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ABSTR.ACI

Seven.trained panelists assessed 3000 pprn aqueous solutions (pH 6.5)
of ten a¡nino acids for the presence of 13 flavor parameters and a measure
of total flavor intensity. Five amino acids, arg-hcl, ileu, leu, phe and
try, evaluated as possessing bitterness with accompanying astringency r^rere
further examined at four or more concentrations for bitterness, astring€DClr
pleasantness and total intensity by six trained paneì.ists using the nethod
of magnitude estimation. Sinilarly binary mixtures of arg-hcl in corù¡ina-
tion with each of ileu, Ieu, phe and try were Èasted at five concentrations
for interaction effects in bitterness. The total bitterness intensity of
each mix was formulated such that at every concentration each amino acid
contributed approximately 508 of the total bitterness intensity, as
determined from their individual bitterness power functions. The free
amino acid content of l8 plant protein samples was determined and considered
in terms of the sensory analyses of amino acids. Large differences in
intensity existed between 3000 ppm solutions with try stimulating the
most bitterness and ileu the least. Flavor profiles revealed that his,
J-ys, met, pro and val induced complex sensations requiring several
descriptors whiLe arg-hcl, ileu, leu, phe and try were primarily
bitter with accompanying astringency. The rate of growth (stope) of
perceived bitterness was not significantly different a¡nong these five
single amino acids and caffeine but in each case h'as greater than 1.0
indicating that bitterness increased as an accel-erating function of
concentration. Elevation differences indicated that try was most
bitter (and not significantly different from caffeine), phê, arg-hcl,
and leu were intermediate in bitterness and ileu was the least bitter.
Astringency perception of ileu increased as an accelerating function
of concentration. Tl¡e rate of growth did not differ significantly from
the alum reference but elevation differences revealed that alum was much
Ílcre astringent than ileu. No other significant relationship between
perception of astringency and amino acid concentration r^¡as established.
Total intensity patterns revealed that ileu grew most rapidty in perceived
total intensity followed by arg-hcl, try, phe and leu. Th¡e pleasantness
of all- amino acids declined as concentration increased. !{hile the rate
of decl-ine v¡as not significantly different among amino acids, the concen-
tration at which unpleasantness became evident was lowest for try followed
by phe, arg-hcl, 1eu and finally ileu. The rate of growth of bitterness
intensity in binary mixtures either foLlowed that of the component with the
sharpest slope or v¡as sigrnificantly greater in slope than either component.
Suppression of bitterness rrras evident at low mix concentrations while
additivity occurred at intermediate and possible synergism at the highest
concentration. Free amino acid analyses revealed that the cereals durum,
oats, ryê, triticale and wheat, and the oilseeds, mustard, rapeseed, and
sunflower, contained fewer amino acids in total in comparison to soy
proteins and the legume proteins fababean, ì.upin and field pea. Quantities
of bitter amino acids in the eighteen plant protein samples examined were
insufficient to cause off-flavor to food products when considered on an
individual basis,
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INTRODUCTION

At the present time North Americqn food. protein sources are in

abundance, however, shortageS may be a future food issue as it is presently

in many other countries. On a world basig it has been projected from

estimated supply and demand data that therq witl be a deficit of 30.2

nillion metric tons of animal protein sources by l-980 (Burrows, et aI.

L972'). It has been postulated that in the next few decades plant

proteins will constitute up to two thirds of our food grade protein

(Bird, :-:g74). At the present time cereal grains account for the najor

portion of consurûed plant proteins. Oilseed nreals and legumes offer

potential new sources of fairly high and good quality protein.

Flavor is one of the most important determinants of the

acceptance of plant proteins for human consumption. C'enerally cereals

are considered to be neutral and bland in flavor in conparison to

flours and concentrates of oilseeds and legumes. Much investigation

has been conducted in regard to compounds responsible for vegetable

protein off-flavor with the major enphasis being directed towards lipids

and lipid degradation products. Little attention has been focused upon

the role of free amino acids as possible contrilcuÈors to planÈ protein

off-flavor.

Several amino acids have been described as possessing unpleasant

taste sensations (Solms et al . 11965 , Kirimura et al. , L96g,

Petritschek et al., 19?r;;chiffman .r,a p..Li= ,1rrr, including

bitterness which is one flavor parameter frequently ascribed to

plant proteins. Some amino acids have been reporÈed to be corpounds

of high taste intensity (Solms et al., 1965) and have also been detected



in considerable quantities in the free form in some plant proteins

(Bhatty and Finlayson, L973). Whether or not unpleasant free a¡nino

acids are present in sufficient quantities to contril¡ute to the

off-flavor of plant proteins has not been exannined in any detail-

The objectives of the present study were as follows:

f) 1o profile the flavor of amino acids reported in the

Iiterature to pos.sess r¡ndesireable flavor properties.

2) To develop intensity patterns, using the method of

nagmitude estimation, relating perceived bitterness'

astringency, pleasantness and total intensity to stimulus

concentration for amino acids described in the profiles

as bitter and astringent.

3) To examine interaction effects of binary amino

acid mixtures.

4) To determine the free amino acid content of several plant

proteins including samples of cereals, oilseeds and

legumes.

5) To assess possible flavor inplications of the free amino

acids to plant proteins in light of the sensory information

generated.

::i
:l
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LITERATURE REVIEW

Flavor ProPerties of Anino Acids

The flavor of individual amino acids has been well documented.

Earlier studies produced conflicting results because differences in

taste between L and D isomers had not been considered ",'å 
pt-'tt t & D

amino acids were not readily available. A summary of the most recent reports

of the flavor properties of'the naturally occurring L-amino acids is

presented in Table I. RePorts in the literature are not entirely

consistent. Taste properties of amino acids have been reported to vary

with concentration (Solms, 1969) and pH differences have been demonstrated

to alter threshold levels of compounds such as thiamine (götrn et aI.,1975)'

Thus metÌ¡odology could account for some of the differences rePorted'

solms et al. (1965) used 3ooo ppm aqueous solutions adjusted to pH 6'5,

Petritschek et al. Og72) 30OO ppm aqueous solutions adjusted to pH 7'4

while Schiffman and Dackis (1975) examined undiluted arnino acids Presented

in the powder form. Kirimura et aI. (f969) report neither the exact

concentrations of the solutions used nor any pH adjustment.

Generally it appears that some amino acids possess distinct flavor

properties while others are slightly more complex. TTre sulfUr containing

amino acids, cysteine, glutamic acid and methionine' aPPear to be complex

possessing sulfurous, meaty and glutamate-like taste properties. The

sulfurous meaty sensations are reported to arise from decomposition

products of amino acids rather than from original amino acid st¡ucture'

Alanine, glycine and serine have been consistently reported to be sweet'

Leucine, phenylalanine and t4ptophane clearly Possess bitterness while

arginine, isoleucine, lysine, methionine, Proline, tyrosine and valine



Tab]e t Summary of the flavor properties of L arnino acids as reported in

L-Amino
Acid

alanine

arginine

asparagine

cysteine

glutanr.ic acid

glycine
hist,idine

Flavor Properties

(re6s) (1e6e) $e72) (1e7s)

sweet

tasteless

tasteless
sulfurous

glutamate

sweet

tasteless

isoleucine

leucine

Iysine

methionine

sweet

bitter, slightly
sweet

sour, bitter

tasteless

bitter
tasteless

sulfurous t
meatyr slightly
sweet

sour, glutmate
sweet

sweet

bitter

sweet

bitter

tastless
sulfurous

glutamate

sweet

virtually tasteless
slightly bitter

the literature

bitter

bitter
bitter, sweet

bitter, glutamate

sweet

"1"*, alkaline' bitter

strong, nauseous, rotten
e9gs, sulfur, bÍtter
sweet, meaty, stale

sweet

salty, sour, bitter'
obnoxious, pungent

weak, tasteless' flat, dryr
alkaline

same as isoleucÍne
salty, bitter, sharp

repuls ive ñetallic rminera!,
bitterr-dry, smooth, nauseous

bitter

bitter
virtually tastelesst
slightly bitter



¡: ..:l
't ,-

Table I contrd

L-Amino
Acid

phenylalanine bÍtter

Flavor Properties

(re6Ð (1e6ti- - 1'1s72') - : (197s)

proline

serine

threonine

tryptophane

tyrosine
valine

flat, slightly
sweet

tasteless

tasteless

bitter
bitter
tasteless

bitter

shreet, bitter

sweet, sour,
gl-utamate

sh¡eet, sour, bitter

bitter

bitter

bitter

bitter

virtually tasteless,
slightly sweet

tasteless

bitter
bitter
bitter

mineral, metallic, sharp
stale, dry

mineral., salty, sour, sweet

sweet.

fatty, slightly sr,reet,
mineral, stale
sharp, bitter, dry

dty, flat, stale
dry, flat, mineral, bitter,
sour, sweet
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have been inplicated in stimulating bitterness as well as other flavor

sensations. Ttre unpleasarit tasting L - amino acids arginine, lysine,

histidine¡ phenylalanine ancl trlptophane have been reported to lose their

unpleasantness and become weak when acetylated (schiffman et. aI., L9751.

Although linited¡ data regarding the.taste intensity of some amino

acids is available. Solms e! êI. (1965) reported that tl¡e bitterness of

amino acids relative to caffeine vras as follows¡ L-tryptophane one half,

L-phenylalanine one quarter and L-tyrosine one twentieth. Thresholds of

30 and 50 ppm have been reported for aspartic and glutamic acids respectively

and thresholds of 1900, 900 and 900 ppm reported for the bitter amino

acids leucine, phenylalanine and tryptophane (Kirimura et. al., 1969). The

taste intensity of the D isomers of the aromatic amino acids which are

bitter in the L form is of interest. According to Solms et. al. (1965)

D-tryptophane, D-phenylalanine and D-tyrosine are 35, 7 and 5.5 times as

sweet as sucrose, respectively. Thus some arr-ino acids appear to be

compor:nds of high taste intensity.

In the al¡ove studies Solms et. al. (1965) and Petritschek et al. 1L972,

measured the intensity of amino acid solutions in comparison to a

series of concentrations of standard compounds. Kirimura et al. (1969)

measured intensity on a ten point scale while Schiffman and Dackis (1975)

used semantic differential scales. None of the studies used the method

of magnitude estimation which is presently considered the most

appropriate method of measuring sensory intensity. The method permits

the construction of a ratio scale between physical stimuli and psychophysical

perception over a contiruum which is represented by an equation; the power

function (Moskowitz, 1975b). Ttre equation permits an estimate of

sensory intensity over the total concentration continuum of the physical



stimuli. This method was used in tl¡e Present study to measure ttre

taste intensitY of annino acids

II Tt¡e Role.qf Free Amino Acíds in the Flavor of Foodstuffs

Trhe importance of free anr-ino acids to taste was first, recogrnized

' in l9Og when lkeda discovered that ¡nonosodium L-glutamate was the

essential component of the taste irnparting ingredients of traditional

Japanese food seasoners. (Kirimura et a1., 1969) . Free arnino acids

have since been demonstrated to be an integral part of nunerous

foodstuffs including sake, green tea, lobster and cral¡ (Kirimura et' al'

1969) as we}l as in potatoes (Buri et -ê!. , LglO, anil cheese (t'angler

et aI . , 1967 and Dilanean, l-974').

Burietal.(1970)demonstratedthatastepwiserecombinationof

the three fractions: I nucleotides, II L-glutamic acid, .ld III other

free arnino acids previously deterrnined to be present in tÌ¡e free form

in potatoes, gave a distinct stepwise increase in potato flavor

quality. A fully reconstituted potato flavor was not apparent due to

the absense of the volatile fractions as well as other non-volatiles'

The best documentation of the role of free amino acids in the flavor

of food deals with cheese. In an attelçt to produce synthetic Swiss

cheese Langler et aI. (1967) evaluated mixtures of components known to

occur in Swiss cheese. Sensory evaluation revealed that only upon

the addition of free amino acids vtas a typical, full, sweet Swiss cheêse flavor

reported. The amino acids utilized included proline, glycine, serine,

threonine, aspartic acid, cysteic, tryptophane a¡d lysine. Proline at

30OO ppm was the dominating amino acid'

The flavor of different varieties of cheese aPPears to be
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characterized by a tlpical profile and quantity of free ar¡ino acids

(Dilanean , L974). It lras reported, for example, tt¡at tÌ¡e urajor free

amino acids (31t) in Swiss cheese, glutamate and threonine' only

constituted a small portion (:t¡ of the free amino acid content of

Armyansky cheese. An analysis of Swiss cheeses of different qualities

illustrated that those possessing total free amino acid contents of

2887 mg t r.rere superior in quality to cheeses containing 4539 rng t.

It was further denronsÈrated that alteraLion of typical a¡nino acid patterns

of Soviet cheese by utilization of different bacterial starters resulted

in a reduction of the quality of the cheese

Okhrimenko and Chebotaro (1975) reported ttre presence of peptides

and free amino acids in blue veined cheese. According to these

authors free amino acids possessing bitter flavors were present in

quantities surpassing their threshold leveI. A direct relationship

between total or individual amino acids and the degree of observed

bitterness \.¡as established.

Ttre role of free amino acids in the fl-avor of vegetable proteins

has not received much attention. Fujimaki et al. (f97O) reported the

presence of free isoleucine, phenylalanine and valine in a peptic

hydrotysate of soybean protein and suggested tÌ¡at these bitter amino

acids might contribute to the bitterness of the hydrolysate.Honig

et al. (1971) isloated tryptophane from soybean flakes. However, a

quantítative determination revealed only 7 ppm and the authors concluded

that this would.not be sufficient to contribute to the bitterness of soybean

products.

Bhatty and Finlayson (1973)

of 8Ot ethanol extracts of soy,

determined the free a¡nino acid content

rapeseed, and sunflov¡er ¡reals. F1avor
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evaluation of anino acids útas not the purpose of the study. However,

quantities of some free amino acids which have previously been. reported

to possess bitterness Ì/ùere Present in the meals in above reported

threshold quantities (Kirimura et aI., f969) . Free histidine was

in above threshold quantities for rape rneal and t4ptophane was in

above threshold quantities for soy and sunflower meals. Quantities

of free arginine in fababean concentrate (Hõhn, unpublished data)

were present in amounts 6 L/2 times the reported threshold of arginine-

Thus some amino acids which Possess bitterness are present in plant

proteins in above reported threshold quantities. Whether or not aÌr"y'

are present in sufficient quantities to cause undesireable bitter

flavors in these protein sources is not predictable from these data.

III Flavor Properties of PePtides

As of fate much research has been directed towards tÌ¡e flavor of

peptides, particularty those causing bitterness. Several attemPts

have been put forth to produce some classification system by which

the. taste of peptides may be predicted.

Kirimura et al. (1969) evaluated the taste properties of sixty

dipeptides in O.28 aqueous solutions. Results classified the peptides

into three groups: sour, bitter and those having little or no taste-

Sour peptides included those which contained a) 2 acidic a¡n-ino acids

b) an acidic and a neutral amino acid a¡d c) an acidic and aromatic

a¡hino acid. Dipeptides in a) were more acidic than those in b) which

rrrere more acidic'than those in c) - Bitter peptides contained a) neutral

amino acids with either large alkyl groups (C > 3) or a combination

of large a¡d small alkyl groups b) neutral and aromaÈic amino acids

and c) neutral and basic amino acids. Peptides which had little taste

.1. I -.i t'::.:.. .:: .
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included a) two amino acids with small atkyl groups b) acidic and basic

arnino acids or c) two aromatic ann-ino acids.

Tlvelve glutamyl oligopeptides examined for flavor properties vtere

classified into three groups by Arai et al., (1973). These included

Ii brottry 2) flat and 3J bitter 
"";;. 

The grutamyr counterpart

in these dipeptides was reported to be the more acidic for brothy

peptides (aspartic acid, glutamic acid, serine and threonine), hydrophilic

for flat peptides and hydrophobic for bitter peptides. However,

Kirimura et al., (1969) had reported earlier that the dipeptides

L-glutamyl-L-aspartate and L-glutamyl-L-glutamate possessed a sour

taste which is in contradiction to the brothy flavor reported by these

authors. ttris draws attention to one fault in Kirimura's classification,

that being if a dipeptide possessed a taste other than bitterness it had

to be sourness.

Schiffman and Engelhard (1976) examined forty-six dipeptides and

observed no strict relationship between the flavor of a dipeptide and

its constituent amino acids, however, they reported some trends. Most

dipeptides were found to be predominantly bitter or weak. Weak peptides

possessed constituent amino acids possessing hydroxyl groups or aliphatic

side chains. AII sweet peptides except one possessed a sweet tasting

amino acid as their NH, terminal amino acid, however, this was forrnd in

bitter dipeptides as well. with one exception dipeptides with a sour

component contained a¡nino acids having acidic groups- No clear trends

were observed for dipeptides with salty or bitter tastes

A method for predicting the presence of bitterness of peptides

on the basis of amino acid composition bas been set forth by Ney (1971). i

This rnethod is based on a model proposed by Tanford (f962) for 
i.,,..,,.,,,,,



'11

calculating free energy changes (A F) between the native and unfolded

forms of protein molecules in solution. The rnajor contril¡ution,of

the Â F of proteins are the hydrophobic interactions of the non-polar

side chains of tJ.e constituent a¡rino acids whict¡ govern the stable

globular form in aqueous solutions. Thus A F values for proteins and

amino acids are a measure of tJle hydrophobiciQz of the non polar side

chain (s) of constiÈuent amino acid (s). Ney postulated that a value

termed Q, representative of the average hydrophobicity of a peptide,

may be calculated as the average A F values of contituent amino acids.

Peptides possessing Q values less than 1300 were postulated to lack

bitterness whil-e those with values greater than 1400 would possess

bitterness. Ney calculated Q values for twenty-one peptides ranging

from di- to octapeptides and in alL cases the tastes of the peptides

complied with the theory.

It is well known that bitter peptides arise from hydrolyz:d protein

products. Guigoz and Solms (L976) systematically calculated Q values

from identified bitter peptides isolated from casein, soy protein,

zein, other food products and synthetic peptides as reported in the

literature. From a compilation of 2O0 bitter peptides only 14 did not

adhere to Neyrs tule.. That is, they tasted bitter, but possessed e

values less than 1300. These authors noted that several peptides with

glycine residues ( A f = 0 Cal,/mole) did not adhere to the rule;

however, if glycine residues were ignored in the calculation of Q

only three of the peptides did not concur. Schiffman and Engelhard

(L9761 noted that several of their dipeptides departed from Ney's

theory of bitterness, however, most of these were dipeptides

t.
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containing glycine.

Sr.rbsequently, this rule was extended to proteins and it was postulated

tÌ¡at the occurrence of bitter peptides in hydrolyzed protein sources

çou1d be predicted from Q values of t]¡e protein (tey, Lg72'). e values

of 16o5, 1480, t54o, 1300 and 1280 were obtained for casein, zein, soy

protein, muscle protein and collagen respectively. Ttrus, it was predicted

that upon hydrorysis there was a great€r probability of caseinr soy

and zein to form bitter peptides than for collagen and muscle protein.

Tl¡e authors stated that experimental data reported in the literature

concurred with the predictions.

Few inconsistencies are apparent in regard to the taste of peptides.

Neyrs rure appears to be a useful tool in the prediction of the

bitterness of peptides.

According to Kirimura et al. (1969) the taste intensities of

dipeptides appeared to be greater tÌ¡an that of their constituent

amino acids. Tl¡reshold varues of L-Leucyl-L-Leucine and L-grutamyl-

L-glutamate were approximately half those of L-leucine and L-glutamate

respectively. Weiser and Be1itz (L9751 reported tÌ¡e thresholds for

eight bitter peptides isolated from corn protein zein. It was

observed that the threshold for bitter taste decreased for increasing

numbers of hydrophobic side chains in a peptide. These same authors

(19761 established taste threshold values for 8o peptide moLecules

and again the threshord was related to the hydrophobicity of the

molecule. Thus the threshold may well depend upon relative hydrophobicity,

the greater the hydrophobicity the lower tÌ¡e threshold.

Bitter peptides have received the most attention in the literature

however peptides possess other flavor pro¡rerties including sourness and

r'-:,:: i
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brothy tastes as previously enumerated. An extremely sweet dipeptide,

L-aspartyl-L-phenylalanine methyl ester was discovered (lqazur, 1969)

whicÏ¡ may soon be adopted as a sweetening agent.

Maste ltlixtures

The literature generatly concludes that nixtures containing

dissimilar taste components wiII result in a suppression of taste

intensity while mixtures of si¡nilar stiuruli are additive or slmergistic

in terms of intensity- Pangborn (1960) reported upon the effects of

adding subthresholà, threshold and suprathreshold levels of secondary

flavor components upon tÌ¡e intensities of primary flavor components

present in aqueous solutions. All co¡nbinations of four che¡nicals

representative of tJ:e basic taste sensations were examined. Generally,

all compounds \"ere for¡nd to reduce the intensiþr of the other, the

most pronounced effect being the reduction of the sweetness of sucrose

by citric acid and vice versa. SimiJ-arly Moskowitz Ig72) reported that

when suprathreshold quantities of sodium chloride, citric acid and quinine

sulfate vrere each mixed with sotutions of gÌucose and fructose the result

was a reduction in the intensity of each taste in the mixture-

Mixtures of sin-ilar tastes are consistently reported to be additive

or synergistic in regards to intensity. The most extensive research has

been conducted with sweet tasting compounds. Evaluation of the intensity

of binary mixes of dextrose in combination with each of fructrose' sucrose

and calcium cyclamate as well as in mixtures of sucrose and fructrose

(all present in suprathreshold concentrations) illustrated synergistic

effects (Stone and oliver, 1969). Additivity in sweetness etas

reported for combinations of dextrose with saccharin and Èhe sr.teet
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aÍLino acids glycine and alanine. Certai¡t binary mixtures erçressed

rþre synergism than others and in some combinations slmergism was

evident in mixtures containing tJle amino acids. Kamen (1959) also

reported additivity between calci¡rrn cyclamate and sucrose and also

observed stmergistic effects at certain concentrations.

Co¡nbinations of acids have been shown to demonstrate additivity

in sourness (Moskowtiz, L974). Citric acid in combi¡¡ation witJl each

of phytic, succinic a¡q gluconolactone were additive in sourness

while when in conbination wiÈh hydrochloric acid synergism r.ras apparent.

Tr¡¡o mcdel-s have been proposed previously in the literature to

account for the manner in which the taste system adds toc_rether

mixtures of similar stimuli (Moskowitz, 1973). lype I additivity

proposes that a summation of concentration occurs in the mixture and

the taste system processes the nr-ixture as a higher concentration of one

of the components. Type fI additivity proposes that there is a

sum¡nation of perceived intensities of the compounds (simple additivity).

After evaluations of the fit of both models to data of his own elqperiments

on se¡eet tasting mixtu-res and sour mixtures along with data in the

literature Moskowitz (Lg73, L974) concluded tÌ¡at it generally appears that

'like tasting compounds add together according to a simple arithmetic

manner (ie. simple additivity, type II) with synergism or supression

simply phenomena that reveal a failure to account in an adequate way for

the law of sum¡nation. t

Bartoshuk (1977) maintains that perceived intensity of a rnixture

of similar tasting compounds is not the simple sum of th e intensity

of the constituents but a reflectance of the psychophysical or polder

functions of its components. That isr the $ray a compound adds to itself
,. r.,,.:,:¡1,,
' ' -. .r. l
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will determine the manner in which it adds to other s¡:bstances. Thus

mixtures of compounds witt¡ compressed power functions (slope ( f)

will also e{press compressed fr¡nctions and thus illustrate .sup_ression

Conversely, mixtures of compoun¿ìs with e>çanded functions (slope ) 1)

will in turn produce e:çanded functions and demonstrate slmergism. Tttus

only mixtures of compounds whose individual functions are characterized

by a slope of one will de¡nonstrate si-rple additivity.

As predicted from power functions,acid a¡¡d bitter substances when

tasted by the dorsal flow mett¡od exhibited compressed functions and the

rnixtures illustrated supression; intensity was not egual to the additive

sum of Èhe components (Bartoshuk, L977r. Sugars tested by tJ:e dorsal

flow procedure also demonstrated compressed functions but in this case

simple additivity did account for the mix intensity. ft \.tas pointed

out by the author that the slope of the compressed function was close

to one which as previously stated would be the only instance in which

simple additivity would account for mixture intensities. The same

sugars examined by the sip and spit procedure exhibited e:çanded

functions and in accordance synergism was observed in the mixes

(mix intensity greater than the simple sr¡¡r). In contradiction to

Moskowitz's prediction, these results indicate that mixtures of

compounds of similar qualities do not simply add their perceived

intensities but show suppression, synergism or si:nple additivity

depending upon their individual psychophysical functions. However'

as stated by Bartoshuk, most of the power functions of the unmixed

corponents examined by Moskowitz possessed slopes close to one in

log-1og coordinates. Thus in these instances simple addition would

accoìn¡t for perceived intensity of tÏ¡e urixes and tead to his conclusions-

l :. :: : ::.:'

i: .:";
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V Tasting Procedures and Taste Adaptation

As denpnstrated by Bartoshuk (L977') the net]¡od of sample

presentation in a tasting situation may greatly influence the slope

or e>q)onent of the power function. The sip and spit procedure resulted

in a higher exponent than sarq>les presented via a dorsal flow ¡nett¡od.

Similar results were reported by l'leiselman (1971) who reviewed tàe

literature exannining tJ:e effects of tasting procedure upon the

e>qponents of power functions. However, even when mode of presentation

is. controlled d.istorted results may be obtained if inappropriate

interstimulus procedures are used resulting in the phenomena referred

to as taste adaptation.

Adaptation is defined as a I loss of sensitivity to a given stimulus

as a result of continuous elq)osure to that stimuli or a similar onet

(Anon, L964). In a tasting situation adaptation may be partial or

complete, the levet depending upon ihterstimulus procedures utilized

by ttre panelist. Common procedures, e:çectoraÈion and mouthrinsing,

have been demonstrated to be insufficient to clear the moutl¡ of taste

residuals (o'Mahony, L972al. After exposure to a lM NaCl solution for

15 seconds significant levels of residuals, determined by flame photometryr

remained in the saliva of panetists for 7 - L7 minutes afÈer rapid

expectoration and for 6 - 1O minutes after a single mouth rinse- Five

rinses were found to clear the mouth for most subjects, however, such

stringent procedures are not adhered to in most taste panels.

Methods that allow panelists to judge for tlte¡nselves r.'hen a

stimuli has been cleared from the moutÌ¡ (ad lib mouth rinsing) also do

not appear to be reliable (O'Mahony, 1973). After expectoration of a

,;..:.:i
::.i.li.-.:...'
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IM NaCl mouthrinse all judges reported the taste to have vanished from

the nouth before the Na content of the saliva reached pre-experimental

levels. Ttrus besides being inefficient in cleari-ng stimulus residuals

this r¡ethod is uncontrolled.

OrMatrony (L972bl studied the effect of three interstimulus procedures,

a 15 second and 2 minute rest and a mouthrinse, upon detection

thresholds for sodium chloride. Ten mI samples of NaCI solutions were

served in ten su:cessive ascending series for each of the three test

conditions. Detection thresholds increased in all three cases, however,

ttre ncuth rinsing procedure lvas the most effective and the 15 second

rest the least effective in removing stimulus residuals.

Similarly both detection and recognition thresholds for sucrose,

tartaric acid, quinine sulfate and sodium chloride have been reported

to be higher upon presentation of successive ascending series when

usilg either a mouttrrinse or a no mouthrinse procedure between samples

(OfMahony and Dun, 19741. However, drifts in sensitivity and

thresholds were significantly lower (f ( .OSl when using the mouthrinse

for sucrose and sodium chloride solutions. The same trend occurred

for tartaric acid and quinine sulfate but the differences were not

sigrnificant.

Residua1smaya1soaffectintensitysca1ingjudgements.Power
,

functions generated from magnitude estimates of intensity of NaCI

solutions were observed to possess greater exponents when obtained li,r,=..i
li li::':ì:l:r

from procedures usilg a 15 second rest between sanples and lower
i

exponents when a mouthrinsing condition was used (O'Mahony J-973;

cited by OrMahony, L974). fl¡ese results supported the pre-e>çerimental

prediction that t]¡e no mouthrinse condition would result in a higher

level of adaptation causing a decreased intensity perception of the
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lower concentrations' consequently yieldilg a steeper slope and an

elevated por¡¡er function e>rponent. A similar effect had previously been

reported for sodium chloride and sucrose povter functÍon e:çonents after

adaptation to their respective stimuli (Meisetman, 1968) ' TÌris trend

is due to the non-linear nature of tt¡e logarithnic axis-

It thus appears that the lack of adequate rinsing procedures in

a prolonged tasting situation could result in adapatation effects which

in turn may increase threshold determinations, decrease intensity

¡neasures and produce elevated e:çonents in tJre generation of power

functions. It has been reported that the after effects of bitter

cornpor:nds are longer in duration than for sour and sweet components;

they are the shortest for s\^¡eet stimulants (Krakauer and Dallenbach'

f937). Thus adaptation effecÈs should be considered and appropriate

inter-stimulus procedures not underestimated in panel tasting

situations.
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METHODOLOGY

On the basis of the information Present in the literaturer ten

amino acids were selected for profite evaluation by a trained Panel for

the presence of thirteen flavor parameters. Of these amino acids, five:

arginine hydrochloride, isoleucine, leucine, phenylalanine, and t4æto-

phane t¡rere selected for further taste investigations. These five were

evaluated at five or six concentrations by the method of magnitude

estimation for the perceived intensity of bitterness' astringency,

pleasantness, and total intensity. subsequently, binary rnixÈures of

arginine hydrochloride with each of the other four amino acids \¡tere 
I

tested at five concentrations for interaction effects in bitterness'

The. free amino acid content of eighÈeen pLant protein samples tr¡as

determined and quantitated to permit consideration of their flavor

inplications in light of the sensory information generated.

I Experimental Design

A Amino Acid Profiles

Seven trained panelists evaluated 3000 ppm solutions of ten

different amino acids for two kinds of information. First the overall

intensity was measured vthere a score of 100 htas assumed to be equal to

moderate intensity. Solutions were then examined for thirteen taste

paramaters sinply by establishing whether or not each was Present (P) or

not present (l{p). Each amino acid profile was replicated twice by seven

panelists for a total of fourteen judgernents for each a¡nino acid.

-:.
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B Intensity Patterns

Single Amino Acids

Five amino acids, arginine hydrocÌáoride (arg-hcl), isoleucine

(ileu), leucine (leu), phenylalanine (phe) and trlptophane (try) !ùere

studied in detail. Six trained panelists evaluated the intensity of

these amino acids for the taste parameters of bitterness, astringency,

total intensity, and pleasantness in relation to identified references.

The references used varied with the pararneter tested. The concentration

at which the amino acids were examined varied as illustrated in Tab1e 2.

concentrations were serected in order to cover a range from below

threshold to just below that concentration at which intensity starts

to plateau. Due to solubility limitations in the cases of ileu, leu, and

try this objective was compromised. VIhile the aim was to have concen-

trations forming a geometric progression, in order to have at least

four or. five concentrations in the clearly perceptible range, departures

from this were necessary because of panelist sensitivity. Each amino

acid intensity pattern was replicated three times by six panelists for

a total of eighteen judgements of each concentration in the intensity

pattern with the exceptions stated in Tab1e 2.

Amino Acid Mixtures

six trained panelists evaluated binary mixtures of arg-hcl with

each of ireu, leu , phe and try for bitterness and totar intensity of

five concentrations in relation to an 8o0 ppm caffeine reference.

Mixtures were formulated so that the total bitterness intensity of each

series of mixtures, assuming additivity between the two auLino acids in

irlrr:: ':i;.,,:r.ri
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Table 2 Test concentrations used in the development of amino acid intensity patterns for bitterness,

astringency, total intensity and pleasantness

Amino Acid

ARG-HCL

ILEU

Taste Intensity
Pattern

LEU

Bitterness
Astringency
Total Intensity
Pleasantness

Bitterness
Astringency
Total Intensity
Pleasantness

Bitterness
Astringency
Total Intensity
Pleasantness

Bitterness
Astringency
Total htensity
Pleasantness

Bitterness
Astringency
Total Intensity
Pleasantness

PHE

Concentration Used in Development of IntensÍty patterns
(ppm)

TRY

250 500

* OnIy two replications r^¡ere carried out for intensity judgements at these concentratÍons.

1000

1000

1000

1000

750

750

500

500

500

500

250 500

2000

2000

2000

2000

1500

1500

1000

1000

r000

I88 375

4000 8000

4000 8000

4000 8000

4000 8000

5000 10000

5000 10000

2000 4000

2000 4000

2000 3000

L25 250

12000*

L25 250

16000

16000

r6000

16000

15000

12000*

12000*

1000 2000 3000

8000

8000

4000

4000

15000

16000*

N
H
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the mix, would be approxirnately equal to ttre bitterness intensity

of arg-hcl at 2OO0f 4o0or 8000, I2OO0 and 16000 Ppm as detemined

from the arg-hcl power function, S=kCD, fhus mixtures may be discussed in

teni,rs of arg-hc1 equivalents. An arg-hcl equivalent may be

defined as the amount of a compound necessary to elicit the same

perceived bitterness intensity as one unit of arg-hcl. Each member

of the pair of amino acids in the mix, at eãch concentration level,

was expected to contribute approximately 50t of the bitterness

intensity. The bitterness intensity functions of the single amino

acids were utilized to determine the anpunt of each amino acid to be

used in the mixture formulations. For exampJ-e, to formulate a mixture

of arg-hcl and ileu that would be approximately equi-bitter to arg-hcl

at 12000 ppm one would proceed as follows:

1) The perceived bitterness of arg-hcl at 2000 ppm when

the arg-hcr po$ter function vtas s = 6-35 x lo-5 c 1'102

wourd be s = 6.35 x ro-5 (2ooo)1'102 = o.275 bitterness units.

2) An additive mix with equal bitterness from each of the

component amino acids would contain approximately

.1375 bitterness units of arg-hcl

and .1375 bit.terness units of ileu

= .2'75 total bitterness units

3) The amount of ileu nec€ssary to elicit .1375 bitterness

units where s = 7.ol x to-7 c 1'556 would be

c r'556 = .1375 ;- 2520 ppm
fit- to:'

Ì
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4) Sirnilarly the amount of arg-hcl necessary to elicit . 1375

bitterness units where s - 6.35 x to-5 c 1'102 would be

^ 1-102c ' = .1375 _5 = 1064 ppn
6.35 x 1O

Thus, the total rnix would consist of 2520 ppm ileu, and 1O64

ppm arg-hcl which represents 2OOO ppm arg-hcl equivalents.

Table 3 shows the mixture formulations used in the developnent

of the bitterness and totar intensity patterns of the binary a¡nino

acid mixtures. Eact¡ intensity pattern was repricated three times by

six panelists for a total of eighteen judgernents of each concentration

in the intensity pattern.

Caffeine and Alum

Panelists also evaluated caffeine for bitterness and pleasa¡tness

intensity in ratio to an 800 ppm caffeine reference and alr¡n for astrin:

gency and pleasantness in ratio to an 800 ppm alum reference. fhe seven

concentrations used in the development of the intensity patterns r.rere

the same for both parameters for bothcompounds (1O0, 2OO, 4O0, 800, 1600,

3200 and 6400 ppm). Each intensity pattern was replicated three tinres

for a total of eighteen judgements for each concentration in the intensity

patterns.

C Free Amino Acid Content of Plant Protein Samples

The free amino acid content of eighteen plant protein samples

was determined from Ethanol (ETOH) extracts, and in some

cases trichloroacetic acid (TCA) extracts, of the samples according

to the methods of Bhatty and Finlayson (1973). Duplicate extracts

!{ere prepared and analyzed in all cases. Because of the tedious nature

.:.: .
I ;.. .. -.



Table 3

Amino Acids
Combined

AÀI AA2

Amino acid mixture formulations

ARG-HCL ILEU

Mix Concentrationl
in ARG-HCL
Equivalents

ARG-HCL LEU

1995
4LO2
8222

t2 359
16481

1989
4064
8128

12t61
16180

1989
4064
8L47

L22L7
162 55

1975
4045
8I09

L2L62
t618I

ARG-HCL PHE

Amount of Amino Acid
ARG.HCL

(50t Bitterness)

ARG-HCL TRY

1050.40
2L49.84
4304.76
6452.49
8576.44

1050.40
2149.84
4304.76
6452.49
8576.44

1050.40
2L49.84
4304.76
6452.49
8576.44

1050.40
2L49.84
4304.76
6452.49
a576.44

in the Mix (ppm)
AÀ2

(50t Bitterness)

Mix concentrations in arg-hct equivalents are not exact,Iy equal among series of
calculat.ions determining quantities of amino acid components were only carried
total bitterness units.

2537.75
4238.L9
6968.26
9311. 18

11415. 73

1015.81
22L4.50
47L4.39
7323.42
9981.53

598. 19
1275.36
2657.O9
4075.96
5506.43

665.8r
1084.30
L739.78
229L.9L
279t.97

Total Bitterness
UnÍts

(Assuming Additivity)

.:_i

o-275
0.608
1.311
2.0s3
2.815

o.274
0.603
1.293
2.018
2.760

Ù274
o 603
t.297
2.O27
2.776

o..272
0.599
I.290
2 .016
2.i62

mixtures as the original
to two decimal places in ¡\)

tÞ



25

of the TCA extraction procedure it was only carried out for tÌ¡ose plant

proteins which showed ¿u1 appreciable quantity of arginine in the ETOH

extracts, aird plant protein sources of interest. Thusf a TCA extraet

was prepared from rapeseed concentrate, soy flour, sunflower concen-

trate, fababean ftor¡r (-40?cl , fababean concentrate (A/C, -4OoC),

fababean conc.entrate (C), lupin flour, pea flour and pea concentrate'

I1 Materials

Source and Preparation Details

Tab1e 4 lists the source and description of materi aIs used in the

preparation of samples for candidate screening. Gremicals were weighed,

placed in volumetric flasks and brought to volr¡ne with glass distilled

water. Solutions of citric acid, caffeine, sodirm chloride and tannic

acid were prepared a day ahead and left over night at room temperature

until time of testing. Sucrose solutions were prePared just prior to

testing.

Table j lists the sources and descriptions of amino acids for which

profiles and intensity patterns $rere established. All amino acids were

reagent grade. Arginine hydrochloride and lysine monohydrate were

used in place of their free bases because it was easier to adjust

to pH 6.5 using these comPounds.

The preparation of amino acid solutions in glass distilled water

was the same for both sections of the study. Amino acids were weighed

into glass beakers and $¡ater was added to an amount 50 ml less than

desired vohrrne. Plastic coated magnets were placed in the beakers

which were agitated on Corning magnetic stirrers until amino acids

dissolved. The solutions $rere then removed and the pH adjusÈed to 6'5
i r.:,':., -::'
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Tab}e 4 Description and source of materials used in candidate screening

Taste Sensation
Stinulated Chemical Source

Sweetness

Sourness

Bitterness

Sucrose Ilanitoba Sugar Corçany
Winnipeg, Manitoba

Citric Acid Matheson, Coleman.. and BeIl
No¡:r,¡ood (Cincinati), Ohio
East Rutherford, New JerseY

Caffeine J.T. Baker Chemical Conpany
Phitlipsburg, New Jersey

Astringency Tannic Acid Co¡rur¡ercial Grade
Source Unknown

Saltiness Sodium Chloride gtindsor Salt, Canadian Salt
Company
Montreal, Quebec

i.r.l:1:....|:. ,. ..
l:. ,



Table 5 Description and sources of anr-ino acids used in the sensory

evaluation of flavor proPerties of amino acids

Amino Acid l'lo1ecular !{eight Source

27

L-Arginine Hydrochloride
(ARG.HCL)

L-Histidine
(HIS)

L-Isoleucine
(ILEU)

L-Leucine
(LEU)

L-Lysine Monohydrate
(LYS)

L-Methionine

L-Phenylalanine
(PHE)

L-Proline
(PRO)

L-Tryptophane
(TRY)

L-Valine
(vAr,)

2LO.7 Nutritional Biochenical
Corporation (NBC)

Cleveland, ohio
J.T. Baker Chemical ComPanY
Phillipsburg, New JerseY

L55.2 Sigma Chemical CorPoration
(Si$na)
St. Louis, Missouri

131.2 Sigima; St. Louis, l{issouri
NBC; Cleveland, Ohio

131.2 Sigma, St. Louis, l'lissouri

L82.7 NBC, Cleveland' Ohio

149.2 NBC, Cleveland, Ohio

L65.2 NBC, Cleve1and, Ohio
Sigma, St. Louis, l{issouri

115.1 NBC, Cleveland, Ohio

204.2 NBC, Cleveland' Ohio
Sigma, St. Louis, Þlissouri

Ll-7.2 Sigma, St. Louis, Missouri
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(range of 6.4 - 6.6) with either I N NaOH oi I N HC1 using a Beckman pH

lEter. 
The solutions were then transferred to volumetric flasks and

brought to volu¡ne. All amino acid solutions htere Prepared a day ahead

and left covered over night at room temperature until time of tasting'

A pH adjustment of 6.5 was decided uPon as a practical step in the

application of the sensory data to the possible flavor contrjlcutions

of free amino acids to plant proteins. À survey of 4t slurries of

several plant protein sam¡rles indicated that riost were within a pH

rangeof6.0-6.T5.Thus,apHof6.5wasselectedforflavor

investigations.

rl'able 6 lisÈs the reference samples used to judge each sensory

parameter along with its prepåration deÈails. The source and preparation

of caffeine and alurn listed in this table was the same as that used in

the development of intensity patterns for these conpounds'

Table 7 lists the eighteen plant protein samples selected for free

amino acid determination and quantification. Information regarding pro-

cessing techniques, source, age at time of determinations, storage

conditions, and total nitrogen is also provided. Both extracting solvents'

SOgETOH(v/v)andltTCA(wtlv),usedinfreeaminoaciddeterminations

of these samples were reagent grade chemicals prepared in glass distilled

qrater.

Lì :- ' '.:
l 'r't=: r.i



Table 6 Source and preparation details of references for sensory

paraÍEters evaluated in arnino acid taste profiling

29

Source Parameter
.1

Reference PreParataon Source

ÀstringencY

AlkalinitY

2Putrid

2
Sulfurous

Metallic

2
Rancidity

Mustiness

Staleness

Sweetness

5000 PPn solution Powdered
ammonium alum

50TOOO ppm solution sodium
bicarbonate

Undiluted trimethlamine
hydrochloride stored in
screw toP vial

5O,OOO PPm solution thio-
acetanide, heated and Placed

in screw toP vial

PineapPle juice stored I0
days in oPen tin at
refrigerator temPerature,
transferred to glass
container until use

38,OOO PPm solution butYric
acid stored in scre!ù toP
vial

20,000 PPm solution
commercial sucrose

2000 ppm solution
sodium chloride

Rexall Drug Co.
l{ississauga, Ontario

Cow Brand Baking
Soda, Church and
Dwight ttd.

J.T. Baker Chemical
Phillipsburg, New

Jersel¡

Fisher Scientific
Chemical Manufac-
turing Division
Fair Lawn, New JerseY

DeI l'lonte PineaPPIe
Juice, Canadian
Canners, Hamilton

Matheson, Coleman,
and BelI, Norwood
(cincinnati) ' ohio
East Rutherford,
New Jersey

Manitoba Sugar
Company
i,linnipeg, Manitoba

Windsor SaIt,
Canadian SaIt Co.
Vancouver' B.C.

¡:.: i :::

i

i.' :-i:,:::.,
t. :

1,..::.1:-. .: : '

..-t.-.. ì-t:a.f:
No reference apart from definition

Unsalted soda crackers Busy Baker' Empress
Foods Ltd.
Vancouver, B'C'

Saltiness
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Table 6 cont'd

Source Parameter
I

Reference Preparation Source

Sourness 1000 pprn solution citric acid Èlatheson, Coleman
and BeII
No¡*¡ood (Cincinnati)
Ohio, East Rutherford
New Jersey

Bitterness 8OO ppn solution caffeine J.T. Baker Chemical
company, Phillips-
b*9, New Jersey

Meatiness I beef bouillon cube in Oxo Foods Division
25O nI boiling \¡tater Brooke Bond Foods Ltd.

Belleville

I ott solutions prepared in glass distitled water-

' odot references.



Table 7 Description of plant protein sources analyzed for free anino acid content

Plant Protein

a) Cereals

Durum Flour
(Triticum durum,

Stewart)

Oat Flour
(Avena sativa, L.)

Rye Flour
(Secale cereale)

TriticaLe Flour
(Rosner)

Wheat Flour
(Triticum aestivum)

Source

Deparunent of Plant Science
Univeristy of Manitoba
!ùiruripeg, Manitoba

General Foods

Department of Plant Science
University of Manitoba
Winnipeg, Manitoba

Department of Plant Science
University of Manitoba
I,ùinnipeg, Manitoba

Department of Plant Science
University of Manitoba
Winnipeg, Manitoba

Procéssing Technique

Roller milled with
bench eguipment

li: i

Storage Conditions
and age

Experimental commercial
sample

Roller milled with
bench equipment

Roller milled with
bench equipment

Roller milled with
bench equipment

Total Nitrogenl
(Dry Vreight)

t

5oc
5 months

5oc

5oc
5 months

5oc
5 months

5oc
5 nonths

2.45

3.16

1.87

2.26

2.48

(,
P



Table 7 contrd

Plant Protein

b) Oilseeds

Mustard Concentrate
(Sinapis, alba L.)

Rapeseed Concentrate
(Brassica napus L.,

Tower)

Soy Flour
(Glycine max.)

Soybean Isolate
(Glvcine max.)

Sunflower Concentrate
(l{elianthus annus L. )

Source

Food Research Institute
Ottawa, Ontario

Food Research Institute
Ottae¡a, Ontario

Archer Daniels Midland
Company
Decatur, Illinois

Unknown

Crop Science DePartment
University of Saskat-
chewan, Sakatoon,
Saskatchewan

Processing Technique

Dehulled, heated' water
washed, solvent extracted

Dehul1ed, heated, h¡ater
washed, solvent extracted

Flaked, solvent extracted,
ground ,untoasted

Promine D

Diffusion extracted
for four hours at pH 4.5
solvent extracted

Storage Condítíons
and age

Total llitrogenl
(Dry !{eight)

t

5oc
I year

5oc
I year

5oc
2 L/2 years

:1I;.:; . .;:.'.;

9.74

10.06

5oc
3 years

8.61

L4.7

I1.1I

(,
N



Table 7

Plant Protein

contr d

c) Legumes

Fababean Flour NRC Prairie Dehulled, pin milled
(Vicia faba L. (minor) Regional Labs
Diana)

Fababean Concentrate
(A/C') (Vicia faba L.
(minor),Diana)

Fababean Concentrate
(A/c) (vicia faba L.
(minor), Diana)

Fababean Concentrate
(c) (Vicia faba L.
(mlnor), Diana)

Fababean Isolate
(vicÍa faba L.
(minor) r Diana)

Source

Saskatoon, Saskatchewan

NRC Prairie
Regional Labs
Saskatoon, Saskatchewan

NRC Prairie
Regional Labs
Saskatoon, Saskatchewan

General Foods

Processing Technique

Dehulled, pin milled
air classified

Dehulled, pin milled
air classfied

E>çerirental- Commercial
sample

Experimental Commercial
sample

Storage Conditions
and age

General Foods

: ,:Lì::

. ,l" l'i"l',

-4ooc
I months

Total Nítrogen
(Dry !{eight)

t

-4ooc
8 months

5oc
I months

5oc
2 years

5oc
2 years

5.04

I0.80

10.80

10.1r

16 .06

t¡J
(¡)



Table 7 cont I d

Plant Protein

Lupin Flour
(Lupinus glb"s)

Field Pea Flour
(Pisum satiwm L.
Trapper)

Field Pea Concen-
trate (Pisum satirmn
L. Trapper)

Source

Department of Plant Roller milled wíttt
Science, University bench equipment
of Manitoba
Winnipeg, Manitoba

NRC Prairie Dehulled, pin nuilled
Regional Labs
Saskatoon, Saskatchewan

NRC PraÏrie Dehulled, Pin milled
Regional Labs air classified
Saskatoon, Saskatchewan

Iu"ing standard AOAC (1965) methods

Processing Technique
Storage Conditions

and age

5oc
I months

5oc
I months

5oc
I months

Total Nítrogen
(Dry weight)

I

5.67

3 .91

9.22

(,
rÞ



III Sensory Evaluation

Seven females (ages 20 ' 281 were selected from twelve nale

and female candidates to participate in tJle study. All selected

panelists. were studentsf graduate students, or staff of the Department

of roods anit Nutrition.

As previously outlined, panelists evaluated ten amino acids for

the presence of thirteen flavor parameters, constructed intensity

patterns of five single a¡nino acids for four flavor paraÍìeters and
i

constructed flavor intensity 'patterns of four binary amino acid

mixtures for two flavor pararneters. Thus, panel screening. selection

and training were conducted in light of these sensory tasks which

require on behatf of the panelists the ability to recognize different

flavor sensations and the ability to discriminate armong intensities

withi,n sensory parameters.

AII screening sessions and sr:bsequent taste testing sessions were

conducted in individual booths in a panel room in an air conditioned

laboratory. Judgements in the screening sessions were made r¡nder red

lighting to mask the color difference of tannic acid when examining i ..., .

ì:-i.rr.1 ¡;,:,;.

candidates for taste recognition. Test session judgements were made i '

lt 
' 
.'' ..., ' ,

under MacBeth Daylite fluorescent lighting. Training sessions were held 1,,:'-,','

at a large ta.ble in a foods laboratory. These were group session

held with the purposes of agreeing upon definitions, clarifying the
,

mechanics of tasting procedures and sharing cues in perception of fi;i:;::l:l
l.:;ì.rìrtjì::

flavor parameters.

35
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A Panel Screening and Selection

!{hen examining candidates for abilities of taste recognition'

they were presented with six weak water solutions of chemicals

representative of the four. basic taste sensations and astringency 
,. ,,,,... -,:.J..

and a water blank. Chemicals and concentrations used are shown in

Tab1e 8. Panelists were asked to identify the taste sensation= '

present in randomized coded samples on the baltot provided (Figure I).

In the second screening session candidates were instructed in tÌ¡e

use of the method of magmitude estimation. They were then asked to

measure the intensity of six randomly presented caffeine solutions

(300, 600, 900, L2OO' I5O0 and 1800 ppm) in comparison to a 90O ppm

caffeine reference. This test was completed twice by e>çerienced

tasters and four times by inexperienced tasters. The ballot used is

illustrated in Fig,ure 2. Ability to discriminate bitterness intensity

v¡as assessed from success in ranking as judged by Pages -"L" test

(Page, 1963).

performance on taste recognition and Pages L test are outlined in

Table 9" Of the twelve candidates seven were selected as follows,

N.M., S.J., J.F., N.C., K.H., M.L., and V.B. One panelist, V.B. was

only available to complete the first section of the study.

B Panel Training

Five training sessions were held with periodic refresher sessions

during the course of the e>çeriment, ie. after a break in tasting sessions

of greater than three weeks due to holidays or exa¡nination periods. The

sensory analysis portion of this study was organized into two sections;

amino acids profiling and intensity patterns of single a¡r,ino acids
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lable I Chemical solutions representative of the basic tastes and

astringency used in candidate screening

Taste Sensation
Chemical Solution'1

(wT,/'\¡oL) i-.¡

Sweetness

Sourness

I saltiness

Bitterness

Àstringency

10,000 pprn Sucrose

600 ppn Citric Acid

1,OO0 ppm Sodirn Chloride

300, 600 ppn Caffeine

50O ppn Tannic Àcid

I ett solutions were prepared in glass distilled water.

j;-r...';r:-

i¡i
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Figure I Ballot for panel screening for perception of basic tastes

and astringency.

BAÍ,LOT FOR SCREENING TESTS FOR ÎÀSTE

Instructions: In front of you are 7 cuPs containing weak water

solutions of chemicals representing the basic taste sensations' one

or more of tT¡ese may be a blar¡k or a repeat' Your task is to

identify the dominant taste in each cup'

please rinse your mouÈh with water before you taste each sample'

please taste the sanples in the order indicated on this sheet' For

each sample, record on the batlot below if the sample is tasteless

or has a sr¡reet, salty, sour, bitter taste or astringent mouth feel'

SAMPLE CODE NUMBER TASTE DESCRIPTION

::.::.; -:
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Figure 2 Ballot used in panel screening for ability to discriminate

differencesinbitternessintensityofcaffeinesolutions

I'LAVOT'R EVAIUATION.

I. Taste the reference s¿rmPle and assign it a score'

2. Taste each coded sample in the order presented and estimate

tÌ¡e bitterness in relation to the reference'

Assign a score to each samPle'

SAI,IPLE SCORE



Table 9 Results of

caffeine solutions

Candidate

screening tests for basic taste

N.M.

S.J.

J. F.

N.C.

K. H.

R. L.

M.L.

À.!,¡.

v. B.

D.J.

Blank Sweet

Taste Sensation*

Sour Saline Astringent

I

sensations and intensity perception of a serÍes of

:".1:, j:i;

Bitter
300 ppm 600

Pages L Score
Maximum - 182.0
llinimum - 112.0

ppm L'Ê t V; Ë X¡j )

179.5

179.0

179.0

178. 5

176 .0

175.51

175 .0

t 7 3.5r

L71.5

:I7L.02

t.i, ' i .¡
''.i .t, :,.:..,. .

Èo



labIe contr d

Candidate

c. B.

B.W.

Blank

*

I

2

X indicating an

eliminated due

eliminated due

eliminated due

Sweet

Taste Sensation*

Sour Saline Astringent

error in judgement

to incpnsistent availability

to inabillty to recognize bitter sensation at either concentration level

to low " Llr score

x

X

_.- :-. L:;. . ..':.:.

' .| -:.]',:.

Bitter
300 ppm

Pages L Score
Maximum - 182.0
Minimum - 112.0

6oo ppm L' Ë, tY¡ Ë,x¿j)

t '';t
:.'::::¿

,: t,,':

',,:ti
i;l,i -':
,.',a-i.]
,::i...Ì ,-l

i;: :'lr

169. 03

163.52',3

È
P
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and amino acid mixtures. ,Training for each secdion was held just prior

to the actual testing because the tasks involVed in each required slightly

different skills from the panelists.

Training for Amino Acid Profiles

Three training sessions were heId. The objectives etere to acquaint

judges with some of the sensations they might encounter while tasting

amino acids, to establish or improve upon definitions appropriate to

each sensation and to initiate the use of a time controlled tasting

procedure

In the first session panelists were introduced to definitions of

flavor sensations with corresponding referenc-e samples. Definitions

originating from Amerine et aI- (1965) were revised and more

appropriate references selected during panel training sessions resulting

in those shown in Figure 3 No appropriate reference was identified

for tÏ¡e sensation of mustiness nor was a definition formulated for the

meaty taste sensation. Panelists, however, felt that they could

recognize these sensations without any difficulty.

In the second and third training sessions panelists were introduced

to amino acid solutions and a time controlled tasting procedure. Panelists

were presented with a list of definitions, corresponding reference samples

and two amino acid solutions. Panelists tasted the sample, held it in

tl¡e mouth for 7 - 10 seconds and then e:çectorated. They then proceeded

to identify the various sensorl¡ parameters in the test materials. The

sample volume was not controlled in this sensory task. The time inÈerval

of 7 - I0 seconds had been chosen by the panelists.

..,,.:,+.-..*,j.,.': :j.-:.-:. :jr

4fi.e 
ultlve,t-ö

ã@¡%

OF Êrt,å¡\å¡'fÕEÂ

{fgr¡4¡1¡¿5
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Figure 3 Revised list of definitions for taste sensations and selected

references

DEFINITIONS OF TASTE SENSATIONS

Astringenq/: Reference: Ahmt

Quality perceived through the complex of sensations caused by

shrinking, drawing, or puckering of the skin surfaces of the

oral cavity; dry feeling in the mouth.

Alkalinity: Reference: Baking Soda

A taste sensation usually attributed to a combination of sourness

and bitterness (and possibly tactile) stinuli.

Putrid: Reference: Trimetltylamine

Unpì-easant flavor and odor usually associated with proteolytic

spoilage.

Sulfurous: Reference: Hydrogen sulfide

Flavor similar to tl¡e odor of rotten eggs.

Metallic: Reference: Pineapple juice

Flavor defect suggesting iron or copPer contamination.

Rancidity: Reference: Butryic acid

Having a rank odor or taste as that of old cheese or old oil-

l"lustiness: Ref erence: None

Flavor similar to the odor of a damp, poorly ventilated celIar.

Staleness: Reference: Stale unsalted soda crackers

Not fresh; vapid or tasteless from age, such as stale beer, stale 1,:,:.1.,,
f:. t:

bread, or stale non-fat dry milk.

ii::iì:,:;'::r::
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Figure 3 contrd

Sweetness: Reference: Sucrose

A rapidly developing sapid sensation which is best tasted at

tJle tip of the tongue.

Saltiness: Reference: Sodir¡n chloride

A saline sensation best tasted at the tip and tÌ¡e sides of the

tongue.

Sourness: Reference: Citric acid

A taste sensation usually caused by acids and is best tasted

along the edges of the tongue-

Bitterness: Reference: Caffeine

A taste characterized by such compounds as caffeine, quinine,

' and certain alkal0ids which is best tasted at the back of the

tongue and may not be perceived until the soluÈion is swallowed.

Meaty: Reference: Oxo

i.: ,.1
i:-'
t,..
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Training for Intensity Patterns

Tt¡o sessions were held before the tests measuring taste

intensity patterns of amino acids and amino acid mixtures. Most

panelists participating in the study were e:çerienced tasters and

familar with the method of magnitude estimation. The objectives of

the training sessions v¡ere to reinforce the use of the method of

rnagnitude estimation rto practice evaluating the intensity of a

parameter in a mixture of taste sensations and to acquaint panelists

with a controlled tasting procedure. Panelists \r¡ere presented with

increasingly difficult tasks and group performance was evaluated irmne-

diately after tasting in order to nrotivate panelists to perform well

and to express any difficulties encountered.

fn the first session panelists completed two matching standard

tests in which randomized series of five concentrations of chemical

solutions were matched to a known ascending series of samples of the

same concentrations. The first test consisted of single stimulus

samples (caffeine and water) and the second was a more complex mixtsure

(caffeine in a citric acid stock soluÈion).

In the second session panelists were asked to measure the intensity

of a parameter in complex solutions of sirnilar and conflicting taste

sensations by the method of magnitude estimation. Panelists first

evaluated the bitterness intensity of increasing amounts of caffeine

in a sucrose stock solution and then increasing amounts of caffeine

in a citric acid stock solution. When panelists completed these tasks

with only two panelists erring by inverting the two lowest concentration

levels, evaluation of amino acid solutions began.

i; ,.

l.'.:
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The method of magnitude estimation requires that panelists scrore

a sample for tt¡e intensity of a paraneter in proportion to the intensity

of a selected paraneter in a reference sanple (Moskowitz, 1975b). For

example, if a panelist assigned a caffeine reference a value of IO for

bitterness intensity and then tasted a sample and found it to be one

fiftf¡ as bitter as the caffeine reference he would assign the sarple

a score of 2 (1O x L/5).

when magnitude estimation was used in tÌ¡e training sessions, a

controrled tasting procedure was again introduced. This procedure

\À¡as more stringent than the format used in,the profile work due to
the increased difficutty of the task of measuring intensity and the

number of sarnples that wourd be evaluated in each session.

A modification of the taste procedure of O'Mahony and associates

(1976) was adopted. Panelists pJ-aced 7 m1 of sample in the mouth,

held it Èhere f,or 7 - 10 seconds and then expectorated. After the

judgement was recorded, panerists rinsed their mouths with glass

distitled vrater, ate a piece of cracker, rinsed again and waited 30

seconds before proceeding to the next sample. This procedure was

adhered to for each sample and reference tasÈed. References were also

7 ml in volume. Judges aided in the development of this controll ed

procedure suggesting adequate sample volumes as well as appropriate

interstimulus procedures .

C Samp1e Presentation and Tasting procedures

Amino Acid Profites

Amino acid profile taste sessions ran for a duration of two weeks.

At each session panelists were presented wiÈh five anino acid solutions,

f,. t. . '
l. .'.'.r: ..-'

t--'

l::.::| :. .ltr.j.-::.'

i .: .'._ :-'

ì'. i :.i .l', '':-
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a taste or odor reference apProPriate to each Parameter being

evaluated, a corresponding list of definitions, and a ballot. Figure 4

shows tÌ¡e ballot tJlat was used for a¡oino acid profiling. Order of 
.

a¡nino acid presentation was randomized a¡nong panelists, however,

tle list of para-meters and tÌ¡eir corresponding references r¡ere

always presented in a fixed order as illustrated on the ballot- The

five amino acids served at each session were r¿rndomly assigned within

replications as illustrated in Tab1e I0-

panelists were asked to taste the amino acid solution according

to the procedure outlined on the ballot and to assess the total

intensity where a score of 100 would indicate a moderate total

intensity. Panelists r^¡ere then to proceed down the list of descriptions

indicating which, if any, were present in the samples. References for

taste descriptions could be referred to at any time as long as panelists

followed the controlled tasting Procedure. The profile for each a¡nino

acid was completed before panelists proceeded to the next sample.

fntensity Patterns

Single Amino Acids

Each of the amino acids, arg-hcl, ileu, leu, Phe and try were tested

for bitterness, astringency, total intensity and Pleasantness. À11 four

parameters were tested at one time for each amino acid and panelists

received . only one amino acid per session. liovJever, panelists received a

separate set of solutions for each Parameter to be judged and only one

parameter was judged at a time. lrlithin each series of amino acids, the

different concentrations were randomly presented. the order in which

parameters were judged vtas randomized between panelists at each session'
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Figure 4 Ballot used for a¡l¡p ¡cld proflllng

Àt{I¡¡O ÀCID PROFILTNG

In front of you arc l) ¡ get of references for difie¡:cnt tåate sens¡tion¡-

, it) â correspondllng llst of definltion¡ of taatc scnsrtions, and

ill, several ani¡n acld solutiont.
It ls you¡ tåsk to profile the trstê of eac!¡ a¡ino ¡cid solution by stating Yhether cadl

tåstê sensåtios¡ atâted bclou ls Present (P) or not Prescnt (NP,

Proceed às folloúss
l. Tâste tÌ¡e flrst åroino acid solutlon holôing lt in your EÞuÈh for 7 - l0 seconds and

tj¡en exPectoratê.
2. Àssign thc solutloD r score for totâl if¡tensity sherc ¡ scorc of lo0 is hoderÀt

intensity.
3. proc.eed down tÌ¡e list markLng P or NP besldc e¡d¡ taste aensâtion.

you may retàste the sarnple ât àny tirùe but eâcÌ¡ tibe ¡ìust control the lengÈh of exPosu¡c

to ? - lO seconds. Definltions anô referenoes mày ¡Iso bc used rÈ èny tlDe. Do not li¡¡it

yourself to tÌ¡e tàste ser¡sattons stôted lf you percelve others. Stâte theD ln the space

provlded-' Àt the botton please state tj¡e domlnat¡t sensôtlon thrt you ¡'ercelved' coFFletc

the þrofile for one a¡nino acld before you proceed to t!¡€ ncxt-

Tàstc SansâtIon Re ferenc€

lotâl Intcnslt lloderate - lO0

Àst ri
À1 kal i nf

Putri d

Sul furous

t¡etallic
R¿nci dit
llustinesB

Stô I cnes6

SucctnesS

sâltlnesB
SournesB

Brttcrncsg

Othcrs 3

Àl urD

BâK f sod¡

Trirne I anl ne

sul fi de

Plne le Julcc
But lc acld

stàle cråckerc
Sucro6e

Sodir¡n chlorlde
cftrfc lcld
Caf fei ne

i' .i
IIi.i

l: ::'
li.
i:...1:.i.. ,:.':.

:..-

Dominànt taste:

Oxo
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Table 10 Randomized ordering used for amino acid profiles

Session
Replication

HIS

PRO

LEU

MET

TRY

TRY

HIS

LEU

ILEU

PRO

LYS

ILEU

PHE

vAI,

àRG-HCL

PITE

ARG-HCL

LYS

VAL

MEl

; 
.i Ìì!:. ::_.i .:, ¡: !
i.....: .:
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!{ithin each of the three replications, the order in which the amino

acids r^rere exafi¡ined was randomized as illustrated in Table 11.. Amino

acid intensity pattern tests ran for a duration of eight weeks. At eactr

session panelists were presented with four series of solutions of one

amino acid (a total of 22 - 25 samples), references appropriate to eacÌ¡

paraneter to be judged and a ballot (Figure 5 ). A list of definitions

was not provided for taste sensations in this section of the study.

Table 12 lists the references used for each of the taste paraneters

thaÈ were judged. Caffeine was selected as a bitterness reference, alum

as an astringency reference and internal references were selected for

the evaluations of pleasantness ãnd totat intensity of each amino acid.

An internal reference refers to ar¡ identified reference (R) which is

the same as one of the coded samples. Internal references differed

betwëen amino acids but were the same for both evaluations of pleasantnes

and total intensity for any one amino acid.

Amino Acid l"lixtures

Each amino acid mixture was evaluated for the two parameters of

bitterness and total intensity in reference to an 800 ppm caffeine

reference. Àt each session panelists received six series of amino acid

solutions consisting of two series of each of three amino acid mixtures.

One series of solutions for each amino acid mixture vras evaluated for

bitterness intensity while the other was evaluated for total intensity.

The samples within each series were randomly presented as r¡¡as the order

of parameter evaluation and amino acid series between judges. Panelists

were not advised as to which series of amino acid mixtures were the same.

I'::.r..'

1.1 . . :'

l: :.-.: 1. -: : '



Tat¡le lt Randomized ordering used in development of single a¡nino

acid intensity patterns

Session

Replication

51

I

2

3

rLEU PHE LEU TRY ARG-HCL

ILEU

ARG-I{CL TRY PHE ILEU LEU

ARG-HCL PHE LEU TRY

iì. : rr

rÌ::-:r::
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Figure 5 Sallot for assessment of taste intensity

Before you are a series of solutions each varying in intensity, and a

reference sample (R). It is your task to magnitude estimate, against

the reference, the intensity of each of the solutions. lltre procedure

for testing is given below. Please folIow the instructions as closely

as possiJcle.

INSTRUCTIONS:

t. Taste tJ:e reference, holil it in your mouth for 7 - l0 seconds,

e:çectorate and assign it a value representative of its

intensity.

2. Rinse, eat a piece of cracker, rinse again, wait 30 seconds, and

proceed to the first (next) sample

3. Place all the sample in your mouth holding it there for 7 - 10

. seconds, expectorate, and assign the sample a value for intensity

in relation to the reference.

4. Repeat steps 2 and 3.

5. Continue in this manner for eadr sample. You may retaste the

reference at any time as long as you rinse as instructed.

SAMPLE

R

INTENSITY SCORE
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Table 12 References used for assessment of taste intensity patterns

of single arnino acids

Täste fntensity
Pattern Referenc-e

Bitterness 800 ppm Caffeine

Astringency 800 ppm AIun

1Total Intensity- 4000 ppn ARG-HCL for ARG-HCL

and Pleasantness 8000 ppn ILEU for ILEU

50O0 ppn LEU for LEU

2O0O ppm TRY for TRY

l- Total intensity and pleasantness references are only appropriate

in assessing stated amino acid.

L-.:.. .:.
t-...t.rr.'.
i:\:: .".
i._-."-_.

| ::' -.:^1l: -:ii
1,.':ì.: 

::::-l :.;ri.;

I 1ai - ':.
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The amino acid mixtures served at each session were randomly selected

as illustrated in Table 13 . Tests for mixtures ran for a three week

period.

Caffeine and Alurr

Caffeine and alum intensity patterns for bitterness and astringenqf'

respectively, and pleasantness were established between the replications

for the single amino acids. Caffeine intensity patterns were measured

in reference to an 8OO ppm caffeine reference and ah¡n intensity 
'

patterns in reference to an 800 pprn alum reference.

At each session, panelists received four series of solutions, two

of caffeine and two of alum. One series of each was evaluated for

pleasantness and the other was evaluated for bitterness or astringency

fo¡caffeine and a1um, respectively. Therefore, a total of twenty-eight

samples was served at each session.

All intensity patterns r^¡ere generated using the controlled tasting

procedure enumerated under panel training. Additional 7 mI references

and 7 mI aliquots of samples wereavailable in the booths for retasting-

Panelists could retaste either references or samples as desired so long

as the interstimulus procedure was adhered to throughout. AII panelists

were equipped with stop waÈches to monitor the tasting procedure.
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Table 13 Randomized orderíng used for three replications of amino

acid níxtures intensity Patterns

Session

LEU + ARG-HCL PHE + ÀRG-HCL

TRY + ARG-HCL TRY + ARG-HCL

ILEU + ARG.HCL ILEU+ ARG-HCL

ILEU + ARG.HCL PHE + ARG-HCL

PHE + ARG-HCL TRY + ARG.HCL

LEU + ARG-HCL I,EU + ARG-HCL

rÌ,,1i
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IV Chemical Analysis of Free Amino Acids in Plant Protein SamPIes

The non-protein nitrogen of e5.ghteen plant Protein samples r¡as

extracted in dupticate, using 80t ETC[I as the extracting solvent'

according to the method of Bhatty and Finlayson (f973). fhese authors,

however, reported that this solvent may give low yields of the basic

amino acids, one in particular being arginine. A TCA (It) extract was

reporÈed Èo result in a much better yield of the basic amino acids'

Since sensory analysis revealed that arg-hcl possessed bitter taste

properties lt was of particular interest to determine accurately the

arginine content of some of the plant proteins and thus TCA extracts

were obtained from nine samPles.

The ETOH and TCA extracts of the plart protein samples'were used

to determine their free amino acid content. An aliquot of each sample

was.used for amino acid analysis in a Beckman Model ll7 Automatic

Amino Acid Analyzer equipped with a Beckman 125 integrator. only the

basic amino acids present in the TCA extracts were determined and

quantitated.

V Analysis of Data

A) Normalization of Magnitude Estimates

Two considerations must be recognized when analyzing sensory data

obtained by the method of magnitude estimation. The first is that the

variability in scores among Panelists is large a¡rd the sec-ond is that

magnitude estimates, which are ratios' are not normally but log-normally

distributed (Moskowitz, 1975 b)

jr " 
r', ..'
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panelist variability was reduced in two vtays. Because panelists

were free to assigm ¿rny score to the reference, these scûres were all

brought to a conmon value of 1O and the intensity scores ailjusúed

accordingly. Scores were further adjusted by calculating eactr panelistrs

geometric mean for each set of data and dividing it through each of the

scores. Î'his brought each panelist's scores into the same fra¡ne of

reference reducing the effects of the different magnitudes of scale chosen

by ttre panelists. Tt¡e score of the reference past the point of being

adjusted to l0 was not included in this second stage of normalization.

Because magnitude estimates are log-normally distributed, the

appropriate measure of central tendency is the geometric mean ratlter than

the arittrmetic mean. To obtain this measure of central teridency for any

set of magnitude estimates the ratios may be converted to logs and Èhe

arithmetic mean calculated which is analogous to determining the geometric

mean of the antilogs. Data thus treated will be normally distributed

and consequently any statisticaL analysis reguiring a normal distribution

may be applied (Moskowitz, L975b). All sensory data obtained by the

method of magnitude estimation was Èreated in this manner-

B) Handling of NP s in Magnitude Estimation

If a panelist did not perceive Èhe paraaeter of interest in a

sample, not present (NP) was recorded. fhis score is in essence a zeÍo

value. It is not possible to include zeros in the calculation of

geometric neans. As this is the desired measure of central tendency

when using ratios, a suitable alternate for a zero value is required

or the observation must be ignored.
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Table L4 lists the pararueters, by amino acid and amino acid

mixtures ¡ for which intensity patterns could be established. Ttre

concentrations listed are those tested which yielded data suitable for

use in calculating intensity patterns. Concentrations in r¡hich greater

tÌ¡an one third of the scores were NP were arbitrarily eliminated from

the construction of the intensity patterns while cencentrations in

which at least two thirds of the scores estimaÈed the parameter !,tere

retained. Thus upon occassion NP values did occur in concentrations

retained for analysis.

Wtren NP values occurred at the lowest concentration used in an

intensity pattern, no score was entered in its place resulting in a

different n for the c-oncentration. However, when NPrs occurred in the

middle or higher concentration leveIs they were replaced with a

calculated value if the panelist had scored at this particular concentra-

tion in the other two replications. The value substituted for NP was

obtained by calculating a regression equation for tJle panelist on the

basis of his otÌ¡er scores for tÌ¡e replication and generating a value

from the equation of the line at which the NP occurred. An illustration

of the method used to calculäte NP is shown in Table 15 . Specific

instances in which calculated NP values rdere used are shown in

Appendix A.

This method of calculating NP was considered superior to a previously

used practice of obtaining a number from each panelist which they felt

was close to their zero value and substituting it for NP (Malcolmson, L9771.

It does not appear that panelists can accurately estimate their NP value

by this rnethod. Examples of unadjusted sc"ores for three panelists for

the bitterness intensity of increasing concentrations of caffeine

t- .. -

i rir,.,r;
j. -..1..i]
j,,::': r.i



Table 14 Concentrations of compounds used 'in the finaL determination of intensity patterns.

Stimulant,

ARG-HCL

Flavor
Parameter

Bitterness
Astríngency

Total
Pleasantness

Bitterness,
Astringency
Total
Pleasantness

Bitterness
Astringency
Total
Pleasantness

ILEU

LEU

2000

1000 2000

250 500 1000 2000

Concen trations
Intensity

Used in Construction of
Patterns (ppm)

250 500

4000

4000

4000

4000

1000 2000

1000 2000

1500

750 1500

750 1500188 375

8000

8000

8000

8000

4000

4000

4000

5000

5000

5000

r2000

12000

12000

tì;:, ll
Ì;l lri
:: ': li
'':.:||: :, ,:

8000

8000

8000

10000

I0000

10000

r0000

16000

r6000

16000

16000

I2000

12000

I6000

16000

16000

15000

I5000

r5000

15000

12000

t2000

12000

ul
\o



TabIe 14

Stimulant

contr d

PHET

Flavor
Parameter

TRY

Bitterness
Total
Pleasantness

Bitterness
Astringency
TotaI
Pleasantness

Mixt,ures:

ARG-HCL +

ILBU

L25

Concentrations Used in Construction
Intensity Patterns (ppm)

ARG.TICL +
LEU

250

Bitterness
Total

Bitterness
TotaI

500

500

r25 250

1000

I000

1000

1000

1000

10oo

: a:1":

'.'J:1

2000

2000

2000

2000

2000

2000

2000

2000

2000

500

500

4000

4000

4000

4000

4000

4000

4000

3000

3000

3000

3000

of

2000

lrl ::ii l
)!ti:.:'::

8000 12000

8000 12000

8000 12000

8000 12000

8000

8000

8000

4000

4000

4000

4000

16000

16000

r6000

I6000

16000

16000

olo



Table t4

Stimulant

contr d

ARG.HCL +
PHE

Flavor
Parameter

ARG-HCL +
TRY

Bitterness
Total

Bitterness
TotaI

Caffeine

AIum

2000

4000

4000

4000

4000

BiÈterness

Astringency

I

2

2000

Due to insufficient data the ,astringency intensity pattern was not consÈrucÈed for PIIE (Appendix B).

Concentrations stated for mixtures are ex¡rressed in ARG-HCL equivalents (approximate values).

Concentrations Used in Construction
Intensity Patterns (ppm)

8000 12000

8000 12000

8000 12000

8000 I2000

200

r00

400

2000

r6000

16000

16000

r6000

800

400

1600

800

of

....::..:

,.;.1)ri 'r .

li' l '..

3200

1600

6400

3200

'- 1

6400

. J l.:'

.ij, t.::.:.:

oì
H
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rable 15 Illustration of the method used in caLculating values for NP

Bitterness tntensiÈy scores for Increasing Levels of caffeine
'Concentration (ppn)

Panelist lOO 2OO 400 800 1600

3 rrNPrt 9

8t2

4LO2040

Panelist A's regression line considering the four assigmed values:

Y=0.67+.01 X

To deternine NP where X = 40O

tÌ¡eny=0.67 +.01 (400)

= 4.67

A

B

c

16

16

65

1...jl
l:

1" , :

l'-.t:r'
1..

l':lr'
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are illustratèd in Figures þa - c. Linear regression analysis was

applied to each of these sets of scores in order to obtain a line for

perceived bitterness as a function of caffeine at concentrations at ü¡hich

panelists did perceive bitterness. NP values obtained from panelists are

indicated on the figures. It is apparent from these illustrations that

the NP repÌacement value stated by the panelist is very different from

the value that would be obtained if the panelistrs regression Lines were

extrapolated to the concentration at which the panelist used NP. In

these three particular situations, the panelists all under estimated their

NP value. Their replacement values would alter the data (inflate the scores)

if they were included in the adjusting procedure used for magnitude

estimates. It does not appear that substituting a panelistrs stated NP

is an accurate method of replacing Np scores.

C Statistical Analysis of Data

The scores for total intensity of the 3OO0 ppn amino acid solutions,

obtained during amino acid profiling, were examined by an analysis of

variance in order to determine if any significant differences existed.

These were identified by testing multiple comparisons by.the method of

least significant difference (LSD). No statistical analysis was applied

to the frequency data obtained for the sensory parameters evaluated in

the flavor profiJ-es.

Linear regression analysis \¡¡as applied Èo taste intensity patterns

of individual amino acids for bitterness, astringency and total

intensity as well as bitterness and total intensity of amino acid mixtures.

The caffeine intensity pattern for bitterness and the alrm intensity pattern

for astringency were also analyzed by linear regression. fhe linear
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tration at levels at

bitterness inteosity as a

which no NPs oecurred for

function of caffeine cþncen-

a single panelist

¡\ stated "fi¡P"

A Extrapolate

i.::.;:..
I -. ',,.

I

i., 
"

a
Ê¡úo
c)
U)

o
f¡l
Er
Ø
F)
o4z

Er
H
IDz
f¡l
Erz
H

a
an
f¡¡

a
Í¡l
Ë{
tr
H
p0

o
f¡1

H
f¡l
U
&
f:l
A

r0.0

5-0

4.O
3.0

2.O

r. 0.

0.5

500 1000

CAFF'EINE

5000 10000

CONCENTRÀTION (PPM)

Extrapolated



65

Figure 6b Perceived bitterness

concentration at levels at which

intensity as a

no NPs occurred

function of caffeine

for a single Panelist
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Figure 6c
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regression equations (Y = a + bx) were used to generate Power fpnctions

(S = kCn) which relates sensory intensity (S) to physical concentration

( O . The antilog of the intercept of the line is represented by k and the

slope by the e:çonent n. The correlation coefficients (r) which measure

the strength of the linear relationship between perceived intensity of

a parameter and stimulus concentration were calculated and their sigmificance

tested. OnIy where the correlation coefficient was found to be significant

(p < .O5) was the power function calculated.

Analysis of covariance !{as used to test for differences ¿unong slopes

and elevations in comparisons of interests. Where slopes were found to be

hornogeneous differences in elevation were determined. When slopes in

conparisons of interest \.Iere found to be significantly different, a t-test

was used to assess differences between treatment pairs (e(.orl - vlhen

elevation differences occurred in comparisons of interest, where possible,

99t confidence intervals were constructed about the true difference of

adjusted means of treatments.

The use of different reference samples among the amino acids for the

evaluation of pleasantness and total intensity placed'restrictions upon the

analysis that could be applied to the data. Because'.the.rate'of growtlt

of the intensity as a function of concentration (slope) is independent

of the reference sample, slopes may be compared. Elevation judgements,

however, are not independent of the reference samples and may not be

compared. As previously stated the pleasantness reference and total

intensity reference was the same for an amino acid but d-ifferent anong

amino acids. Thus, elevation differences could not be coupared among

single amino acids for either total inteàsity or pleasantness intensity'
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The comparisons of interest assessed by an anlysis of covariance l{ere as

follows:

a) tÌ¡e five single ami¡e acids and caffeine for bitterness intensity

b) ileu and alum for astringency intensity

c) honrogenicity of slopes of single amino acids for total intensity

d) homogenicity of slopes of each single amino acid for bitterness and

total intensity

e) honogenicity of slopes of ileu for astringency and total intensity

f) homogenicity of slopes of ileu for astringency and biÈterness

g) hornogenicity of slopes of single a¡nino acids, caffeine and alum

for pleasantness discrimination lines

h) honogenicity of slopes of each single amino acid for pleasantness

discrimination lines and bitterness

i) .hornogenicity of slopes of each single arnino acid for pleasantness

discrimination lines and total intensity

j) the four amino acid mixtures and arg-hcl for bitterr¡ess

intensity

k) homogenicity of slopes of each amino acid mixture and their coÍIPonent

amino acids for bitterness intensity

1) amino acid mixtures for total intensity

m) each amino acid mixture for bitterness and total intensity

Pleasantness data consistently showed tneutralt reactions, ie.

no differences among lower concentrations, and negative sLopes at

hlgher concentrations. Accordingly, two regrression equations rdere

fitted for each amino acid and their point of intersect was used Èo

ì-1.:.. -:
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detefmine an approximate threshold value for unpleasantness. One

regression Iîne (neutral) was generated for the points eXhibiting

the lowest and least sigmificant r value (ie- no relationship between

perceived pleasantness and amino acid concentration). The second 
i.,.,: ,. .

regression equation (discrimination line) h¡as generated from the points

which e:<hibited the highest and most significant r value (ie. strong

and significant relationship between pleasantness perception and amino ,,.....
i:'. i: ,,-:,::

acid concentration). These two regression equations were equated and t;;;:.:'..::';:;..

solved for X (point of intersect of the two lines) . This point of 
i,,.,.;;,,;,,¡,,:;,,
tt::':::'.:

intersest was considered as arì approximate estimate of unpleasantness

threshold for eacl¡ amino acid.
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REST'LTS AND DISCT'SSION

Amino Acid Profiles

Aqueous solutions of ten amino acids, arg-hcl, his, ileu, Ieu, lys,

metr phe, pro, try and val were each evaluated at a concentration of 3OOO

ppm for a judgement of total flavor intensity and the presence of thirteen

flavor parameters. The judgement of total flavor inÈensity was made in

relation to a score of l"0O which represenÈed a moderate intensity. The

fravor sensations were judged as either present or not present.

significant differences (p( .oot) were found to exist among the

amino acids for total fl-avor intensity (Table 16 ) " The treatment means

of the amino acids for total intensity are listed in decreasing order in

Table 17 and significant differences qre identified. Tryptophane was found

to be significantly stronger in total intensity than all other amino

acids. Phenylalanine, arg-hcl, met and lys were intermediate in intensity

while ileu, his, vaI, pro and leu were quite mild.

The flavor profiJ-es of each amino acid are illustrated graphically

in Figure 7a-i. These profiles show the frequency with whicl¡ a paraneter

was perceived in an amino acid out of a total of fourteen judgements (two

replications of seven judgements each). The frequencies of the presence

of aLl parameters in all amino acids are illustrated in Table 18 and the

frequency with which each was stated to be the dominant sensation in

Table 19 . As illustrated some amino acids were quite compÌex while others

appeared to be dominated by one flavor sensation.

fhe amino acids, his, lys, met, pro and val were not consistently

reported among panelists to possess any one partisular taste senstation.

However, his was most frequently reported to possess bitterness and
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Table 16 Analysis of varia¡icq of ten 3000 pprn amino acid solutions

for total intensity

Source DF ss ¡{s F

Amino Acids 9 180715.295 20079.477 L7-267*
'l

Panelists- 13 63194.361 4861.105

Error I17 136058.934 ]-L62.897

Total 139 379968.590

I *o replications of judgernents by the sa¡ne seven panelists.

* Significantly different (p(.001) .



Table L7 Treatment means for, total intensity of 3000 ppn amino acid

solutions

72

Amino
Acid

(3O0O ppm)

Treatment Ì,lean forTotal Intensity-
(100 = Moderate Intensity)

TRY

PHE

ARG-HCL

MET

LYS

ILEU

HIS

VAL

PRO

LEU

.cl
1s4

83b

79 bc

66 bcd

,, bcde

44 cde

38 de

-- deJO

34 de

26e

i.._l

I*ino Acids with the same letter are not significantJ-y different

1p4i . or)

i.': f.'l
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LEGEND

ALK - AIKALINITY

AST - ASTRTNGENCY

BIT - BITTERNESS

MEA - ¡,IEATINESS

MET . ¡{ETATLTC

MUS - MUSTINESS
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TT,AVOR SENSATIONS

PUT - PUTRTD

RAN . RÀNCIDITY

SAI, - SALTINESS

SOU - SOI'RNESS
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St'L - SI'LF1'ROUS

SWE . SWEETNESS
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Figure 7b Flavor Profile of Histidine
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Figure 74 Flavor Profile of Leucine
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Figure 7h Flavor Profile of proline
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Figure 7j F1avor Profile of Valine
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Tab1e 18 Frequency of presence of all parameters in alt amino acidsl

ARG-HCL

HIS

ILEU

LEU

LYS

MET

P¡IE

PRO

TRY

VAT

ALK AST BIT ¡{EA ¡4ET MUS PT,I RAN SAL SOU STA SUL SWE
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L2

L1

I-Maximum of 14 judgements for each parameter of each amino acid.
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Table 19 Frequencry of parameters recorded as- the dominant flavor sensåtion inr all amino acids
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astringency (7 judgenents); Iys, sweetness (8 judgenents) i met, a.

putrid sensation (6 judgements); proline, sweetness (6 judgements), and

val, sweetness (7 judgenents) - The mildness of the total intensity of

the sanples; 38, 56, 66, 34 and 26 respectively (Tab1el? suggests that

the samples ttrat were tested were too weak for flavor cÌ¡aracterization.

The amino acid met, appeared to possess unique flavor properties.

Besides the putrid sensation it vras reported with sorne frequenq,' to

possess a ra¡¡cid sensation as well as alkalinity, astringenq¿, bitterness,

a meaty flavor and staleness (Tab1etg). Thus, met:appears to elicit a

complex flavor sensation, the descriptors of which imply r¡ndesirable

flavor properties.

Valine, arso possesses an interesting fravor profire. Although

sweetness v¡as reported most frequently, bitterness and astringenry

were reported almost as often indicating complex and ccnflicting flavor

properties (Table 18). Both sweetness and bitterness were reported wiÈh

equar frequency as the domina¡t taste sensations (Tablelg).

Arginine hydrochloride, ileu, leu, phe and try were all found to

possess bitterness as an important taste sensation as evidenced by the

frequenry of bitterness perception, 9, !2,11, 14 and 14 judgenents,

respectively (Table 18). Bitterness was not only noted frequently, but

in all cases was the taste sensation most often stated as being ttre domina¡t

flavor present in these amino acid solutions (Table 19). In all cases,

with varying frequencies, astringensy appeared Èo be an acc-ompanying

flavor sensation, but was less important than bitterness-

Sweetness v¡as reported quite often in arg-hct (7 judgements) and in

five of these was stated as being the dominant flavor pararæter. Leucine

was also found to possess alkalinity (5 judgements) but in only one case

.'.-.....':,.
I.r'-.-- :.,-.:.:.
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was it stated as being the dorúnant taste sensation. ft is of interest

to note that try and phe, the strongest amino acids in ter:ns of total

intensity scores (Tablel7), were those which appeared to be dominated by

one taste sensation; bitterness"

The flavor properties of single amino acids as rePorted in the

Iiterature àave been summarized previously in TabJ-e 1. The results of the

amino acid profiles in the present study, as enu¡nerated above, concur

with those in the literature with a few exceptions which are outlined

below- In most instances, concentration differences and differences

between laboratories due to such.factors as water and panelist sensitiviÈy

could account for conflicting results. i

In the present study lys was found to be predominantly sweet with

some bitterness components. Schiffnan and Dackis (1975) reported only

bitterness and saltiness in undiluted Iys, while Solms, et aI. (1965)

and Petritschek et aI. (L972) reported it was virtually tasteless. Valine

was found to be sweet with accompanying bitterness and astringency.

Petritschek et al-. (L972') and Kirimura et aI. (f969) reported only

bitterness and Solms et al. (1965) reported tastelessness. Isoleucine

was described in the present study as bitter possessing some astringency.

In contra*, Schiffman and Dackis (1975) reported weak, tasteless, flat

and dry sensations while Solms et al. (f965) again re¡rcrted tastelessness.

Leucine was also described as possessing bitterness in this study while

Schiffman and Dackis (1975) reported it was indistingnrisable from ileu.

Those amino acids in which nine or more bitterness judgements r.tere

recorded, arg-hcl, ileu, leu, phe and try, were selected for further taste

investigations. These five amino acids were evaluated for both bitterness
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and astringensy as vtell as total intensity and pleasantness in order to

establish growth patterns of eact¡ of these sensations as a function of

concentration.

. t', 
'
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If Intensity Patterns

A Bitterness Intensity Patterns

The five amino acids, arg-hcl, ileu, 1".r, pi. and try as well as

caffeine were evaluated for bitterness intensity as a function of

stimulus concentration in ratio to ar¡ 8OO ppur caffeine reference.

The correlation coefficients ar¡d power functions generated from linear

regression analysis are shown in Table 20. The correlation coefficient

(r) measures the strength of the linear relationship between bitterness

perception and s!-itlulq9 .qoÌcentration. À significant positive linear

relationship was observed in all casêS; the relationship was highly. sigmificant
(p(.0025) for all compounds except ileu (p < .05). ftris suggests that

the measurement of bitterness intensity for ileu was more difficult

for panelists to evaluate. Tt¡is mighÈ be dr¡e to sone interfering or

confricting taste sensation. Nonetheless, the relationship was

significant at p<.05 thus ileu was included in sr:bsequent analyses.

Figure I shows the linear relationship between bitterness percep-

tion and stimulus concentration of the amino acids and caffeine.

Significant differences in slope (e>çonent of power function) vrere not

apparent among the five amino acids and caffeine (Table 2I). This

homogenicity of slopes indicates that a1l treatments imparted similar

changes in bitterness perception per unit change of concentration.

Caffeine was included in these analyses to determine if d,ifferences

existed between this well rec.ognized bitter compound and amino acids

characterized as possessing bitter taste properties.

Significant differences did occur a¡nong treat¡nent means adjusted

to the overall mean of the sample population of amino acids and

caffeine. These adjusted me¿¡ns for each compound are listed in order
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Table 20 Relationships between perceived bitterness intensity and

concentration for single amino acids and caffeine

Correlation Coefficient Power Function
TreaÈment (r) (s=kcn)

ARC,-HCL

ILEU

LEU

PÍTE

TRY

CAFFEINE

. ggr **

.933*

.983**

.993**

.996**

.962**

s=6-35 xro-5c1'102

s=7.01 xLo-7c1'556

s=t.28 xro-4c1'oo9

s--L.726 x to-4 c 1'045

s=3.459 x to-6 cL'627

s=8.28 xto-4c1'oo2

il .1:: l

't , .tt* Significantly different p < .05, ( .OOZS, respectively.

:..1. I l
l1::: '::'
I . .':...,1
L::.-r :..
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Tahle 2l enalysis of covariance
telatlon to concentration I

SOT'RCE

ARG-HCL

ILEU

LEU

PHE

TRY

CAFFEINE

POOLED

CO¡t{MON

REGRESSION

ELEVATION

TOTAL

DF

for bitterness intensity of single amino acids and caffeine in

4

3

4

4

3

5

xx

.538

.204

.655

.906

.204

l. 586

4.O94

XY

.593

.318

.661

. .947

.333

1.589

4- 442

Differences

Differences

23

YY

*

I

.664

.569

.691

1. 004

.546

r.722

5 .195

5.203
among

among

Significantly differenr (p ( .OOt).

28

This analysis of covariance and

rounded to three after the tot,al

SI¡PE

7 .LOA 4.486
regression coefficients
ajusted nìeans F 5¡22 =

1. 102

1.556

1.009

I. 045

L.627

r.002

I.085

SSR

.654

.495

.667

.990

. s41

L.592

4. 818

SSE

- 
F5.,

.399

. oi7

. 010

.074

.02 3

.014

.004

. 130

.255

.377

.r22
1.993

2.370

I7

all others following v¡ere calculated
analysis was completed.

DF

= ...,._ =.015
23.286*

0.632 2.833

3

2

3

3

2

4

L7

22

5

5

27

MS

1.626 NS

'.1'

;an¡

. 0I5

.0I71

.o24

.399

to six decimal places and

'.::. j. 
-

'':: ii.

æ\¡
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of decreasing bitterness intensity in Table 22. Caffeine and try were

found to be sigmificantly more bit.ter than all ottrer treaünents while

ileu was'found to be the least bitter. Phenylalanine was not signi-

ficantly different from arg-hcl but vras more bitter than leu. Àrginine

hycrochloride was not significantly different from leucine. TÌ¡us these

amino acids possess different bitterness intensities, try being the

strongest and not significantly different from caffeine, ileu being

the least intense, and phe, arg-hcl and leu being somewhere in the

middte intensity region of bitterness.

B Astringency Intensity Patterns

The five amino acids and alum v¡ere measured for astringency

intensity as a function of concentration in ratio to an gOO ppm alum

reference. Table 23 indicates the correlation coefficients and power

Îunctions obtained from linear regression anãlysis. Only alum and ileu

were found to have a significant positive linear retationship between

astringency perception and stimulus concentration (r with p <.05).

TÌ¡is relationship is illustrated in Figure 9 . No significant relation-

ship between astringency intensity and sample concentration was found

for arg-hcl, leu, and try. Panelists' inconsistent perception of

astringency in phe at all concentrations did not permit the calculation

of an intensity pattern (Appendix B ). Because of the lack of signi-

ficant relationships between perception and stimulus concentration,

only alum and ileu intensity patterns were analyzed further. The

poor relationships obtained for astringency intensity of arg-hcl, Ieu,

phe and try could be due to any one of several factors- Àstringency

does appear to be a distinguishable parameder as evidenced by the highly
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TabLe 22 Adjusted treatment means for bitterness intensity of

a¡n-ino acids a¡rd caffeine

Treatment
Bitterness Intensity -

Adjusted Treatment Meant

CA¡'FEINE

TRY

PHE

ARG-HCL

LEU

ItEU

a
3.L77

a2.29I
b

o-944

bc
0. 556

c
o-522

d
o.285

f Treat¡nents with the same letter are not sigrnificantly
differenr 1p(.01)

't :.ì
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Table 23 Relationships between perceived astringencry intensity and

concentration for single a¡nino acids and ah¡n

rrearmenrr 
correlati"",Tïttttcient 

,:îï 
rH;ction

ARG-HCL

ILEU

LEU

lRY

AI,I]M

.883 NS

.969* s = 1.658 x to-5 c L'2o7

.664 NS

.414 NS

.996** s = 6.53 x 1o-4 c 1'099

l- Due to insufficient data,astringency pattern s¡as not developed for

PHE (see Appendix B ).
2-- Because of the lack of a sigrnificant Linear relationship between

astringency perception and concentration power functions were not

-generated for arg-hcl, Ieu, and try.

*, ** Sigrnificant relationship p ( .025, <.0O1, respectively

NS no significant relationship
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significant linear relationship between astringency perc€ption and

alum concentration. Astri.ngenc.y is defined as a quality perceived

through the complex of sensations caused by shrinking, drawing or

puckering of the skin surfaces of the oral cavity, a dry feeling in

ttre mouth. Being such a complex sensation, astringency may be dì fficult

to neasure and could possibly be confused with bitterness. Another

possible e:çlanation for the inconsistent data could be that bitter-

ness was the primary taste sensation and it dominated the astringency

presenÈ in tÌ¡e samples. The fast that a significant positive linear

relationship was established only for i[Le.r which was forrtd to be the

least bitter amino acid seems to tend support to this idea. In turn

the presence of astringency in ileu might account for the reduced

precision of bitterness intensity judgements for this amino acid in

comparison to the others. This is illustrated by the reduction in the

strength of the linear relationship between concentration and bitterness

perception of i,Leu (p<.05) in comparison to the other amino acids

(p( .0025). The lack of consistent perception of astringency in

the samples might also be due to tt¡e intensity of the alum astringency

reference. In comparison to the 800 ppn alum reference sample the amount

of astringency in the test samples might have been negligible as

illustrated below.

AIum and ileu intensity patterns did not differ sigrnificantly in

stope (lable 2{). Both compounds induced similar changes (1.O99 and

L.2O7, respectively) in perceived astringency per unit change in

concentration. However, highly significant differences in elevation

occurred, alum being extremely more astringent than ileu. Tt¡e magnitude

of the elevation differences as demonstrated by the values for the
.Ì'Ë:',:'



Table 24 Analysis of cpvariance 6{ astringency intensity of alum and isoleucine in relation to

concentration

souRcE

ATUM

ILEU

POOLED

COM¡4ON

REGRESSION

ELEVATIO]{

TOTAI,

DF xx

2.537 2.789

.204 .247

2.74L 3.036

Differences among adjusted treatment means F 1,8 =

XY

NS

*

10

YY

No significant difference.

Significant difference (p (, .001).

5.516

3.091

.317

3.408

SIPPE

2.976

1.099

L.207

1. r07

SSR

3.4I0
F r,7 =

3.066

.298

3.362

SSE

.002

.006

1.758
.JõE

.540 1.606

.025

.0r9

.o44

.o46

.oo2

1.758

r. 804

DF

5

2

7

I
I
I
9

MS

.333 NS

= 293.0*

'',' '':

.006

.006

. oo2

1.758

\0
(¡)
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adjusted treatment means.for alum and ileur2.655 and 0.152 resPectively,

reinforces the possibility stated earlier that tJle 800 pnn ahxr reference

vras too intense for comparative purposes with the other a¡r-ino acids.

C Tota1 Flavor Intensity Patterns 
,.

The five amino acids \Â¡ere neasured for total flavor intensity

- against internal reference samples. ftre correlation coefficients and

power functions obtained from linear regression analysis are illustrated 
,,..,,., .r,. ,:
::.:::. ... :..

in Table 25 . In all cases the correlation coefficients showed a highly ': :

:.::,: : r : -,.:.- =,ì : :. .significant linear relationship -existed between total intensity perception ;:,,,. .... i,

and stimulus.concentration. The t'elationship for'the five amino acids

is iLlustrated in rigrure l0' 
l

The slopes of the total intensity patterns for amino acids were 
I

found to be significantly different (Table .26). rsoleucine had a 
l

significant1ygreaterslopethaneitherpheorleubutwasnotsigni

ficantty different from arg-hcl or try. Arginine-hydrochloride had a

significantly greater slope than leu but was not significantly 
:l

different from try or phe. Tryptophane, phe, and leu were not signi
., .::::,.,,.:::

, ficantly different from each other. 
,.,,ì:i,i
''..

The rates of growth for bitterness intensity and total intensity l,,,,,.;..,;;
!:.:... 

"': 
: j: :

iì':::;: t:j,:,::

were not always the same within every amino acid (Table 27 ). The

slopes for bitterness intensity of leu, phe, and try were all found

to be significantly steeper than the slopes for totaL intensity of
j,,¡,l,'¡:1,. .

each amino acid. This suggests that once bitterness begins to be "':r':r'r::':i

perceived its ,intensity,,increases more rapidly per unit change in

concentration as compared to the total intensity of these amino acids

Thus at higher concentrations it would appear that bitterness would

i::;,i.)¡: :, 1'
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Table 25 Relationships. between perceived total intensity and

concentration for single a¡nino acids

Correlation Coefficient Power Function
Treatment (r) (s = X C'

ARG-HCL

rLEU

LEU t

PHE

TRY

.994**

.963*

. 99Þ **

. gg1**

.970**

_^ .8695=6.710x10'C
S=1.420 x ro-4 cI'062
s=l.o83xro-2c'535

s=4.4o2 x 1o-3 c '7oo

s=2.69oxto-3c'8oo

*, ** Significant relationship p <.005,< .OOl respectively
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Table 26 Analysis of covariance for total intensity of single amino acids in relation to concentration

SOURCE

ARG-HCL

ILEU

LEU

PHE

TRY

POOLED

COMMON

REGRESSION

DF

5

5

5

5

4

XX

r.096

1.096

t. 409

1.586

.538

5.724

DIFFERENCE AMONG REGRESSION COEFFICIENTST

XY

24

..952

1. 164

.754

l. r09

.431

4.4rO

Treatments with the same letter are not significantly different.

* Siqnificantly different 1p (.oOI)

YY

.838

I.333

.408

.79I

.366

3.736

SLOPE

.869ab

1.0624

.535c
bc

t00
. gooù'

.770

SSR

.828

L.236

.404

.776

. 345

3.397

E 4, 19

SSE

. ¿LO-- .008

.010

.097

.004

.015

.o2I

.148

1.012

.864

DF

= 27.OO*

4

4

4

4

3

19

23

4

¡,1S

.008

.2L6

\o\¡



Table 27 Analysis of covariance

relationship to concentration

SOURCE

a) ARG-HCL

Bitterness
Total Intensity
Pooled

Conunon

Regression

DF

for bitterness and total intensity of each single amino acid

Differences among regression coefficients E !,7 =

xx

4

5

b) +LEU

Bitterness
Total Intensity
Pooled

Common

Regression

.538

1.096

1.634

)ff

.59 3

.952

l;546

1Differences among regression coefficients - F 1,6

YY

3

5

.666

.838

1. 504

.204

1.096

1.300

SLOPE

.318

1.164

1. 481

1. to2a

.8694

.946

:, :l_. 'j

SSR

. 021

.003

.569

1.333

L.902

SSE

.654

.828

r.462

IN

= 7.000

DF

.0t0

.010

.020

.04I

.o2r

t. 5564

t. 062a

1. 139

NS

MS

-. -a r:,

3

4

7

I
t

.043
= .o28

.495

1.236

1. 688

= 1.536 NS

.074

.097

. I71

.2I4

.043

.00 3

.021

2

4

6

7

I

.028

.043

\o
co



Table 27 cont 'd

SOT'R(E

c) LEU

Bitterness
Total IntensitY
Pooled

Common

DF

Differences among regression coefficients
ressl

xx

4

5

d) PHE

Bitterness
Tota1 Intensity
Pooled

Common

.655

1.409

2.064

)ry

.661

.754

1.416

Reqression

YY

4

5

.691

.408

SLOPE

.906

1.585

2.492

r.099

.947

1. 109

2.056

1. OOga

.535b

.686

SSR

î Lr7
.100
.004

-rj':ì?'l

ì llii;.

Ì:. rjiir,',

SSE

1.004

.79r

I.794

.667

.404

.971

DF

25.00*

.023

.004

.o27

. r28

.100

1.0454

.700b

. 825

.:,
:,:'irii..'

1-r'l =

MS

3

4

7

I
I

.069

.004

.990

.776

L.697

17.25*

.014

.015

.o29

.09 8

.069

.004

. r00

3

4

7

I
I

.004

.069

\o
\o



Tab1e 27 cont I d

SOURCE

e) TRY

Bitterness
Total Intensity
Pooled

Common

DF

Differences among coefficientsl
ressr.on

XX

3

4

.204

.538

.7 43

xv

Treatrnents with the same

Signi ficantly di f ferent

. 333

.431

.763

YY

.546

.366

.9L2

SLOPE

F 1,5

letter are not significantly different.
(p (.ot) .

.LOz==.005

r.6274

.8oob

1.028

SSR ssE

.541

. 345

. 785

20.40*

DP

.004

.021

.o25

.L27

.ro2

MS

2

3

5

6

t

.005

. 102

Poo
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. account for greater and greater anounts of the total intensity.

Sigmificant differences in slope were not found to occur between

these two paraneters in arg-hcl and ileu indicating that for these

two a¡nino acids botl¡ bitterness and total intensity grow in a

si¡nilar fashion-

The rate of growth of astringency inÈensiÈy and total intensity

' was not sigmificantly different for ileu (Table 28). Sinilarly,

the rate of growth for bitterness intensity a¡rd astringency intensity

of ileu did not differ sigrnificantly (Table 29). Thus for ileu,

the intensity of all three parameters of bitterness, astringency

and total intensity grehr at an approximately constant rate.

D Pleasantness Intensity Patterns

.The pleasantness intensity patterns for arg-hcl, ileu, Ieu,

phe, and try are illustrated in Figures lla - e. At lower concentra-

tions neutral lines are evident showing no differences in perception

as a function of concentration while at higher concentrations

discrimination lines are apparent demonstrating negative slopes as a

funcÈion of increasing concentration. Table 30 illustrates both linear

regression equations (neutral and discrirn-ination) for the pleasantness

intensity patterns of each arnino acid along with their correlation

coefficients and calculated unpleasantness threshold values. Unpleasant-

ness threshold values in this text refer to that point (concentration)

at which pleasantness departs from neutrality to form a linear relation-

shíp with concentration. ff the departure from neutrality is due to

increased pleasantness a positive linear relationship will result.
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TabIe 28 Analysis of covariance for

relationship to concentration

SOURCE

ILEU
(Astringency)

ILEU
(Toral) 5 I.096 I.164 1.333 L.O62a L.236 .Og7 4

Pooled .115 6 .019

Com¡non I I.30 1.411 1.65 1.085 I.532 .I18 7

Regression .OO3 I ..003
1 -_ .003Differences among regression coefficients" F 1,6 = äå = .158 NS

DF

astringency and total intensity of isoleucine in

xx

.204

XY

.247

Treatments with

No significant

YY

.317

the same letter are not significantly different.

difference.

1. 2 114

SSR SSE

.299

DF

.018

MS

Fo
N



Table 29 Analysis of covariance for astringency and bitterness of isoleucine iñ relationship
to concentration

SOURCE

ILEU
(Astringency)

ILEU
(Bitterness )

PooIed

Common

DF xx

ress].0n

.204

.204

XY

Treatments with

No significantNS

.247

. 318

YY

.408 .565

.3L7

.569

the same Letter are

di ffe rence

1. 2lta

t. 55 6a

.886

ssR

Fr,4 = #+
not significantly different.

.299

.496

SSE

t. 385 .782

.018

.073

.091

.104

.013

DF

. :,:,.1

.565 NS

MS

2

4

5

.02 3

.013

Hó
l¡J
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Table 30

ury)leasantness

AMINO
ACID

Relationship between

threshold values for

ARG-HCL

II.EUI

LEU

PHE

TRYI

i

perceived pleasantness

single amino acids

NETITRAL LINE
REGRESSION E9UATTON

f = .386 -

I

2

l=

The two regression lines have a conmon point

carcurated as the point when the neutral and discrimination
**significant relationship p < .05,< .005, respectively

.215 -

.2I2 -

.294 -

.372 -

l=

.015 x

.009 x

.oo8 x

.0266X

.054 x

l=

intensity ârdr conCentration, and calculated

.37L

.164

. I31

.257

.293

DISCRTMINATION LINE
REGRESSION EQUATION

Y = 3.911

Y = 4.783

Y = 2.131

Y = 2.9L2

Y = 3.693

1.109 x

I.294 X

.604 x

.891 x

r.161 x

CALCULATE D UNPLEASANTÌT¡E SS
THRESHOLDZ

.996r,

1.0**

.913*

.932*

.945 *

1662. 185

3815. 366

1671.115

1066. 393

999. 601

Iines intersect

Ho\¡
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Conversely if it is unpleasant a negative linear relationship will

occur. ft¡e latter was tt¡e case \dith all amino acids assessed in this

e:çeriment. It should be noted that both ileu and try share a cormon

point for each of their regression equations (4000 ppn and IOOO ppm,

respectively). These two points appeared to be in close proxinity

to the initial decline in pleasantness in each situation and thus

were used as conmon points to both the neutral and discri¡nination

lines. The calculated threshold vatues (Table 30) suggest that try has the

Iowest unpleasantness threshold closely followed by phe and then

arg-hcl and leu and lastly ileu, possessing the highest unpleasantness

threshold.

The pleasantness intensity patterns obtained for caffeine

and alum did not permit the calculation of a threshold value. With

both compounds the neutral perception line was not clearly evident

indicating, that tt¡e threshold values for both were close to initial

concentration leveIs or lower. The discrimination lines, however,

were evident and Figures 12 and 13 illustrate these relationships as

a function of concentration. The regression equation for the

discrimination line for each compound was calculated on that combination

of points which produced the highest correlation coefficient. The

regression lines and correlation coefficients are shown in Table 31 .

Significant differences were not observed anìong the slopes of

the perception lines for the amino acids, caffeine and alr¡m (Table 34.

The slope of the perception line indicates the relative change in

pleasantness per unit change in concentration. AIl coryounds possessed

negative slopes indicating increasing unpleasantness in relation to

increasing concentration levels. Elevation differences lrere not compared
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Figure 13 Pleasantness intensity of ah¡m as a function of

r0.0

5.0
4.O

3.O

2.O

t-0

0.5

0.1

.05

.01
100 500

G
o

.Ft
o+Joõoo
É '-l
ÐFl
ÉO¡(úoot{
doo
F{O
Àt{ E15Ð
o> l+.{
.r{ O
oool{otordAr{

o

e

1000

Concentration

5000

(ppm)



lto

Table 31 Relationship between perceived pleasantness intensity and

concentration for caffeine a¡rd alum

PERCEPTION LINE

COMPOTJND REGRESSTON EQUATION

ALUM

CAFFEINE

Y=5.OOO-1.641X .926*

y=4.347-L.42Ax .974

* Significant relationship (P < '01)

,;¡ì

i

i



Table 32 Analysis of covariance for pleasantness of single

in relationshíP to concentration

SOURCE

ARG.HCL

ILEU

LEU

PHE

TRY

ALUM

CAFFEINE

POOLBD

co¡4MoN

REGIIIISSION

DF

3

2

3

3

3

4

4

XX

.453

.181

.575

.453

.204

.906

.906

XY

- .502

- .233

- .347

- .404

- .237

-r.487

-r.294

YY

amino acíds and caffeine and alum

Differences among regression coefficlents

.561

.299

.251

.4r4

.309

2.634

L.946

NS

SLOPE

22

No significant differences.

3 .6 78 -4.504

- 1.109

- I.284

- .604

- .891

-1. 161

- I. 641

-1.428

SSR

.557

.299

.210

.360

.276

2.439

L.847

SSE

6.4L4

.00392

.000

.o42

.054

.033

.195

.099

.427

.898

.4t7

DF

F 6,15

2

1

2

2

2

MS

-L.225 5.516

= 

-
.o284
.07 = 2.786 NS

3

3

t5

2L

6

.o284'

.0785

H
P
P
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as each pleasantness intensíty pattern trtas measured against a different

reference comPound '

No significant differences vlere identified between ttre rate of

growth of bitterness j¡ttensity and the rate of decline in pleasantness

in any of the amino acids arg-hcl, ileu, leu and phe (Table 33 ) '

This indicates that in these four amino acids the growth of bitterness

intensity occurred at approximately the same rate as pleasantness decreased'

This was not found to be the case for t4ptophane. Tr!ætophane increased

in bitterness at a significantly faster rate 1p ( -05) than it declined
:

in pleasantness. The same comparison between pleas¿irtness and total
ì

intensity indicated that increasing total intensitlr and decreasing

pleasantness occurred at tÌ¡e same rate in the aninå acids'ileu, leu, phe

and try (Table 34). Arginine-hydrochloride, however, vtas found to

decrease in pleasantness at a significantly faster rate (P < '05) thal

iÈ increased in total intensitY.

Fortheaminoacidsileu,leu,andphethedecreaseinpleasant-

ness occuried at the same rate as both the increase in bitterness and

total intensity. In the case of try the decrease in Pleasantness

occurfed at the same rate as thè increase in total intensity rather

than bitterness. conversely, in arg-hcI the decrease in pleasantness

ocsurred at a sirnilar rate as the increase in bitterness rather tj¡an

total intensitY.

In order to obtain greater accuracy when estabtishing pleasantness

intensity patterns it would be necessary to increase the number of

samplesanddecreaseconcentrationintervalsbetweensamples.This

wouldprovidemorepointsfort}tegenerationofbothneutraland

discrimination lines thus yielding a stronger ¡neasure of the relationship

l::;,ì':-::'ì:i
l:.:i:i:,.::.ì::



Table ¡¡ Analysis of covariance for pleasantness and-bitterness intensityof each single amino acid in

re lationship to concentration

SOURCE

a) ARG-HCL

Pleassantness

Bitterness
Pooled

Common

Regression

DF xx

'l

Differences among regression coefficients- F 1,5

3

4

b) ILEU

Pleasantness

Bi t tc rness

Pooled

Common

Regression

.453

.538

.99r

XY

.502

.593

I. 096

YY

Differences among regression coefficientsl

2

3

.561

.664

r.226

. 18I

.204

.386

SI,OPE

1.1094

1. 1o2a

1. 106

.233

. 318

.551

SSR

.000=-=.003

SSE

.557

.654

T.2L2

.299

.569

.868

ÌtF
rjiil,: I i

.1.,.'

a'o NS

DF

.004

.010

. 014

.014

.000

r.2844

1.5564

L.424

Fl,3=#= .289 NS

MS

2

3

5

6

I

.299

.495

.787

.000

.074

,074

.081

.007

.003

.000

I
2

3

4

I

.025

.007

H
H
(¡)



Table 33

SOURCE

cont'd

c) LEU

preasantness 3 .s7s .347 .25L .6044 .2Io .o42 2
I

Bitterness 4 .655 .661 .691 1.0094 .667 .O23 3

Pooled .065 5 .013

common 7 L.23I 1.009 .942 .820 .827 .115 6

Regression .O5O I .050
1 _ .050Differences among regression coefficients- F 1,5 = ñ = 3.875 NS

DF xx

d) PHE

Pleasantness

Blttorness
PooIed

Common

XY

3

4

YY

Differences among regression coefficientsl
ressron

.45 3

.906

t. 359

SLOPE

.404

.947

l_.351

SSR

.4L4

1.004

I.4I7

SSE

' | :::.;..

:...:,:,1' l

DF

.8914

t. o45a

.994

Fl,s=*#

MS

.360

.990

L.342

.529 NS

.054

.0138

.068

.075

.00 7

2

3

5

6

I

.014

.007

H
H
¡b



Table 33

SOURCE

cont t d

e) TRY

Pleasantness

Bitterness
Pooled

Common

DF xx

3

3

Differences among regression coefficientsl
ressron

.204

-204

I Treatments with the same letter are not significantly different

NS No signÍficant difference

* Significant differenc. (p 4i .05)

XY

.409

.237

.333

.570

YY

.309

.546

.854

SLOPE

1. 1614

r.627b

1.394

SSR

F 1,4 = *# = 10.388*

SSE

.276

.541

.795

DF

.033

.004

.0 37

.059

.o97

MS

2

2

4

5

1

.009

.097

HF(¡



Table 34 Analysis of covariance

relationship to concentration

SOURCE

',Ìii: ri i

A) ARG-HCL

Pleasantness

Total Intensity
Pooled

Common

DF

for pleasantness and total intensity ôf each single amino acid

XX

resslon

3

5

.453

1.096

b) ILEU

Pleasantness 2 . l8r .233 .2gg r.284a .2gg .oo0 I
Torar rnbensiry 5 1.096 t. 164 r. 333 1. o62a L.236 .Og7 4

Pooled .Og7 S .019
common 7 r.277 1.396 r.632 1.094 r.s27 .tos 6

Reqression--.OOgl.OOg
Differences among regression coefficients ^ F 1,5 = #å = .395 NS

XY

I 1.549

.502

.952

YY

1. 45s

.561

.838

r.39 9

SLOPE

t.1o9a

.869b

.939

SSR

.018rrb = Tz

SSE

.55 7

.828

L.367

1n

= 7.849*

DF

.004

.010

.014

.033

.018

MS

2

4

6

7

1

.002

.018

H
H
ol



Table 34

SOURCE

cont td

c) LEU

Pleasantness 3 .575 .347 .2sL .6044 .2ro ,o42 2

Total rnrensity 5 1.409 .754 .408 .5354 .404 .oo4 4
Pooled .046 6 .OOI
Common I 1.984 I.tOl .659 .555 .6It .048 7

DF

Reqression 2 L .002
Differencesamongregressioncoefficients'F1,u=#=.,

XX

d) PIIE

Pleasantness 3 .453 .4O4 .4I4 . g9la .360 .054 2

Total Intensity 5 I.586 t.tO9 .7gL .7004 .776 .Ots 4
Pooled .069 6 .0ll
Common I 2.038 I. SI3 I.2O4 .742 L.L22 .OB2 7

XY

Reqresslon 3 1 .013
Differencesamon9regressioncoefficients1,t-.ol3,o = :ó1¡ = 1.125 Ns

YY SLOPE SSR SSE DF MS

ts
ts\¡
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Table 34

SOURCE

cont I d

e) TRY

Pleasantness

Total ilntensity
Pooled

Common

DF xx

ress]"on

Differences among regression coefficients

3

4

7

.204

.538

.743

NS

*

Treatments with the sarne letter are

No significant differences
Significant difference (n ( .OSl

XY

.237

.431

.668

YY

.309

.366

.675

SLOPE

r.1614

.80oa

.899

SSR

not significantly different

.019t\-
"" - .ol1

SSE

.276

. 345

.601

DF

L.764 NS

.033

.021

.055

.074

.019

MS

2

3

5

6

I

.0I1

.0I9

ts
ts
co
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or lack of relationship between perception and sti¡nulus concentration.

In order to gain a neasure of variability about the threshold value,

t¡.¡e intensity pattern would have to be replicated several times instead

of the system used here

This tlpe of pleasantness intensity pattern could have wide-

spread application in tÌ¡e food industry. As well as indicating the

arþunt of compound that may be added without inducing any Perceptual

change in pleasantness it also indicates the rate of change of

plæantness Per uniÈ change of concentration once the compound is

present in above unpleasantness threshold concentrations.
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E Taste Intensity Patterns of Binary t¡tixtures of Amino Acids

'The bitterness intensity of amino acid mlxtures rras measured against

8O0 ppm caffeine reference. Ttre correlation coefficients (r) and power

functions generated from linear regression analyses are shown in Tab1e 35

In all cases a highly significant positive linear relationship was found

to exist between stimulus concentration and bitterness perception.

Significant differences (p <.0f) among amino acid mixtures vrere

found to be present in the rate of growth of perceived bitterness

intensity as a function of concentration (Tabre S. rreu + arg-hcl

and phe + arg-hcl had significantly sharper slopes than try + arg-hcr

while the slope of leu + arg-hcl was intermediate. The rate of growttr

of perc-eived bitterness in binary amino acid mixtures appeared to vary

in relation to the coÍponents.

AII four mixtures were found to possess significantly (p (.OI)

sharper slopc=than arg-hcl which was conmon to all mixtures (TableS).

Figure 14i1l-ustrates the bitterness intensity patterns of arg-hcl and each

mixture. ft appears that the perception of bitterness intensity grew at

a faster rate when arg-hcl was in combination with one of the otÌ¡er amino

acids, than when it was the sole bitter ingredient.

!{hen the slopes of the amino acid mixes and their other amino acid

components were compared, differences in the growth of bitterness

perception vrere not always observed (Tables 37 and 3g). Table 3g lists the

slopes of each amino acid mixture along with the slopes of each of their

component amino acids. Significant differences in slo¡:,es betr¡een each

mixture and its components are identified.

As illustrated, the slopes of the mixes of ileu + arg-hcl (b=1.842)
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Table 35 Relatíonships beÈween perceived bitterness and concentration

anìong amino acid mixtures.

Amino Acid Correlation Coefficient Porr¡er F¡¡rrstion
Mixture r S =kCÐ

rLEU + ARG.HCL

LEU + ARCTHCL

PHE + ARG-HCL

TRY + ARG-HCL

.999**

.999**

.994*

.992*

7-g24 x ro-8 cL'842

r-Bo7 x ro-7 cr'698
_o r o5g6-949xI0-C-'

r.39 x to-6 cl'4a2

l1;:ìi:l': i,/il

*, ** p < .005<.OOI respectively.



Table 36 Analysis of covariance for bitterness

in relation to concentration.

SOT'RG

ARG-HCL

ILEU + ARG-HCL

LEU + ARG-HCL

PHE + ARG.HCL

TRY + ARG-HCL

PooIed

Common

Regression

DF

4

4

3

3

3

xx

Dlfferences among regression

intensity of amino acid mixtures and arginine hydrochloride

.5 38

.554

.203

. 205

.205

L.704

XY

Treatrnents with the same letter are

Significantly different 1p (.001)

L7

. s93

1.020

.345

.42L

.303

2.683

YY

.666

1.882

.586

.876

.456

4.467

SLOPE

I
coe f tr crents

' , lta:

1. 102a

L.842c

t.69gb"
2. O58c

L.482b

r.574

SSR

F 4, L2

SSE

.654

1.879

.585

.866

.449

4.222

not significantly different.

DF

.u)J
=.003

.oL2

.002

.001

.010

.007

.o32

.245

.2L2

MS

3

3

2

2

2

L2

16

4

19.678*

.00 3

.053

F
N
N
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Figure L4 Perceived bitterness

and arginine hYdrochloride-as a

intensity of amino acid mixtures

function of concentration-
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Table 37 Analysis of covariance br bitterness intensity of amino acid mixtuores and their corresponding
amino acids for differences in slope

SOURCE

ILEU

LEU

PHE

TRY

ILEU + ARG.HCL

LEU + ARG-HCL

PHE + ARG-HCL

TRY + ARG-HCL

Pooled

DF xx

3

4

4

3

4

3

3

3

.204

.655

.906

.204

.554

.203

.205

.205

Common 27 3.136 4.349

Regressl-on __
Di f fe rence among regression 

"o. 
rtl"TF

XY

.318

.661

.946

.333

1. 020

.345

.42L

.303

* Signlficantly different. (p ( .0005)

XY

.569

.691

1. 004

.546

1. 882

.587

.876

.456

6.610

SLOPE

1. 5s6

1.009

1. 045

r.627

r.842
1.698

2.05I
I.482

1.387

ssR

.495

.667

.990

.541

t. 879

.585

.866

.449

6.030

SSE

Íì='7, 19

.074

.023

.014

.004

.002

.001

.0r0

.007

. r35

.579

.444

DF MS

2

3

3

2

3

2

2

2

19

26

7

.007

.o22

.063

H
N
tÞ



Table 38 Comparison of slopes of binary amino acid mixtures with each of their component amino acids

Amino Acid
I'lixture

ILEU + ARG-HCL

LEU + ARG-HCL

PIIE + ARG.HCL

TRY + ARG-HCL

ì* Slopes with the same letter in a roqt

of slopes werc sequentially compared.

Blt,terness Intensity
. Slope of l"lixture

r.8424

1.6984

2. O58a

L.4824

Bitterness Intensity SLope of Components

x
1. 102

xl. 102

xr. 102

x
1. 102

are not significantly different from each other.

1. 5564x

1. OOgx

1. O45x

t.627*

Pairs

H
N(¡



l26

and try + arg-hcl (ÞJ,.482) did not d.iffer sigmificantly from ileu

(b+.556) or try (b=1.627), respectively. In both cases the bitterness

slope of tJle mixture followed that of the amino acid component witl¡ the

greatest slope.

Leuci¡re + arg-hcl and phe + arg-hcl did not follow the bitterness

growttr pattern of eitÌ¡er ann-ino acid couponent. As previously stated,

bott¡ had sigrnificantly greater slopes ttra¡¡ the arg-hcl cong>onent arnino

acid. Leucine + arg-hcl (b=1.698) also e:<Ìribited a sharper slope tåart

leu ¡5=1.999¡ and sinilarly phe + arg-hcl (b:2.058) a sharper slope t]lan

phe (b=1.O45). Tt¡us tÌ¡e growth of bitterness intensity in these tr¡o

mixes was significantly greater than that of either of tlte corponent

arnino acids when present as a single stimulus.

Arginine hydrochloride possessed a sigrnificanÈIy flatter slope

than any of the mixtures indicating a more gradual increase in

bitterness perception as concentration increased (Figure 14). Although

the slopes of the ¡n-ixtures indicate a more rapid increase in bitterness

perception, bitterness perception in arg-hcl appears to be evident

at a lower concentration. This observation is supported by the fact

that less than two thirds of ttre panelists perceived the bitter sensation

in tl¡e three rnixes, Ieu + arg-hcl, phe + arg-hcl and try + arg-hcl at

the 2OOO ppm (arg-hcl equivalents) concentration. Since mixtures

were formulated to be approximately equi-bitter to arg-hcl' this

indicates a suppressive effect (intensity of mix less tl.an sum of the

intensity of the components) between these anr-ino acids at this concen-

tration level. It should be noted that bitterness was detected in the

ileu + arg-hcl r¡úx indicating some additivity (intensity of the mix

equal to sum of components) in bitterness b'etween these two a¡aino acids
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at the srix concentration of 2000 ppm (arg-hcl equivalents). As

evidenced in Figrure 14 additivity in the mixes appears to come

into play at slightly higher concentrations where there is little

d.ifference in perceived bitterness between ¡nixes and arg-hcl. In

fact a slight synergistic effect (intensity of rnix is greater than

surn of components) between the two mixes of ileu + arg-hcl and

phe + arg-hcl appears to be evident for bitterness intensity. fhe

lines for bitterness intensity of these two rrixes at the higher

concentrations cross over the bitterness slope for arg-hcl. Thus

the general trend appears to be a lack. of additivity in the mixes

at the lower concentrations with it coming into play at the higher

concentrations.

Amino acid mixtures were evaluated for total intensity against

an'800 ppm caffeine reference. Tt¡e correlation coefficients and power

functions obtained from linear regression analysis are illustrated in

Table 39. A highly sigrnificant positive linear relationship existed

between perception of total intensity and concentration level.

Figure 15 illustrates the total intensity patterns for each amino

acid mixture. No sigrnificant differences were apparent in eitfier slope

or elevation between the four ¡n-ixtures (Table 40) . Thus all four mixtures

were found to be equi-intense.

Amino acid mixtures r¡ùere for¡nd to be predoninantly bitter in taste.

No significa¡¡t differences occurred in slope between bitterness intensity

and total intensity for each amino acid nixture (Table 4I). Elevation

differences only occurred between bitterness intensity and total intensity

of try + arg-hcl. This ind.icates that ileu + arg-hcl, leu + arg-hcl and

phe + arg-hcl were generally found to be purely bitter with no other flavor

attribute contrilcuting to the total intensity. The ¡nixtr:.re of try + arg-hcl
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Table 39 Relationships between perceived total intensity and concentration

among amino acid mixtures

Amino Acid Correlation Coefficient power Function
t{ixture r S=kCn

ILEu + ARG-HcL .994** 1.64 x tO-6 ct'513

tEU + ARc-HqL .g7o* 3.53 x to-6 ct'424

PHE + ARG-HCL .986** 7.32 x IO-7 CI'6O3

TRY + ARG-HCL .gg2** 2.18 x ;10-6 cL'476

* , ** p < . OO5 <. OO1, respectively.



L29

Figure 15
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Table 40 Ànalysis of covariance

to concentration

SOURCE

ILEU + ARG-HCL

LEU + ARG-HCL

PHE + ARG-HCL

TRY + ARG-HCL

Pooled

Conunon

Regression

Elevation
Total

DF

for total intensitY of

xx

4

4

4

4

.554

.547

.549

.549

2.r99

Differences among regression coefficients F 3,12 =

Differences among adjusted treatment means F 3,15 =

XY

16

.837

.779

.881

.811

3. 308

YY

NS

anúno acid mixtures in reiaLiorrsiri¡r

19 2..L99 3. 308

r.282

1. 178

1.453

I.2T4

5.128

No significant differences

SI¡PE

1. 513

L.424

1.603

r.476

t. 504

SSR SSE

r.267

L. 109

L.4I2
r.198

4.976

5.t29

.016

.069

.041

.016

.143

.r52

.009

.000

. 152

DF

.012

.000

.ot

t_. 504

MS

3

3

3

3

t2

15

3

3

t8

= .260

4.976

NS

NS

.012

.010

.003

.000

H
(/.,o

t"

_r



Table 4I Analysis of covariance for total

in relationship to concentration

SOURCE

ILEU + ARG-r (Total)
HCL

ILEU + ARG- (Bitter)
IICL

PooIed

Common

Regression

Elevation
Total

DF xx

4

4

Differences among regression coefficients

intensity and bitterness of amino acid mixtures

.554

.554

1. 107

DÍfferences among adjusted treaLment nìeans F 1,7 = Tõõ7

XY

NS

.837

1.020

1.857

YY

No significant differences

r. 107

L.282

1.882

3.L64

SLOPE

1.851 3.171

1. 513

r.842

1.678

SSR

116=ffi

SSE

I.267

I. 879

3. 116

.007

.016

.002

.018

.048

.0 30

.007

.0551.678 3.116

DF

I0.034 NS

3

3

6

7

I
I
I

MS

.968. NS

.003

.007

.030

.007

.00 7

ts
(¡.,
F



TabIe 41 cont rd

SOURCE

LEU + ARG. (Total)

LEU + Ïfi&- f"i...rl
t;cL

Pooled

Com¡non

Regression

Elevation
Total

DF xx

4

3

Differences anong regression coefficients F l, 5 =

Differences a¡nong adjusted treatment means F l, 6 =

.s47

.203

7 .750 I.123

XY

NS

.779

-345

I .788 1.116

No signlficant difference

YY

1.178
.587

1.765

SLOPE

I.424
1.698

1.498

SSR

r.766

SSE

1. r09

.585

1. 683

.014

.103

. ol3

L.4r7 1.58I

.069.

.001

.070

.o82

.011

.1.03

. 185

DF

.784 NS

= 7.592 NS

3

2

5

6

T

I
7

MS

.014

.01_4

.01r

.L74

.026

H(,
N



.tit :;.,r1

Table 4I cont td

SOURCE

PFIE + ÀRG-HCL

PHE + ARG-HCL

Poo1ed

Common

Regression

Elevation
Total

DF

(Total) 4

(Bitter) 3

7

XX

Differences ¿rmong regression coefficients F

Differences among adjusted treatment means F

.549

.205

.754

XY

NS

.881

.42L

1. 302

YY

No signi ficant dif ferences

.792

1.453

.876

2.329

SLOPE

1.298 . 2.329'

1.603

2.058

L.726

SSR

. V JI
I.J _' .010

1. 411

.866

2.247

SSE

.L2Tr'b = .or4

1.638 2.L26

.041

.010

.051

.o82

.031

.L2I

.203

DF

3.O24.

8.883

3

2

5

6

I
I
7

MS

NS

.010

.014

.03I

.L2T

.o29

H
(¡)(,
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Table 4l

SOURCE

cont .r d

TRY + ARG- (lotal)
HCL

TRY + ARG- (Bitter)
poot.JCL

Common

Regression

Elevation
TotaI

DF xx

4

3

Differences

.549

.205

.754

Differences among adjusted treatment means F l16 =

XY

NS No slgnificant differences
* significanrty different 1p ( .OI).

among regression coefficients F 115 =

.811

. 303

r. 114

YY

792

L.2T4

.456

1.670

SIPPE

1.120 1.671

I.476

I.482

r.478

SSR

1.198

.449

t.647

SSE

. o05

.065

. oo4

. 016

.007

.0233

.02 3

.000

.0650

.0881.413 1. s83

DF

= 16.719 . *

3

2

5

6

I
I
7

MS

.005

.004

.000

.065

.013

H(,
,Þ
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was sigrnificantly less bitter t}ra¡r totally intense indicating the

presence of soÍre other taste pararneter (s) contrilouting to total

intensity.

III Free A¡rino Acid Content of Plant. Protein Sam¡r1es

lltre free annino acid content of ethanol extracts (8Ot) of the

eighteen plant protein sources are listed in Table 42. Totals

indicate tt¡at, in general, legrumes possessed greater quantities of

free amino acids than eitt¡er cereals or oilseeds with no distinct

differences being apparent between tÌ¡ese latter two groups. !{ithin

the cereal sources, durum (457 ppm), triticale (662 ppn) and wheat

(571 pprn) differed only slightly in totat free arnino acids while oatè

(L516 ppm) and rye (1913 ppm) contained approximately three times tt¡ese

amounts. In the oilseeds, mustard (160 pp¡n), sr¡nflower (2I4 ppn) and

soy isolate (33O ppm) possessed considerably fewer free amino acids than

either rapeseed concentrate (1051 ppm) or soy flour (327L ppm). Comparing

tlre flour samples of legnrmes, fababean contained the fewest (2693 PPm),

followed by pea (4310 ppm) and then lupin (6257 ppm). Processing effects

were evident. In the fababean samples the isolate v¡as found to contain

tj¡e least amount of free amino acids, the ftour was intermediate and the

concentrate contained ttre greatest amounts. It should be noted that

large differences in free amino acid content were not apparent bettreen

sarçles of fababean concentrate stored at tl¡e two terperatures of

-Aooc and 5oc.

fÌ¡e basic a¡n-ino acids of rapeseed concentrate, soy flour, sunflower

concentrate, fababean flour (-4ooc), faba-bean concentrates, lupin flour,

and pea flour and concentrate were also deterrnined and quantified from a

TCA (1c) extract. A comparison of basic amino acids in botÌ¡ extracts

and tl¡e total contents when basic amino acids were deterrnined from T€À
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TabLe 42 Free amino

samples (average of

a) Cereals

acid content of ethanol extracts of

duplicate determinations )

plant protein

Anino Acid Free Amino Àcid Content (ppm)

Durum
Flour

Oat
F lour

Rlze Triticale lfheat
Flour Flour Flour

Acidics & Neutrals

Aspartic acid

Threonine

Serine

Asparagine

Pro.line

Glutamic Acid

Citrulline

Glycine

Alanine

VaIine

Cystathionine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylalanine

f -alanine

Total Acidics
& Neutrals

94. 50

38.12

79.34

57L.46

54. tl

206 -7 2

4. 38

29.28

89. 54

52.7 2

12.2L

8.2L

26.24

36.O7

35. 33

32.2L

3.L2

1373. 56

30. 6l

5. 36

11.03

163 " 84

40.30

49.29

185.67

24.42

66.2L

779.57

179.03

L87 -59

55.24

8.93

L9 -97

226.60

62.05

38. 25

9. 38

40.54

L2.89

16. 65

4.48

6. 56

L7.7L

11.78

L6.52

75-87

7. t5

2L.02

225.28

lo. 36

51. 50

8.26

29.44

15. 82

13. 32

8.2L

10.49

13. l2

9.06

IO.74

1,. I

t.j

-7,13

27.62

8.79

ooo

4.48

6. 56

10.49

11.78

L4.87

30.78

r59.02

42.76

2L.O9

2L.64

20.99

24.92

18. I2

20.65

402.73 L782.46 550. 55 51o.04
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a) Cereals

Free Amino Acid Content (PPn)
Amino Acid

Durum
Flour

Oat
Flour

Rye
Flour

lrit,icale
Flour

Wheat
Flour

Basics:

y' -aminobutrYric
acid

Ethanolamine

Ammonia

Lysine

Histidine
)

Try¡tophane-

Arginine

Total Basics

_1TotaI

10.31

T7.7L

3.65

3.88

L8.92

54.47

457.20

3 5.06

trace

t4.99

30.70

20.L7

40.o7

L42.97

I516. 53

22.L7

trace

34.L4

L2.43

r_1.64

50. 52

I 30 .90

r913.36

L4.44

trace

2L.63

4.39

3. r0

27.47

7L.43

62L -98

7.22

trace

28.87

4.39

3. r0

trace

L7 .42

61.00

57I .04
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Table 42

b) Oilseeds

Contrd

Amino Acid Free Amino Acid Content (ppm)

Mustard Rape
Concentrate Concentrate

Soy Sunflower
Isolate Concentrate

soy
Flour

.: ,:.1. Acidics & Neutrals

Aspartic Àcid

Threonine

Serine

Asparagine

Proline

Gtuta¡nic ecid

Citrulline

Glycine

Alanine

VaIine

Cystathionine

Methionine

Isoleucine

Leucine

Tyrosine

Phenylalanine

þ -alanine

Total Acids
& l:eutrals

30.16 587. 05

s.99

2.38

4-20

64.7 4

trace

1.78

2.34

trace

1. 31

trace

1.81

12.39

113. t4

trace

9.46

197.53

4.88

9 .80

2.98

2.62

1. 3t

3.62

30.56

383. 33

trace

36. 78

698. 3l

70.80

4A4 -79

39.O4

196.89

50.37

609. 39

25.37

42.63

46.57

28.99

78.46

'76.t7

2867 -49

2L.96

7.74

2.10 4.20

89.84 11.89

75..56 19.86

1 .88 2 -63

8.46 9. 35

4.69 19.33

43.29 4.44

LO.44

t -97 15.09

5.25 42.63

4-53 8.I5

L4.O4 L4.87

I27 .LO 101 5.94 313.67 L70.62
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ilmino Acid Free Amino Acid Content (ppm)

llustard Rape Soy Soy Sunflower
concentrate concentrate Flour rsolate concentrate

Basics:

y' -aminobutyric 7 -22
acid

Ethanolamine

Ammonia

Lysine

Histidine
)

Tryptophane -

64-97 4.L2

2.44 42.76 1.83

4.60 8.52 t2.77 4.60 38-66

3.65 11.70 1.46

1. 55 53.53 1.55

L6482 1051.26 327L.J7 330.13 2L4-22

Arginine 2O.gO 19.16 2L7.75 4.36 3.48

Total Basics 37.72 - 35.32 403.48 16.46 43.60
1

Total
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Table 42 Contrd

c) tegumes

Amino Acid Free Arnino Acid Content (ppn)

Faba Faba
Flour Concentrate

F4ooc) (A/c,-4ooc)

Faba Faba' Faba
Concentrate Concentrate Isolate

(A/c, socl (c) (c)

ì.,:l

..1

Acidics & Neutrals

Aspartic Acid

Threonine

Serine

Asparagine

Proline

Glutamic Acid

Citrulline

Glycine

Alanine

Valine

Cystathionine

l"lethionine

Isoleucine

Leucine

ffirosine

Phenylalanine

f -alanine

':".]

..'.J
..'!J

202.33

trace

trace

690. 38

40 -87

439 -92

28. 03

54.05

99.34

19.33

64.38

5"22

15.09

24 -27

25.37

84.25

L.78

85.84

trace

10. 5r

1360.94

L8.42

240.56

29.78

38.66

84.64

53.89

46.62

L.49

22.30

51.82

178.40

trace

89.84

trace

33.63

1321.05

25.33

224.37

3.68

34. 53

78.84

42.L4

26.64

L.49

22.30

5t .82

52.54

171.80

l.75.69

trace

35-73

140r.90

I24.34

562.04

50 .80

6 3.06

555.92

110.7r

24.42

7.99

7.L5

7.36

84.56

trace

30. t6

7.88

26.28

9.37

14.L7

8.53

30.83

I5.40

22-30

43.29

76-74

94.22

149.50

25.44

3494.20Total Acidics L73O.23
& Neutrals

20L4.94 2L7L.OO 27L.98
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c) Legumes

Amino Acid Free Amino Àcid Content (ppn)

Faba
FIour

(-4ooc)

Faba
Concentrate

(A/c,-4ooc)

Faba
Concentrate

(A/C, soc)

Faba Faba
Concentrate Isolate(c) (c)

Basics:

y' -aminobutyric
acid

Ethanolamine

Ammonia

Lysine

Histidine

tryptopharre 2

Arginine

Total Basics

Totall

850.97

96 3.0 3

2693 -26

11.68

trace

14.63

7.3I

r3.96

3.61

19.50

7.3L

T2.4I

1296.92

1339.75

3354.69

5. r6

19.58

8.04

7 .76

1121.85

1163.71

3334.71

98.99

26.26

25.97

16.81

24 -A3

1978. 04

2L70 -90

566 5. t0

9.2A

L2.28

s.62

6. 58

3.88

527.4L

565.05

837.0 3
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Amino Acid Free Amino Acid Content (ppn)

Lupin
Flour

Pea
Flour

Pea
Concentrate

Acidics & Neutrals

Aspartic Acid

Threonine

Serine

Asparagine

Proline

clutamic Acid

Citrulline

Glycine

Alanine

Valine

Cystathionine

Methionine

Isoleucine

Leucine

Tlrosine

Phenylalanine

þ -alaníne

Total Acidics
& Neutrals

L79 -O2

63.7 3

L22.96

L404.54

I 55.43

1371.99

trace

190.96

L77.73

80. 25

555.00

5.97

47.88

60 -34

14I. 33

63.60

75.L9

4695.92

356.70

trace

44.14

223I.68

49. 5r

969. 59

trace

1r3 - 73

77.5L

4L -59

l.4.43

5-22

t5.09

20.33

26.27

40.47

31.18

4037 -44

191 .66

2a.59

34.68

2L76-44

33.63

423.73

46-42

57.43

50. 34

37.49

2r-o9

r.I.19

19.68

43.94

54.36

72.68

56-52

3360.27
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c) Legumes

Amino Acicl Free Amino Acid Content (ppn)

Lupin
Flour

Pea
Flour

Pea
Concentrate

Basics:

y'-aminobutyric

Ethanolamine

Ammonia

Lysine

Histidine

Tryptophane 2

Arginine

lotal Basics

TotalI

Acid 81.46

L9.24

22-56

39.47

LAr-20

' 79-65

Lr77.59

1561.17

6257 -O9

14.95

1.70

17.10

L2.43

L7.44

trace

208.46

272.48

4309.92

10-31

trace

5.45

2t.93

31.81

38. 30

637.57

745.37

4t_o5 -64

1. Column totals may differ slightly from amino acid quantities stated.

The amino acids O-phosphoserine, O-phosphoethanolamine, taurine,

amino isobutyric acid, and ornithine occurred infrequently and in

small quantities in some protein sources and were included in total

values but are not stated in tables.

Tryptophane was nöt clearly resolved on the chromatograph and

thi-rs in rrost cases is not reported.

2.
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and ETOH extracts is shorrn in Table 43. As illustrated, tÌ¡e total free

arnino acid content increased in all cases when the basic amino acids

rdere quantitated from tt¡e TCÀ extract. flre increase in the total free

amino acids ranged from I.O9 fol-d increase (Pea flour) to a 10.75

fold increase (fababea¡¡ conc€ntrate, C). Generally the increase in total

free amino acids appeared to be due to an increase in arginine content.

In light of tl¡e sensory infor¡nation generated on the four arni¡g

iacids, ileur. leu, phe and try ar¡d the free arrino acid analyses of

plant protein sources (ta¡te 42 and 43), it does not aPPear tìat any

of tl¡ese four are present individually in sufficient quantities to

elicit any undesira-ble flavor characteristics. Sensory analysis

revealed thaÈ pleasantness dropped from a neutraL response in ileu,

1eu, phe, and try àt concentration levels of 3815, 1671, 1066 and I0OO

ppm respectively. Tl¡e levels of ileu, Ieu, phe and try Present in the

free form in plant,proteins are several fold less tÌ¡an the estimated

unpleasantness threshold values.

Arginine, however, was found to be present in some protein sources

in amounts exceeding the unpleasantness threshold value of arg-hcl

(L662 ppm). Ethanol extracts of plant protein sources revealed that

only fababe¿rn concentrate (C) contained free arginine in a quantitlz

(1978 ppn) above ttris threshold level. Trichloroacetic acid extracts'

however, revealed that arg was present in above arg-hct threshold

quantities in fababean flour (3665 ppm) r fababean concentratÊ A/C' -4OoC

(9339 ppm) r fababean concentrate- c (8522 ppm), lupin flour (4219 ppm)

and pea concentrate (2834 PPn). It is thus conceivable that the

arginine content of these plant protej-ns could contribute to off-flavor

characteristics of these sources..:':.¡



Table 43 Free amino acid content of selected planÈ protein sources with a comparison of basic amino acid

determinat.ions from ethanol (80t) and trichloroacetic acid (lt) extracts

Amino Acid

Total Acidics
& Neutrals
Basics:
I

Y-aminob¡üYric
acid

ornithiné
ethanolamine

ammonla

lyslne
histidine

t
tryptophane'

arginine :

llbtaI &rsics
a

Total'

Rape
Concentrate

ETOH TCA

I015.94

soy' Flour

ETOH

2.44

8.52

3.65

1. 55

19. t6

35. 32

105r.27

3094.4

TCA

Sunflower
Concentrate

ETOH TCA

36. 78

43.86

T2.47

275.24

368.29

1384.23

64.97

42.76

L2.77

11.70

5 3.53

2L7.75

403. 48

327L.37

I70.62

Faba
Flour

F4ooc)
ETOH TCA

44.34

L.32

L7.7L

20 .44

58.48

43.44

883.19

1068. 92

3936.81

L730.23

38.66

L.46

Faba
Concentrate
(A/c,-aooc)

ETOH TCA

11.68

trace
L4.73

7. 31

13. 96

850.967

963.03

2693.26

78.34

2.92

3.48

40.60

2L4.22

, 7.22

29.O7

22.14

59.94

7.7ç

3665.17

3791. 30

5521.53

20L4.94

6.97

88.23

248.84

3.61 6. L9

36.99

43.94

116.95

6.2L

9338.86

9549. 14

11564.08

19.50

7.3L

L2.4I

L296.92

1339.75

3354.69

H
È
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Table 43 cont'd

Amíno Acid

Total Acidics
& Neutrals

Basics:

9, aminobrtyric acid

ornithine
eÈhanolamine

ammonia

lysine
histldlne

)
tryptophane -

arginine
Total Basics

ITotaI

Faba Concentrate

ETOH TCA

3494.2

98. 99

26.26

25.97

16. 8l
24.83

I978.04
2L70.90

5665 . t

Lupin Flour

ETOH TCA

74.25

5.28

33.04

76.O2

18.62

85 2r. 86

8729 . L7

9001.06

4695.92

The acidic amino acids were only determined and quantitated from the ethanol extracts; thus dlfferences

in tot,als for a sample are due to the differences of the extractions solvents on the basic amlno acids.

X.ryptophanc u¡as not clearly resolved on the chromatograph and'thus in most cases is not reported.

Pea Flour

ETOH TCA

81. 46

L9.24

22.56

39.47

LAL.20

79.65

1177.59

1561. t7
6527.O9

19 3. 87

6.6r

31. 34

154.96

220.33

4219. L2

4826.23

9422. L5

4037.44 3360.27

14.95

1. 70

17.10

12.43

L7.84

trace
208.46

272.48

4309.92

Pea Concentrate

ETOH

L2.37

5.28

9. 88

52.63

15.52

566. 15

661.83

4699.27

TCA

I0.31

trace
5.45

21.93

31.81

38. 30

637.57

745.37

4105.65

L2.37

10. 57

13.62

111.10

13. 96

trace
2834.23

2995. 85

6 356. 12

P
È
ol
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GENERAL DISCUSSTON

I Taste Propertíes of Sing1e Amino Acids

Schiffnan and Dackís (1975) su¡unarized t]le taste properties of amino

acids as follows: arrino acids wittr aliphatic side chains including those

containing OH groq)s tend to be pleasant or tasteless; anino acids con-

taining an aromatic ring or sulfur tend to be unpleasant; the lighter

weight a¡nino acids taste sweet while the heavier ones tend to be bitter;

a¡nino acids witÏr acidic groups tend to be sour and amìno acids witl¡ basic

groups have sarty, bitter and shary components in common. The profires

of the ten amino aicds in the present study generally adhere to the above

giuidelines with ttre exception that some aliphatic amino acids, ileu, Ieu

and val were not for¡nd to be pleasant or tasteless. These,amino acids

were all found to possess bitterness which is considered to be an unpleasant

taste sensation. Total intensity scores obtained from amino acid profiles,

horever, indicated that these three anino acids were relatively mild at

the 3O0O pPm concentration. Thus these three a¡nino acids with aliphatic

side ct¡ains were relatively nrild but at high enough concentrations would

elicit the undersirable taste sensation of bitterness. With tj¡is exception,

the findings of the present study coincide with the above sun¡n¿ìr-y.

Of the five amino acids for which intensity patterns were esÈablished

(arg-hcl, ileu, ]eu, phe and try) arg-hcl was found to be internediate in

bitterness intensity. No significant relationship was observed between

astringency perception and stimulus concentration. Àrginine hydrochloride

was also intermediate in the rate of growth of total intensity (n = .869)

which did not differ signficantly from the rate of growth of bitterness



:i,i
ì!!j

. 148

intensity (n = l.-102). The unpleasantness threshold of L662 ppm was the

thiril lowest calculated for the five amino acids.

Of the five a¡nino acids examined in detail, ileu was fou¡d to be

the least bitter, to possess the sharpest srope for total intensiþr

and to possess the highest unpleasantness threshord (3815 ppm). The

higher the unpleasantness-'threshof,d the more pleasant tt¡e anino acid.

Only for ileu v¡as a significant positive linear relationship established

between astringency perception and stimulus concentration. The three

parameters of bitterness, astringency and totar intensity were all

found to grow at si¡nilar rates (n = 1.556, I.2O7 and 1.062 respectively) "

IsoLeucine appeared to be a fairly mild amino acid but once perceived,

total intensity perception, consisting of bitterness and astringency,

proceeded at a faster rate than for any,of the othei amino acids.

Leucine was for¡r¡d to be the second least bitÈer amino acid, of

,the five¡ :.to. possess,tìe:flost gradual increase..in..total. "intensity

perception and the second highest unpleasantness threshold (167I ppm).

A significant relationship between astringency perception and increasing

concentration was not observed. The slope of bitterness intensity

(n = 1.O09) was significantly greater than that of total intensity (n=.535)

indicating that bitterness accounted for increasing proportions of

total intensity perception as concentration increased. It thus appears

that leu was fairly mild and once perceived the inpact of total intensity

proceeded in a decelerating rate as a function of stimulus concentration.

The total intensity score obtained for iÌeu during amino acid profiting

indicated it was twice as intense as leu white leu was found to be more

bitter than ileu in the intensity patterns- The presence of astringency
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in addition to bitterness in ileu could accor.nt for this difference.

Phenylalanine was the second most bitter amino acid and possessed

the second lowest unpleasantness threshold (1066 ppn). À sigmificant

relationship betrveen astringency perception and concentration was not

observed. Although perception of unpleasantness in phe occurred at ttre

second lowest concentration of the five amino acids examined, once

perceived tåe total perceptual impact proceeded as a decelerating

fr¡r¡ction of concentration (n = "70O). Bitterness appeared to account

for progressively increasing ratios of the total intensity as p-he

concentration increased as evidenced by a significantly greater slope

for bitterness perception (n = 1.045). This might expJ-ain why astringency

was identified in the amino acid profile and yet a siginifcant relationship

was not observed between astringency perception and concentration.

Pe.rhaps as concentration increased bitterness dominated the presence

of other taste properties.
:..

Tryptophane vras reported to be significantly more bitter than the

other amino acids exa¡nined and was not found to be sigrnificantly different

from caffeine in bitterness. Tryptophane possessed the lowest unpleasant-

ness threshold (f000 ppm) of the five amino acids examined. This

indicated that try induced an unpleasant response at a concentration

lower than the other four amino acids. No sigrnificant relationship

was established between astringency perception and try concentration.

fhe total perceptual impact (total intensity) increased in a

decelerating fashion (n = .80) while bitterness increased i¡r an

accelerat.fng fashion (n = I.627') indicating that bitterness accounted

for increasing arþunts of the total perceived intensity as concen-

tration increased. As enumerated for phe, perhaps bitterr¡ess dominated
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astringencry as concentration increased thus not yielding a significant

positive relationship between astringency perception eind try concentration.

lhe amino acid profiles and intensity patterns established here

along with the literature suggest thrt the flavor properties of amino

acids vary with concentration. O¡le of the clearest exarples is the

recogmition of astringency in the 3000 ppm solutions of arg-hcl,

leu, phe and try but tJ.e l¿.ck of any or c-onsistent perc€ption of

astringency in the intensity patterns of these amino acids as concer-

tration increased. Another example, appears in tÌ.e case of lys. At

a concentration of 3000 ppm Solms et al- (19€5) reported lys tasteless,

Petritschek et al. (L972) reported it virtually tasteless wit]l slight

bitterness and the present study reported primarily sweetness with

bitter taste components. Kirimura et al. (1969) also reported sweet

and bitter sensations. In the undiluted amino acid (Schiffman and

Dackis , lrg75) bitterness rÁ¡as reported with sharp an.i salty components.

No sweetness rn¡as observed. It thus appears th¿t at lower conc-entrations

sweetñess was apparent but at higher conc€ntrations bitterness dominated.

The bitterness intensity of the amino acids examined in detail

placed the amino 4cids in the following sequence in decreasing order of

inte.nsity; try, phe, arg-hcl, leu and ileu. Considering these five amino

acids only, this sequence is in exact agreemer! with that established

by Petritschek et al. (L972). So1n.s et al. (1965) examined the intensity

of three of these amino acids and found try to be the most bitter,

foliowed by phe and then leu. These results are again in accordance

with those of the present study.

:l
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llhe slopes for bitterness intensity of try, ileu, arg-hcl , phe r

leu and caffeine were !-627,1.556, 1.1O2, 1.045f l.OO9 a¡rd 1.OO2,

respectively. Meiselnan (1971) reported the e:çonents for power

functions of the bitter compounds quinine sulfate and quinine hydrochloride

obtained by nunerous different authors. These e)q)onents ranged from

O.3 to 1.0 with a definite trend being evidenÈ between e:çonent size

and tasting procedure. Exponents obtained by a sipping procedure

were higher than those obtained by delivering the sample by a flow

apparatus, generally being close to 1.0. Thus the e>çonents obtained

for caffeine and the bitter amino acids arg-hcl, Ieu and phe are in

fair agreement.with the erçonents obtained for quinine by the sipping

procedures. Although no significant differences in slope were identified

among amino acids and caffeine, ileu and try do appear to grow in

perieived bitterness intensity at a faster rate (n = 1.556 and n = L.627,

resoectivelyl than the other compounds tested and e>çonenÈs'reported

in the literature.

The relationship between perceived bitterness intensity and the

calculated unpleasantness threshold values is illustrated in Table 44.

A negative linear relationship was observed between increasing bitterness

intensity, as measured by adjusted treatment means for bitterness,

and decreasing unpleasantness thresholds. That is, the higher the

unpJ-easantness threshold (the amount of amino acid present at the

point of perception of unpleasant¡ess) the lower the bitterness intensity

of the amino acid. This relationship may be expressed by the linear

regression equation Y = .314 - .O0026X. The correlation coefficient

measuring the strength of the linear relationship between these two

paraÍEters (r = .835) was found to be significant (e ( .OSl. This



L52

Table 44' lltre relationship betweên perceived bitterness l-ntensity.and

calculated rrnpleasantness threshold values

Amino Acid Bitterness Intensiþr Unpleasantness
Values of Adjusted Threshold
Treatment Means (ppn)

rLEU

LEU

ARG-HCL

PHE

TRY

0. 258

o.522

0. 556

o-944

2 -29I

38I5

1671

t662

r066

1000
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relationship is not surprising considering all five amino acids examined

in depth had been estabtished to possess bitter taste properties in tJle

anino acid flavor profiles.

ftre pleasantness ttrreshold as determined in the present study is

thought to be analogous to the more coÍtrnonly reported recogmition

threshold. Tt¡e recognition threshold which is sometirnes referred to

as the identification threshold is defined as the minimum concentration

at whict¡ a substanc"e is correctly identified (Amerine et aI., 1965). That

is the concentration at which a taste property is correctly and or

c-onsistently ascribed to a compound. With the exception of leu, the

calculated unpleasantness thresholds occurred at points below concentra-

tions, but in close associationrât which bitterness and astringency

were perceived by at least two thirds of the panel. However, perception

of total intensity of amino acid solutions increased with increasing

concentration below levels at which either bitterness or astringenry were

perceived in a4y of the amino acids. Thus panelists perceived an increase

in totat intensity below the unpleasantness threshold indicating that

the unpleasantness threshold is not analogous to the detection tÌ¡reshoÌd.

one of the cfearest illustrations occurs with ileu. Total intensity

was reported to increase with an increase in ileu corrcentration from 1000

ppm up\¡rards while bitterness and astringency \rere not perc€ived until 4000

ppm. The unpleasantness threshold was identified at 3815 ppm indicating

it is close to the test conc€ntration at which perception of the tr¿o

unpleasant sensations of bitterness and astringency occurred. It

thus appears that t}te unpleasantness threshold may be analogous to a

recognition threshold. Before this can be clai¡ned with any confidence

a more in depth examination comparing this ¡r'ethod to rrlcre conventional
{l:ì:ir
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methods of measuring thresholds would have to be conducted.

ftre accurary of'the pleasantness thresholds calculated here

is conpromised by the small nuriber of points dete:mrining.each

regression equation. Às previously stated, a nore accurate reasure

could be obtained by increasing the nunber of sanr¡lIes examined and

decreasi¡rg concentration levels.

II Taste Properties of Binary Amino Acid l'lixtures

In tJle present study it was observed that at the lowest test

concentration (approxinately 2000 ppm arg-hcl equivalents) binary

amino acid mixtures did not illustrate the property of additivity.

However, at slighÈIy higher levels additivity was observed and

possible synergistic effects were indicated at the highest

concentrations. The taste mixture literature generally concludes

that mixtures of components eliciting the same taste sensation

(ie: s\,ùeetness) -are additive or synergistic in regards to

I
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intensity. Tt¡is has most frequently been demonstrated with sweet

stimuli such as sucrose and cyclamate (Kamen, 1959); dextrose and

fructose, and sucrose and fructose (Stone and Oliver, 1969);

dextrose and fructose (Stone et al. , L9691 and glucose in combination

with fructrose, sodium cyclamate, sodium saccharin and saccharin

(Moskowitz, 1973). Kamen (1959 ) observed additivity at low and high con-

centrations'of sucrose and cyclamate mixtures while at intermediate

concentrations synergism was observed. Oliver and Stoñe (1969) reported

synergistic effects as high 'as 20 - 308'in. sugar combinations but this was not
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reported at all concentrations indicating ttrat there are optimal

mixture combinations for synergistic effecÈs. These same authors

also evaluated the sweetness intensity of dextrose with the sweet

tasting a¡lino acids DL alanine and glycine. Add.itivity was observed

between tÌ¡e mixtures with slmergistic effects only being evident at

t}re highest dextrose level. This observation raises ÈÌre question

of whetÌ¡er bitter tastirg amino acids wiII also e)q)ress add.itivity

or slmergism when in the Presence of d.ifferent tlpes of bitter

compounds. In fact, an additive effect between try and etåyl4 -D -

galactopyranoside (a bitter compound extracted from soybean flakes) has

been reported (Honig et aI., 1971).

Additive and synergistic effects have also been observed between

different sour stimuli (Moskowitz, L974). citric acid in binary mixes

with each of gluconolactone, phytic acid a¡d succinic acid demonstrated

additivity while when in combination with hydrochloric acid a synergistic

effect was observed.

Thus as demonstrated in the presenÈ study, compounds of the same

taste sensation appear to be additive. Slmergism has been reported with

some frequency but as demonstrated by various sweeÈness studies oPtimal

concentrations play a role in both the presence and degree of observed

synergism. In the binary amino acid mixture s synergism only appeared

to be evident at the highest concentrations.

A suppressive effect (intensity of mix less than the acloitive sum

of individual components) at the lower mixture concentration was

observed here and this has not been reported in the taste'mixture

literature reviewed. One possible explanation is that the a¡nino acids

constituting the mixtures were not always found to be purely bitter at
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the 3000 ppm concentration. For example, arg-hcl was reported to be

predorninantly bitter but sweetness was also observed with some frequencry

and was thought to be the dominant sensation in 5 of 14 judgenents at
this concentration- Tt¡us at the rower concentration confricting taste
sensations might account for a reduction in bitterness intensity as

sweet oompounds have been reported to reduce the intensity of bitter
compounds ß'Ioskowitz ,!g'72 and pangborn, 1g60 ¡- such findings as

in the present study and sone reported in the riterature identifying
different interaction effects at different concentrations emphasize

the importance of studying taste interactions at more than one concentra-
tion.

The method of magnritude estimation used in the present study is
considered to be a superior method of measuring relative taste intensity
in comparison to such methods as the GUST scale (Beebe_Center, Lgilg) and

the matching method utilized by Solrns et al. (1965). These two latter
methods are simil,ar. rn both, a test sample is compared to a series
of standards of different concentrations of a compound irrustrating
the basic taste sensation of interest. rn essence, panerists are asked
to match the intensity of the test sampre to one of the standards. rn
rnagnitude estimation a nr:rnber is directly assigned to reflect the sensory
intensity of the parameter of interest in the sampre in relation to a

reference- Tl¡is is considered to be less tedious than the process of
tasting numerous samples and comparing intensities until a match is found.

when using the method of magnitude estimation, the intensity of Èhe

Parameter of interest in a compound may be established at severar concen-

trations permitting the carculation of a line reflesting sensory intensity
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as a function of stimulus concentration. To obtain such a fi:¡tctíon

by a matching procedure would reguire several tímes ttre number of

judgements by the panelists. ConsequentÌy, the íntensity of a corçound

established by such ¡retJlods is usually dete:rurined at one concentration

of tÌ¡e test sample as was done by Solms et al. (1965) for single amino

acids. This single measure of intensity does not reflect tJle intensity

of the test coÍtpound in conparison to the standard at all concentrations

unless ttre growth curves of the paraneter of interest in both the test

and standard compound are parallet (ie. equal slopes). For example,

if the bitterness intensity of leu at 5000 pprn was for¡nd to be I/10

that of caffeine at the sane concentrationrtllis does not necessarily

indicate that at I00O or I000O ppm leu will still be 1,/10 as bitter as

caffeine. The establishnent of, power functions for both compounds

by the method of nagrnitude estimation would indicate the ratio of

bitterness intensity of ttre two compounds across the total perceptual

. t:ange- ,Thus, when obtaini.ng intensity measurements the establishment

of power functions by tJre metl¡od of magnitude estimation would yield

the most accurate and complete information.

III F]avor lrnptications of the Free Amino Acid Content of Plant Protein Sarnples

As previously enumerated, of the five a¡n-ino acids examined in detail

only arg was present in the free form in above unpleasantness threshold

quantities in any of the plant -protein samples exarnined. Fababean

concentrate contained more arg (9339 ppm) than any of the other plant

proteins. The proportion of fababean concentrate which would contain

quantities of free arg in excess of the arg-hcl unpleasantnes threshold

(1662 ppm) would be 1662 x lOO = 17.8t. Thus a food product would have
9339

to contain at least I7.8t fababean concentrate for arg alone to be



a:: :. ¿:::t:: t a:: : :: t :.:: ::: JU ti:-'1ji:44¡:-:.1':a.i,':4:f:ii :?!

158

inplicated in its bitterness. Cormnon substitution levels are lower

than 17.88. In fact this is a generous estirnate because tåresholds

in food products are usually several fold higher tt¡an those in an

aqueous solution.

Although intensity patterns were not estaÞ'lished for asparagine,

the quantity in tJle free form in the protein sources is worthy of notice.

Solms et al. (f965) and Petritschek et aI. 1L972') for¡¡rd asparagine to be

tasteless but Kirimura et aI. (1969) characterized asparagine as tasting

predominantly sour wiÈh underlying bitter coryonents and as possessing

a tàreshold value of IOOO ppm. Tt¡is tåreshold value is not likely the

unpleasantness threshold value as r.¡as determined in tÌ¡e present study.

In regards to the plant protein solulces exarnined, asparagine was present

in above reported threshold quantities in the legume samples of aII three

faÌ'abean concentrates, lupin flour, pea flour and pea concentrate. Again,

however, at common substitution level-s it does not appear that this amino

aeid would inf luence flavorproperties on an ind.ividual basis.;-'

No silgle amino acid was present in the protein samples, in the

free form, in sufficient quantities to elicit any undesirable flavor

properÈies at common usage levels. fhusradditivity or synergisÈi-c

effects must come into plav if the free amino acid content of plant

proteins plals a role in flavor. -Additivity between binary mixtures

of individual bitter amino acids has'been observed in the present study.

Höhn et aI. (1975) reported observing additivity and potentiating

effects in a mixed system composed of ttriamine, thiamine diphosphate

and several free amino acids.

Synergistic effects a¡rþng .( arnino acids and otl¡er compounds have

been reported in the literature. Tanaka et aI. (1969ra) reported
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ternary synergism between < a¡nino acids, nucleotides and monosodium

L-glutamate. L-glutamic acid was later reported as a suitable alternative

for ¡nonsodiurn L-glutamate (Tanaka et a1., 1969 b) . Anino acid analysis

revealed tþat considerable quantities of gluta¡ric acid r¡ere Present in

the free form in several plant protein sarples. In nany cases glutamic

acid was present in quantities several fold that of its reported threshold

value of 50 pprn (Kirimura et aI., 1969). ft thus appears tt¡at the

glutarnic acid present in the sanples could possibly produce slmergistic

effects anong other amino acids and flavor compounds present in plant

protein samples.

Figrure l-6 illustrates the relationship between the total free annino

acid content of ETOH extracts of sixteen of tÌ¡e plant protein sanples

examined in the present study and bitterness intensity scores of 2È

slurries of tt¡e sanre samples (Vaisey-Genser; unpublished data, 1978) .

Linear regression analysis between total free amino acid content and

bitterness intensity scores yielded tfre foffowing regression equation;

y = 1.85 + .OOO74X. Itre correlation coefficient (r), measuring tàe

strength of the linear relationship between these two variables, of

.798 was for¡nd to be sigrnificant 1p 4i.OI). fttus it may be concluded

that in general, bitterness intensity scores increased as tt¡e total

free amino acid content increased.
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ST]MMARY AND CONCLUSIONS

A trained sensory panel examined ten, 3ooo ppm aqueous amino acid

solutions of arg-hcl, his, i1eu, leu, lys, met, phe, pro, try ana vaf.

These were evaluaÈed for total flavor intensity and tÌ¡e presence of

thirteen fravor paraneters. Large differences in fravor intensity

existed between amino acids. Tryptophane was scored the nost, intense

(154) a¡d leu the nildest (26) where a score of loo was equal to

moderate intensity. Flavor profiles divided these amino acids into two

groupst those possessittg complex flavor sensations including his, lys,
met, pro and val and those which were primarily bitter with sone astringency

including arg-hcl, ileu, leu, phe and try.

Bitterness, astringency, total intensity and pleasantness intensity

patterns were esta-blished for the five bitter amino acids usilg the method

of magmitude estimatíon. All intensity pattern measurements were obtained

using a controlled tasting procedure. The rate of growth of bitterness

intensity was not sigrnificantly different anìong the five amino acids.

However, in all cases the slope was greater than one indicating that

bitterness increased as an accelerating function of concentration.

Tryptophane was sigrnificantly more bitter and ileu significantly less

bitter than the other amino acids. Phenylalanine, arg-hcl and leu were

intermediate in bitterness intensity. A sigrrificant relationship between

astringency perception and stimulus concentration was illusÈrated onLy for

ileu. Due to inconsistent astringency perception a significant relationship

was not apparent for the other four amino acids. Isoleucine possessed

the sha¡pest slope for total intensity followed by arg-hcl, try, phe and

then leu. Pleasa¡tness intensity patterns indicated tÌ¡at all amino

-aeids.deereased in pleasantness as concentration increased but no

signrificant differences existed in the rate of dectine of pleasantness.
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Unpleasantness threshold values obtained from pleasantness intensity

Patterns indicated that try was the least pleasant amino acid fotlov¡ed

by phe, arg-hcl, leu and finally ileu.

Intensity patterns of binary anino acid srixtures of ileu, Ieu,

phe and try each in cornbination witJ: arg-hc1 were established for the

Parameters of bitterness and total intensity. All nixtures were formu-

Iated such that each constituent anr-ino acid contributed approximately

one half of tJ:e total bitterness intensity of the mix as determined from

their individual power functions

The rate of growth of perceived bitterness in binary amino acid

mixtures varied with ttre component amino acids. The ¡n-ixes of ileu +

arg-hcl and phe + arg-hcl possessed sigrnificantly greater slopes than try +

arg-hcl while the slope of leu + arg-hcl was intermediate. The rate of

gro\,rth of bitterness intensity in mixtures eitler followed that of the amino

acid component with the shar¡:er slope or \¡ras sig,nificantly greater in

slope than either amino acid component (as determined from silgle arrino

acid intensity patterns). At low concentrations of the mixes additivity

in bitterness was not apparent but appeared to come into play at intermediate

concentrations with possible synergistb effects being evident at Èhe

highest concentrations. Totar intensity patterns of the mixes were

not sigmificantì-y different in either slope or elevation.

Identification and quantification of the free amino acid content

of plant proÈein samples revealed that the legumes examined generally possessed

greater quantities of free amino acids in total than either cereals or

oilseeds. Considering the sensory information obtained for the bitter

amino acids only arg r^¡as present in plant proteins in sufficient quantities

Þ"j
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on an individual basis to impart undesireabre flavor properties.

However, at conmon sr:bstitution levels it is not likety that this effecÈ

would be perceptible in a food product.

The present study is not conclusive as to whether or not free amino

acids contribute significantry to tÌ¡e off-flavor of prant proteins.

The investigations undertaken ray the groundwork for further

'exarninatioD of the role of arnino acids in the flavor of these samples.

Because additivity in bitterness among selected amino acids was illustrated

there is a need for further investigations of amino acid ¡uixtures.

Data obtained in the present study for astringency perception was

not consistent. Being a complex sensation it appears that future studies

examining tttis parameter should focus on it alone. Tryptophane was the

most bitter amino acid identified from the sensory eval-uations; thus

quantification of this amino acid would appear to be worthwhile. l'lore

in depth investigations of a¡¡úno acid mixtures might include

evaluation of: flavor properties and intensities of model systems

which profile the total bitter amino acid content and possibì.e additive

or slmergistic effects between free amino acids and other bitter compounds,

'such as ethyl o'<-D-galactopyranosiderr,rhich have been identified in plant
proteins.
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' Append'ix A Total number of observations occurring at each concentration

Ievel used in developing bitterness and astringency intensity patterns

of single amino acids

Total Nr¡mber of Total Number of
Concentrations Observations of Observations of

Àmino Acid (ppm) Bitterness rntensity Astringency rntensity 1

ARG-HCL 2OOO

4000
8000

r2000
16000

ILEU 4000
8000

I2000
r6000

I500
5000

10000
12000
15000

1000
2000
4000
8000

16000

IO00
2000
3000
4000

tEU

PHE

TRY

t2/L8
L6/L8*
r8/L8
12/t2
re/L8

L3/r8
18/r8
12/L2
L8/18

L2/r8
rs/L8
L8/18
12/12
r8/L8

12/r8
L3/r8
r8/r8
r8/18
12/12

rs/18
L8/r8
re/18
L8/18

L2/Ls
t4/L5
e/Lo

L2/L5

rL/ts
14/Ls
8/ro

L3/L5

TL/L59/ro
12/15

-:

L2/ts
L3/rs
ro/L5

* 1 calculated NP value
't- One panelistrs scores omitted due to confusion of taste sensation



L70

Appendix B Mean

each concentration

annino acids

scores and number of

level in astringency

observations occurring

intensity patterns of

at

sirgle

Ænino Acid
Concentration

ppm
Mean Àstringency Nunber of

Sc-ore Observations

ARG-HCL

ILEU

LEU

PHE

TRY

r000
2000
4000
8000

12000
16000

r000
2000
4000
8000

12000
r6000

750
1500
5000

r0000
r2000
15000

500
1000
2000
4000
8000

16000

500
I000
2000
3000
4000

1.193
o.667
2-L40
2.207
2 .900
3 -267

1.153
0.680
0.9 t0
2.56-1
2.230
3. 700

0.560
0.753
0.793
2.O40
1.533
1. 907

0.5 73
r.o27
I.O01
t.473
I.573
t.260

L.L47
0.867
2.533
2 -247
2 -507

7/Ls
8/L5

L2/L5
L4/rs
9/to

L2/Ls

9/ts
8/L5

LL/L5
L4/15
8/ro

L3/L5

4/Ls
II/L5
8/ts

LL/L5
e/ro

12/L5

4/rs
9/ts
e/rs

t2/Ls
L2/Ls
s/Lo

8/rs
8/Ls

L2/Is
L3/15
LO/Ls


