels,
the perceived intensity of eugenol was affected -most at the

v'/eaker concentrations while the highest concentration was little
affe cted.

It hâs been suggested that large differences in masking

ability existed among different od.orants. Cain and Drexler
(1974) observed that linalyl acetate/linaloo1 and lavandin oil
possessed more masking power for pyridine than l_inalool or
lina]yl acetate alone although aJ-J. the masking agents \¡¡ete

preser¡ted at equal perceived intensity. The difference was

at.tributed to the richer and more complex qualities of the

first two substances. Moskowitz (l-976) noted that while some

odorants possessed stronger masking ability than others, this
ability rl¡as, nevertheless, modified by the nurìber of odorants
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present in the mixture. The relationships between al_l possible

cornbinations of five od.orants (methyl disulfide, methyl salicy-
late, caproic acid. isobutyl, isobutyrate camphor) f rom t\,i¡o

through five component mixtures were examined.. All odorants

presented were of equal perceived intensity. Methyl disulfide
and methyl salicylate were found to be the most dominant odors

with their maximal masking effect exhibit,ed in binary mixtures-

This effect was weakened considerably as more and more odor

components were added. The weaker od.orants emerged to be

stronger (caproic acid, camphor) and even to be among the most

dominating odors (isobutyl, isobutyrate) at different occasions.

this moderation was attributed to the more complex masking

which occurred in higher order mixtures. Each odorant masked

each other in the mixture. Consequently, the strengrth of a

dominant odor might be diminíshed by some od.ors present and the

weaker ones might have been allowed to emerge.

The dominance of one odoïant by another was d.emonstrated

to be transitive, i.e. if odorant A dominated odorant B and

odorant B dominated odorant C, then odorant A also dominated

odorant C. Thus, methyl disul_fide dominated caproic acid
which in t.urn dominated camphox and as predicted nethyl disul_-

fide aLso dominated camphor. The same relationship existed
among methyl salicylate, isobutyl , isobutyrate and camphor.

As in the taste system, odor masking is affected by the

concentration of stimuli and different odorants possess differ-
ent masking abilities. The interaction becomes more complex

as the number of odor components increases.
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( 3) FLavor interaction in soy protein

It has been shown that the flavor of soy protein can be

masked by the introduction of another food system. Ho\,\rever,

the flavor of the food system itsel-f can also be affected by

the presence of soy protein. Addition of flavor components to
soy products usually results Ín some loss or change of flavor.
This has been attributed to the influence from the beany fta-
vor of the soy protein itself, suppressing the added flavor or

combining with it to form a new qualityr or the interaction
between the flavor components and the soy protein.

Arai et aL, (1970) presented e:q>erimental evidence that
binding occurred between soy protein and flavor components.

N-hexanaL and n-hexanol added to soy protein samples were for¡nd

to resist vacuum distil-Iati.on. The amount of resisÈance inc-
reased with the degree of protein denaturation. ft was sug-

gested that the flavor components had interacted with soy pro-

tein through hydrophobic binding. Franzen ancl Kinsella (L924)

d.emonstrated the binding of a homologous series of aldehydes

and methyl ketones by various forms of soy proteins. The

addition of hrater reduced the volatílities of the flavor com-

ponents, probably through increased adsorption or solubiliza-
tion of flavors by the protein-water mixture. Flavor binding

by the concentrates, isolates and textureõl form of soy protein
hras affected by their compositions. Soy concentrate which

contained 708 protein and 20* carbohydrate bound the most fla-
vors. Similar amounts l^rere bound.by soy isolates and textured
soy protein, neither of which contained significant amounts of
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carbohydrates and fats.

Gremli (1974) examined the interaction bet$reen soy pro-

tein and a seríes of fLavor compounds: alcohols, aldehydes

and ketones; and íts implication on flavor performances. By

determining the percentage retention of the compounds with
the headspace and high vacuum transfer mettrods, it was shown

that the different classes of compounds reacted differently
with soy protein. AJ-dehydes reacted strongly and demonstrated

both reversible and irreversible interaction while ketones

only reacted reversibly with soy protein. None of the alcohols

had reacted. ft was pointed out that compounds which did not

interact with soy protein would not be affected in their fl-avor

performances. On the other hand, the reversibly bound com-

pounds would be initially suppressed in their flavor impact.

IIo\,¡ever, the flavors would be gradually released during masti-
cation of the food product.

E. Composition of Tomatoes

Tomato is a popular ítêm in the North Amerícan diet and

enjoys wide application in different types of dishes as well
as food products such as tomato juice, tomato sauce, catsup,

and canned tomato.

the flavor of fresh tomatoes has been described as aci-
dic, sweet, fresh, greên and. tomato-like (Bisogni and Armbrus-

ter, L976, Kazeniac and HaJ_l. i-970). pïocessed tomato juice
is known to have developed a " cooked.'r or "heated" type of
flavor.
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The sensory properties of tomatoes are determined by

the amount of solids, particularly the proportions of sugars

and acids and the volatile compounds composition (Kazeniac and

HalL, l-970; Simandle et al. , Lg66i Stevens , !g72r. The propor-

tions of the different components are shown in Table 5.

The free sugars in fresh tomatoes were found to be

mostly reducing sugars of which glucose and fructose predomi-

natect (Miladi et al. , 1,969') . The organic acids consisted al--

most entirely of citric acid (Hartmann and Hillig, 1934;

Miladi et al. , 1969). Nineteen amino acids hacl been identi-
fied in fresh tomato juice with glutamic acid comprising up to
488 of the total weight of amino acids in the juice (Miladi

et al . , Lg69). Processing was demonstrated to have different
èffects on thesê components: a decrêase in sugars and. an in-
crease in both organic and amino acids was noted. clutamic

acid was reported to increase by ten-fold.
Over a hundred volatile components have been identified

in tomatoes (Buttery et aI. , L9TL). The different classes of
compound.s so far identified incl-uded aldehydes, ketones, alco-

hols, acids, esters, acetal-s, l-actones, heterocyclics, hydro-

carbons and sulfur cornpounds. Compounds considered important

to the fresh, green tomato flavor are 2-isobutylthiazole . cis-

3-hexenal-, deca-trans ,trans-2 ,4-dienal and p-ionone (Buttery

et aI. , L97I¡ Kazeniac and Hal-l , 1972). During processing,

the formation of dimethyl sulfide and the increase in concen-

tration of linaLool !ùere noted (Buttery et aI. t L9-1I¡ Guadagni

and l{iers, 1969; Nelson and Hoff, 1969). The cooked flavor of
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TABLE 5

COMPOSTTION O!' TOMATOES

constituênts Percentâge

Totaf solids
Inso1uble solids
SoIubIe solids

Sugar

Acid

Solubl-e protein and amino acid

Mineral constiÉuent.s

Salt (sodium chloride)

7.0 - 8.5

1.0

4.0 - 6.0

2.O - 3.0

0.3 - 0.5

0.8 - 1.2

0.3 - 0.6

0.05 - 0. I

(from cou1d, L974).
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processed. tomato products has been attributed to these com_

pounds .

Vgith èhe great nrmber of compounds identified, it is
believed that the total tomato flavor is the resur-t of complex

interact,ions anong the different components, rather than the
effect of a single or group of compor:nds.



METHODS AND MATERIALS

A. Sensory Panel SeLection

Six adult females vrere screened on the basis of their
general taste acuity and bitterness sensitivity.

(1) Taste acuity

In the screening test, panelísts v¡ere asked .to identify
solutions of the four basic tastes: sweet, sour, salty and

bitter. .TabLe 6 contains the percent concentrations of the
four basic taste solutions. panel-ists who could identify all
four tastes were considered ideal , whiJ.e panelists who faiLed
to recognize saltiness were sti11 considered acceptabl-e as

this particular taste was not present in the model- system to
be tested.

(2) Bitternêss threshold

Since ex¡rerimental evídence suggested that bitterness
was an important flavor characteristic in soy protein, the
bitterness threshold of the panelists were determined to exa-

mine their bitterness sensitivity. The samples consisted of
a series of bitter solutions with different concentrations of
caffeine (Table 7). The samples were cod.ed and presented in
random ordêr to the panelists r,r'hose task was to identify the
samples in which bitterness \^ras detectable. The bitterness

-32-
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. T.ABI,E 6

PERCENT CONCENTR.ATIONS OF THE FOUR BASIC TASTE
COMPOUNÐS USED IN PANEI SCREENTNG TEST

Basic Taste Compound * Concentrationa
(w/v)

SlrTeet

Salty

Sour

Bitter

r. 00

0. 10

0.06

0.04

sucrose

sodium chloride

citric acid

caffeine

in gJ-ass distilled water.



TAB],E 7

PERCENT CONCENTRATIONS OF CAFFETNE SOTUTTONS
USED ÏN BITTERNESS TIIRESHOLD DETERMINATION

Percent concentration of caffeine a
(w/v)

0.001875

0. 00 3750

0. 00 75 00

0.015000

0.030000

0.060000

a in glass distilled hrater.
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threshold'was calculated as the average value of the first
tvro successive concentrations in which the volunteers could

detect bitterness. PaneLists whose bitterness threshold fefl
within the range of threshold values for caffeine reported in
l-iterature were considered suitable candidates.

B. Sample Preparat.ion

(1) Soy protein

. Textured soy protein (Griffithrs Promate 111 Soya Meat

Extender 520023) was hydrated wfth tap water (70oC) at a ratio
of l-:3 (w/v) in a covered beaker f.or 2O minutes. AI1 the

water v/as absorbed after the hydration period.

(2) Tomato sauces

(a) Preparation of sauces

A series of tomato sauces of various concentration were

prepared by the dilution of a tomato paste (8. Ð. Smith Tomato

Paste) with tap water. The percent concentration was calcu-

lated on the basis of the paste-water mixture (1:1.08 wrlv)

which was designated the 100? sample. The 90? sample vTas corn-

posed of 908 (by weight) of the mixture and 10? (by v¡eight.) of
tap water, The 80, 70 and 608 sampJ.es were measured in the

same l¡¡ay. For convenience, these percentages will be refer-
red to as percent tomato concentration. The composition of
the different samples is givên in Appendix la. Since differ-
ing viscosities among the samples, due to their varied concen-

trations, might interfere with taste j uilgment, varying quanti-
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ties of a thickening agent (National Clear-jel) were incor-
porated into the sauces to duplicate the viscosity of a com-

mercial spaghetti sauce (Chef Boyardee Spaghetti Sauce Meat-

less). The composition of -the different samples is given in
Appendix Ib. The sauces were heated in covered. double boil_ers

on electric stoves until- a temperature of TOoc (serving tem-

perature) was reached. The heatíng period lasted approximately

25 minutes during which the sauces were stirred once. These

sauces were used. for tomato sauce characterization (Refer to
Methods and Materials, Section E).

(b) Standardization of tomato sauce wiscosity
Tn order to ensure equivalent víscosity among samples of

varying tomato concentrations, the thickened tomato sauces

were subjected to instru¡nental and sensory evaluaÈion.

(i) instrumental evaluation

The tomato sauces and the reference (Chef Boyardee Spa-

ghetti Sauce Meatless) each weighing 340 grm v¡ere measured into
a 600 mI beaker, covered with foil lids and heated on electric
stoves to 70oC. The samples were then placed on a warming

tray which maintained the 70oC temperature during subsequent

testing. Viscosity of the samples \^¡as measured l¡ith the Brook-

field synchro-lectric viscometer (Model LVT, Serial No. C2303)

stationed on a Bfookfield llelipath Stand (Model C, Serial No.

2409) using a T bar D spindle. Viscosity readings were taken

at shear rates of 3, 6, L2, 30 and 60 rpm.
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(ii) sensory evaluation

Viscosity of the series of thickened tomato sauces (60,

70, 80, 90 and 1008 tomato concentration) was evaluated by

five panelists since one panel-ist. r^ras not available at that
time. The panelists $7ere instructed to rate the viscosity of
the samples against a reference sampJ.e (808 tomato concentra-

tion, with thickener) using magnit.ude estimation which is a

form of ratio scaling. The panelists r^rere instructed to assign

a score to each sample in relation to the reference which, in
this case, was arbitraríJ.y given a numerical value of 10. A

sample found to be Èwice as thick as the reference would re-

ceive a score of 20. SimilarJ-y, a score of 5 would be assign-
.ed-'to a sampJ-e considered. to be. half as thick as the reference.

The magnitude estimation method was briefly explained to the

panelists who were already familiar r^,ith the technique. Tap

\^tater was provided for rinsing betr,reen samples. Two replicates

of th.e experiment were held. An exampl-e of the ballot is
given in Appendix J-c.

(3) Soy/tomato mixture

Four concentrations of tomato sauces (55. 70, 85 and

1008) were prepared. The percent tomato concentration was mea-

sured in the same manner described previously (Refer to Methods

and Materials, Section g. 2a). The amount of thickener to be

incorporated into each s au'ce v¡as obtained by plotting the pro-

portion of thickener used in the originat five tomato sauces

against, the percent tomato concentration (Figure l-). The com-
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position of the sauces is given in Appendix Id. Five percent
(w/w) dry soy protein was added to each sauce. prior to addi-
tion, the soy protein was hydrated hTith tap water (70oC) at a

soy:water ratio of 1:3 (w,/v) for 20 minutes.

(4) Storage of samples

The hydrated soy protein; tomato sauces and soy/tomato

mixtures were placed in glass bottles covered. with plastic
lids (= 4 m1 per bottle) for subsequent odor evaluat.ion i and

in white plastic creamers with paper l-ids for taste evaluation.

The sampJ-es were frozen at -26oc.

.(5 ) Presentation of samples

One hour before serving, th.e sampÌes were placed in
\{ater baths on warming trays and reheated to approximately
'lOoC. The samples were cod.ed and the ord.er of presentation

randomized. for each panelist. Evaluation was carried out in
individual booths where the use of red light effectively masked

any coJ-or differences aflong the samples. Tap water and. crac-

kers were provided for rinsing between tastings.

C. Soy Protein Characteri z ation
(1) Aroma and taste description

The objectives of this panel were to characterize and

define the aroma and taste of the soy protein under investiga-
tion (Griffithts Promate I1I Soya Me at Extender 520023); and

to provide training sessions to familiarize the panelists with
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the soy fLavors.

Each paneJ.ist received a sample of hydrated soy protein

and ballots on which were listed the odor and taste descrip-

tíon of soy protein (Appendix 2a, b). These descriptors had

been gathered from the literature and from preliminary discus-

sions. Panelists evaluated the odors and tastes of Ëhe soy

protein sample and noted on the ballots the descriptors they

found appl-icable, indicating their intensities on a S-point

intensity scal-e. The paneJ-ists \,¡ere also invited to describe

any fI-avors in the sannples that \,rere not listed on the ballots.
Subsêquent discussions and the use of standard ffavor samples

(Table 8) assisted paneLists to clarify and concur on the mean-

ing of each descriptor. The relative importance of each flavor
in regard to its intensity ín the sample was also discussed.

The panelists sel-ected the final- set of descriptors on the

basis of their importance to the flavor. Six replicates of
the panel were conducted..

D. Tomato Sauce Characteri z ati on

(.1) Aroma and taste d.escription

The flavor descríption panels were he l-d to clefine the

aroma and Èaste characteristiês of the tomato sauces and to
familiarize the panelists \,rith the tomato flavors.

The t\^7o samples used were the 603 cor¡centration tomato

sauce (with thickener) and the 1008 concentration tomato sauce.

The 609 concentration sample was incl-uded so that any new fJ-a-

vor contributed by the thickener could be detected at this



TABTJE 8

ST.ANDARDS USED TO DEVELOP AROMA
& TASTE DESCRIPTORS OF SOY PROTEIN

Soy protein descriptor Standard

Aroma:

whole grain Red River cereal
raw green beany soaked soy bean
cooked cold potato-like cooked, mashed cold potato

TasÈe :

beany boiled soy bean
l4rhole grain Red River cereal
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stage. The procedure for developing tomato flavor descriptors
was identical to those described in the soy flavor description
panel (Refer to Methods and Materials, Sectíon C). The pane-

list.s evaluated the odors and tastes of tomato sauces and noted

their intensities on a S-point scaLe. Group discussions and

the use of standard sampJ-es helped to achieve agreement among

the panelists on the definitions and relative importance of
each fLavor descriptor. Appendix 3a and b presents the bal-lots

used in this paneJ-. The standard samples used for flavor iden-
tífication are given in Table 9. The paneì. was replicated six
times .

(2') Effect of tomato concentration on perceived odor and
taste

The effect of the varying tomato concentration on the

odor and. taste intensities of thickened and unthickened tomato

sauces was measured.,

The samples consisted of the 60, 80 and 100å tomato con-

centration samples. The 70 and 908 samples had been excluded

as it v¡as discovered during the training sessions that the
panelists cou1d not successfull-y evaluate more than three sam-

ples at one time. The thickened and r¡nthickened series were

evaLuated separately for the same reason.

The odor characteristics studied were overall odor in-
Censity, canned, tomato-likeness and acidity- Only two of the
five descriptors developed in Èhe odor description panel

(fruit-Iike, metallic, heavy/earthy, canned. tomato-Iike and

6Ë å,Áhl¡TÕsÂ

acidic) were retained. Results from the training
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TABLE 9

STÃNDARDS USED TO DEVELOP AROMA AND TASTE
DESCRIPTORS OF TOMATO SAUCE

Tomato sauce d.escriptor St andar¿I

Aroma:

fruit- l ike
tomato- like

Taste:

canneil tomato-fike
astringent

harsh

canned peach
canned tomato

canned tomato
0,08? alr:m in
distilled water
1.03 malic acid
in tap water
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dicated that the panelists $¡e re not able to evaluate the inten-
sities of the individual- odors of the tomato sauces except for
canned tomato-likeness and acidity which yielded more consis-

tent results. Therefore, only these two characËerist.ics and

the overal-I odor of the sauces were observed..

The taste characteristics evaluated \^¡e re overal_l taste
intensity, acidity, harshness, astringency and bitterness. Afl_

the taste descriptors developed d.uring the taste description
panel, with the exception of "canned t,omato-Iike", were stu-
died. The panelists were of the opinion that .'canned tomato-

like" was not a meaningful characteristic due to its low inte¡r-

sity in the samples. AccordingJ-y, it was replaced by the term

"overall taste intensity".
Panelists were asked. to estimate first the odor and then

the taste intensitiês of the samples against a reference (804,

without thickener) using magnitude estimation. Panelists were

instructed to take thrêe short sniffs for each odor testing;
re-cover the sample container immediately; and. rest between

samplès. For taste evaluation, panelists Ì,rrere asked to stir
the sample before tasting and to expectoraÈe except when eval-
uating bitterness. Rinsing with water and crackers after
Èasting eâch sampJ-e wâs advised. Thrêe replicates of the ex-

periment were carried out. .An êxample of the ball-ot is given

in Appendíx 4a and b.



- 45-

E . Soy,/Tomato Mixture

This experiment was designed to measure the mutual mask-

ing effects between the soy and tomato flavors as well as the
pLeasantness of the soy/tomato mixtures.

A refresher paneJ- was held to renew the panelists' mem-

ory of the soy protein flavor and to detect any ne\{ flavor
development, if any, due to the combination of soy protej.n and

tomato sauce. The panelists had no difficulty remembering the
soy protein flavor and no new flavor was noted in the soy-

tomato mixture. Hov¡ever, it was found that the panelists \nere.

unable to evaluate the individual odors and flavors of the soy

protein in the mixtures , as evid.enced by the large nr:nibe r of
"NPs" (odor or tast.e not.present) in the data. Through panel

discussions, it was resolved. that only the overall soy od.or,

soy fJ-avor and soy aftertaste should be studied. Of the five
tomato flavors studied, onl_y overall- taste and acidity were

retained as the panelists could not discriminaÈe among the
sample intensities with regard to the other three taste com-

ponents after the introduction of the soy protein.
The panelists r^7ere presented with a series of soy/tomato

mixtures (55, 70, 85 and 1008 tomato concentration) . The

tomato concent,rations were changed to increase the nunber of
observations. The Èhickened and unthickened series were again
evaluated separately. The panelists estimated the soy odor,
flavor and aftertaste of the soy protein in the mixture against

a reference of hydrated soy protein. The pleasantness of the
mixture was then compared to a reference of tomato sauce (g08,
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$rithout thickener). Fina11-y, the panelists eval-uated the over-

all taste and acidic intensities of the tomato sauce ín the

presence of soy protein against the reference tomato sauce.

Odor t.esting techhique was identical to that employed in eval-

uating tomato odors. For taste evaluations, the panelists

were instructed to stir the samples before tasting, to chew

on the samples, to sùirl them in their mouths and to expecto-

rate. Rinsing v¡ith water and crackers betereen sampJ-es was ad-

vised. Three repl-icates of the e>rperiment rúere conducteil' An

example of the bal-Iot can be found in Appendix 5a and b.

F. StatisticalAnalysis
' Since the technique of niagnitude estimation allor^7s the

panetists to select any appropriate nuniber to reffect the

ratios of perceived intensities between the samples and the

reference, disparÍty of scale among indiwidual panelists ís

common. 1o reduce the difference ¿Lmong scales, the data were

subjected to a normalization process. The geometric mean of

the data generated by each panelist in all- the replicates was

calculated. Each data point was then divided by the panelist's

geometric mean. rn this way, each set of normalized data had

a geometric mean of one. As magnitude estimates are distribu-

ted log normally, the data were then converte¿l to logarithms

for statistical analysis.

A 5 x 5 x 2 factorial analysis of variance was performed

on the panel viscosity data to detect if there was any signifí-

ca¡t difference among the samples.
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l,inear regression of the foltowing form:

logS=logk+nl-ogC

where S = sensory intensitlz given by the magnitude estimates

k: intercept

C = physical- concentration of the samples

n = slope of regression line

was performed on the logarithms of th.e data to observe the re-
lationship between concentration of tomat,o sauces and the vari-
ous taste intensities.

The significance of the correlation coefficient (r) of
each intensity function v,¡as tested with the test statistics:

In order to test for the effect of the addition of a

thickening agent, the pairs of intensity functions represenling

the thickened and unthickened tomato sauces or soy/tomato ¡ai x-

ture were compared statistically. The difference between the
slopes and elevations of the pairs of funct.ions was tested.

To observe the change in overall taste and acidic inten-
sities of the tomato sauces before and after soy protein addi-
Èion, the intensity functions representing the corresponding

tomato sauce and. soy-tomato mixÈures were also compared by

testíng the statistical difference between their slopes and

elevations.



RESULTS ÄNÐ ÐISCUSSIONS

A. Sensory Panel Selection

(1) ' Taste acuity

The taste acuity test served as a screening procedure

to find panel-ists with normaf taste sensitivity. Solutions

of the four basic tastes v/ere presented to six volunteers.

Four of the volunteers correctly identified all the basic

tastes while the remaining two could not recognize the salty

taste. Since this particular taste was not present in either

the soy protein or the tomato based samples, alf the volun-

teers were consideïed suitable candidates for the taste pane1.

(2) Bitterness threshold

The bitterness ttlresholds of the panelists were deter-

mined to establish their sensitivity to the bitter taste. AI1

volunteers, with the excePtion of one, had a bitter threshold

value of 0.01138 caffeine in water. One panelist had'a value

of 0.0225*. These figures agreed well with threshold values

for caffeine reported in literature. Knowles and Johnson

(1941) reported a threshold value of 0.0155* and Pangborn

(1959) reported a threshold vaLue of O.O272Z- A1I panelists

were considered to be sufficiently sensitive to bitterness.

-48-
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B. itandardization of Tomato Sauce Viscositv
Since the attainment of equivalent viscosity among the

five thickened tomato sauqes r¡7as a prerequisite for the initia-
tion of the experiment, instrunEntal_ and sensory tests v¡ere

conducted to determine the viscosity of the samples.

(1) fnstrrmenta]- measurement

Calculated viscosity values from Brookfield synchrolec-

tric viscometer readings of the various tomato sauces and the

reference (Chef Boyardée spaghetti Sauce trleatless) are given

ín Tab]e 10. It \^ras concluded from the simitarity of the data

among the various samples that the tomato sauces were of com-

parabLe viscosity.

(2') Sensory evaluation

The viscosity data were subjected to analysis of vari-
¿ulce. No significant difference in viscosity was for:nd. annong

the samples (Appendix 6).
From the result,s of the instrurEntal and sensory tests,

it was concluded that equivalent viscosity was achieved among

the samples. It was decided, therefore, to proceed with the

study as oríginally planned.

C. Soy Protein Characte ri z ation
(I) Aroma and taste d.escription

The dominant odors and tasËes of the hydraÈed soy pro-
tein were characterized and defined through panel discussion.



. TAB¡E 10

CATCULATED VISCOSITY V.ATUES OF TOMÄTO SAUCES
OF VARTOUS TOMATO CONCENTRATIONS

_-a
s ampJ_e

Shear rate
(rpm)

Mean vj-scgsity
valueþ
(cPs)

Log viscosity
value
(cPs)

Re ferencecsauce

1008 tomato
sauce

908 tomato
s aucê

808 tomato
sauce

?

6

I2
30

60

3

6

12

30

60

J

6

12

30

60

3

6

L2

30

60

2l-51I.80
12737.25
6487.28
3133.53
I754.24

3105s.5 8

14855.13
7474.98
2843.Ls
r654. 6I

26706.60
13066.92
66L8.42
277L.23
1628.37

281_31.84

t39 62 . 69

1285.74
2937.06
L7I0.62

4. 33

4.l_l_

3. 81

3.50
3.24

4-49
4.r7
3.87
3. 4s

3.22

4.43
4.13
3.82
3.44
3.2r

4.45
4.14
3. 86

3. 47

3.23

continued...
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Table l-0 Continued...

Samplea
Shear rate

(rPm)

Mean viscpsity
value-
(cps)

Log viscosity
value
(cps)

70? tomato
s auce

60å tomaÈo
s auce

3

6

L2

30

60

2

6

12

30

60

4.42
4 -09
3. 81

3. 44

3.2L

4.58
4.IL
3.82
3.48
3.23

26493.48
I2I97.79

6386.02
2730.60
1609.06

37695.60
L29 83.67

66 78. 18

3030.30
1683.98

a_* For composition of sample, refer to Appendix Ib.
h- Mean of 2 replicates, calcuLated from readings taken with

Brookfield synchro-Lectric viscometer, Mode1 LVT, Serial No.
C2303, on Brookfield Helipath Stand, Model C, Serial No.
2409; using a T bar D spindle.

" R.f.r.rr"e sauce = Chef Boyardee Spaghetti Sauce !Íeatless.
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The selected odor descriptors, in order of their importance,

were: whole grain-like, raw green beany, sv¡eet and cooked

potato-like. The descriptors considered to best describe the

taste of the soy protein, ín the des cending order of their
intensities, were: whole grain-Iike, beany, sweet and bitter.

D. fst"ato Sauce Characte

(1) Aroma and taste description

The domlnant odor and taste of the 60* (with thickener)
and 10Og tomato concentration samples were d.escribed by t.he

panelísts. Group discussions were used. to obtain agreement

on the definitions and relative importance of the various de-

scriptors. The odor qualities' ôf the two sanples were found. t¡
be identicaL. The selected odor descriptors were, in order
of their pronrinance: ,fruit-like, heavy/earthy, acidic, metal-
l-ic and canned tomato-like. The two samples also had identi-
cal taste components. In order of their importance, these were:

.acidic, harsh, bitter, astringent and canned tomato-Like.

(2') Effect of tomat.o concentration on perceived odors

The effecË of tomato concentration on perceived intensiþr
v¡as estimated for three tomato sauce odors: acidic, canned

tomato-like and overall oclor. Ho\4rever, no meaningful conclu-
sion could be derived from the data which reflected a great
deal of inconsistency among the panelists. The discordant
responses indicated that the panelists were unable to discri-
minate among the odor intensities of the three tomato concen-
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trations. From the panelistsr comments, it appeared that the

odor evaluatj-on was mad.e very difficult by the strong initial
intensity of the tomato odors and the fact th.at the odors

escaped quickly when one s¿ìmple was opened..

(3) Effect of tomato concentration on perceived tastes
Perceived taste intensities, as a function of tomato

coneentration, r¡¡e re determ-ined for the thickened and unthick-
ened tomato sauces at tomato concentrations of 60, BO and 100å

(Refer to Appendíx la, b for coÍposition of sauces). The taste

characteristics evaluated were overall taste, acidity, harsh-

ness, bitterness and. astringency.

The intensities of the different tastes were found to
increase r^rith tomato concentration (Figure 2a-e). The l-ines

on the graphs represent the intensity functions of the differ-
ent tastes. The refationship was significantly linear in only

six cases. The intensity functions that were not signifi-
cantly linear represent overalL taste intensity (of the

unthickened sauce) (Figure 2a); acidíty (of the thickened

sauce) (Figure 2b); and harshness (of both types of sauces)

(Figure 2c). Statistical significance is difficult to obtain
lrith only three points on the graph. A high 12 val-ue of at
least 0.976 is required for the corïel-ation coefficient to be

statistically significant. This may account for the 1ack of
signficance of some of the regression lines. It is also pos-

sible, j udging from the distribution of the points in the
case of harshness, that the lines coulcl be curviLinear. Hol^'-
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ever, the limited nunibe r of points prevented a definite con-

clusion from being reached.

Thê effect of the addition of a thickener on the slopes

of the taste intensití.es of the tomato sauces was e xanr¡-i ned..

For the overall taste, harshness and astringency, only a small

di fference was noted between the slopes of the two regression

lines representing the thickened and r:nthickened sauces

(Figure 2a, c, d). A greater difference was found in acidity
and bitterness (Figure 2b, e). Ho$lever, no significant dif-
ference was formd betqreen the slopes when the pairs of lines
r^rere compared statistical_Iy (Appendix 7a - e) .

In most of the cases, the Èhickened series of sauces

were fated higher in taste intensities than the unthickened

series. When the pairs of regression lines representing Èhe

thickened and unthickened series ¡r'ere tested for èifferences
in elevations,- significant differences were found in two cases:

the overaLl tast.e and astringency. Although the addition of
thickening agents had been reported to depress or enhance the
taste intensities of the four basic taste solutions and soLu-

tions of flavor compounds (Moskovritz and Arabíe , I|TO r pang-

born et al. , 1973¡ Pangborn and Szczesniak, 1974), the inc-.
reased intensit.ies of the thickened series in the present

case was probabLy not the result of the addition of a thick-
ener. This is evident when one compares the intensity values

of the I00B tomato concentration sample of the thi ckened and

unthickened series of sauces. The sanç>les in either case

vJere identical in compos ition. However, it was consistently
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judged to be higher in intensity in the thickened series.
The result r¡ras more likely due to the lapse of time between

the evaluation of the t$ro series of sauces. Owing to the

fact that the panelists eould not successfully evaluate more

than three samples at one time, the thickened series of sauces

$tas evaluated apart from the unthickened sauces. The judg-

ment of the panelists might have been affected by this procê-

dure.

E. SoyrlTomato lvlixture

(1) Tomato taste intensity
A constant level- of soy protein vras incorporated into.

various concentriations of tomato sauces in order to observe

its effect on the various tomato tastes. The taste character-

istics evaluated \dere the overall taste and acidity of the

tomato sauces.

A positive and significant l-ínear reLationship was found

between tomato concentration and the perceived intensities of
the overall and acidic tastes of tomato sauces with added soy

protein (Figure 3a, b). CoÍpared to the tomato sauce lines,
the soy-tomato rnixture lines had re lative Iy steeper slopes in
both cases. The slopes of the overall taste intensity in the

thickened and unthickened rn:i xtures were 2.67 arrð.2.93, res-
pectively. The corresponding slopes for the tomato sauces

were 1.58 and 1.46. In the case of acidity, the slopes were

4.05 for the thickened and 3.I7 for the unthickened. mixtures,
whereas for the sauces, they were 2.04 and 1.47.
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The steepneså of the mixture J-ines, in the case of over-

aLl intensity, r^¡as the result of the except,ionally i_ow scores

given by one of the panelists to the lordest concentration (558)

mixture sample. Consequent.ly, the average score of this par-

ticular sample was depressed. However, the s ame panelist also

assigned low values to the lowest concentration (60*) tomato

sauce sample, and higher than average val"ues to the highest

concentration (1008) tomato sauce which undoubtedly contribu-
ted to the steepness of the tomato sauce lines. In the case

of acidity., the relative steepness of the mixture lines can

be e:çlained by the fact that half of the panelists rated the

55å mixture sample exceedingly low in intensity. Although

the difference between the corresponding slopes of the sauces

and rruixtures appeared t.o be considerable in both cases, the

difference r¡¡as not statistically sígníficant (Appendix 8a-d).
Since the slopes of the n¡-ixture functions appeared to

be extraordinarily steep, compared to the slopes of basic

taste intensity functions reported in the literature, the

data was re-examined with the l-ower than average values omit-

ted, The overalJ- intensity scores of the particular panelist,
as well- as the acidity scores pertaining to the 558 mixËure

sample were exclud.ed from the analysis.

As expected, the overall intensity slopes of both the

sauces and the mixtures were reduced (thickened and unthick-
ened. sauces from 1.58 and 1.46, respectively to L.22 and t.t8;
thickened and unthickened mixtures from 2.67 and 2.93, respec-

tiveJ-y to 2.20 an¿t 2.I5) (Figure 3a, c) . Iloï'ever, the rela-
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tive steepness betr^reen the corresponding sl_opes of the sauces

and the mixtures remained unchanged. Apparently, this pane_

fist's scores affected the sauces and mixtures data in the
same manner. The 12 value of the intensity function was

increased in the case of the thickened mixture but reduced
in the rest.

fn the case of acidity, the slopes of the intensity frutc_
tions of thickened and unthickened mixtures were red.uced mar-
kedly (from 4.05 to 2,60 and 3.IZ to 1.79, respectívely)
(Figure 3b, d) - The 12 üa1ues also j-nireased considerably
indicating that the intensity functions fitted the data bett.er
when the val-ues of the 559 samples we re omitted from analysis.
. The statistical difference betvreen the corresponding

slopes of the sauces and mixtures were re-examined. No signi_
ficant difference was found for either taste (Appendix ge - h).
fn two taste interaction studies, tloskor^¡itz (1971,L972) also
observed. that the sLopes of the s ensorlz fur¡ction of .a given
taste were generally Little affectèd by the presence of a

second taste. Hoh¡ever, a marked change in exponent r,Jas occa_
sional-ly noted, especially where higher concentrations of the
second. taste had been added.

While the differences between the slopes of the inten_
sity functions of tomato sauces before and after soy protein
addition r4rere not significant, the elevations bet\^reen the
pairs of l-ines were significantly different for both the over_
alL taste and acidity (Appendix ga - d) . The difference per-
sisted after the data had been reanalysed (Appendix ge - h).
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Frorn the graphs (Figure 3a, b, c, d) it can be seen that the
taste intensities of the tomato sauces were depressed ín the
presence of soy protein. Suppression appeared to be greater at the
more diluted concentration of tomato. These results agreed

with the findings of previous research which indicated that.

when different tasting substances we re combined in rn-ixtures,

suppression was the most coInmon phenomenon encountered (Beebe_

Center et aI., 1959; Moskowitz, L972; pangborn, 1960,1961,

1962). Although suppression had been noted to be greater at
higher concentration of the primary taste (pangborn, L962) ,

Pangborn (J.961) for:nd that when citric acid was added to suc-
rose, the masking effect was greater at the lor4¡er leve] of
sucrose. Moskowitz (1972) also observed. that when a constant

leveL of a second taste (sodium chloride, citric acid, and

quinine sulphate) was added separately across varying sugar

concentrations, the former exerted a greater masking effect
at the lower concentrations. Apart from the masking effect
of the soy protein, the depressed intensity of the tomato

sauce could also be attributed to .the interaction bet$¡een soy

protein and the tomato flavor components. .Experimental re-
sul-ts evidenced the binding of various flavor components by

soy protein (Arai et al ., IïTO; Franzen and Kinsella, L974¡

Gremli, 1974).

The effect of the addition of a thickening agent on

the taste intensities of tomato sauces with added soy protein
¡¿as examined. For the overall taste intensity, the presence

of the thickener did not significantly affect the sl-opes nor
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the elevations of the intensity functions (Appendix 9a).
Although it appeared that the acidity of the tomato sauces

was depressed progressively with the amount of thickener added

(Figure 3b), the difference in the slopes and elevations be-

t¡'t¡eên the two regression l_ines was again not signíficant
(Appendix 9b). Reanalysis of the data did not affect t.he

above results (Appendix 9c, d).

(2') soy f lavor

Thê soy taste intensity of soy protein in the soy-

tomato mixtures \^ras estimated to observe the interaction be-

t:ween tomato and soy flavor. The scoïes of one panelist were

onittêd in the analysis due to inconsistency.

Tomato flavor successfully masked the soy taste of the
soy protein in the mixtures (Figure 4). The intens,ities of
the soy taste were found to be inversefy related to the tomato

concentration. The relationship was significantly linear.
The suppression of the soy flavor was considerable as indi-
cated by the slopes of the intensity functions , -2-46 anð.

-3.07 for the thickened and unÈhi ckened mixtures, respectively.
The result of this experiment was in accorda¡ce with the find-
ings of taste interaction studies (Beebe-Center et aI., 1,959 ¡

Guadagni et aI. , 1973¡ pangborn, L96L,L962, which generally
agreed that the masking effect increased with the concentra-
tion of the masking agent.

The equality of slopes and elevations of the two inten-
sity funcÈions representing the t.hickened and unthickened mix-
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tures was tested (Appendix 10). No sígnificant difference r,ras

found indicating t.hat the intensity of the soy taste r,ras not
affected by the addition of the thickener.

(3) Soy odor and aftertasÈe

The soy odor and aftertaste intensities ín the soy/tomato

mixtures were also evaluated. However, the data r¡re re not ana-

lysed statistically since there vrere many instances when the
panelists could not perceive the odor and the taste. Instead,

'their respective mean scores and total- number val_ues,

i.e. "odor or taste ¡rot present,' val_ues are preser¡ted in t.he

following tv¡o tables. The mean scores represent t,he average

of the raw magnitude estimates. The ,'not present' values were

arbitrarily assigned a',0" walue for the calculation.

. All the concer¡trations of tomato sauce had a cons iderabl-e

masking effect on thê soy odor, No values were greater than 2

which indicated that the soy odor of the various samples was

less than t the strength of the reference which was a sampJ_e

of rehydrated soy protein with, no tomato sauce added. The

mean scores did not show a consistent dêcrease with an increase
in tomato sauce concentration. A closer look at the indivi-
dual panelist.rs scores reveal_ed. th.e same inconsistency indica-
ting that the panelists had not been a.b 1e to discriminate
accurately between the various samples. Ir¡ general, the soy

od.or was more suppressed at the higher tomato concer¡trations
(85 and L008) than at the lower concentrations (55 and ZOt).

The 85t concentration gave the lowest soy odor scotes.
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TABLE I].

THE SCORES OF. SOY ODOR INTENSITY
rN S OYIT OM.ê,TO MTXTURES

fìonlato
Cø¡centralion

(8)

MEAN SOY OmR INIEI\¡SITYa

IÍttåickered Ttrid<ered

IUTåL NO. CF' APb

Ihthicikened ltrid<er¡ed

55

70

85

100

r.75

L.32

0 .59

r.04

t.23

1. 83

0. 35

0.64

6

4

10

7

4

3

10

I

It4e an iaw magnitude estimates of 3 replicates (3 x 6 = Igjudgments) ; reference = L0.

TotaL over 3 repl-icates (3 x 6 = 18 judgments); Np = odornot present = 0.
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TABLE 12

THE SCORES OF SOY .AFTERT.â,STE INTENSITY
IN SOY/TOMATO MIXTURES

Tcnato MEAN SCIY AEIERIASIE INIES¡SITYa
ccncêntrat-1dì

TOtrAL l{O. OF I\EÞ

( ? ) fhickened lxrthid<ere¿l Ïhickered trrthid<ened

55

70

85

100

5.77 4_39

2.94 2.o4

2.77 1.45

1.69 1.34

3

4

6

9

2

3

6

7

- M" "r, raw magnitude estimates of 3 replicates (3 x 6 = IB
judgments) r reference = 10-

b Tot.l over 3 replicates (3 x 6 = 18 judgrments); Np = after-
taste not present = 0,
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The soy aftertaste data can be found in Table 12. The

soy aftertaste intensity of soy protein $¡as progressively
suppressed by increasing the tomato concentration. Both

thickened and unthickened mixtures yielded sirnilar results.
The higher concentration had a considera.bly greater masking

effect. At 558 tomato concentration, tfre s¿rmples were rated,

approximately ! as strongi as the reference in soy aftertaste.
However, at 100* tomato concêntration, the soy aftertaste of
the sarçrles, lt¡e ïe less than I/5 of the intensity of the refer-
ence sanple,

(4) Pleasantness

The pleasantness of the mixture of soy protein and. var-
ious concentrations of tomato sauce was measured to determine

whi c?r level of tomato concentration in combination with soy

protein wouJ-d gíve the most desirable pïoduct.

The pleasantness values increased progressivety with
tomato concerìtration in a linear manner (Figure 5) indicating
that. samples hrith higher tomato concentration were better
liked. It r,/as interesting to note that the slopes of the
pleasantness functions (I.85 and 2.13 for thickened and un-

thickened mixtures, respectively¡ rere comparable to those of
the overall taste (2.2O, 2.15) and acidity (2.60,1.79) of the
tomato component,s of the mixt,ures (reanalysed data). This

indicated that pleasantness grew at approximately the same

rate as the taste intensities of the tomato sauces.
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The effect of the addition of a thic]<ener r¡¡as examined

by testing the eguality between the slopes and elevations of
the two sensory functions (Appendix 11). A l_ack of signifi-
cant difference indicated that pleasantness of the thickened
and unthickened mixture was similar.



SI]MMARY ANÐ CONCI,USTONS

A model system of soy-tomato mixture (with and without
thickener) was developed to observe the interaction between

the soy aÌ¡ d tomato fl-avors. The level of soy protein (58,

w/w) was held constant whereas the tomato concentration of
the sauces was varied between 55 and 100t.

The addition of a thickening agent did not signifi.cantl-y
affect the slopes nor the elevations of the sensory functions
of the samples in most cases. Exceptions were found. in two

instances where the overalL taste and astringent intensities
of the thickened tÕmato sauces were judged to be significantly
higher than the unthickened sauces. This was attributed to
the effect of time r-apse betwéen the evaruation of the Èh¡o ser-
ies of sauces rather th.an a true difference in intensity.

The odors of soy prot.ein were described as whole grain_
1ike, raw green beany, sweet and cooked potato-like. Itq
tastes were described as whole grain-Iike, beany, sweet and

bitter. The dominant odors of the tomato sauce v¡ete fruit-
lik.e, heavy/earthy, acidic, metallic and canned tomato-like
and the dominant tastes were acidic, harsh, bitter. astrin_
gent and canned-tomato like.

The effect of tomato concentration on the perceived in-
tensities of the odor and taste of the sauces was determined.
The three odors evaluated. were ovetall- odor, acidic and canned

-76-
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tomato-Iike. The inconsistent results indicated that. the
panelists h'ere not abr.e to discriminate among the sample inten-
síties- The taste characteristics studied were overall tåste,
acidic, harsh, bitter and astringent. The intensities of the
different tastes were found to increase r"rith tomato concentra-
tion. The rerationship between tomato concentration and tasÈe

intensities was significantly linear in the cases of overall
taste intênsity (of the thickened sauces) , acidity (of the
unthickened sauces), astringency and bitterness (of both types

of sauces) . The smalL number of ¿lata points available was

probably responsible for the lack of statistical significance
in the remaining intensity functions. In the case of harsh_
ness, a curvilínear relationship appeared plausible, as sug_

gested by the distribution of the data points.
After soy protein was incorporated into the tomato sauce,

some of the tomato fLavors: harshness, bitterness and astrin_
gency became J-ess pronounced and the panetists r.{ere not able
to evaLuate their intensities in the various samples. The

presence of a second taste probably interfered with the per_

ception of the primary tastes- Addition of soy protein did
not significantly affecË the sJ.opes of the overall and acidic
tastes of the sauces. Hor^7ever, the intensities of both t.astes

were significantly depressed- Suppression appeared to be

greater at the lower concentration of the tomato sauces.

As in the case of the tomato sauces, the individual
odors and tastes of the soy protein were no longer evident in
the soy-tomato mixture, probably due to the masking effect of
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the tomato flavors. The overall soy odor, taste and after-
taste general-J,y decreased in intensity with the increase in
tomato concentrat.ion in the mixtures. The reduction was con-

siderable,

Pleasantness of the mixture increased linearJ_y with t,he

increase in tomato concentration. The pleasantness function
gre&r at a rate comparable to the overall_ and acidic tastes of
the t omato component in the mixtur.e, indicating that increases

in pJ-easantness and taste intensities of the tomato sauces

more or J.ess paralleled each other-

fn this experirnent, tomato flavors successfully masked

the soy fl-avors. The pleasantness function provided a useful
guidel-ine for the concentrat.ion of tomato to be employed as it
grel^r at approximately the same rate as the taste intensities of
tÌ¡e tomato saucês. Vüithin the concentration range tested, the
l-00* mixture gave the most palatab].e product. A slight inc::ease

(10 - 208) in tomato concentration might partia].ly compensate

for the loss of tomato flavors due to the addition of soy pro-
tein and further enhance the pleasantness of the rn_ixtures. lttre

results of the present study wouJ_d probably be applicable to
other legume prot.ein such as the fababean and field pea which

have sinÉlar flavor problems.
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.APPENÐIX la

COMPOSTT]ON OF UNTHICKENEÐ TOMATO SAUCES

S amp 1e
conCentration

(8)

V']t. of
mixturea

(sm)

Wt. of
water

(sm)

Total
wei ght

(sm)

60

70

80

90

100

204

238

272

306

340

136

L02

68

34

0

340

340

340

340

340

mixture of tomato paste and krater at a ratio of f:1.0g(w/v) .
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APPENDIX Ib

COMPOSITTON OF THICKENED TOM.ATO SAUCES

Sampl-e
concentration

(c)

wt. of
mixt,urea

(gn)

Vilt. of
thi ckene¡

(sn)

Wt . of Tot al-
water ürt .(sm) (sm)

60

70

80

90

100

204

238

272

306

340

9.0

7.5

4.25

1.5

0

L27.0

94.s

63.75

32.5

0

340

340

340

340

340

mi:rture of tomato paste and .tn¡ater at a ratio of l:1-08
(w/v) .



-89-

APPENÐ]X Ic
BATLOT FOR THE EVALUATTON OF TOMATO SAUCE VTSCOSITY

Name

Date

PLease taste the following samples of tomato sauces in
the order presented and magnitude estímate the thickness of
each sauce against. the reference (marked R).

P1ease place the sample in your mouth and draw it in
along the surface of the tongue. Iueasure the force reguired
for doing so and. compare it to that required for the reference.
Please rinse your rnouth with hrater bet\areen samples.

ç9de--Ig:-

R

Magnítude Estimate

10
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APPENDTX ld

COMPOSTTION OF THÏCKENED TOMATO SAUCES

Samp).e
concentrat ion

(8)

Wt. of
mixturea

(sm)

Wt. of
thickener

($n)

Wt. of Total
I^7ater wt,
(Sm) (gm)

55

70

85

100

187

238

289

340

10.5

6:eo

3.25

0

742.5

95.1

47 .75

0

340

340

340

340

a mixture of tomato paste and r4tater at a ratio of 1:1.08 (w/vl .
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ÃPPENDIX 2a

BAI,IOT FOR DEVELOPING AROMA DESCRTPTORS OF SOY PROTETN

Name

Date

The following is a sample of soy protein. please smel1
the sample and check-off the odors found to be present, indi-
cating its intensity on the ballot below.

Please take 3 short sníffs for each testing and RE-CovE R
THE CONTAINER IMMEÐTATELY. Please take a short pause bet\,reen
testings.

Intens ity
Odor

descriptors faintly slight]y moderately strongl-y extremely

\regetable-liJ<e

æoked rzeg.

cardboardy

mr¡sty

cereal
æoked æreal
whole grairr

@rlrneaL

toasted
vanil-la'
nutty
riæ
f:esh grassy

beany

green beany

painty
æId æcked
potato



-9 3-

APPENDIX 2b

BATLOT FOR DEVELOPING TASTE DESCRIPTORS OF SOY PROTETN

Name

Date

Please taste the fol-Iowing sample of soy protein. From
the ballot below, check off the flavors found to be present
indicating it.s intensity.

Intens ity
Flavor

descriptors faintly slightly moderately strongly extremely

green
beany
green beany
raw beany
chalky
musty
stale
SI^¡eet

sour
sour veg.
bi tter
walnut
nutty
toasted
cereal
bland
astringent
ranci d
pea

dried pea
cardboard- like
stra\"I- like
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APPENDIX 3a

BA]TTOT FOR DEVELOPING AROMA DESCRIPTORS oF ToITßTo SAUCE

Name
' Date

Before you are 2 samples of tomato sauce. please smell
the first sannple, and check off the odors þresent in the sam-
p1e, indicating their intensity on the baltot below. Then 90
on to the next sample.

For each testing, please take 3 short sniffs. Then RE-
COVER THE CONTAINER IMMEDIATELY.

Intens ity
Odor

descriptors faintly slightly moderately strongLy extremel_y

green

grassy

gEleen leä{y
qriør-LiJ<e

cabbagre-J.ike

tcûÞto-Iike
ripe tomato-
Lij<e

musty

spic.y

fn¡it-Like
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.APPENDTX 3b

BALLOT FOR DEVETOPTNG TASTE DESCRTPTORS OF TOMATO SAUCE

Nãme

Date
Before you are 2 samples of tomato sauce, p]-ease taste

the first sample and check.off the flavors present in the sauce,
indicating their intensíty on the ballot be1ow. Then go on to
the next sample.

P1ease rinse your mouth with s¡ater between samples.

ïntens ity
F Iavor

descriptors faintly slightly moderaËely strongly extremely

fJ€sh gteen

fi3sh tc[rtato-
lij<e
gÏeen tomato-
like
processed to-
rnato: ste¡,¡ed

car¡ned

spoiled vjre-
Like
slightly
horseradish
rancíd, ræge-
table fat-like
¡¡edici¡af
flat
ìnsipid
hay-liJ<e

cardboarÈIile
aci-dic

sharp
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Appendix 3b Continued. ..

F Lavor
descriptors faintly slightly moderately strongrly extremely

$^,eet

bl-and
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APPENDIX 4a

BATTOT FOR EVALUATTNG ODOR TNTENSITIES OF TOMATO SAUCES

Name

Ðate

Before you are 3 coded samples of tomato sauces and a re-
ference marked "R". Please smell th.e samples in the order pre-
sented and estimate theiT odor intensities against Èhe refer-
ence (R).

For each testing - please t,ake 3 short sniffs, then RE-COVER

THE CONTAINER IMMEDIATELY. please take a short pause betr,reen
samples.

Overall intensit,y Magnitqde estimate

IO

Canned Ëomato-like

R

Aci dic

Uagnitude estimate

10

Magrritude estimate

10
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APPENDTX 4b

BALLOT FOR EVALUATING TASTE TNTENSTTIES OF TOMATO SAUCES

Nar¡e

Date

Before you are 3 coded samples of tomato sauce and a re-
ference marked "R". please taste th.e samples in Èhe order pre-
sented and magnitude estimate their flavor intensities against
the reference (R) .

P1êase rinse your mouth \^rith v¡ater and cracker between
samples. DO NOT SWAL],OW samples except when eval_uating bitter-
ness intensity.

Overall iltensity.
R

Astringent

R

-Lillgr
R

Magnitude estimate

10

Magnitude estimate

10

Magnitude estimate

10
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Appendix 4b Continued. . .

Harsh

R

Acidi c

R

Magnitude estimate

10

Magnitude estimate

10
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APPENDTX 5a

BATLOT FOR EVAI,UATTNG ODOR AND TASTE INTENSITIES
OF SOY PROTEIN IN TOMATO SAUCES

Name

Date

Before you are 4 coded samples of tomato sauce with added
soy proùein. Please evaluate ttre samples in the order presented
and magnitude estimate the intensities of their soy odor and
flavor against those of the reference (S).

For od.or testing: pJ-ease take 3 short sniffs for each
testing, then RE-COVER THE CoNTATNER IMMEDTATELY.

For taste testing: please chew on the sample and swirl- it
in your mouth. Rinse your mouth with Ì^rater and. cracker between
sampJ-es. DO NOT SWALLOW samples.

Magnitude
Soy Odor est,imate

soy
after- Magnitude
tast.e estimate

Magnit ude
Soy FLavor estimate

1010

10
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APPENDTX 5b

BAT.LOT FOR EVALUATTNG PLEASAÀ]TNESS OA SOY/TOMATO MIXTURES
AND TASTE INTENSTTTES OF TOMATO SAUCES

T^IITH ADDED SOY PROTEÏN

Name

Date

Before you are 4 coded samples of tomato sauce with added

soy protein. Please taste the samples in the order presented
and magnitude estimate their pleasantness and flavor intensi-
ties against those of the reference (T).

Please chew on the sample and swirl it in your mouth -

Rínsè your mouth with water and cracker between samples. Do

NOT SIÍ.AI,LO!Í samples.

IMPORTANT.: Overall intensity and acidity - evaluate the over-
all intensity and acidity of the tomato sauce in
the samples (not the combined product of tomato
sauce and soy) ,

' Pleasantness - evaluate the pleasantness of the
co¡nbined product of tomato sauce and soy..

Magnitude Overall Magnitude
3!-g_gC!n9E_1 _g_Þl¡ng!g_ intensity estimate

Tln t-0T

Magnitude
Acidity estimate

T10
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APPENDTX 6

5x5x2 FACTORIAL ANALYSIS OF VARIANCE OF PANEI,
VISCOSITY .fUDGMENT OF VARIOUS TOMATO SAUCESA

Source of variation df SS MS

Concentrations - .4., ,O.l-991-5 0.049.79 2.74860

Panelists4OO0

Repl-icationsI00O

Þanelists x Repli-
cations40oo

Concentrations x
nepticaiions - 4 O '0298s 0'00746 0'41195

Panelists x Concen-
trârions 16 0.36387 0.02274 I.2554O

Error 16 0 - 2 89 83 0.0l8t1

a-- for composition of tomato sauces refer to Appendix Ib.
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