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. {26%), zimc (16%), vitamin D (8%) and protein (8%).

iihtakes.

- ABSTRACT
Suprathreshd¥d taste perception and nutrient intakes of

thirty elderly (70-79 years) and-thirty young (20-29 years)

men in the community were examined. _ Relationships between

these taste and nutrient parameters were studied.
. A , . . * . .
Magnitude estimation was used to measuré perceived
R} .
intensity and pleasantness of suprathreshold concentrations

of sourness and saltiness in aqueous and food systems. A

-combination of dietary recall (one day) and food records

(three days) was used to quantitatively‘assess dietéry
For sourness and saltiness in both systems,’the mean
slopes of taste intensity functions of the elderly were

significantly flatter (p<0.001) than those of the young. 'The

taste intensity slopes for the elderly and young,

;espéctively, were as follows: for sourness:_aqugqus,(0.54,
0.68), food (0.21, 0.46) and for saltiness: aquébus-(0.39,
0.63), food (0.29, bi475' Within;éach age group and t;sté
quality, the slopeé were fla£ter for the food systems than
thé aqﬁeous systems. |

For the elderly, the energy intake was lower (p<0.001)

and the index of:overall nutritional ;;sk'(pg:cénp risk of

i

o LTLS TR N
deficiency for 12 nutrients) was higher: (p<0:05)

%

young. Foi”the elderly, nutrients at greaﬁé%t"risk of

" deficiency ‘were: folacin (50%), calcium (34%),‘Vitamin A

iv-

f%haﬁﬁfOr:thev T



A

‘For the elderly, many significant Pearson, partial
and/or canonical Correlation§ between taste and_nuprignt‘
barameters were nptéd. Partial co?relabion; (controlling EQF
previous smoking and medicaﬁion)‘between taste intensity
’sloﬁés and the inéex’of ové;all.nuthtional"riSk were
significant fg; the elderly. For the eldé;ﬁy, stprise
multiple reg;eséion analysis revealed the followingl
' predictors of taste intensity slopes: for sourness in aﬁuooun'
syétem, percent risks of deficiengy for;riboflaVin and
-folaéin; er sourness in fOOd system, index of overall
nutritional risk. vFor»saltiness the significant prédiétofﬁ
were in aqueous,syétem, vitamin Airiék; in this féod system,’
protein risk. Thus, results éf this study suggest
relationships between suprathreshold taste intensity and
hutrient intakes in elderly men, espetially for-protein,

folacin, riboflavin, vitamin Bg, yitamin A and iron'.
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< .
1. INTRODUCTION | ,‘ ) : -

Soientific, economic, and social Qhanges in this century
have resulted in a_dramatic.increase in the elderly, a high
health risk group. éhis growing number of-elderly is rapidly.
e”calatrng the flnanc1al burden on governments and
individuals for long-term health care. Many older people
complain of a diminution of taste or of taste disturbances.
Such‘disturbances have clinical significance because they»may
result in decreased food intake and thus tnreaten'the
nutritional‘status of the individual. In order to ensure
that nutritionally adequate dietsAare consumed by the
elderly, research on‘the lnterrelationships of taste
perception and nutritioniin the elderly must be oonducted.

The~objectives of the present study are to measure
suprathreshold taste perception and nutrient intake in free-

living elderly and young men in order to:

1. compare suprathreshold taste perception between elderly

- »

and young men
2, »compare suprathreshold\tastevperception‘between aqueous
and food systems | |
3. examine the relationships'between suprathreshold taste
perceptlon and nutrient 1ntake within each age group.
Research flndlngs on taste perception should facilitate
appropriate dietary mOdifications for optimal nutritional
- well-being and should be useful in planning and preparing

food and:food products for the older person.



2. TLITERATURE REVIEW

Taste deficits in the elderly have beeﬁ documented 5y
the elderly (Cghen and Gitman, 1959 énd Kamath, 1982). As
well, more elderly than young subjects comment on a loss in
aécuracy of foord recognition (Schiffman, 1957);

Taste‘buds are located in(ﬁhé oral cavity on the tongue,
pala£e andﬂpharyhx (Henkin and Christiansen, 1967a) andtare
- mounced on peg—liké projections called papillae. Three types
of papillae (fungiform, foliate and valiate) bear taste buds
KAan@r, 1981) . The fungiform papillae are found over the
anterio:‘two—thirdsbof the dorsal surrace of the tongue (Van
Haesendonck, 195?3 and their number®is estimated to be 150 tg»
400 (Amérine et al, 1965).«fThe foliate papilliae, wHich are
less prominent in adults than in children,'are arranged as
closely packéd folds on the back‘edges of the tongue. About
half « °~ all taste buds are located on the few (7-12 in
adults) vallate papillae which are located in a V—shapéd zone
at the ' ¥ of the tongue (Altner, 1981). Taste buds of the
fungifor. papillae are innervated vy a branch. (the chorda
typmpanivnerve) of the facial nerve, whereas those of the
foliaﬁe and vallate are innervated by the glosSophafyngeal

nerve.

~

Each taste bud contains tasté’sensorQ cells as well as
supporting’and basal cells. The normal average . fespan of a
taste bud is 10 days (Beidler and Sméilméh,‘19v}). Survival
of taste buds depends on the integrity of the taste nerves

+

which maintain these buds and :induce their development and

. 2
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) b
regeneration. Taste sensory cells are replaced by those

derived from basal cells;'old synapsés betwéeh.éfferent nerve
fibers and old cells are disrupted and new'synépses_are
formed. Degeneration of taste'buds occurs when taste nerves
%re cut (Oakley, 1970). | |

Taste buds on the ii:ferent regions'of the  moutlr vary in

" response to the four basic taste qualities (salty, sour,

sweet and bitter). .0On the tongue, the tip is particularly

4

sensitive to sweetness, the middle parts of the outer edges

are most responsive to sourness, and the edge of the tongue

]

that overlaps these two regions is most strongly stimulated
by saltiness. Bitter stimuli affect strongly the receptors
near the base of the tongue. Some studiec have suggested

-

that the palate is also sensitive to sour and bitter tastes

(Collings, 1974 and Henkin and Christiansen, '1967a)./ Taste

is initiated when chemical stimuli in solution come fin

to the -taste cell membrane produces a depolariz&tion and/or

conformational change which, in turn, causes the release of a

x

synaptic transmitter that ‘activates axon endings (Biedler,
1978 and Oakley, 1986). Specific receptors in the taste cell

membranes determine the ability to discriminate taste

‘qualities. For sourness, the taste sensation is egicited by

the hydrogen ion. The higher thé hydrogen- ion concentration,
the stronger the sour taste sensation (Guyton, 1981). The

salty taste 1is stimulated by ionized salts(aé&’fﬁé magnitude



,‘of'taste'sensation depends on the type of salt. Although

saltlneSS is malnly ellc1ted by salt catlons, anions can also
contrlbute by elther enhanc1ng or 1nh1b1t1ng the stimulation

(Guyton, 1981). Taste eFfect ‘1s obtained as a result of the

-

stimulation of many taste buds from whlch the 1mpulses‘dro

transmitted across a synapse to the central nervous system Ly

-~ way of several cranial nerves (Altner, 1981).

Sensory codlng for taste quallty and concentratlon has

N

3vbeen szudled by the analy51s of 51ngle taste nerve flbers

It is generally belleved that a- taste quality is mediated by

a small n;yggi of taste flbers that are narrowly tuned to

that particular taste quallty rather than by a large

" population of taste neurons transmlttlng a partlcular pattern

'y

of activity (Altner, 1981 and Oakley, 1986). For intensity,

" psychophysical magnitude estimates have been used to recorded

neural response (le. a 6aste solution that.producex a large
neural response also produces a large psychophysical
resoonse).Kbakley, 1986) . The physiology of central %
processing of taste.sensory input is still.unresolved,
however, the(medulla'oblongata) thalamus and cerebral cortex
are beliegeo to.be involved (Altner, 1981 and Oakley, 1986).
Whether the number of taste buds decreases with age is
not clear. No age-related alterations in taste bud numbers
Qere found in the.fungiform”papillae (Arvidson, 1979) .
HoWever, the number of taste_bnds‘in the foliate papillae was

reported to increase and then decrease with age, to numbers

in the3elderly of slightly below those of quenile levels

.



: (Mochizuki, 1939). The number of taste buds in the vallate
papillae- was reported to decrease wrd@ age (Arey et al,

1935) . In'additionato changes in the number of taste buds,’
‘age—related alterations in cell'receotor membranes and in the
central nervous system Cah‘also occur (Mistretta, 1984).
‘Most,resoits on age-related ohanges;in‘taste function

A

have been obtaioed by measurement of taste thresholds and are

.

conflicting. Most researchers have reported results for -
.groups of combined males and females 'vFor saltiness, age-
related‘increases in threshold valueS”have been documented
(Balogh and Lelkes, 1961; Bartoshuk et al., 1§éé; Cooper et.
al., 1959; Murphy, 1979; Grzegorczyk et al., 1979 and
wWeiffenbach,et al., 1982); In one study (raiker et al.,1983),
the NaCl detectionfthreshold increased with age in a log
linear relationship 107 contrast other researchers were
unable to: find Significant age related differences in salt
thrtholds ‘(Hermel et al 1970). For sourness, researchers
reported taste thresholds to increase with age (Bartoshuk et
al., 1986; Cooper et al., 1959; Glanville.et al.,'1964,
‘Hermel et al., 1970 and Murphy, 1979). Murphy (1979) .
observed that the increase in sour taste threshold was more
gradual than those of other modalities. Cooper et al. (19595
noted that sour thresholds were’not_significantly‘inoreased |
Huntil after the age of 60. Glanville et-al. (1964) repcrted
‘that the age-related rate of decline of sour taste
sensitivity in males was four times that observed in females.

Weiffenbach et al. (1982), however, observed no significant *

-



age-related changes in threshold for sourness. For
sweetneés, taste threshold has been found in somé/stugies to
be sighificént;y increéged with age (Balogh and LeTkes, 1961;
Bdrtoshuk et al., 1986; Cooéer et al., 1959; Hermel et al.,
1870; Moorélgt al., 1982 and Murphy, 1979), while another
study repo;keq no significant changes with age (Weiffenbach
et éi, 1982) . for bitterness,‘increased threshold values due
to age had geen demonstraﬁed (Bartoshﬁk et a;., 1986; Codper
et al., 1959; Glanville et al., 1964; Hermel eﬁ al., 1970;
Murphy, 1979 and Weiffenbach ét;al., 1982) . However, Kaplan
et al. (1965) attributed‘the age~-related changes in
dfit;e:ness sensitivity to the cumulativé effects of smok;zg.
~ While taste thresholds measure theuperceived thre§hold
concentration of taétanté, suprathreshold tests detéfmine‘the
taste reéponses to above-threshold tastant concentrations
typical of taétant\bwnéentrations e;éounteréd in foods‘
~..(Bartoshuk, 1978). Early studies of age effegtq on
.suprathreshold taste perception were conducted, by Byrd and
5xGertman (1959) énd Cohen and Gitman (1955) usihg taste

identification tests. These researchers found no age-related

differences in the ability: to correctly identify
o ' P N

suprathreshdld concentrations of the four basic tastants

(salty, sour, sweet and bitter) in aqueous solutions. Little
’ ' A

and.ijmner (1984) measured suprathreshold taste perception

of saltiness in a food system (tomato juice) using category
' . . 5
scaling. These researchers found no significant effect for

age or sex in the taste inteﬁsity perception of saltiness.
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- Magnitude estimation has been used to measure Ehe way
that perceived intensic,; a ows with‘testant concehtration.
Magnitude estimation (ME) (Stevens, 1957) is a ratio—scaling
technique in which individuals‘assign any number to the
perceivedkintensity of stimuli so that the ratio of the
numerical subjective assessments reflect the ratios of the
perceived magnitude of the stimuli (Mosko&itz, 1977 .

Magnitude'estimation has- an advahtage over category
scaling. The ME scale is continuous and unlimigéd'so the
subject can %ssign numbers without restrictions to reflect
his true pereeption of tﬁe stimuli (Moskowitz, 1977).

According to Steven's Power Law, perceived inteﬁsities

are a power function of the stimulus hagnitude (Stevens,

1957); described by the following function:- s = kcp

o
o Ly
k3

where S = perceived inténsity (taste magnitude)
C. = stimulus magnitude (tastant concentration)
n = power exponent (value depends on substance

tasted and the conditions of tasting)

k constant for the system chosen

" When the log of Steven’s power function is taken} the

resultant formula:

-

logS = logk + nlogC’
describes a straight line of the slope n in the plot of log$S
vs logC. When the exponent n = 1, the perceived magnitude
varies directly with the physical magnitude of the stimulus.
When  each individual assigns_numbers based upon his own frame

of reference;bnormélizapion of data is needed to bring the

]



ratings into a common scale. Usually, no normalizatlon is
used when a ‘fixed standard (referen "e) assigned with a fix
number (modulus) is used. Stevens (1957) suggested'thag‘for
" ME data, logﬁyalues of the data are normally distributed.
The geometric}mean has been‘traditlona‘ly used as the most
xapproprlate measure of central tendency in log data that are
distributed normally (Moskow1tz, 1977). Some researchers
'(Marks, 1974 and Stevens, 1¢75), do not permlt zero and
negatlve ratings because the calculatlon of the geometr1C‘

b}

mean would not be feasible with zeros. Zero ratings can be

adjusted relative to the éﬁdividual's lowest nonzero rating
to aliow for the calculatiah 05 the geometric mean

! \. ' ‘ Lo :
(Moskowitz,t1970a and 1970b) . et

=

Cowart (1981) and Weiffenbach et al.‘(l986) found that
perceived intensities of the four hasic’tasteg:;;c;eased more
slowly with concentratlon for the elderly than for the young
(ie. the elderly had flatter psychophy51cal functions for.

A

taste than did the young) f Hyde and Feller‘(l981) reported
that the age effect on taste lnten31ty scallng functlon for
men was the greatest for bitter, marginal for ‘sour and %east
for sweet and‘salty stimuli.

| " Magnitude estimacion‘can’also be used to scale
.pleasantness responses. .Mcpaniel and Sawyer (1981) and.
Moskowitz and Sidel (1971l compared the use of ME with the"
use of the 9-point hedonic scale for rating preference;j

These researchers found ME to be equally (Moskowitz and

Sidel; 1971) and more (McDaniel and Sawyer, 1981) Sensitive



than the 9—poinL hedonic seele, in that the ME technique
resulted in more statistically significant differences.
Othier researché%s (Giovannni and Pangborn, 1983 and
Moskowitz, 1976) have'fqgﬁd ME to be a reliable and useful
procedure for measufiﬁg'taefe hedonics.

. Aqueous solutionsﬁhave beenvused'by most researchers
when studying age-releted diffeienees in taste pegception and
preference. HoWevef, in everyday situations, complex etimuli'
in foods are encountered; Cardello et al. (1979), Moskowitz
et al. (1974) and Pangborn and Pecore (1982) showed that‘
taste responses differ depending on the media (model or food)
_carrying the tastant. - fherefere, therq is a need to study
the taste responses to tastants in bothimodel and food
systems in order to determine whether findings 'in the former
apply to the latter.

Gender differences in taste perception have beeg
investiéated." Cohen and Gitman (%959) found that for the
four basic tastes, elderly males had significantly;higher

incidences of taste errors than .elderly females.
Fikentscher et al. (1977) found that men after the age of 40 -

years were less able to recognize scurness, saltiness

4
> .

sweetness and bitterness in aqueous system than their‘female
counterpartg. As well, Fideriy men had higher thresholds for
sourness (Glanyille et al., 1964 and aeiffenbach et al,, '
1982) and for saltiness (Greger and Geissler; 1978) eompared
to those of elderly women. However, other researchers found

no significant gender differences in taste threshold (Cooper
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et al.,1959, Grzegorzyk et al.,1979 and Murphy, 1979) and
supfaEhreshold tasté intenéity measurements (Hyde and Feller,
1981 and>Weisfuse-et al., 1986) in the elderly.

One faétor thought t$ affect taste perception in ﬁhe\
elderly is the wearing of dentures (Kamath, 1982). Hermel ot
al. (1970) studied tHe ability of subjects to identify the 4
basic taste qualities. - These researcheré reported an -
improvement in taste identification with the removal of
dentures. Henkin and Christiansen (l9é7b) foun&ithaﬁ
detection th£$sholds for sourness and bitterness were higher
in subjects who wore dentures than in those who did not. <<
However, Bartoshuk et al. (1986) reported lower detection
threshold values %br bitterness in subjects who wore dentures
than in those who did not. No effec; due to dentures was
found for detection threshold measurements for NéCl (Baker et
al., 1983 and Henkin and Christiansen, i967b) and for sucrose
(Henkin and Christia;;;h, l967bland Moore et al.,1982). g

Smokers often complain of taste impairment (Peterson et
al., 1968). Some researchers have Shown higher taste
thresholds for saltiness (Baker et al., 1983) and for v
bitterness (Krut et al.,1961 and Peterson et‘al.,1968) amongg
vsmokers as compared to nonsmokers. Kaplan et al. (1965)
‘suggegféd that ageﬁénd sex-related difﬁerences in ta?te
sensitivity for quinine could be accounted for by the effects
of skaing.  In,contrast, Redington (1984) showed no —
significant difference ih the way smokers and nonsmokersb

rated the intensity and pleasantness of sweet, salty and



o

o
bitter.tastes>ahd Grzegérczyk et al. (1979) found_no~
relationship between smoking and NaCl taste detection
thresholds.

Variodé drugs cag also alter taste func¢tion. Potassium
iodide and brdmidé—containing medications are excreted by the
salivary glands and thus cause a salty\éﬁtter tasﬁe_in the
" mouth (Hartshorn, 1977). Penicillamine and thiamozole affect
‘taste indirectly by forming compieﬁes with zigc and copper
(Henkin et al., 1967 and Hanlon, 1975). Certain
anticholesteremic, antihypertensive, antirheumatic-and
antiflammatory agéhts have also beén reported tb‘modify taste

(Schiffman, 1983). °

.Information-on rge-related alterations in taste
3

preference is limited. Murphy (1986) reportéd that the
elderly (sex not specified) consistently rated citric acid in
aqueous solutions' and lemon—flavéred beverages as more
pleasént that did the‘young sdbjeéts. 'Laird énd Breen

(1939) found that older men (50 to 68 years) had a greater
preference for sourness in pineapple juice than did younger

>

men (18 to 40 §ears). However, Cowart (1981) found ng
systematic age-related changes in sour pleasantness ratings

in aqueous solutions for males. For saltiness, Cowart (19835

!

observed that men after the age .of 40 years showed a shift in
. .

peak

preference towards mote concentrated NaCl agueous
solutions. Murphy (1986) also noted that the elderly (males
and females) rated the high'concentrations of NaCl in aqueous’

solution\ahd vegetable juice as more pleasant than did young ~

[ ! . ) ~



males (Cowart, 1981).

(male and female) subjects. For sweetnegs, Murphy (1986)

reported that elderly rated the high sucrose concéntration in
aqueous solution and in lemon-flavored beverage moré pleasant
than d%d youngervsubjects. However, Enns et al. (1979) found
no.age—related differnces in sucrose hedonic ratings among
males. In contrast to :Murphy (19865, Cowart (1981) opserved
that amoﬁg males, thé elderly group found the high'sucrosq
concenpration in aqueous §olutiog less pleasant than did

younge :ge groups. Edr bitterness, no Systematic,age?

. "

related changes in pleasantness ratings were found among
The pattern of taste intensity and taste pleasantness

responses differ (Giovanni and Pangborn, 1983; Moskowitz,

1976 and Trant and Pangborn, 1983). Lundgren et al. (1978)

identified four tybes of h donic responses (monotonic -

~decrease, parabolic function, monotonic increase and

horizontal line) which could be used to classify subjects

o
-«

-

depending on their pleasantness responses.

Taste pérception has been suggested to be a powerful

motivator of feedihg and drinking (Brightman, 1977) Mattes

(1985) looked forﬂrelationships between taste function and

dietary intake in adults. He found no significant

- .

corre;ation betweeh the measuréé of taste function (sweet and
bitter taste pe:céption, intensity and preference) and five
intake parametérs (intakes of calories, protein, fat, and
éalories from foods classified as haQing the éour and the

bitter taste qualities). -Henkin et ‘al. (1971) studied adult

~ , -
e -~
i
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patients with hypogeusia (taste diminution) and dysgeusia

(taste distortion). They (Henkin et al., 1971) reported that
dysgeusiatprompted a chance in normal dietary habits such
that certain foods (eg. meat, fish, poultry, eggs) were
avoided. Mattes-Kulig and H=nkin (198%) found that enerqgy
intake decreased significant.y as the severity of dysgeusia
increased but was unaffected L Lvpogeusia. As well, these
researchers»found that more thdnh kRalf of all patients with
dysgeusia exhibited at least one anthropometric measurement

indicating nutritional risk’ (triceps skinfold measurement

. {
below the 15th percentile, arm muscle circumference below the

lSth percentile, body weight below 90% of ideal body weight,

or acute weight loss of greater than 5% of usual weight) .

Among the nutrients, the role of vitamin and minerals in

taste sensory function has been stuoieo most extensively for.
zinc and vitamin A. A few workers have investigated the
influence that niaCin, vitamin Bg and vitamin Bjp status may
have on taste' function’ (Bray, 1976, Greeley and Gniecko, 195%
and Green, 1971) . »

Zinc may play many. roles~in3taste function. Zinc is a
cofaotor of many metalloenzymes.(Parisi and Vallee, 1969) and
is required for the metabolism ot nucleic acids and synthesis
of orotein-(Mills et al., 196§'and,Prasad, 1967) .
Parakeratosis and hyperkeratosis of the oral‘membranes and

tongue of zinc-deficient rats have been found (Osmanski and

Meyer, l969) Zinc is part of a metalloprotein (gustin)

'found in the saliva surrounding ‘taste buds (HenKin et al.

4
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1975) . Decreased concentrations oOf gustin in saliva are
found in patlents with hypogeuSLa (Shatzman and Henkin,

1781). Zlnc is found in taste bud receptors and has been

thought to be involved in taste transdyction (Law and Henkin,

1983). zinc is also found in peripheral and cranial nerves
. » . &
(Henkin et al., 1979). An indirect mechanism by which zinc

may be involved in taste function ls that of the synthe
’retlnol—blndlng proteln whlch’transports v1tamin“A from its
storage site 1n the llver to perlpheral tlssue (Smith et al
1974), -zinc 'is necessary to maihtain normal vitamin- A
concentrations in plasma (Smith et al., L973). ~

| 'Researchers (Atkin-Thor et al. 1978 Hambldge et al.
1872, 'Henkin and Bradley, 1970, Henkln et al. 1971,
Schechter et al 1872 and Shatzman and Henkln, 1981) have
shown 1mprovement in taste acuity after Zth supplementatrdn
in pat1ents»w1th taste abnormalltles. Desplte the strongv

evidence for zinc involvement in taste function, researchers'

have not been able to find a relationship between taste

.«

.)l SO I -

deficits and poor zinc status in the elderly. NO'significantu

correlation was found between detection and recognition
thresholds’ for sweetness or saltiness and zinc lntake ‘in
groups of elderly men and women (Bales et al., 1986, Greder
and Geissler, 1978, Greger and Sciscoe,-l977'and Hutton and
t . . . .
Hayes—DaQis} 1983) .. For elderly men, Greger (1977) found no
correlatlen between NaCl and sucrose taste thresholds and

nutrient intake, but a significant relationship between

sucrpose taste detection'threshold and hair zinc levels was



observed. Greger ziid Geissler (1978) reported that zinc
supplementation did not significantly affect taste acuity in/?

either men or women. Howeverf these researchers noted thdt 

before zinc supplemehtation[ males had significantly highér

’

NaCi recognition thresholds than the females but after zihq
SUpplehentation, the improvement in taste acuity (nc .
significant) ﬁoted in the maleé resulted in similar ta:tce
thresholds between gehders. |

. One function of vitamin A is to ﬁaintain epithelial
tissue§ in a healthy state (Wolbach and Howe, 1925) . Bernard
and Halpern (i968) and-Bernard et al. (1961). studied the
taste.preferences of rats depleted of vitamin A by dietary
restriction. These researchers found keratinization
(hornliké degeneration) of ﬁhe tongue, including the pore

area of the taste.buds, in vitamin A defi lent rats. In

rats, normal taste responses to NaCl and quininé solutions

‘were lost as a result of vitamin A depletion and were

re\ﬁored after.vitamin'A supplementatioh (Bernard and
Halpern, 1968, and Befnarq’et al., 1961). In hume s,
impairment Of'taste(and abriormal hedonic responses were
obgerved in children who werevfound to be vitamin A deficient

and in men i whom vitamin A deficiency was experimentally

>produced (: .es and Hodges, 1980).

The role of vitamin Bg in>£aéte has not been
established. ‘Howgver,'ﬁeurological damage as.well as changes
in the mouth and tongue (eg. glossitis, filiform hypertrophy)

have been observed in humans with experimentally induced

.



vitamin Bg deficiency. As well, vitamin Bg deficiency has
been associated with some endocfine (hormonal) abnormalities
(Hsu, 1963). Hormonal facéors have been suggested to play a
role in taste in both males and femalé humans (Mattes et al.,
1986) and in animals (Richterq 1939) . In vitamin Bg
deficient rats, altered preference and intake of salty, sweet
and bitter taste solutions were demonstrated (Chan and Kare,
1979, Grewack et al., 1977 and Gree}ey and, Gniecko, 1986) .

In humans, taste loss has been reported in patients with
"onicity of S5-thiopyridoxine, an antirheumatic drug which

poséesses antivitamin Bg action (Huskisson et al., 1980).

Glossitis and neurological damage have been observed in

s a
vitamin Bj; deficiency (Herbert, 1975). A possible

relationship between taste'function and vitamin Bjs has been.
suggested by Bray et al. (1976) who studied vitamin Bis
absorption and taste preference in obese patients before and
after jejuncileostomy. These researchers noted decreased .
vitamin Bja absorptién, reduced pleasantess ratings for high
sucrose and glucose concentrations in solution as well as
altered taste .preference in patients after jejunostomy.
vwhether.vitamin By status and taste function are related igs
»

not clear and needs further research.

Some ‘diagnostic signs of niacin deficiency are oral
lesions and glossitis (Goldsmith ét al., 1952). Frostiy and
Spiés (1939) and Green (1971) obsefved hypogeusia and

dysgeﬁsia in individuals with subclinical deficiency of

niacin. The administration of niacin supplements Tesulted in



the disappearancé of these taste abnormalities (Green, 1971).
Howevef, the administration of tryptophan (precursor of
niacin) alone can aiso correcF niacin deficiency symptoms
{(Bean et al’, i951). Therefore, the"adequacyiof niacin
intake cannot be assessed without the consideration of the ;
amount of tfyptophan in the diet (Horwitt, 1986).
inadequate dietary_intake in the elderly has’been,well

documented. Although energy‘requirements decrease with
advancing age .s the result of age—related declines igwbas”l
metabolic rate; and physical activity (Watkin, 1982),
‘nutrient requireménts do not decrease witﬁ age (Bureau of
Nutritional Sciences, Depértment of National Health and

Welfare, 1983). A national survey of the Canali 'n

population, Nutrition Canada, 1973 (Department of National

17

Health and Welfare, 1973), found that eldefly’men (65+ years)

pad mean folacin and calcium intakes of less than the
recommended levels. In addition, ﬁearly one-quarter to one-
third of the general Canadian population of elderly men had
less than adequate intakes of‘ripoflavin, iron, thiamin and
vitamin A intake (Department of National Health and Welfare,
1973).. Other studies of elderly men Have.also reported
nutrient intakes of less than the recommended levels,
suggéstind that this group of individdals:is susceptible to
nutritional deficienciesz The findings oflﬁhese studies are
summarized in Table 1. ;

Since the elderly have been found‘to have imp@ired taste

function and are often nutritionally at risk, questions



regarding relationships between'sensory taste changes with

age and inadequate nutrient intake arise. The objective ot

the present study is to investigate relationships betwgen

4
taste perception and nutrient intake in elderly and young

men.
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3. METHODOLOGY

3.1 Selection of Subjects

| Two groups of caucasian males, one group consis: ' g of
30~elderly men (70-79 years) and the other éOnsisting of 30
young‘ﬁen (20-29 years) were chosen for the présént study
according to the following criteria:
1) Free-living residents of the greater Edmonton area for

over ,six months

2) Ambulatory and having ﬁo.known history of serious

metabolic disease

3) Not following a special therapeutic diet’
4) Able to communicate in English
5) Willing and available to participate in the study

A random sample of the population of Edmoriton was chosen
by Alberta Hospitals and Medical Cafe ffom names of
- appropriate indi&iduals registered with the Alberta Health
Care>Insurance Plan. Letters recruiting participants for the
study (Appenaix 1) were sent to 176 individuals from each of

the two age groups. - Individuals ihdicating an interest in

SRy

. the study were interviewed by the researcher. Théz%ubject
profile questionnairé (Appendik 2. Part I) was used to
determine if the individual was suitable'fo: the study. For
the elderly, 18 men (10%) indicated they were interested in
the study and 15 (9%) actually‘participated in the study.
Fbr the‘young, 9 ﬂgR\(S%),showed‘interest in the study and 3

(2%) were enrolled.

20
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‘igbtﬁét methods of recruiting subjects were employed in
‘ordet to obtain additional individuals for the study.
Potential volunteers were recruited through friends, and
several organizations and events, including the Strathcona
Place Society, the Society for the Retired and Semi-Retired
and the UniQersity of Alberta 1985 Spring Session for
~Seﬁiors. In these cases, individuals were contacted through
lettefs requesting participants  (Appendix 3). The subject
profile questionnaire described earlier was used to determine
the eligibility of all voluntéers for the study. A; a
;esglt, an additional 15 elderly men and an additional.27
young men were en:olled to provide a total of 30 subjects for
each age group. Further subject pfofile imformation such as
socioceconomic status, drug usage, smoking habits, alcohol '
tonsumption pattern and‘demographic data was obtained froﬁ
subjects by completing the questionnairé  (Appendix 2, Part
I1). |

The research proposal for this study was reviewed and
appfoved by the Ethical Review Comittee on Human Research.
Writt-n consent was obtained from each subject (Appendix 12).
| Datahcollettion took place between March 1985 and
- January 1986. 'For each subject, five interviews, of
apprbximately one to th'hours each in length, were required
.to collect quantitative data con@érning tastévperception and
dietary‘intake. Table 2 presents the protocol for data.
collection. All subjects were individually interviewed by

the researcher. Collection of data took place at the home of



Table 2: Protocol for Data -Collection

presentation of token
of appreciation

Interview Taste Dietary
Perception Assessment
Evaluation :
1 signirg of consent fdrm, taste quality I
complete questionnaire, :
orientation to magnitude
estimation
2 taste quality I 24-hour
: recall;
instruction
on
completing
. food record
3 i - taste quality I review food
taste quality II record
' (one day)
4 taking anthropometric taste quality II
' measurements
taste quality II review food

records
(two-days)




- the subject, at the Department of Foods and Nutrition,
University of Alberta, at the Strathcona Place Society, or at

the Soclety for the Retired and Semi-Retired.

3.2 'Collection‘of Taste Perception bata

Suprathreshold taste perception was tested using the
technique of magnitude éstimaﬁioﬁ (ME) (Moskowitz, .1983). In
using ME; each subject is allowed to assign any non-negative
~ number to describe a series of sensory stimuli so that the
ratios of the numbers assigned reflect the ratios of sensory
perception. A fixed étandard and fixed modulus method of‘ME
was used (Moskowitz, 1977). A reference samgie,'withih the .
dsuél'supraphreshold\range, was pre-assigned a number (10)
and used as a reference to which othef samples in the series
could be éompared. To avoid gustatory fatique, .,only the sour
“and saléy taste modalities were éssessed.

a) Sampﬁ$ K/feparatlon

Aqueous solutions and simple foods contalnlng sour and
salty modalities at six suprathreshol? cogcentratlons per _
.§eries were pfépared.»-Water solution§ and apple drinks \\3
contained concehtrations of 3,6, 12, 18, 24Hand 36 mM citric
~acid (CA).‘ Water solutions and chicken broths containea
concentrations of 20, 40, 80, 160, 320 énd 640 mM sodium
chloride (NaCl). The lowest concentrations of NaCl and CA

used werd higher than the reported detection thresholds

measured in the elderly (Langan'and Yearick,1976; Grzegorczyk



et al., 1979; Weiffenbach et al., 1982; Hutton and Hayes-
Davis, 1983). |

At least every month throughout the study, new b;tches
of samples (1500ml of the reference samples and 500 ml of
other concentrations) were preﬁared. App?gpriate amounts of
food-grade CA (Allen and Hanburys® U.S.P. hydrous granular
CA) were added to double-distilled deionized wafer and to '
General Foods® reduced acid apple drink. ype low-acid fruit
drink, obta}ned courtesy of General Foods® Ltd. Cobourg,
Ontario, initially had 10% apple juice, 9.063%
(weight/vdlume) malic acid and a Brix. value of 10.7°. Each
time a new batch of CA samp%gs (solutions and dr%nks) wai
?repared the total acidity of each stihulus concentratioﬁ‘
was checked using the tltratloq&method oﬂLRuck (1956) to
ehsure that the acid content was as intended.

W;ndsor® table salt (comp031tlop presented in Appéndix
4) was added to double-distilled deionized water and to
Stafford® Low Sodium Chicken Broth to achieve the desired
NacCl cbnéentrationé:_ Thg chickén broth had an initial A
conceﬁfration of O.é% (weight/volume) NaCl yhen recénstituted
ét a constant proportidn of 50 gm per liter of goiled tap
water (as suggested by instructions on brodqct.use). The
reconsfituted soup was strained to ensure a clear broth.

" Taste samples were dispenseq intq 20 ml élass vials
sealed with screw caps énd frozen at -15 + 5°C until neédgd.
SamplesAfrozen for more than 4 months were anaiyzed for CA

. content by a titration method (Ruck, 1956) #nd for the level
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of NaCl by the Volhard Chloride method (Hillebrand and
Lundell, 195§). Ffeeziné had nO‘significant effect of thé
composition of the tastants. - A

For evaluation by subjects, samples were brought to andA
"maintained at appropriate temperatures. Agqueous solutions'
were served at room temperature (%O + 3°C) while fooq‘samples

were presented at the temperaturelat which they are normally

.\_/“

consumed. The apple drink was maintained at 12 # 2°C by
immersing the samples in abou£ 1 cm of cold (12 * 3°C) water
ch;llea with a reusable Ice ?ackéfplaced in a 24 x 33 cm
aluminum tray. Tne chicken broth samples: were maintained at
60‘i 5°C in a,closed_watﬁr béth-double—boiler system using
th Corningware® casserole dishes fitted with one lid and
piacedzon top of a heatéd Salton® Eleétric Hotray.

Eor preséntation no subjects, sampies Qere dispensed in

10 ml quantities into 30 ml plastic Medicups®. References
zWére marked with "R" and tesf samples‘were coded with 3¥digit%-
random numbers. Score’sheets (Appendix‘S) wé;evlabelléd with
. the samg}e randdh nunbers in the order to be‘teéted. A
modification of Hyde and coworkers' (1981) sequénce'order was
used to present'the six test samples.qf each sefies in a
partiallyﬁ;andomized order (Appendix 6) such that no tno
consecutine'samples d}ffered in concentration by greater than
four—fold. Consecutive evéluation of samples of exnreme

o
concentrations was avoided to reduce order effects due to

~

‘adaptation to higher ;oncentrations./ Double-deionized water

(20 % 2°C5, stored in glass bottles, was available ad libitum
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for rinsipng. Styrofoam cups mafked "WATER" andv"WASTE" were
provided for fresh rinsing water and expectorated waste,
respectively. |

bj Orientation to Magnitude Estimation

Each subject was instruéted in the method of ME before
his first taste test. The objectives of the orientation were
to ensure reliable data collection tHrougb the development of

o

an understanding of the use of numbers and ratios in
q;antifying perceptual*différencés. During the oriehtatidn,
the subject was trained in the use of ME through a series of

>

exercises involving judgments 6f various lengths of lines and
N , y :
area7 of shapes, respectively (Appendix 7)UF”After the
completion of the eﬁercises, the results were checked to
ensure that the pérticipant had used the mephod correctfly.
c) Sample Evaluation
_Subjects were asked to ;efrain from eating, drinking
(except water) and smoking for at least one hour before the
taste tests. The weafing of dentures'was according to usual
eating habits, ie. if the individual usually'ate with his
denfures én, he would be tested in the same manner. Prior to
tast%ng, the salivary pH of each subject was‘measured'(uslnq
pH paper for pH range 3 to 8, supplied by Micro Eséential
Laboratory, Ltd) and recorded.
All subjects‘were tested individually. Each subject was
instructed to.taste but not swallow the samples. When
tasting,*the participaht was. asked to empty the contents (10

'mls) of the Medicup® into his mouth, to-swoosh the sample



around and hold for about 3 seconds. All samples were
-expectorated. " The perceived intensity and pleasantness of
the sample were rated numerically according to instructions
given in Appendix 8. The researcher recorded thersubject's
response regarding the perceived intenSity and pleasantness
on the scorecard (Appendix 8). To eliminate any aftertaste,
the participant was instructed to rinse with water.ad'libitum
before and in between samples.l All rinse water was
expectorated. Time lapses of at least 20 secpnds between
'samples and of 3 to 5 minutes between media within‘a session
were required. _\ ' #
| Taste perception for saltiness and sourness was -
'eyaluated in siX\separate'sessions (3.sessions for each taste
_modality) for each individual. 1In the first 3 sessions, half
of the participants in each age group were assezsed for salty

taste while the other half were tested for sour perception.

Replicates for each taste modality- took place on separate

l"(

days. . ?

Within each taste session, 2 series of .the same modality

13

were presented: the aqueous solution and the simple food.

For each seriesy al of 8 samples were presented _The

reference was inf goced twice, once before the first .unknown
andJagain before the fourth unknown to remind the SUbject of
the referencels intensity and pleasantness. “A hidden
reference sample was also presented as an unknown for
evaluation. | o " ’ . K

".



Information concerning factore influencing taste

~ perception (eg. dentures, use of table. salt, smoking habits

end alcohol consumption patterns) was obtained from the

Subjecf profile questionnaire (Appenéix 2, P&rt 11).
ToAconvert the raw data into a form appropriate for

statistical analyses, magnitude andApleasantness estimates. ot

eaeh‘subject were reordered using the eomputer.‘ Profiled

information was coded for statistical correlation. .

3.3 Assessment of Dietary Data 3¢

Four days of dietary intake were assessed quantitatively

for each subiject. 'The method used was a combination of th“,
24-hour recall and the dietary,reiprd. All dietary data were
collected by the one researeher whb was trained in the
-Nutrition'Canada techniques of quantitative dietary
'asseesment (Department of National Healthnand Welfare, 1973)
using food modelé; dietary interviews Qere conducteahusfnq i
standafdized‘proeedufe (guideiines appear in Appendix 9).

Four davs of intake were assessed; three weekdays and one
. . P
weekend day were chosen to represent weekdayswgbd weekend

days in their true proportzon. For each subject,'dietafy

data were-collected at the.second, third and fifth interviews

((Table 2). N _ '

Initially, a twenty-four ‘hour recall of food intake was.

‘obtained.  During the interview, recalled dietary informarion

L] . \\

was recorded on a dietary intake form (Appendileqd. Each
'subject was asked to.iteﬁize, in chronological order,/4all ‘ -

[ . i -
“ ‘ .

N
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foods and beverages consumed on the preozeding day, beginning
when the subject awakened. The items were reviewed with the
subject to estimate quantities consumed and to obtain

detailed descriptions of food items, including methods of

1 .
r

‘preparation; Portion sizes were estimated by the use of food
. . . . (&

¢ <

: ¢ . . o
moc * ¥y izonstructed according to Nutrition Canada ‘

RSN

specifications) and by the observation of dishes and utensiis
used in subjects' homes.. Skilled probing during the
interview hélped to ensure cqmpletegess of information. In
the case of mérried ﬁea, wives were often consulted for
Eeéipég'énd details about .food iteméj'}Instructions were
brovided on the proéer way to completé the food récords. A

. food record form (Appendix 11, Part I) was given to the

subject for‘cpmplétion on the day preceding his next

i :

provided as a guide ffor the subject.. During the next visit

1

interview. A Sample food record (Appendix 11, Part 2) ‘was

(third interview), the completed record was reviewed with the

subject. At the end of the fourth interview, blank food

record sheets for two days were given to the subject to be
completed for the-two days prior t6 the final visit. 1In
general, a total of three days of food records was collected.

For ten of the young subjects, four days were not adequate to

[y

describe usual food intake. For nine of these subjects,

.

dietary intake wés assessed fqr five days; for one subject,
dietary intake was assessed for seven days. All completed
‘food records were reviewed with the subject. Other pgrtinentl

information concerning nutrient intake was obtained, eg. the

LN
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a

use of vitamin/miﬁerai supplements. If a viLdmiﬁ/mineral
supplement was used for a ﬁeriod of over six v nths, the "
following information was obtained: brand name, nutrient
composition, intake frequency and dose.! Adaitional
information concerning food preparation and foqd habits was

L]

obtained from the subject profile questionnaire (Appendix 2

Part II).

Tﬁe'daily nutrient intake of each subject was computed
in the following way: all recorded food items were ccded by
the researcher using coding procedures standardized in"thc

’Depértment of foods and Nutrition. After‘vérifiCaticn, tﬂc
data were then transferred to computer tapeyfor‘the

computation of nutrient intake by the main-frame computér at
the Universityvof Alberta. | .

The‘nutrient data base. used was the Canadian Nutrient
File (Bureau of'Nutritioﬁal Sciences. Department of National
Health and Welfare, 1985), a data bank based on United Statee
Department of Agricultdre Handbook No. 456 (Adems, 1975).int;
which Canadian focd composition daté had been incorporated to'
provide a tctel of over.3000 food items. Values for zinc
were also incorporated into the data base frcm various

- sources: Revised Agricultural Handbook No. 8 (Consumer and

-

Food Economics Institute; 1976-1983); Murphy et al. (1575);
Freeland-Graves et al. (1980); Freeland and Cousins (1976) ;-
Lawler and Klevay (1980); and McNeill et al. (1985). Values

for dietary fiber and cholesterol were inccrporated into the

nutrient base from Southgate's tables (Paul and Southgate,



1978) and from the Nutrition Coding Cent=r, Minneapolis
(Feeley et al., 19725.‘ Vélumes of food were converted
computer programs to weig - which wére then used for .
computation of nutrient content. For each subject, average
daily nutrient intakes, with‘and without vitamin/mineral
supplements, were determined for the fouf—day period.- The
following hean daily nutrient intakes were calculated:
enerqgy, protein,,fat, chéiestérol, total carbohydrate,
dietary fibér, suéaf, starch, thiamin, riboflavin, niacid,
folacin( Vitamin‘Bg, vitamin B3z, ascorbic acid, vitamin A,
,vitamin‘D, calcium,‘phosphorus, iron, zinc, sodium, and
potassium. Mean daily nutrient densities (intakes per 1000
kcals) were éompﬁted for each individual.

Daily food intakes 'we e also classified into tHe ten’
food groups previously used for the Nutrition Canada data
(Bureau of Nutritional Sciences, Department -of National
Health and Welfare, 1977). These ten food groups (Davenport,
1964) Qere: 1) dairy products; 25 meat,'poulﬁry,_fish ana

geggs; 33'cereai p}oducts;.4) fruit and fruit products; 5)
végétablés; 6) fats and oilé; 7) nuts and leguhes; 8) foods
primarily sugar; 9) beverages and soft drihks; and 10)
miécellaneous (inciudes food group-combinationé, soups,
vcondiments and items not classified elsewﬂere).

Nutrient intakes wete also evaluated fo; the probability
bf riSk that the‘observed intake was inadequate for the
corfesgondiné‘individual (Anderson et al., ;982). VA software

package designed by Dr. G.H. Beaton, UniVers;ty of Toronto,



for an Apple IIe micro-computer was used lLor this purpose
J
(Beaton, 1984). For each subject, an index of overall

nutrit .onal risk was calculated as the average of the percent
risk of deficiency for 12 nutrients (protein, thiamin,

riboflavin,  folacin, vitamin Bg, vitamin Bj,, vitamin A,

vitamin D, ascorbic ‘acid, calcium, iron and zinc) .

3.4 Anthpopometric Measurements

For each. subject, measurements of height, weight,
triceps skinfeold thickness, arm circumference andvelbow
5readth were collected. Thrdughbut the study, the same sct
of equipment was used to obtain anthropometric measuremeﬁls;
the seﬁ included the following: portable spring scale
("SECA", distributed by Precision Scale Ltd Co.), Lange
ékinfold‘calipers, métal calipers, and steel measurement
tape. -Anﬁhropometric measurements were performed on subjects
wearing light indoor clothing with shoes.removed.

For height measurement, the subject was asked to stand
against a flat surface, with heels; buttocks, shbulders and
head against the vertical surface. A right angle metalb
headpiece was levelled horozontally, brougﬁt to the crown of
the head and used as é guide to mark thHe height on the
Veftical surface. A metal tape was then used to'meaéure the
disténce from the fldor-to-the mark on the vertical surface.
Frame size was deterﬁined using elbow breadth measurements
and categofies’specified in "The 1983 Metropolitan Height and

Weight Tables" (Metropolitan Life Insurance Co., 1%83). .With



)
(W)

the use of sliding calipers, the greatest breadth across the
elbow joint was measured with the right arm in the following
position: extended forward perpendicular to ﬁhe body; bent so
tﬁat the angle at the elbow forms 90°; and fingérs pointing
up with dorsal part of wrist toward the researcher. Relaﬁive
body weight (RBW) was determined using the heéight and frame
sizelmeaéurements of each subject and the desirable body
weight tables'préparéd by Metfopolitan Life Insurance Company
(Metrépolitan Li?e Insurance Cb., 1959) .

Left upper arm ;ircumference was measurea with a non-
stfetching tape at a point halfway between the tip of the
elbow and the acromial process of the scapula, with the arm
hanging relaxedﬂ The mid-arm triceps skinfold measurement
waé taken along the posterior midline of the unclothed arm.
With the arm hanging relaxed, the skinfold over the triceps
muscle was grasped ét the point one centimefer above the
midpoint.

Mid-arm muscle circumferenée was determined using the
following equafion:‘ |
arm muscle circumference(cm) = arm, circuﬁference(cm)

B .
- (0.314 x triceps skinfold thickness(mm))
For each subject, triceps skinfold measugement, mid-arm
circumference and mid-arm muscle measurement were also
expressed as percentage of standard values using sex and age '

specific 50th percentile reference values for the Canadian

population (Jette, 1983).



For éach.subject, the theoretical basal energy
requirement (BER) was calculated using the Harris-Benedict
equation (Harris and Benedict, 1919):

" BER (males) = 66.47 + 13.76(W) + S.00(H) - 6.76(A)

(where W=Weight in kg; H=Height in cm; and A=Age 1in years)
: -«

3.5 Data Analysis
3.5.1 Taste Perception Data B —

Taste intensity and pleasantness perception were
measured by ME. Although zero.ratipgs érebusually not
allowed;'zero rétings were permitted Qhen a éﬁbject could not
detect the presence of the tastant in the samples orx if the
sample was perceived to be extremely unpleagant. In this
study, these zero fatings were replaced by a number derived

from multiplying the lowest estimate (other than zero) ever

given by the subiject for an intensity or pleasantness rating

for the specifi - t=stant by 0.1 (Moskowitz, 1970a and 1970b) .

Tweﬁty of the « . intensity ratings were' zeros (given by b
elderly and 3 youngvsubjects). Forty—éix of the 4,320
pleasantness ratings were zeros (given by 4 elderly and 13
young  subjects) .

Intensity Data

Taste intensity responses for each of the sixzty (60)
subjects were éiamined by analyzing the ratings given to the
six tastant concentrétions of each of tbe taste qualities

(sourness, saltiness) in each of the two systems (aqueous,

food). For data aﬁalyses; individual mean magnitude



{
estimates were transformed to logarithms to iineariie the
relationships between ratings and actual concentrations. ‘Fbr
sourﬁess, the six CA Concentrations of 3, 6, 12, 18, 24 and
36 ®10-3M are e€qual to -2.5, -2.2, -1.9, -1.8, -1.6 and -1.4M
in 1.1 values; for saltiness,lthe six NaCl concentrations of
20, 40, ¢, 160, 320 and 640 x10-3M are equal to -1.7, -1.4,
-1.1, -0.8, -0.5 and -0.2M in log values.

Fgr each of the two age groups, mean values of the 3
resbonsésr(replicates) per subject for each intensity
measurement were computed and used for the estimation bf mean
group values for statistical analyses. The average group
values presenﬁed in the tables are geomeﬁric means calculated
as antilogarithms of phe average log of mean individual

intensity estimates. For each concentraticn of each tastant

quality in each system, log mean intensity estimates were

< ’

compared between the elderly and young men using analyses of
variance (ANOVA). For each concentration of each tastant
quality in each age group, log mean inﬁenéity estimates for
aqueodé and food systems were énalyzed by ANOVA. Log mean
lintensity estimates of all six concentrations were used in
ANOVA to determine the‘interactioﬁ effscts of cqncentration
with either age or medium. Coefficien?s of variatibn were
caiculated.to study the interindividual consistency in mean
inpenéity ratings for each of the six concentrations. To’
aetefmine\whether variances within groups were‘homogeneous,

the test for homogeneity of variance was applied.
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Indices of taéte perception were obtained by regressing
mean taste intehsity ratings on the six CA and six NacCl
concentrations. For each of the sixty (605'subjects, linea;
regression coefficients (slopes) were computed for each of
the four combinations of tastant and system: CA in aqueous
and in food systems, and NaCl in aqueous ana in food .systems.,
Slopes and intercepts were also calculated using normalized’

values (ie. mean individual magnitude estimates of intensity

were normalized to the reference concentration modulus of

»
v

10) . However, the conclusions were essentially the same for
the normalized vélués as for the non—norﬁalized data and
ﬁhefefore, results preseﬁted are derived from anaiysis using
non-normalized data.

Pleasantness 6ata

Except for regression analysis (ie.}taste pleasantgess
on concentration) which were not4calculated, the same
statistical analyses used for the intensity data were applied
to the pleasantness data.
3.5.2 bDieﬁary Data

For eaéh’ofrtﬁe 60 subijects (30 eiaerly and 30 young),
the'dietary intakes for 23 nutrients wefe obtained for each

o

tecalled or récorded’day. For each §ubject,'the daily
nutrient intake with and wiphout vitamin/mineral supplements
was computed by averaging across the intaie of tﬁé number of
_da§s studied. Mean nutrient intiﬁgs with and without

suppiements, percent risks of nutrient deficiency with and !

without supplements, and nutrient density without supplements

-

\
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were compared between the elderly and young using the
Student's t-test.
3.5.3 Subject Profile Data

For each subject, data on previous smoking habits and
medication were collected from the profile questionnaire.
Subjects were class1f1ed into groups raccording to prev1ous
smoking habits as follows never smoked, smoked llghtly (one
to 1l/c1garettes per day), smoked moderately (12-24
cigarettes per day) and“smoked heavily (25 or more cigarettes A
per day)."Information about drugs taken per individual at‘
the time of thedstudy was used to classify subjects fo; the
use of antihypertensives, cardiovascular drngs,'and
dnalgesics. Cardioyascular drugs® included catdiotonic,
antiarrythnic, antianginal and coronary vasodilator agents,
Elderly subjects were classified according to wearing of

dentures as follows: no dentures, partial dentures, one arch,

and both arches. Height in centimeters'was used as a
3 . J

\

variable in the statistical analyses for the study of
lnterrelatlonshlps between taste perceptlon data and dietary
parameters
3.5.4 Relatlonshlps Between Taste Perception Data and
Dletary Data M

The inter:elationships between taste perception datz and
nutrient data_were evaluated,- Using the scatterplot »
technique (Chenier, 1980 and Cleveland and Kleiner, 1975),

mean individual slopes of taste intensity functions for CA

“



and NaCl in aqueous §Nd food systems were plotted against
mean individual percent risks of nutrient deficiency.

Pearson correlation coefficient were calculated between

a

’ ’ : . .
 Mmean taste intensity slope values and 1 average nutrient

/

'medication, dentures and height.

intake, and 2) average percent risk of nutrient ‘deficiency.

<

Partial correlation coefficients were computed between mean
, > .
taste intensity slopes values and 1) average nuttient intake,

and 2) average percent risk of nutrient deficiency.by ' ¢

controlling for Calories, protein, previous smokKing habits,

»

For each age group, stepwise multiple regression

analysis was applied to the data to describe the relationshiﬁ

between each taste intensity function and dietary intake.

The average slopes of taste intensity functions for sourness

and saltiness in aqueous and food systems (dependént

variable) were each regressed on the followiqg-independent
variables: 1) selected~demograph;c variables (previous

smoking, medication, height and dentures) and 2)- the risks of

-~

nutrient deficiency (index of overall nutritional risk,

protein, riboflavin, folacin, vitamin Bjp, vitamin Bg,
5 ; - ;

3k

a-?

ascorbic acid, vitamin A, vitamin D and calcium) and 3)

nutrient intakes (Calories, protein, thiamin,‘riboflavin,

i

folacin, vitamin Bjp, vitamin Bg, ascorbic acig, vitamin® D,

calcium, iron zinc and dietary fiber) . : ' i}

Stepwise multiple regression was calculated using the

_ - . .
linear model Y = Bg + BiX1 + BoXp + .. ByXyx + e where Y = the
1

dependent variable, Bo'=‘the constant,' By = the partial

Fac

e
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regression coefficient‘ofka, X = independent'variable_and e
= a random error term. Independent variable(s) are éntered
iﬁto the equatjion in order of the highest partial correlation
‘coefficient between that variable and the dependent variable.
The additiohal.percent of total varidnce éccounted for by an
independent varicrle is conditional to the preceding
independent variables entered into the equation. That is, X1
is entered into ;he'equationvfirst and the variance of Y
accouhted for by Xp is additionai to the variance of Y
explained by Xi.. Part of-the pfedicting effectcaf‘xi may bes
removed “when X enters the equation if Xi and X2 are
correlate |, 'TéigaLnlinsight into pq§sible rélationshiés from
step@isé,multiple regrégsion, the critical F-value for entry
into the regressions Qéﬁ set at the significance level of
p<0.100. Though each'variable entered into the equagion‘met
the p<0.i09 criteria, each variable was not éignificant at

i =N
\the_p<.05 level.

Canonical cQrrelations were calculated to determine the
relationships between multiple meésures of taste intensity
respon;e for sougﬁgss and saltiness and dietary intaﬁé
variables (mean nutrient intake and mean bércent risk of

nutrient deficiency). ' ' o -«

N

. ~
N \
\



4. /RESULTS

~

ﬁ.l Subject Characteristics
)ﬁ The characteristics of the-elderly an young groups ave
given in Table 3. Each group was comprised of thirtyfmen.
The mean age of the elderly was 73.2 years while that of tho
young was 24.7 years. ' The elderly men were slgnificantly |
;horter (p<0.001) tﬂan the young. No.significant differenco

was found in body weights between the two age groups.

For the elderly,.the mean value for mid-arm muscle
c1rcumference was 31gn1f1cantly lower (p<0.01) énd the_ mean
value for triceps skinfold thlckness was 51gn1f1cadtly
greater (p<0.01) than those for the young. Compared to
reference valuee for the'Canadlan population (Jette, 1983),

. the mean mid-arm muscle‘circumfefehce measuremeets were l)q-
and‘lOQ percent and tﬁe mean’tricepe skimfoidd thickeess
values were 132 pereent and 110 perceht,'éespectively, of the
corresponding'étandarae for elderly and the young

Subject profile data anludlng demographlc factors ag
well as some variables affectlng taste perceptlon and dietary
lntake collected, from the, subject proflle questlonnalrcs are,.
shewn im Table.4. Information on the use of yitamin/mineral
»shpplements and medications“is given in Table 5. Nine (30%)
of the elderly subjects and 7 (23%)‘oftthe young sebjects

‘wﬁéed Qitamln/mineral-supplemenﬁs regularly. . Of the regular
sﬁpplement users in the‘elderly group, 2 (22%) took only OFF

supplemeht while 3 (3@%) took five or more supplements. Of

40
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Table 3: Characteristics of the elderly and young groups

S

Characteristics " Elderly

{

Young
2 M
Number of subjects. 30. © 30
Age (years) ' 73.2 + 0.51 24,7 £ 0.5%*F
Height (cm) - 173.3 £ 1.0 179%0 £ 1.1***
Weight B ) ; -
(kg) ' : 76.0-% 1.7 76.5 £ 1.5
(RBW?) 111.8 + 2.1 % 107.3 £1.7
) - . :
MAC3 .
(cm) . 30.4 £ 0.5 30.8 £ 0.4
(% of standard MAC) 105.8 £ 1.7 101.8 + 1.5
MAMCH 1
Y (cm) 26.0 + 0.4 27.7 £ 0.4%
(% of randard MAMC) - 103.8 * 1.8 104.8 £ 1.5
TSFES " - , |
(mmYy 13.9 + 0.8 . 9.8 £ 1.0**
+ 7.8 110.4 + 10.8

, (% of-standard TSF) 132.0

Mean * standard error of mean
Relative Body Weight '
ﬁid—Arm Circumference

Mid-Arm Muscle Circumference
Triceps S§5nfold Thickness

* U D W b

X ok ok Kk

' Significant at. p<0.01, 0.001 respectively

1 .
r - ~



Table 4: Subject profile data

2 Number of individuals

Profile Elderly! vyoung!
Education
up; to grade 6 6 0
‘grade 7 to grade 12 5 3 .
career preparation. 54 G
post-secondary 10 21
Income (self and spouse)
less than $20,000 12 . 17
greater than $20,000 . 17 12
not released ] 1 &
Present Smoking Habit .
never 28 26
light (1 cigarette/day) 0 2,
moderate (12 cigarettes/day) 1° 1
heavy (25+ cigarettes/day) 1, 1 .
Previous’ Smoking Habit ol
never . o~ i3 26
light (1 cigarette/day) 51 !
moderate (12 cigarettes/day) 3V 2
heavy (25+ cigarettes/day) 9 lf
Alcohol Consumption
none “ 18 2
occasional | . 8 19
.regular (1 drink/day) 4 2
frequent (greater than one drink/day) 0 g
Dentures ‘ :
none 12 29
partial 1 0
. upper- or lower arch 7 1
both arches g 10 0
"Company at Meals '
~ alone - . \ 4 7
one other peson or more - 26 $23
Salt Added at Table '
none r 15 16
small ‘ 8 10
fair 6 4
a lot 1 =
1 n=30
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Table 5: Vitamin/mineral supplement use and medication use
among subjects

‘Supplement /Medication Elderly! o Young?l

Vitamin and Mireral Supplement Use
regular use : . 92 , 7
irregular use ‘ ‘ 4 o3
a

Product Use o g i

single nutrient producg 8 5
multiple vitamin & , 5 2
multiple vitamin + minerals 4 6
All medications 18 3
Antihypertensives 8 0
Cardiovascular drugs 6 0
Analgesics 5. 0
1 n=30 :
2 Number of individuals
. ' Y



the régular supplement users in the young group, 2 (29%) took
only one supplement while another 2:(29%5 toon three of more
supplements. The elderly used the’éingle nutrient supplement
most frequently [8 (89%) of the regular supplement u$ers]-
thle the young used the multiviﬁamin/mineral supplement most
frequently [6 (86%) of the regular supplement users]. For
the elderly, the most commonly used single nutrient
supplement was vitamin E [8 (89%) of regular supplement
useré]. For the young group, the most commdn single nutrient
éupplemént was vitamin C [4 (51%) of regular supplement
users]. The“number of medications taken per iﬁdividual at
the time of the study ranged: from zero to nine different
drﬁgs. .The more coﬁmonly used medicaﬁions for the elderly
were antihypertensives, taken by eight subjects, “
cardiqvascular drugé, taken b¥fsix subjects (one individual
was using as many as five), and analgesics, taken by five

subjects.

4.2 Téste Perception
4.2.1 Taste.Intensiﬁy Daté

Age Differences:

The avetage slopes and intercepts of the tazte intengsity
functions for sourness and salﬁiness_ﬁor'thé elderly énd the
young groups are presented in Table 6. Significant age-
relatéd,diffefences were determinéd from ANOVA.

For sourness and saltiness in both aqﬁeous and food

systems, the average slopes and intercepts of the taste



45

: %~//f” "

L s
.

Table 6: Mean slope and inEé;cept}G%Fués of sour and salt
taste qualities for the elderly and young groups

Taste ' ' : - P
Quality System Elderly! Young?
Sourness Aqueous  Slope 0.34 £0.032  0.68 % 0.05***
Intercept 1.70 % 0.06°  2.34 + 0.10***
Food3 ) slépe' 0.21 * 0.03 +0.46 % 0.05***
Intercept 1.40 % 0.06 . 1.90 % 0.10%**
Saltiness Aqueous Slope 0.39 £ 0.04 0.63 £ 0.04"*"
Intercept 1.45 % 0.04 1.67 £ 0.04™**
Food4 Slope 0.29 £ 0.03° '..0.47 + 0.04*** -
4 B e : _ ‘
Intercept 1.33 £ 0.03 .52 £ 0.03"*"
1 n=30
< Mean * standard error of mean . , R
3 Apple drink o o . S
4 Chicken broth . C
*** significant at p<0.001 ; o
| | L
tige " | S - L



s h
intensity fﬁhctions differed significantly:(p<0.001) betweon
the th age groups. The taste intensity slopes for the
“elderly and the young groups, respectively; were as follows:

» :
for sournes aqueous (0.34, 0.68), food (0.21, 0246) and for
saltiness: aqueous (0.39, 0.63), food f0;29; 6.47). For the
elderly, the slopes of all of th$ taste Lntensit;¢fdnctions
were significantly flatte. + @« those of the‘young group,
Group géometric means the integsit? estipates foQ

each citric acid (CA) concentration are shown iq Tab%é 7.

For the CA agueous soluti;ns, the eldgriy judged the two
lowest concentrations (3mM, p<0.001 and 6mM,,p<0.0l) to bé
significantly more intense than did the xoung.j'However, the
elderiy/rated the two highest concéntraﬁidhsléf CA in aquedusH
solution to be significantly™less intense (24mﬁ, p<0.05 and
36mM, p<0.091) than did the young. Similar patterns of.aqw?
related differencesiweré also noted in ﬁhe sour food systém.
For apple érink sampieé, the elderly group rated the lowest
CA éoncentration (3mM) to be significantly stronger (p<0;001)
and the two highest CA concentfations to be gignificahtly' _
less intense (24mM, p<0.001 and 36mM, p<0.001)>than did the,
young. Mean group taste intensity functions (log estimates)
for CA in aqueous’ and .food systems for both age groups afe
plotted in Fiéuge 1. For sourness, ANOVA of the log méén
individuathastebintensity estimates did not. indicate any
significant age—reiated main effects; however, significant
Xp<0,001) age x concentration interactions were fognd,for

both the aqueous and food systems. ' : g
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Table 7: Geometric means of intensity estigates for
different concentrations of @dtrf; acid in aqueous-
and food systems for the elderl@;agd young ‘groups

) ,

| ) &
Citric Acid Agqueous Food
- (mM) Elderiy? Youngl ¢ Elderlyl! ° Young!
3 7.0 w 3.9 7.9 5.4%*"
(0.4)° (0.4) (0.3) (0.4)
6 - 8.9 7.1%* 8.5 7.8
(0.4) (0.4) (0.4) (0.4)
12 11.6 ©11.9 10.0 10.6
(0.5) (0.6) (0.3) (0.4)
18 12.5 13.5 -, . 10.8 10.8
(0.8) "(0.6) ) (0.4) (0.4)
24 ' 14.2 o 17.4" 11.6 14.0%**
(1.0) (1.0) (0.5) (0.6)
36 16.2 21.7%** 13.1 18.8%**
(1.1) (1.3) (0.7) (1.0)
v/, ‘
1 n=30 Y

2 Standard error of mean

*r**#** significant at p<0.05, 0.01, 0.001, megpectively
, . Rod 1
2 )



&

GroUp‘geometric means of_thé“inﬁensity estimates for &
each sodium chloridel(NaCl) concentration in each system arénw
given in Table 8. For NaCl aqueous solutions, the élderly
subjects rated the lowest concentration (éOmM) to be
significantly strgnger (p<0.001) and the higher

co@@entrations (160mM, p<0.01, 320mM, p<0.05 and 640mM,
O ra

p<b.05) to be significantly less igtense than did the yéung

group. ForAthe NaCl food system, the elderly group judged
the lowest concentrgtion (20mM) to be significantly stronger
(p<0.01) and the higher concentrations (160mM, 320mM and
640mM) to be significantly less intense (p<0.01) than did the
young subjects. Figure 2 presents the group taste intensity

functions (log estimates) for saltiness in aqueous and food

-systems. Although ANOVA of the ipg mean taste intensity

estimates for saltiness showed no signL{icant main effect for,

age in eifher system, significant (p<0.001) age x
concentration intéractidns were found for both the aqueous
and food systems. .

System Differences (Aqueous vs. Food Media) :

Mean slopes and inteiCepts of the taste functions for
sourness and saltiness in aqueous and food systems appear in
Tablé 5. For both the elderly and young'groups, the slopés

of taste intensity functions for CA in agqueous solutions were

significantly higher (p<0.01) than those for the food system.

In addition, when subjects from both the young and elderly

groups were combined, the average slope of‘thenCA‘aqueous

ay
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Table 8: Geometric means gf intensity estimates for
different concentrations of sodium chloride (Nacl)
in aqueous and food syétems for the elderly and
young geoups

NaCl AQueous : __Food
(mM) . Elderly!? Youngl Elderly!? Young!
20 6.0 3.2~ ' 7.6 5.1%" *
(0.4)2 (0.4) (0.4) (0.5)
40 7.6 6.7 8.4 7.5
(0.4) (0.4) (0.3) (0.49)
80 11.1 12.1 10.1 10.7
(0.4) (0.5) (0.4) (0.3)
160 12.8 . 15.5%% 11.5 13.3**
v (0.6) (0.8) (0.5) (0.4)
320" 18.2, 22.7* 15.6 S19.4%
(1,5) t (1.4 (0.9) (0.8)
640 23.5 30.6" 20.6 27.0"*
(3.0) (1.8) (1.7) (L.7) .

1 n=30

2 Standard error of mean

*, %7, "% signifigcapt at p<0.05, 0.01, 0.001, respectively

{?5\( ‘

LN
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Figure 2: Log intensity estimates of sodium chloride in
aqueous and food systems .
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Table 9:

1

‘ ]

Mean slope and %nteroept values
taste qualities for aqueous and food systems-+*

of soutr and

salt

b

Age '

Taste . :
Quality" Group Aqueol:s . . Food!
Sourness giderlyz Slope 0.34 £.0.033 0.21 # ‘0.03H
) Intercept 1.70 + %§O6 1.40 £0.06**"
- ’ ‘
Young? Slope - 0.68 % 0.05 0.46 £ 0.05%"
Intercept 2.34 f'o.io '1.90 % 0.10**
Saltiness Elderly Slope O.3§ * 0.04 0.29 % 0.03"°
< 1» Intercept 1.45 % O.g} 1-.33 E O.@?'
Young Slope 0.63 + 0.04 0.47 % 0.04%"
‘ 67 £ 0.04 1.52 % 0.03""

.Intercepﬁ> 1.

* W N P

Apple drink for sourness; chicken
n=30

* X

14

‘Mean =%

* * Kk

standard error

Significant at p<0.05, 0.01, 0.001, respectively

~

broth for saltiness
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solution (0:51) was significantly‘steeper (pé0.00l) than that
of the food system (0.33). \

’

Group geometrlc means of intensity estlmStes for CA in

" \})JV 4

aqueous and food systems “(Table 10) - show that the four

1

highest CA concenpraplons (12mM, 18mM, 24mM and 36mM) were
perceived by both the elderly and the young to be

significantly less interise in the food than in the aqueous

[
ot

systeii (Table 10). When the data of the’ young and @lderly

groups were combined, the average intensity: estlmates for the

} A
CA concentratlons ranglng from lZmM to 36mM shoWed

. ‘
sighificant differences due to med;a, with the corresponding

.concentration of sourness in apple drink samples being judged

-(p<O 001) ‘in both age groups (Flgure 1) .

N

as less™intense than that in the dqueous solutions. The
lowest CA concentration (%mM) was rated to be significantly

moEe lntense (p<0 05) in the food system than in the aqueous

system by the young and age- comblned groups. For sourness,
+Ib

. ANOVA did th how any 31gn1f19ant main effect for medium in

both the eldei}y and young subjects. However, medium i

concentratl n 1nteraétlons for sourness were 31gn1f1cant
- ; 3
For both Fth~  'Harly and young groups, the mean group

N - ,

slope of - _e intensig» mcgions for saltiness in the food
syster 're flatter _han t: e in the aqueous system’ (Table
9) . 2n _he data for the t age groups- were combined for

<

an .ysis the average slope ¢ the taste intensity function
f. the 1aC! food system (0. ) was significantly flatter

K‘ J 201) than ﬁhat of the quequS»system (6.51).



Table 10:

.y

Geometﬁic mearis of intensity estimates for different

concentrations of citric acid for aqueous and food systems

.

S

Citric Acid

18 Food :
(raM) Elderly: 71 Combined? Elderlyl Young! Combined-"
- £ : v
i ,
, ,
3 '7.0 3.9 5.2 7.9 5.4" 6.6
> (0.4)3 (0.4) {0.3) (0.3) (0.4) (0.3)
Pl ) * ‘ {
6 8.9 7.1 7.9 8.5 7.8 8.1
(0. 4) (0.4) (0.3) (0.4) 7 (0.4) (0.3)
12 11.6 11.9 11.7 10.0"" 10.:6* 19.2°""
(0.5) (0.6) (0.4) {0.3) (0:4) (0.2)
18 12.5 13.5 12.9 10.8"° 10.8"°° 10.7"""
(0.8) (0.6) (0.5) (0.4 (0.4) (0.3) )
'y ' "
X 14.2 17.4 15.8 “11.67" 14.0 12.9
S (1.0) (1.0) (0.7) (0.5) (0.6) (0.4)
36 16.2 21.7 18.6 13.1°" 18.8*  15.8""
(1:1) (1.3) (0.9) (0.7) (1.0) (0.7)
. ) , =, ‘
1 n=30 @
2 n=60 .
3 Standard error of mean . Aty
T,77,TT - Significant at p<0:.05, 0.01, 0:001, ‘respéétively, between
systems. within the same age group
.= oo ﬁf‘.‘ o~ ’L“Téa'i -
./"l ",.: - B
K
/
: _
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Group gecmetric means of intensity estimates for the
different thl concentrations in each system ?re given in
Table 11. The lowest NaCl concentration (ZOmM) was perceived
to be significantly more intense ln the food 'than in the

aqueous samples by both the elderly (p<0.05) and the young

(p<0.901) subjects. The young group also judged

\ L

~concentrations of 80mM, 160mM and 320mM NacCl, resﬁéotlvely:
. - T

e

in the foodq system to be significantly less intense (p<0.01,

'§<O.Olyand‘p<0.051 respectively) than those in the aqueous

systems;’ Wheh the date of the young and the old sobjeots
were combined for analysis, the two lowest NaCl -
concenttetions in thé food rere rated aSIbelng slgnlflcantly
more intense (20mM, p<0.001 and 40mM, p<O.Q§) than those in
the aqueodsvsamples. At concentrations of 89,'?60_and 320 mM

‘.

NacCl, re§pectively,nthe age-combined data ind%%ated

significantly lower intenSity'ratings for the chicken broth

than for aqueous solutions. ANOVA of log mean 1ntens1ty
estimates for saltiness did not show a slgniflca%t main .
effect for medium in the elderly group, but-dlo show a
significant (p<0.05) effeet for medlum in the young group.

Each age group had 51gn1f1cant medihm x‘concentratlon

,5"

'lnteractlon effect for saltlness (p<0 %Ol (Flgure 2) .

\-N
U:‘l

'4.2.2 Taste Pleasantness Data e

, s

Age Differences: -
s , f :

Group geometric means of pleasantness estlmates for

3
o

sourness and saltlness ‘in both systems for both age groups

~

are presented in Tables 12 and '13. For sourness, the only




NI

/,‘ '
Tab%é 11: Geometric means. of intensity estimates for different - ’
| ' concentrations of sodium chloride (NaCl) for aqueous
and food syst%ms
NaCl AQueous Food!
(m) Elderly? Young? Combined? Elderly’ \Youngf Combingd’
&’ ~.
20 6.0 3.2 4.4, 7.6° 5.1°° 6.3
(0.4)4 (0.4) (0.3) (0.4) (0.5) (0.4) -
40 7.6 6.7 A 8.4 7.5 7.9
o (0.4) (0.4) (0.3) (0.3) - (0.4) (0.3)
80 11.1 12.1 11.5 10.1
i (0.4) (6.5) (0.3) (0. 4F
g 160 12.8 15.5 14.1 11.5
e (0.6) (0.8) (0.5) (0.5)
320 -18.3 22.7 20.4 15.6 19.4° 17.4°°
(1.5) (1.4) (1.0) (0.9) (0.8& (0.6)
oo ey
. A] "
640 - 23.5 30.6 26.9 20.6 27.0 23.4
K (3.0) (1.8) (1.8) (1.7) (L.7)  (1.2)
* Chicken broth
2 n=30
3 n=60
¢ standard error of mean
* x*x x*x gjignificant at p<0.0S, 0.01, 0.001, between

respectively,
systems within the same age groups :
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r
Table 12: Geometric means of pleasantness estimates—{or
different concentrations of citric acid’in Yaqueous
and food systems for the-elderly and young /groups

{
N

x
‘ s
Citric Acid ' ' AAqueoys ‘ 3 ' Food
(mM) » Elderlyl Younygl Elderly!l «-Young!
3 8.3 10.6* 5.3 8.1
(0.5)2 (0.6) (0.3) (0.5)
~a
6 9.2 9.6 s 9.7 9.2
(0.3) (0.5) (0.3) (0.4)
12 , 7.0 8.5 9.3 1
‘ (0.5) (0.4) (0.3) (U.3)
¢ 18 6.8 7.2 9.3 10.0
' (0.5) ¢ (0.3) (0.3) (0.3)
24 5.7 4.8 9.0 3.0
(0.6) . (0.6) (0.4) (0.4)
36 4.8 3.1 7.7 6.4
‘ ’ (0.6) (0.8) (0.6) (0.7)
n=30 ' | v‘ ‘ v"

* PO

Standard error of mean
Significant at p<0.05



Table 13: Geometric means of pleasantness estimates for
different concentrations of sodium chloride (NaCl)
in aqueous and food systems for the elderly and
-young groups ‘ : /rji

Sodium Chloride Agquebus Food

(mM) Elderlyl Young? G Elderly! Young!
N .
" 20 9.6 ©10.3 0 8.3 . 6.6
(0.4)2 (0.9) (0.4) (0.5)
40 9.2 9.9 8.9 8.3
(0.4) (0.5) (0.3) (0.4)
N

80 ! 9.2 8.0 10.5 10.8
, (0.4) (0.4) (0.3) (0.3)
160 8.5 6.9 9.8 10. .
(0.5) (0.5) (0.5) (0.5)
320 - 6.0 4.4 . 7.4 7.4
(078). (0.6) . (0.8) (0.8)

640 A 4.6 2.2*7 5.0 3.8
‘ (0.9) (0.6) : (0.7) , (0.8)

1 n=30 N

- <+
2 Standard error of mean

* *

Significant at p<0.01 y
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f'signiﬁicant age difference determined was for the lowest CA
concentration?XBnM) in aqueous system which the elderly

‘ . , ,
perceived as'significaﬁtly less pleasant (p<0.05) than did
» 5%5 young éubiects (Table 12) . For the CA aqueous solutions,
Jthe ?ideriyegroue preferred the 6mM concentration while the

,,‘.1 A

youn@ rated the lowest concentratidns (3mM) as most pleasant.

4

‘Group pleasantness functlons (log mean individual
pleasantness estimates) for sourness in each system are
plottedswin Figure 31 (The hedonic curve for the seur aqueous
systen'for the elderly group shows a peak at 6mM CA wnile the
curve for the young group exhibits two decreasing'monotonic
trends of which the steeper decline occurs after the 12mM CA
concentration. For sourness in the food system,’the elderly
group exhibited a relatively fiat curve with a downward trend
at t:. highest- CA concentrations. Tne young subijects
generated a parabolic relationship between pleascntness
ratings and ca concentrations ‘in apple drink (Figure 3) and
prefe;red the middle concentrations (12mM and 18mM) '

For sourness in both the aqueous and food. systems, no
significant main effect for age was determined in mean
.pleasantness response. ' Age xtconcentration interactions were
significant in both the sour aqueous (p<0.01) and food
§p<0;05) systems

For saltiness in aqueous and food systems (Table 13),
‘the only significant ‘age .difference in mean group
pleasantness estimates was found at ‘the highest NaCl

.concentration (640mM)-in‘aqueous solutions. For the elderly,,
: AL ) ' ’ '
¥ ¥

L
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Figure 3: Log pleosohtness' estimates of citric acid in
aqueous and food systems
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the most preferred NaCl concentrations in aqueous solutions
were in the range of 20-160mM. For the young,‘the'most
preferred NaCl concentrations in aqueous solutions were 20-
40mM. Both age groups chose 80—160pM NaCl in the chicken
broth to be most pleasant.

‘-Figure 4 shows the group functions of log pleasantness
estimates forQsaltiqesswfor the two systems. For the aqueous
system, the average pleasantness function of the elderly
showed a relatively flat curve for the ‘first four‘NaCl

7

concentratlons and then a sharp decline there:ﬁft’*exi '5The

) o
R oo _)\,.

g, ,
pleasantness™function of the young showed -an almost monotonlc
decreasing-trend in hedonic¢ response with increasing NaCl

concentrations in aqueous solution. For the NaCl food
. AW .

+

system,  both age groups demonstrated parabolic pleasantness §.
functions which,peaked at 80-160mM NaCl.

ANOVA of loé mean individual pleasantness‘estlmates
showed a significant main age effect (p<0.05) and an age x
concentration interaction (p<0.001) for the aqueous system, -
but no significance for the food system (Figure 4):

System Differences (Aqueous vs‘Foo%fMedlah " .1§?j

- For ‘both age groups, there were 31gn1f1cant dlrferences
inrmean group sourness pleasantness ratings between aqueous
and fogd systems (Table 14). Both the elderly and young
subjects judged CA concentrations 12mM and higher‘to be
significahtly hore}pleasant.in the apple drink-than in
comparable aqueous soiutions. - The young groﬁp alsélreted the

lowest €A concentration (3mM) in the food system™to be’

£ -~
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. Figure 4: Log bieosontness estimates of sodium chloride in
aqueous and food systems
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Table 14:  Geometric means of pleasantness estimates for different

concentrations

A

of citric acid for aqueous and food systems

’

Sé

»

-.Citric acid AqQueous | Food
(mM)  Elderly! Young! Combined? Elderly! Young! Combined?
- }
3 L 8.3 10.7 9.3 9.3 8.1"" 8.7
(0.5)3 (0.6) (0.4) ~0.3)  (0.5) (0.3)
6 9.2 9.6 9.3 9.7 9.2 '9.3
(0.3) (0.5) (0.3) (0.3) (0.4) (0.2)
12 7.0 8.5 7.8 9.3""  10.1"" 9.8""
(0.5) (0.4) (0.3) (0.3) (0.3) (0.2)
18 6.8 7.2 "7 10.0°"°  9.8"""
(0.5) (0.3) (0.3) (0.3) (0.2)
24 5.7 4.8 5.2 9.0™" 9.0""" g.9"""
(0.6) < (0 6? (0.4) (0.4) (0.4) (0.3)
36 . 4.8 3.1 3.9 7.7" 6.4777  7.1777
(0.6)- (0.8) (0.5) (0.6) (0.7) (0.5)
' n=30 ;
Y n=60
4 Standard error of mean
P significant at p<0.05, 0.01, 0.001, respectively, between ..
sygtems within

the same age group. ‘

A
[
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significantly less pleasant (p<0.0l) than in the aqueads

system. When the two @age groups were combined for analyses,

signific:nt differences in group pleasantness estimates duc

to media were found for CA concentrations 12mM and higher.

For both groups, pleasantness functions for the CA aqueous

system showed a greater'downward trend with increasing

coﬁcentration than did the CA food system (Figure 3). For

<the elderly, peaks for mean CA prleasantness ratings in food

~

'system 1ncluded hlgher concentrations (3-24mM) than that in

f;the aqueeus‘system (6mM) , For the young, peaks for mean CA

" SR

pleasantness ratlngs were found at higher CA concentratlonu

(12 l8mM) in food system than those. in aqueous system (3—

© emM) . - @

A significant main effect for medium was found in the ;

"'mean 1nd1v1dual pleasantness response to sourness for both
- the elderly (p<O 05)uand;young (p<0.00l) subjects. As well,

a significant (p<0.001) medium x concentration interaction

for mean individual CA pleasantness ratings was observed for

the two age groups (Figure 3).

~
N

Mean pleasantness estimates for saltiness in aqueous and

/

r (
food systems are presented in Table 15. For t%e ‘elderly,

group pleasantness ratlngs for 20mM and 80mM NaCl in the food

system were 31gn1f1cantly (p<0.05) lower ‘and hlgher,

respectively, than that in the aqueous systemﬁ‘ For the younq
|

group, significant media dlfferences were found for

concentrations across the entire suprathreshold-range;

P

. _ . - N {0
compared to the group pleasantness-estimates’ for thg“:
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Table 15: Geometric means of pleasantness estimaﬁes for different
concentrations of sodium chloride (N#C%)' for aqueous and
food systems N
' N
NaCl AgQueoug e Food
(mM) Elderly! Young! Combined? Elderly! - Young! Combined?
20 9.6 10.3 10.0 8.3" 6.6 7.4
‘ (0.4)3 (0.9) (0.5) (0.4) (0.9) (0.3)
40 - 9.2 9.9 9.6 8.9 8.3” 8.5"
(0.4) (0.95) (0.3) (0.3) (0.4) (0.2)
80 9.2- .  8%0 8.5 10.5" 10.8"%*  10.77""
(0.4) (0.4) (0.3) (0.3) - {0-.3) (0.2)
160 8.5 ' 6.9 7.8 9.8 10.17""  10.0"""
(0.5) ..(0.5) (0.4) S (0.5) P (0.5) (0.3)
32¢C 6.0 4.4 5.1 7.4 7.47%" 7.477
(0.8) (0.6) (0.5} (0.8) (0.8) (0.6)
640 4.6 2.2 3.2 - 5.0 © 3.8 4.4
(0.9) (0.6) (0.6) S (0.7 7 (0.8) =+ (0.5)
7 v )
n=30
< n=60
3 Standard error of mean
', "%,"7" significant at p'< 0.05, 0.01, 0.001, respectively, between

systems within the same age group.

\
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corresponding NaCl concentrations in aquadﬁs system, those

for the food system were significantly 1p@§ﬁ[for the two

S

lowest NaCl concentrations (20mM and’40mM) and significantly
. . N N [A

higher for the four higher levels (80mM aﬁéi

those in food system (80-160mM). . For the youndgy peaks for

‘mean NaCl p}easantness ratings in aqueous,systemxﬁéfe found
at lower NaCl concenﬁrations‘(20—40mM) than those in food |
system (80-160mM) . When‘the datda of the tw§ age- groups were
combined for analyses, significant media diffefences were
found in the average pleasantness estimates for all the NaCl
concentrations except 640mM NaCl.

For boEH the elderly and young subjects, the group
‘pleasantness functions of saltiness in the‘food.system showedd
paribols  relationships while those in the aqueoué system
demonstr ~ed flat and downward trends (Figure 4).

For ida€l log mean individual pleasantﬁéss estimates,
there were no significanﬁ main effects for either ﬁediﬁm or

<

medium X concentration interactions for the elderly. For the

/

as well as a significant medium x concentration interaction

young'subjects, a signif{cant main effect for media (p<0.01)
(p<0.001) were found for the saltinesds log pleasantness data.
4.2.3 Subject Profile Data

For each age group, the effects of demographic factors
(smoking, alCohol'consumption, denture wearing, salivary pH

and, level of income) on slopes of taste intensity functicns



-

67
for sourness and saltiﬁesé in“aqﬁeous and food systems we'ze
examined. For the 51Qerly,'ANDVA showed only a significant
effect of previous smoking Qﬁ the mean individual intensity
slopes of sour aqueous solutions. Elderly subjects with a

-

history of lighg smoking had higher mean CA aqueous taste
¢

intensity slopes than those for the elderly with a history of

heavy smoking. For the young subjects, none of the

demographic factors mentioned above had a significant effect

on the taste intensity slopes of the functions studied.

4.3 Dietary Intake Data y *

4.3.1 -Dietary Intake g o

Table 16 presents the average values of dietary energy‘
. N .

intake and calculated basal energy réquirement for the two

e hd . .
age groups. The elderly had a mean daily energy intake of

2040 kilocalories, which.was significantly less (p<0.001)
than that of the young gréﬁp (2651 kilocaléries).. Mean
energy intake for the eldé?;y.(26.9 kilocalories per kilogram

body weight)® was significantiy less (p<0.001) than that for

the young (34.9 kcals/kg). For the elderly ¢roup, the

average energy intake was 138 pé€rcent of the mean theoretical

basal requirement as compared to 144 peréen;;for.the young
group.-jK ‘ i o
The average proportions of energy derived from protein,
fat, carbohydrate and alcohol for the eldérly and young are
tabulated in Table 17. %or the(glderlylbroup, an average. of
14% of energy was derived from protein, 36% from fat and 48%

~

%

A
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Table 16:

Dietary energy intakes and basal energy

requirements of the elderly and young groups

>
Elderly!? : Young!
e
/
Mean Energy Intake = :
s kcal/day 2040 2651
kcal/kg 26.9 L 34.9%*
; ¢ s .
Calculated BERZ
- kcal/day 1484 - 1847***
s : . .
v Energy Intake
% of BER 138 ! 144
Lo .
Sa k .
1 n=30

* k k

2 Basal Energy Requirement

{(calculated for actual weight)
Significant at p<0.001 )



Table 17: Dpetary sources of food energy as a percentage

69

energy intake for the elderly and young groups oﬁ;
Nutrient Elderly!? ' Youpgl
% of Kcal s of Kcal 7
.
Protein 14.0 + 0.4 14.8 + 0.3 _
Fat a 36.1 + 0.7 36.2 + 0.8
Carbohydrate 48.5 + 0.9 ‘45.8 + 1.0%
, o
Alcohol , 1.4 £ 0.4 3.3 + 0.6"
1 n=30 ‘ : |

Significant at p < 0.05

o
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from carbohydrate. For th§ﬂ§"ng group, the average

proportions of energﬂ derived froW protein, fat . and

car. chydrate were 15%, 36% énd'46%J ectively.

Table 18 presents mean group daily nhtriep®intakes v

(diet only). Mean intakes of the following Rutrients were

foﬁnd to be significantlyﬂlower'for the elderly than for the
young: Calories (p<0.001), pfotein (p<0.001), total fat

(p<0.001), total carbohydrate (p<0.01), starch H{p<0.001),
N~
riboflavin (p<0.001), preformed niacin (p<0.001), wvitamin B

(p<0.05), calcium (p<0.001), phospho;us (p<0.001), sddium
(p<0.001) and zinc (p<0.001). For the elderly, mean Lntakéx
of folacin (188 mcg) and calciuh (794/mg) were below the
fecommended levels of 205 mcg and 800 mg, respectiveiy. For

-

the young, mean intakes of all nutrients exceeded gﬁg

-,

o .

recommended levels.
Table 19 showslthat the use of vitamin/mineral%
supplements increased mean grouﬁ daily‘intakes of some
nutrients. For thetg%derly,.the mean intakes for folacin and
calcium were increased to levels above iecommendatiéns (213
még'and 847'mg,_respectively). For the eldefly, the average
intakes pf»thiagin, riboflavin, vitamin Bg and vitamig By,
‘'were dramatically increased by\supplement use and reached
levels of 706%, 555%, 4273 and 4053 of recommendations,
‘respectively. A .
.AQerages tend to obscure the range in individual
- nutrient intakes. Mean percent risk of inadeduate intake was

calculated using the computer program "Probability Assessman’

~
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Table 18: Mean daily nutrie ' ntake (diet only) for the
elderly and young v oups

k]
13

Nutrient Elderly!? - Young!

Energy (kcal) © 2040 752 "jr‘ 2651

+ + 86***

Protein (g) - . 712 £33 1 100 + 4***
sPat ‘ . ' '

Total (g) o 84 + 4 108 +-4***

‘Cholesterol (mg) - 392 + 25 426 + 37
Carbohydrate ) : Y

Total (g) 4 255 + 1Y 308 + 12** -

Dietary Fiber (g) 21 % 2 .20 £ 2. M

Sugar (g) . 126 % 7 135 * 8

Starch (g) . 110- * 6 152 + 6***

* Thiamin {(mg) ¢ 1.54 % 0.11 * 180 = 0.10
Riboflavin (mg)’ - 1.61 £ 0.08 2.11 +* 0.41***
Preformed Niacin {mg) - 18 + 1 . 24 + 1***
vit B6(mg) - : 1.6 + 0.1 1.8 * 0.17
Vit B12 (mcgq) " 3.4 £ 0.5 4.5 % 0.4
Total Folacin (mcg) 188 * 12 220 =% 14
Ascorbic Acid (mg) 124 + 13 R 144 * 1}

Vit A (RE) 11072 £ 112 . 1189+ 93
Vit A (IU) 5807 + 570 6998 * 812
vit D (IU) ¥ 217 .18 S 221 £ 23 .,

" Calcium- (mg) © 794 £ 57 © 1184 % 87
Phosphorus (mg) . 1321 '+ 75 1766 * 897" *..
Iron (mg) o ""15.4 £ 0.8 . " 17.3 £:0.7 %Rl
Sodium (mg) - 2606 * 139 ‘ 3578 * 173***
Potassium . (mg) . 2954 + 219 3315 % 157
Zinc (mg) i 9.7 £ 0.5 12.5 % 0.5%**
1@;30 ) .

2 Mean * stapdard jerror of the mean , .
*,**,*"* Significant at p < 0.05, 0.01, 0.001, respectively
7

S
L
3



Table 19: Mean daily nutrient intake (diet plus
vitamin/mineral supplementg) for the elderly and
Yyoung groups

Nutrient’ ‘ Elderly?

Youngl
Energy (kcal) - 2042 + 762 2651 + Be**x
Protein (g} 73 3 100 * 4*x*x
Fat ' .
~ Total (qg) o 84 £ 4 108 £ 4*x*x
.~ Cholesterol (mgk- 391 + 25 426 % 37
Carbohydrate
Total (g) 255 £ 11 308 * 12**
Dietary Fiber (g) 21 = 2 20 £ 2
sugar (g) . 1260 + 7 135 = 8
Starch (g) 110 £ 6 152 £ 6*x*x
Thiamin (mg) . 5.79 * 1.96 2.21 £ 0.22
Riboflavin (mg) 5.66 + 1.95 2.60 * 0.24
" Preformed Niacin  (mg) 32 £ 8 ‘ 26.0 £ 1.6
Vit Bg(mg) 5.8 2.0 2.2 £ 0.2
Vit Bj2 (mcg) P 8.1 = 2.8 5.2 £ 0.5
Total Folacin (mag) =~ 215 # 20 226 * 15
AscorBic -Aeid (mg) 213 42 . . 178 ® 20
Vit A (RE) 1484 # 342 - 1341 % 113
Vit A (IU) ' 7157 * 1324 7614 T 907
Vit D (IU) o282 % 43 253 £ 27
Calcium (mg) . 847 '+ 79 1158 + 88*
Phosphorus (mg) ’ 1403 £ 136 1771 £ 89+
"Iron (mg) 17.2 + 1.8 17.7 £ 0.6
Sodium (mg) Y 2607 * 139 - 3578 £, 173**~
. Potassium (mg) - .,2958 % 219 E 3315 + 157
Zinc (md) i 13.3 £ 2.7 12.9 £ 0.6
}7 ‘I‘1=3O . - - . ] » ] ] . . ;g},h
2"Mean * ‘standard error of the mean R
SR KRR gignificant,at:p.< 0.05, Q 01, 0.001, respectively
A
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of Hutrient?lntake" (by Dr. G.H. Beaton). Table 20 presents
these @robability estimates of nutrient deficiencies. /For
the elderly groUp, nitrients at the greatest risk of
deficiency (diet only) were folacin- (49.7%), calcium (34.1%),
vitamin A (26.2%), ‘;inc (16.5%), vitamin D (8.0%), and
protein (7.8%). For the young group, nutrients at the
greatest rlsk of def1c1ency§(d1et only) were: folacin

.

(33.3%), vitamin A (17.7%), calclumﬂ(l3.8%) and vitamin D
(8.8%). The dse.of vitamin/mineralssuppled%nts.Lytsubje@ts
did not alter mean percent\risk estimates to any great extent
fdr either age groub< Fdr both diet alone and diet blus
supplemepts;,the elderly, compared with the young, had |
significantly higher index of overall ndtritional risk
(p<0.05) and higher percedt risk of deficiency for the
following nutrie%ts:vzinc (p<O§HJ$ protein (pﬂO#OS) and
calcium (p<O.CS). For diet plﬁs supplement, the"signlficant
difference in ﬁercent risk ot}yltamin Bg appeared because
supplement intake teduced one young subjectls percent risk

t

from 26%‘(diet only) to 0% idiet plus supplement) .

/ﬁtesented in Table 21(are'nutrient densities (mean
intake per 1000 kilocalories (diet only)) . All mean nutrlent'
den51ty values,.except tH;% for fol cin in the elderly group,
exceeded those calculated from Recdmmehded-Nuttieht Intakes

. . . .
(RNI) . The nutrient density of folacin was 92 mcg per 1000

”kcals for the elderly which. is less than 96 102 mcg per lOOO

kcals calculated from the RNI for thlS age group. ,The

dénsities for the follcwing nutrients were'significantly

t
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TabZ . _0: Mean'percen;-rlsk1 that observed intake is below requirement

for the elderly and young groups’

Elderly? Young”
Diet plus i Diet plus -
Nutrient Diet only Supplements | % Diet only Supplements
(%) (%) : %) ‘ (%)

Index of Overall : ' . o
Nutritional Risk312.4 * 1.94 11.7 £ 2.0 6.3 £ 1.4"° 5.9 t 1.4
Protein 7.8 £ 3.4 7.8 £ 3.4 0.0 £ 0.0" 0.0 + 0.0°
Thiamin 0:0 £ 0.0 0.0 £ 0.0 0.0 + 0.0 0.0 £ 0.0
Riboflavin 0.3 £ 0.2 0.3 0.2 0.0 £ 0.0 .0 £ 0.0
Vitamin By 0.0 £ 0.0 0.0 £ 0.0 1.2 £ 0.8 0.5  0.2°
Vitafmin By, 3.4 % 1.8 3.1 £ 1.8, Q.0 * 0.0 0.0 + 0.0
Total Folacin 49.7 * 7.3 46.0 + 7.4 33.3 £ 6.9 31.1 t 6.8
‘Ascorbic Acid 2.3 1.4 1.6 + 1.3 0.3 0.3 0.3 £ 0.3
Vitamin A '26.2 % 6.7 26.1 % 6.7 T, 5.7 16,0 £ 5.6
Vitamin D © 8.0 4.3 . 5.3 %%3.5 gt 8.6 £ 4.7

. Galcium 34.1 £ 7.0 - 33.6 £ 7.0 ‘13.6 + 5.4°

~Iron - 0.0 0.0 0.0 £ 0.0 0,0 £ 0.0
zinc 16.5 * 5.2 16.5 * 5.2 0.6  0.4°"
1

Microfomputer software package "Probability Assessment of Nutrient
Intake by GH Beaton".

n=30 . -
A
Calculated from sum of risk of deficiency for 12 nutrients (protein,

_ thiamin, riboflavin, . fplac1n, ascorbic acid, vit By, vitpB.,, vit A,

vit D, calcium, iron and zinc) divided by 12 .
Mean .+ standard error ‘of the mean & ,

Significant difference between}young and- o0ld for mean percent rlsk
(diet only)

Significant difference between younéffhd old for mean percent risk
(diet plus supplements)

Significant at p < 0.05, 0.01, respectlvely

)

a

A

~1



Table 21:

i

)

as nutrient density (per 1000 Kcals)

Mean daily nutrient intake (diet only) expressed

Nutrient " Elderly!l Youngl
Energy (kcal) 1000 1000
Protein (g) 35.9 % 1.12 37.4 = .3
Fat . :
Total (q) 41.1°% 0.9 40.7 * 0.9
Cholesterol (mg) 195 £ 13 160 * 11*
Carbohydrate _—~ .
Total (g) 124 % 2 116 * 3*
Dietary Fiber (g) 10.0 £ 0.6 7.5 * 0.6%"
Sugar (q) 61 * 3 51 + 2***
# Starch (g) & 54 * 2 * 58 £ 2¢
Thiamin (mg) . 0.75 £ 0.03 0.68 * 0.03
Riboflavin (mg) 079 * 0.03 0.79 %+ 0.03
Vit B6 (mg) 0.77 * 6.04 0.70 £ 0.03
vit Bl2 (mcg) 1.7 £ 0.2 1.7 + 0.1
Total Folacin (mcg) 92 * 5 83 + 4
Ascorbic Acgd (mg) 62 = 7 . 55 % 4
Vit A (RE) 517 % 45 452 * 36
Vit A (IU) 2800 % 233 . 2671 %+ 327
Vit D (IU) 107. = 43 .~ .82 = 8%
Calcium (mg@) 386 + 21 428 * 26
Phosphorus . (mg) 646 + 24 664 * 24
~-Iron (mg) 7.6 £ 0.2 6.6 + 0.2%*
Sodium {mg) 1276 £ 50 1362 + 62
"Potassium (mg) 1435+ 73 1248 +* 40*%
Zinc «(mg) ‘ 4.8 + 0.2 4.7 £ 0.1
. ¥
1''n=30 _ ,
2 Mean % standard error of the mean i
*,*™.Significant at p < 0.05, 0.01, respectively
| hd
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greater for the elaerly than for the young: cholesterol
(p<0.05), total carbohydrate-(p<0.05), dietary fiber
(p<0.01), spgar (p<0.001), vitamin.D (p<0.05), iron (p<0.01),
and potassium (p<0.05). Despite the significant age-re latnd
differences found in mean intake values (diet only) for
protein, fat, starch, riboflavin%;niacin, vitamin Bg,
calcium, phosphorus, sodium,‘and rinc (Table 18), densities
of these nutrlentiﬁin diet ;erevbasically the same for the

elderly as for the young.

‘ Foodrfntakes of the. sub¥ _grevalso assessedrin terms

) . -
| ~ v

of average quantities of foods

4

ésumed in each food group

(shown in Table 22)-. Both. agé groups have low ¢ intakesxof |
X : ) dﬁ; » 3
meat, poultry, flSh and eggs, vegetables and fooqurlmarlly

>

sugar,Aand higher 1ntakes of fruit and frult products food

groups than theﬁr average‘Canadlan counterparts. Mean

intakes of dainy products fon’the eldekrly and young were

= s'.v
similar to,tne reported values fbr the @eneral Canadlahw
e

'populatlon. Compared to the averade Canadlan, the elderly

&

"

group consumed.less»cereal products and the young group.
consumed more. The consumptlon of. the followlng food groups
- was slgnlflcantly lowerﬁgpr the eldéily than for the young
dairy products - (p<0. OS)- meat, poultry, fish and eggs -
(p<0:01); and‘cereal products,(p<0;05). ) ' ) -

4.3.2, Subject‘Profile Data

~

Relat;onshlps between dletary p&rameters (pereent rl y\ -
.of\nutrlent def1c1ency) and several subject proflle

7’characterlst1cs were examlned vFor the elderly, usefs %f

WA
. .
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vitamin/mineral supplements (n=9) had significantly lower
' ' } ) . e
(p<0.05) risk of zinc deficitncy.(from‘diet alone) than.

nonusers‘(n=21). Nelther economic status nor educatLon WLI@'

significantly assoc1ated w1th risks of nutrient def1c1ency'
A

for the elaerly. For the young, there was a sighificant
J Vs . '

qrelationship between higher levels-of education and lower

risk of vitamin A (p<0.01) and calcium (p<0.05) deficiencies.

4.4 Reiationships Between Taste Perception and Dietary

Intake

4.4.1 Graphical Bresehtation of Taste Intensity Slopes vs.

Nutritional Risk B ' . L .
Figure S5 and 6 present scatterplots of. 1nd1v1dua1 slopin

of taste intensity functlons (sourness and saltines sin.
S ) ,

aqueous and food systems) versus the individual indices of
N

overall nutritional risk for/the elderly and the young.

A

Flgure 7 and 8 present scatterplots of 'taste intensity slﬁp((

B

" for sourness and saltlness (aqueous and food systems) voﬁzu)

percent rlsk of zinc deflcrency for the elderly and the
3 . .
young. Appendix 13 shows scatterplots of the taste rntensicy

slopes for the tastants in each system versus the perrnnt

rlsk of deficiency for the follow1ng nutrientss: folaCLn,
v ... .. A and calcium. On all the scatterplots presentec '
tne slc-e of taste intensity is represented by the Y-axis and

the"perc at risk of nutrient deficiency' (or indexz of aversall
~itJnal risk) 1s represgented by the AX-axis. With Lhe

scatterplot graphical technique, “three curves of moving
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Figure. Graphical presentations1 of slbpe of taste
intensity vs. index of overall nutritional
risk: Sourness
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Figure 6 Graphical presentations! of ;slope of taste '
" intensity vs. index of over%ll nutritional
risk: Saltiness
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Figure 7: Graphical presentations! of slope of taste
intensity vs. percent risk of zinc
deficiency: Sourness -
. .
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Figure 8 G;épbical presentations! of slope of taste
intesifity vs. percent risk of zinc deficiency:
Saltiness
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sgatistics are plotted which. show the midmean, lower semi—
midmean and upper semi-midmean (Cleveland and Kleiner, 1975).

For the elderly, thére-was a téndencyffqr'the index éfu
overall nutritional risk to increase with an ihé%ease in the
'taége intensity sldpe.for sourness - (Figure 5) in both aqueous
and food systems but not for saltiness (Figure 6). For the
young, the index of overéll nutritional risk tended to

increase with an increase in the taste intensity slope. for

v

both sourness and saltiness in both‘aqueous and food systems.
For the elderly, the trend for the percent risk of zinc

deficiency to increase with taste intensity slope was greater

1

for sourness in both aqueous and food systems than for

L . ‘ . : .
saltiness in both systems (Figure 7 and 8):. For the youhg,
‘ o - -
"no overall trend was seen between risk of zinc défftiency and

slopes of taste intensity for sourness and saltiness +“4n both

..... b

P e AR APy

systeris. ™
4.4.2 Taste Perception Versus Dietary Intake Data:

Table“23:presents the results of Pearson correlation
ey
analyses comparing individual slopes of taste intensity.

(tastants in each system) and 1) individual percent risks of

nutrient deficiency (diet only) and 2) individual mean

nutrient intakes (diet only) In Table 23, Pearson

»

correlation coefficients are shown only Tor the statistically

significant relationships. Appendix 14 Parts I and II

present ‘all Pearson correlation coefficients comparing taste
. o

intensity slopes and nutrient parameters (diet with and

\
1

. . . - . ) i . «
without supplements).% Significant correlations becweern taste

(SRS IO N8

RS
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'intensity slopes. and percent risk of nutrient deficiency
(diet only) will be discussed. For the elderly, significant

positive Pearson correfations were found between CA agueous &

system tastevintensity slopes and the index of'overall

< Py
nutritional risk and the percent. TlSk of def1c1ency for tw)
follow1ng riboflaVin and vitamin Bi2. For the young,

significant positive'Pearson'correlations were noted between
CA aqueods‘system taste intensity slopes and percent risk of
def1c1enc¥7for Vitamin By, and Vitamin D. For ‘the elderly,
/Significant positive Pearson corrglations were found between
ICA food system taste intenSity slopes and-the index of

overall nutritional risk and the percent‘flsk of defiCiency
for the following: protein, riboflavini-$QlaCLn and;v1tamin“f”

’

Blj.v‘For the young, significant positive Pearson correlations

®

_ were observed between CA food system taste intensity slopes‘

and percent risk of deficiency for vitamin Bj;y and vitamin D.
For the elderly, a significant positive Pearson correlation

was found between NaCl agqueous taste intensity slopes and

.percent risk of vitamin A deficiency. For the young, a. =

significant positive Pearson correlation was noted between -
NaCl aqueous system taste intensity slopes and percent risk .-
of vitamin Blz-deficiency. For the elderly, a significant

p051tive Pearson correlation was found between NaCl food, -
- (13 .
L b

system taste intensity slopes and percent risk of protkin
deficiency. For the young, no significant Pearson

%frrelations were observed between NaCl food _system taste

\-
intensity slopes and percent risks of nutrient defic1ency

o
RN



Significant Pearson correlations between individual

+

taste Lnten51ty slopes and 1nd1v1dual mean nutrient 1ntake
(dlet»only) (Table 23) were also gbnnd For the elderly,
31gn1f1cant negatlve Pearson correlatlons were found between-
CA aqueous system;taste inténsity slopes and folacin intake
as well as'dietary fiber intake. For the young, no ‘ |
significant Pearson correiation was observed betWeen.CA
aquequs system taste intensity slopes and nutrient intake.
A ,

For the elderﬂy, significant negative Pea:son'correlations
,wéré noted between CA fooo system taste intensity slopes and .
intakes of Calories, protein, thiamin, riboflavin, folacin;
vitamin‘BG and vitamin A &s well as intakes of calcium, iron
' and.dietary fiber. For the young, signifioant negatlve
fPearson;oortelation coefficiengs_werexfound between CA food
"'system',aste,intensity slopes and intakes of'Calories)i“Tb
'ptotein, tibofiaﬁgniand vitahin'Ben For.tge'eloetly, no
Vsignitieant>9ear30n‘oorrelations‘wefe‘found‘between NaCl

R L . . BN o
aqueous system t;;te 1nten51ty slopes and nutrient - 1ntakes
and between é%Cl food Systemvtaste 1nten§1ty slopes and |
nutrlent intakes. For bhe young, 31gn1f1cant negatlve
Pearson correlations were noted between NaCl aqueous system
taste lnten51ty slopes anc ‘a'es of Calorles, proteln,
riboflavini;witamin_Blg .m. As well,.51gn1f1cantfv
:negative.Pearson correiaw s in :he.yonng werelnoted between

NaCl food system taste intensity slopes and intakes of e

‘Calories, protein and vitamin Bg. In general, a greater

”
4
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number of 51gn1f1cant correlatlons were noted between taste
and dletary parameters for the elderly than for the young
Partial correlation coefficients (Table 24) were

obtained by controlling for previous smoking habits and

medication. Table 24 shows comparisons between‘slopes'ofx

-

taste.intensity for sourness and saltiness in aqueous and
food systems and 1) individual percent risk‘of nutrient
deficiency (diet only) and 2) individual mean nutrient

“intakes (dlet only) (Appendlx 14 Parts III and IV glves all

partial correlatlon coeff1c1ents between taste -intensity

slopes and nutrient parameters for ‘diet with and without

supplementsl) Significant partial‘correlations between taste-

1nten31ty slopes and percent risk of nutrlent defLCLency
(diet only) were noted. For the elderly, SIgnlflcant
' positive partlal correlatlons were found between CA aqueous

system taste lnten31ty slopes and index of overall

[

-

nutritional risk and percent risk of deficiency for
riboflavin, folacin and vitamln Bi12. For the young,
significantlpositlve-partial correlations were-observed
between CA aqueous system taste 1ntens;ty slopes and percent

'

risk. of deflc1ency for v1tamln Blz and vatamln D. For the

elderly, 31gn1f1cant pgsaflve partlal qorrelatlons in the
B R N .o

“H~elderly were' noted between CA food system taste 1nten51ty

slopes and 1ndex of overall -nutritional risk and pencent risk

cf def1c1ency for proteln,'rlbdflavrn, folacin and wvitamin

By2. For the young, positiye‘partialtcorrelations‘Qere found .

between CA food system taste intenSi;y slopeS‘and,percent
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.50
risk of deficiency for vitamin Bjis and vitamin D. For tHe. %
eldetly, significant positive partial correlations were fonndt
between}NaCl agqueous system taste intensity slopes and index
of overall nutritional risk and nercentlriskref deficiency
for‘folacin and vitamin A. For the young, a significant
positive partial correlation was noted between NaCl aqueous
system ‘taste intensity slsbe and percent “risk of Vitamin Bio

deficiency. For the elderly,. significant positive partial
correlgtions wefe found between NaCl food 'system taste
intensity slopes and indeg of overall nutritional risk and
percent risk of deficiency for protein and folacin. Fdr;the
young, no sigificant partial corfelationvaere observed
between NaCl food system tasterintenstiy‘slopes and percent
risk of nutrient deficiency. ‘

Significant partial‘correlations between individual
taste intensity slopes and individnal mean nntrient intakes
(diet only) (Table 24) were elso'obtained. for the elderly,
significant neéative;partial correlations Qere_foundvbetween
ca aqueous system tasté“intensity slopes and intakes-ef
folaCin as well as intakes of calcium, iron and dietary
fiber. For the-yQung, aLSignificant negative nartial
correlation Qas observed between CALaqueous system taste
intensity slopes and intake of vitamin D. For the elderly,
Significant negative partial correlatlons were revealed
between;CA food system taste intensity slopes and intakes ofijk
Calories, ptetein, thiamin, riboflavin, folacin, vitamin_Bg

and vitamin A as’well as intakes of calcium, iron, zinc and




.
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[

dietary fiber. For the young, the only sign}ficant neéative

partial co%relatioﬁ“observed was,between CA food system taste *

“ingenéity slopes and intakes vitamin Bg. 'For the elderly, '

- correlations were observed between

intensity slopes and

significant negative partial correlations were: found between
NaCl aqueous system taste intensity slopes and intakes of
folacin and vitamin A. For the young, sfbnlflcant partial -

NaCl aqueous system taste

v -

U ¥«

intakes of Calories and protein. For
the elderly, significant negative partial correlations in the
elderly were noted between NaCl. food system taste intensity

A

slopes and intakes of thiamin and folacin as well as intake

of iron. For the young, $ignificant negative partial

Qorrelétions for multiple measures of taste intensity slopes

correlations were found between NaCl food system taste

intensity slopes and intakes,of Calories; protein and vitamin

-

Bg. Thus, again, a greater number of significant
correlations were noted between taste and dietary parameters

for the elderly than for the young. | ) :

2

Table 25 presents the canonical correlations for the

3
- 2 \

multiple measures of individual mean sour,Qﬁd38altyﬁt@§te‘Q_Vw
intensity slopes and 1) individual percent rigk:

deficiency (dietfdnly) and 2) individual nutrient intake

(diet.only). f(Aﬁpendix;l4 Pért V gives canonical

and nutrient parameters from diet with supplemeﬁts.)w,For‘the

elderly,: significant:canonical corfelatidns,Were,obserVéd 4

'H‘between‘éh taste intenéipy slopes and index’ of overall

»

- nutritional {isk.aqd'péréent risk of deficiency for'“protein,

D
¢ Lt
*
A
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Table 25: Canonical correlation: slope of sourness and
" saltiness taste intensity vs. nutrient risk and nutrient
intake (diet only) for the elderty and the young

Nutrient , sourness : Saltiness
Parameter Elderly Young Elderly Young

I. Nutrient risk:

Index‘of overall : ‘ .
nutritional risk : 0.56** . 0.33 0.28 , 0.26

Protein. . \ 0.46" . 0.24 0.41 0.07
Thiamin _ - ' -— -- S
Riboflavin * - .0.58** 0.06 0.10 S 0.14
Folacin T 0.40 0.33 . 0.37 .. 0.17
Vit Bia. : : - 0.45% - 0.51% 0.05 0.57*"
Vit Beg : 0.10 . 0.14 0.24 0.29
Vit C : 0.14  0.24 0.22 0.07
Vit A : 0.36 0.18 .0.39 0. 10
Vit D 0.28. 0.49" 10.02 . 0,35
Calcium .. 0.34 0.29 . 0.03 0.23
Iron P - - - ==
Zinc ! - 0.33 0.21 - 0.13 0.09

R

II.'Nutrienﬁ‘intake:

Calories | 0.39 . 0.39 0.21 0.45"

Protein o 0.49% - 0.40 . 0.23 0.48*
Fat . - .. 0.34 0.35 . | 0.17 : 0.28 "
‘Carbohydrate " oo L
©STotal -’ - 0w 0033« 0.29. . 0.23 0.31
- Dietary Fiber o ©0.52* % 0.26 . Q.23 ‘011
B . L 1 . ;
~iizmin 0.47* 0.35 0.38 ~- 0.31 .. =
flavin - 0.50* ., .0.37 0.07 @ 0.39°
. . Be ‘ R - T T 0.43 0.35. 0..46"
Vit Bip. '0.30. s~ 0.37 $0.35. 039
Folacin 0.51% . 0.28 0.27 ., . 0.:30
Vit C . ©0.18 . 0.07 0.16 . 0.16
vit A o 0.38 .- 0.17 0.36 0.33
Vit Do ' o 0.29 - 0.37 0.08 0.20
Calcium ' v 0.4 ©0.33 0.14 0.39
. Iron , - 0.56™* ¢ .0.30 0.27 0.26
0 0

Z2inc , - 0.36 , 0.33 .12

=~  indicates no canonical correlations made due 'to :

singularity of variable (no risks of deficiency for this
B nutrient for all subjects) o '
©.%,"" 'significant at p<0.05 and 0.01, respectively

AR



ot
medication, dentures-and height) were used as independent
variablesi(predictors); Only those ,independent variables
w;th a sionificant (?{2.05) contribution to the var?ance of

taste intensity slopes will be discussed. For risk.

estimates, the.nutrients that made a+~significant contribution

to the variance of taste intensity slopes will be noted. For

sourness for the elderly, all independent variables included

-t

'in the equations for taste intensity in aqueous and food
systems,'respectively, accounted for 43% and 29% of total
variance. For the ‘elderly, percent risk of riboflavin

. 1 . N .

deficiency accounted for 26% of total variance in CA aqueous

:system taste intensity slopes and percent rlsk of folacin

.‘u‘,,‘.»_
R Al

92

def1c1ency contrlbuted an addltlonal 9% to the total variance -

iafter percent rlsk of r1boflav1n def1c1ency and smoklng had -
€

been entered 1nto the equatlon ~For the elderly, the index

of overall nutrltlonal rlsk accounted for the entlre 29% of

total variance in CA food system taste inténsity slopes For
the young, all 1ndependent varlables(entered lnto the -
equations for tasté intensity for CA in aqueous. and food
”systems) respectlvely, accounted for 42% and 44% of the total

yariance. For the young, mean percent rlsk of v1tam1n 812

contrlbuted to 23% of total varlance ‘in CA aqueous system

‘taste 1nten51ty,slopes/wh;le percent rlsk of_vitamin Bj»

’

deficiency predicted 21% of the total variance in CA food

-

P

system taste:intensity Jlopesf o

For saltiness for “the elderly, all independent variables -

entered into the equations for taste intensity slopes in

£



" Table 26:

a3

)

k  kk  kkk  kokkKk

14 14 7

Stepwise regression equations for sour and salty o
taste intensity slopes (Y), standard error of the
estimate (S), and coefficient of multiple
determination (R?) for the elderly.and the young
(percent risk of nutrient deficiency from diet
only) ’
. P :
Parameter Equation! ‘ - S R?
I.  Sourness
A Elderly:
Slope of Sourness Y=.315 + .063(Riboflavin Risk)*"" =~ 12  .43***
in Aqueous System -~ .047 (Previous Smoking)**
+ .001(Folacin Risk) ™"
Slope of Sourness Y=.109 + .008(Index of overall .13 .29
in Food System ' nutritional risk)"""
B. Young
Slope of Sourness Y=-2.871 + .849(Vit B;, Risk)""" .23 .42t
in Aqueous System + .020(Height) """
Slope of Sourness ¥=-2.549 + .765(Vit By, Risk)""" .23 .44
in Food System + .017 (Height)™~
- .l22(Previous Smoking)™"
IT. Saltiness 2
A Elderly: !
Slope of Saltiness ¥=.323 + .003(Vit A}Risk)"" .17 40
in Aqueous System - .043(Medicdtion)®"
0 + .001(Folacin Risk) -,
Slope of Saltiress v Y=-1.383 + .003(Protein Risk)" " .13 28"
in Food System . + .009 (Height) -
 B. Young - T T ‘
Slope 'of Saltiness . Y=.610 +,.568(vit By, Risk)™*" - .~ .18" .25
" in Agueous §ystemk_f‘ - Lo .
'Slope of Saltiness Y=-1.465 + ,011 (Height)™ .21 Lot
in Food System ’ ‘ '
1 variables entered into equations at p<0.10 'fi_

significant at p<0.10, 0.05, 0.01 and 0.00I; »
respect4dvely ' =

A
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riboflavin and vltanin By2. For the(%oung, slgnificant

canonical correlations were "found between CA taste intensity

slope and percent risk of deficiency for vitamin Biz and

\

.vibémin D. For the elderly, no siénificant canonical

correlations were observed betwee
A

slopes and percent risk of nutrj

'

young, a the only significant’cal

Clntasteﬁintensity

-eficiency. For the
fical correlation found was
between Nadl taste intensity slopes and percent rlsk of
yitamin,Blgddéficiency. | .
Significant canonical-torrelations were also found
between taste parameters and nutrient intake. for_the . S
elderly, significant canonical -correlationg were noted

between CA taste intensity. slopes and lntakes of proteln,
thlamln, rlboflav1n, vitamin Bg and folacin as well as
intakes of dietary fiber,and iron. For the“younoy no
significant canonical correlatlons between Ca taste intensity .
slopes and nutrient lntake were found. For the elderly, no
SLgnlflcant canonical correlatlon were observed between
multiple measures of NaCl taste intensity slopes and nutrient‘
intake. For the young, significant canonical correlations
were found between NaCl taste lnten31ty slopes and nutrlent
1ntakes of Calorles, proteln and vitamin Bg.

Table 26 presents stepw1se multlple regression equatlons
for the the elderly and the young for slopes c* taste
intensity functlons for CA and NaCl in aqueous and food
systems. Mean percent risks of nutrient deficiency (diet

only) and subject profile variables (previous smoking habits,
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agueous and, food systems,.respectively, accounted for 40% andj
28%'of'thettotal-variance{ In thevelderly group, percent

risk of v1tam1n A- def1c1ency explalned 15% of the total

varlance in NaCl aqueous system taste 1nten51ty slopes, while:
‘,the percent risk of protein deficiency explalned 17% of the
total varlance in NaCl food system taste intensity slopes.

For the young, all independent variables entered into the
equatlons for taste intensity slopes forvNaCl in aqueous and
foodﬂsystems, respectively, accounted for 25% and 10% of the
totalfvariance.. In the young group, percent rlsk of vitamin
Blzaaccounted for 25%: of total variancge in NacCl agqueous system
»taste 1nten81ty slopes In contrast no percent risk of
nutrlent def1c1ency was 1ncluded in the equatLon predlctlng

~NaCl food system taste 1nten51ty slopes for the young

Table 27 presents stepw1se mult ple regre331on equatlo

calculated u51ng nutrlent 1ntake rather than percent rlsk of

¢

nutrient deflclency ’ For the elderly and the yogng, the
'slopes of . taste 1nten51ty functlons for CA and NaCl in

aqueous and food systems and 1nd1v1dual mean nutrient .ntakes

v

(dlet,onlyl‘and selected subject profile variables were ijéd'

Nutrient intakes that made a significant contribution to ‘the

variance of mean individual taste intensity slopes will be
considered. For the'elderly,'all‘lndependent variables Do

‘entered into,the equations for bdth.CA aqueous and CA food
systemsAtaste'intensity slopes accounted'for 31% of the‘total
yariance."In‘the elderly group,»folacin'intake e;plained 19%
of.total yaria;ce in CA aqueous systen taste intensity
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‘Table 27:

;

Stepwise regression equations .for sour and

96

in Food System

+ ..015 (Height) ™"

+

+

.016 (Dietary Fiber Intake)
- 1. 8x10 4(caloric Intake)

037(V1t B, Intake)

salty
taste intensity slopes (Y), standard error of the
estimate (S), and coefficient of multiple :
_ determination (R2) for the elderly and the young
(nutrient mﬂtake from diet only)
Parameter Equationl .S, RZ
I: Sourness
A. Elderly:
Slope of Sourness Y=.657 - .001(Folacin .ntake) ™" .14 03177
in Aqueous System - .044(Previous Smoking)’”
Slope of Sourness Y=.514 - %.020(Iron Intake) ™™ _ .13 - .31
in Food System . Co ot -
B. = Young: -
Slope of Sourness ¥Y=-2.097 + .019(Height)™™ .25 .29""
in Aqueous System - 2.5x107%(Caloric Intake)*" c
Slope of Sourness Y=-1.941 - .217 (Vi# Bg Intake)" .@4 .37
"in Foo~ System '+ .016(Height)”
- lOB(Prev1ous Smoklng)
I. Saltiness ”
A, Elderly:
. . -
Slope of ‘Saltiness - Y=.480 - .057 (Dentures)”” . .19 ..14”"
in Aqueous System. :
Slope of Saltiness Y=-1.738 - .013(Height)™~ ) .13 3777
in Food System + .127(Vit B¢ Intake)™”
- .039(Cardiovascular Drugs)*
B. =Young: “ .
Slope of Saltiness ¥=1:.005 - .004 (Protein Incake) " .19 197"
in Aqueous System ' ‘
Slope of Saltiness Y=-1.575 - .336(Vit-B6 Intake)"' .15~ .58""""

3

e R - ‘
1 variables entered into equations at p<0.10

* kK

kK hokok ok
’ ' 4

significant at p<0.10,

respectively

.05,

0.01 and 0,001,



slopes,vwhlle iron intake predicted 31% of the total variance
in CA food system taste intensity slopes.: For,the young, all
1ndependent variables entered 1nto the equations  for taste
1ntens1ty slopes for CA aqueous and CAifood systems,

respectively, accounted for 29% and 37%vof +the total

variance. In the’young group, height was entered into the

) equation preceded by Calorie intake; Calorle lntake accounted

,for an adoltlonal 16% of total variance 1n CA aqueous system

taste intensity slopes, Vitamin B6 inta?e aocounted for 17%

of the total variance in CA food system taste intensity slope
for the young'.

~

For“saltiness in the elderly group, all 1ndependent >
Varlables (subject- proflle variables and nutrlent intakes)
entered into the equatlons for taste 1nten51ty slopes in
aqueous and food systems, respectively,raccohntEd for 14% and
87% of total variance. For the eloerlyL‘none of the nutrient
intake variables were entered into the equation;preoictini
for NaCl aqueous system taste intensity slopes. In'the )

elderly group, heikht was included in the equation before

vitamin Bg lntake which contributed an additional 14% of

- .

total variance in NaCl food systém taste intensity slopes.
For the young, a’ l'ndependent variables entered into the
equa§ions for ta.“e"ntensity‘slopes for NaCl in aqueous and
foodk%ystems, respectively, accounted for 19% and 58% of
total variancel In "the young group, protein intake
accounted for the entire. 19% of the .total variance 'in NaCl

agueous systeﬁ"taste intensity slopes. For_the young,
. PN . i .

{

X

-
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‘vitamin B¢ intake accounted for R21% of the variance, while
dietary fiber intake and caloric intake, respectively,
accounted for an additional 10% and 5% of total variance in
NaCl food taste intensity slope.

Certain subjcct profile factors were found to be

)
significant predictors of taste inténsity slobes when uéed as
independent.variables (élong with percent risk'of nu;rient
deficiencyf in stepwise multiple regression analyses. For

:pne eldeily, the following;variables made significant
contributions tc thQCotal variance in taste intensity o ¥
slopes: previous smoking (34% for CA in.cqneous system)'and
medicé{}on k32%'for‘NaCl in aqueous system). For the young,
tnebfolléwing variables made significant contributions to the
total variance in taste intensity slopes: previous smoking
(44% for CA in food system) and height (42% and 35% for CA in
aqneoué and food Systemé, respectively);

When regressicn equations were calculated using nutrient
.intakelrather than.percent risk of nutrient deficiency,
vsnbjectrprofile data wére againlfound to be significant
predictors of caste’inténsity slopes. Fcr the ekderly,‘the
following vafiables n;de siénificant contributions to the
tctai variance in taste intensity slopes: previbus‘smoking
(31% for CA in aqueous system); dentures (14% for NaCl in
,aqdecus system); and height (15% for NaCl in food system).
For the ycunéﬁ héighﬁ significantly accounted for 13%, 30%
‘\fnd 35% of total variances in taste intensity slopes for CA

\ A ' »

%
\\
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invaqueous, CA in food and NaCl in aqueous systems,

respectively.

\-_) .. ‘ . . J

0O

-t



5. DISCUSSION

5.i Recruitment of Subjects .
An attempt to recruit a random sample of subjects from
the Alberta Health Care Insurance Plan files ylelded 50% of
the elderly group and 10% of the young group In order to
meet the requirement of thirty partlcrpants for each age
group, addltlonal volunteers were obtalned through contacts
with friende‘and senior groups.~ éoleman and Krondl (1981)

.
EN

had also documented difficulties in recruiting a random
AN ’

sample of free-living elderly. In their study, 48.5% of the

original objective of 400 subjects was obtained.

-

: N
5.2 Taste Perception

In the present study, ME was used to assess taste
perception. .at suprathreshold'cohoentrations similar to the
tastant leve%s normally,found in foods. Average gr taste
intensity slopes for sourness and saltiness in both agqueocus
and food syotems were flatter for the elderly than -for the

xyoung men. It 1s possible that these dlfferences in the use
of ME'by the elderly and the young may contribute to this
finoing. 'Stevens et al. (1984) postulated that younggpersons
wouid use wider ranges of humbers. RZStriction in the range
of numbers used cc.ld result in flatter taste response ;
slopes. Moskowitz (1977) described the regression effecggas a
bias that-occurs when ME users restrict the range of humbers

L4 . . - : . ,
they assign to stimv'i as a result of conservatism. This

regression effect might occur more in the elderlyffﬁﬁo are

100
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likely to be more conservative than the young.- Robinson
(1976) suggested that the regression~bias couldvbepreduced‘hv
.the,use.of appropriate numerical examples given as part of
‘the instructions'for the use of ME. In the present study, an
orientation to ME'was given to each subject Durlng this
training Ses%ion; subjects were encouraged to use a -wide

range of numbers

it was emphaslzed that the use of very
large as well a ‘decimal or fractional estimates“was _‘ _
permissible as long as the~ratio\of the‘numhers;refiectedhf
their perceived sensation. In addition, hidden references
were incorporated into each of the three replicates evaluated
by each subject; | *

The slope of taste inten%ity function describes the
relatlonshlp between perceived 1nten51ty and tastant
concentratlon In the present‘study, all group slope values™

f taste intensity'functions (each tastant in both systems).
for the elderly subjects were 31gn1f1cantly lower (p<b;001)
than those for the young subjects. This effect of age on
sﬁprathreShold taste perception. agrees with the results of
other researchers. Cowart (1983) and Weiffenbach et al.
$(1986) have also found the slopes of CA and NaCl taste
intensity functions (in aqueous systems) to Be flatter for
the elderly than %or the young. -In the present study, the
* group CA 1nten31ty slopes of. elderly and young for the
aqueous system were 0.34 and 0.68, respectively, and those
for the food«syStem were 0.21 and 0.46, respectlvely For

¢ saltiness, the group slopes of taste 1nten31ty of elderly~and
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vung for the ‘aqueous system were 0.39 and 0.63,
rezpectively; and those for the focd system were 0.29 and
.47, respectively. Thclgroup CA andjNéCi aqueous taste
ih:ehsity.é}bpcs obtained for theﬂelderly ir‘thiSVStcdy Wefe‘
coﬁparable qo.fhe corrgsponding élopeé rcpqrted for elderly
men (Weisfuse éﬁ:él;, 1986), but somewhaﬁ.lower than those
reported for cgmbined male aﬁﬁ female eidérl?{g:opps (Cowart,
1983 and Weiffenbach et al., 1986). Variations iﬁ'té;cel
intensity slopeé aﬁong studies could reflect met' odological
;LQiffefénccs."Intensity ratings assigned to tascarc stimuli
'.c6uld bc ihfiuenccd by the\rangeiof‘COncentrations presented
to the subject (McBride, lSSé'and McBride, 1985). The choice
of internal sfahdérds cculd also have affected the range of
‘humbers assigned by subjécts (Mcskowitz, 1983). 1In addition,
separate randomiiatioh ofbthe lowest_concentrations and
highest conc¢entrations would be required to_avoid adaptation
effects (H&de et al., 1981l). Subject characteristics (eg,
denture wearing, smoking, medication) could also accodnﬁ for-
the variationsrin the intensity slope values reported by
different reseafchers. | “ |

In the present study, ratios of tgc'é;oup taste
intensity slopes generated by the young men to those produced.
by the elderly men were as‘followcz CA aqueous.systedf 2.00;
CA food_system,.2.19; NaCl aqueous system, 1.62;.and NaCl
food system l.62. Comparison of thece,ratios shows that the
'effects Qf/iz

e on suprathreshold taste perception are less

pronounced for saltiness than for sourness. These re ilts
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differ from those of éowart (1983) and Weiffenbach et al.
(1986), who show similar taste intensity slope ratios of the
young to the elderly for the two taste qualities. These(
researcher aiso re%orted lower CA and NaCl slope ratios
(young/elderly) than those observed in the present study.

In the present study;,group intensrty ratings assigned
to the high tastant concentrationsgaéove 24mM Cca for

- sourness and above 160mM NaCl for saitiness in both systems)
were siﬁnificantly lower in the elderly than those in the
young. The intensity estimates given to the low tastant

\\< concentrations‘(BmM CA for sourness and.ZOmM NaCl for

saltiness in both systems) were significano}y hrgher in the
elderly than in the young. Similar results uere found by

-

Bartoshuk et al. (1986) who reported that\group taste
g ) , @

intensity ratings for the elderly tended to rise above those
for the young at low CA and NaCl ooncentrations_and drop
"beiow those for the young at high CA and NaCl concentrations.
- The present study demonstrated differences due to system
(ie. aqueous and food) when the same suprathreshold tastant
5vconcentratlons were judgedlty the subjects. For the elderly,
group'slopesfof intensity funotiOns were significantly
higher (p<0.05) in the aqueous:than in.the food system for'
both 'sourness (p<O.Cl) and-saltiness (psd.OS). For the
youno, slopes of'taste funotionsvwere.also~higher in the
adueous‘than in the food system for both‘sourness (p<0. 01)
and saltiness (p<0.01) Intensity ratlngs a351gned to hlgh

.concerftrations (above 12mM CA for sourness and 80- 320 mM NaCl
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for saltiness for n=60) were lower in the food system than
those in the aqueous/§§stem. Intensity ratings assigned to

the low concentra5}¢ns (Emm CA for sourness and 20mM NaCl for’

saltiness for n=60) were sign%f}cantly higher in the food

—_——

than in the aqueous system.

- -
~. i
~

. ‘ , e e ‘ '
In general, there were no significant age—dlffereﬁées in

-

the group pleasantn%ss fatings for the suprathreshold >
{ = .
concentrations of tastants used in this study. For the
1 . -
elderly and young, the most preferred CA concentrations in

agqueous solution were 6mM 4ahd'3mM, respectively, and those

in food sYstem were 3-24mM and 12—18mM,'respectively.. For

(X By
e

tﬁe elderly and the young (sex-combiﬁéd_groups), prait
(l§83) and Murphy (1986) found :hat the most prefefred CA
éoncentrations inﬂaqueous solptiog were in the fange>of.l;§mﬁ
' ;ofﬁ;ZmM and 0.6émM, respectively. Murphy (1986) observed
that the most preferred CA concentration in lemon-flavored
beyefagézwere 1mM for the. elderly ana the range of 0.6-2mM
for the young.: In the present study, plots of group
pléasantness ratings for sourness in aqueous sqlutioh for the ‘
eldefly demonstrated a plateau at 6mM CA while those‘for the.
young showed a hégative mogotonic‘trend.- Negative monotonic.
trends for“plotsibf CA aqueous'pleas;ntneés ratings for both.
ﬁhe young and elderly ‘have been documented by Cowart (1983)

and Murphy (1986). For sourness iﬁ‘the'applé drink, the!
eldetly in the presenﬁ study demonstrated ; flat cuf&e with

slight monotonic trend while the young generated a parabolic

relatithhip (peak at 12-18mM CA) betiween pleasantness

/
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ratings and sour tastant'concentrations.‘ These finding;
differ from those of Murphy (1986) who noted‘that the hedonic
“functlons for sourness 1n lemon-flavored beverage vielded a
parabollc curye for the.elderly and a flat-curve that
"descends at high concentrations fcr the young.

In the present study, the most preferred NaCl
concentrations in aqueous system for-the elderly and the
.young were 20-160mM and 20- 40mM<\respect1vely For both age

- .groups, the most preferred NaCl cpncentratlons in food system

%

were ~20- 160mM. Cowart (1983) reported that the most ot

[
AL

preferred NaCl concentrations in aqueous system foq(fhe_/

elderly and the young wege 100mM-and 50mM, respectlvely |

Murphy (1986} observed that for both the elderly and the

young, the most preferred NacCl concentration in aqueous

-system was SOmM and the most preferred NaCl concentratlons rn'
vegetable juice were 100mM to 200mM These differences ln o .ggi
hedonic ratlngs for NacCl concentratlons between studies mayf'e‘
be due to the dlfferences in the range 1n stlmulus
concentratlons employed (McBrlde,\l985) and the different
food systems used (Murphy, 1986)2\ In'the present study, for
both the elderly and young, the group hedonic ratings across
Naél concentrations in aqueous system were negatively
monotonic, whiie those in food system were parabolic.ZTOthers
(Cowartvkl983) and Murphy (1986))‘have also observed negative
monotonic trends 1n pleasantness ratlngs for NaCl in aqueous

system 1n4both elderly and young subjects Pangborn (1970)

showed that although most of her subjects demonstrated a
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negative monotonic‘hedonic cufve;for NaCl in aqueous
solutions, two other types of‘pleagantness responses
(parabolic and positive monotonic) were found among some
inaividuals. Similar to thebpresent sthdy; Murphy (1986)
also found parabolic pleasantness réspo;ses toJNaCl‘in food
system (vegetable juice) for both the elderly and the young.L
In the present study, significant differences in group
hedonic responses b%tween the aq;eous and fooq systems were
found. For both age groups, pleasanthess ratipgs for CaA.
concentrations above 12mM in the food were significantly
higher__than those in.the aqueous system. For béth the
elderly and young, plots of these group pleasantness ratings
for sourness reyealed flatter curves for the food System than
for the aqueous system, with a tendency for the preferred
concentrations to be higher for the *foocHd than for the aqueous
system; 'Murphy (1986) reporﬁed +hat CA pleasanﬁnéés ragings
for the aqueous system were monotonic (for{both eldérly'and
young)  and those for food system (lemod—flavo?ed'beverage)
~
were parabolic (for the elderly) and flat (for the young).
In the present study; significant medium effects on CA
pleasantness ratings were found for both the elderly (p<0.05)
and tﬁe young;(p<0.001) subjects. ’ -
v For saltiness, megia.differ%nces in bleasantness ratings
for each of-the.six NaCl concenﬁrafions were more obvious for
the ybung than for the older subjects. Hedohic cur&es fqi

saltiness were monotonic for the aqueous system and parabolic

for the food system, with a téndency for the most preferred

d .
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NaCl concentrations to.be higher for the food than for the
aqueous system. Bertino et al. (l982f and Murpﬂ& (1986) also
noted NaCl pleasantness cgfves to be monotonic for the
aqueous system.and parabolic for the food system. In the
present study, significant differénces in mean individual
NaCl pleasantness ratings due to medium effects were found
for the young (p<0.01) but_not for the elderly. Differehces
ln hedonic response betwéén aqueous and food“éystems have |
also been reported by other researchers (Moskowitz et al.,

&

1974 and Murphy, 1986).-
5.3 Die&ary Intake

In this study, a combined cietary recall (one day) and
food record (three days) was emplbyed to assess the diétary
intake of.eﬁcn‘subject. Kohrs et al. (1980) used the
combined recall and food gecord method to overcome prdﬁlems
encountered(when one relies on the elde:ly\to remember all
foods consuméd. Gersovitz et al. (1978) postuiated thét ?
elderly subjects would keep a more Qalid food-record.if they
had prior e#perience with the dietary reéall. In the présent

study, food intake was evaluated on 3 separate occasions

<

(one-day dietary recall, one-day food reéofd and two-day food
reéord).‘ These asseésmeﬁts prdvided ample dpportunities to
obtain important details regarding the food products used and
the mephqu of food preparation. Throughout the .study, one

" trained foods and nutrition researcher collected all the

dietary data and coded each food item for computer analysis
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nsing standardized coding rules. Food models (prepared
according to Nurrition Canada specifications) and a dietetic
scale, when necessary, were used to provide precision in
estimating food portions. Food records were reviewed with
the subject each time in order to collect(all pertinent
information regarding the foods consumed. The amount of
information obtained through skilled probing in dietary
“recalls has been found to be significant in the eiderly,

. especially among men (Campbell and Dodds, 1967). dIn the

"ﬁpresent study,’ in%ormation egarding the participant's food
consumption pattern was collected during the initial 24-hour
recall and was ueed in subsequent food records to probe for
forgotten details. The use of,more than one dietary ‘
aséessment method and the evaluation of more than one day'*s
intake in tne present study allowed for che coliection.of
reliable quantitative dietary data. - ’ ‘ | ,

The large number of individuals needed for this study‘é’
placed.limitécions on the nunber'of days of dietary intake
practically-possibie to assess. The four days of food intake
(three_yeek days_and one\weekend day) were aésessed in order
to obtain a representative estimation of usual intake.
Résearéhers_(Houser and Bebb(‘l981 and Richard and Roberge,

-1982) have recommended the inclusion of weekend days and week/)
days in,gheir'truekproportion in order ro obtain

représentative dietary data. McGee et al. (1982) exdmined
| ’ -
. the dietary intakes of 329 men.using data on 7 consecutive

4 days and found-significant differences between days of the

* .
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week. These researchers (McGee et al., 1982) observed
greater absolute intakes of Calories, protein, carbohydrate,
fat and alcohol on weekends than on weekdays. Richard and
Roberge (1982) also found increases in Calorie and alcohol
,intake on weekend @days when compgred to\weekdays. In the
present study on81derable fluctuations were found 1n’tﬁe
diétary data of ten of the young men. Therefore, assessments
of food intake of five days for 9 of these subjects and 7
days for the remainino ohedsubject were necessary to obtain
representative estimates of usual intake.

Two groups of researchers (Joer et al., 1983 and Young
et al., 1953) compared 7—day food records with recorded Coes
intakes of 28.days and both observed the 7-day intake to be
sufficient in estimating the nutrlent consumption of groups :
of subjects. Young et al. (1953) found the. pattern of food
1ntake for a group of males and females aged 23 to 50 years
to be stable enough that even less than 7 days' record cod;d

o

be used to estlmate group intakes with little loss 1n‘
preCLSlon. Celller and Hankln (1?63) and Marr (l971) also
advocated the usg of four-day records. Moreover, results of
Ge sovitz'et al. (1978) indicated that a decline in accuracy
of food'records wouldAoccur if kept for longer than four
days. Balogh et al. (1971) used the method/o;‘random repeated
.24-hours recalls .These researchers fouod 4 recalls were
adequate for appropriate representation of certain nutrients

' Weg. Calories), however, gr ter numbers of days of intake

- y ' . T
were needed for other nutriex§sf Vitamin A, ascorbic acid

i

/



110

and célcium had the greatest variability ih the diet (Joer et
al., 1983 and Young et al. 1953). Th= ;ssessmeht of digtary
vitamin A élatﬁs is especially difficult because this
nutrient is found in relatively Aigh cc'centrations-in a few
gelected foods. Hunt et al. (1983) studied the components of
wariance in dietary data in a population of healthy ffee—
living elderly.  His résults showed great increases in
interipdividual variations in cases where supplement intake
wasllgrgé in comparison to d;et (ie. B-complex vitam%ns,
-ascorbic acid and zinc). If nutrient intake values were to
be éorrelated with biological parameters such as taste
perception,'a high level of accuracy would be required to
maximize statiétical power and avoid false negative
correlation (Hunt et al;, 1983).

A method has béeh developed by Dr. Beaton (University of
Toronto) to analyse'dietary data with a Statistical approach.
Beatqn's soft&are §ackage, "Prébability A§SQSSment of
Nutrient Intéke", has‘been designed to calculate pércent‘risk
of nﬁtrient deficiency. This métﬁod takes into consideration
that the Recommended Nﬁtrient Intakes (RNI) exceed the éctuai
requirerent ‘of almost all individuaISQénd¢that the
probabilityypf_an inadeduate iﬁtake fbr.é person inéesting
thg recommended level of a nutrieht would be P<0.025
(Andersbn.et él.{ 1982) . . The lower the.intake is in relétion
to the RNI, the greater the probability that t.h'i‘s i,nta-ke“ is
insuffiéient-to heet thé‘individuai's éctual requiremeﬁ?.. l

Remarkable agreement. between estimates of inadequate intakes

[y



ofviron us_ng the probability method and the incidence of -~
nutrient inadequacy estimated from oiochemical measurements
of this nutrient(nas been demonstrated (Beaton; 1974) .

In general, analyses of the dletary data collected ln
the present study revealed that the elderly group had a
poorer mean intake than d1d the young group. . Energy
consumptlon in the elderly was s1gn1f1cantly lower than‘that
in the young. In the diet of.the elderly group, the )
nutrients at risk of def1c1ency were: folacin (50%),‘calcion
(34%), vitamin A (26%), zinc (16%), vitamin.D (8%) and
protein (é%). In the diet of the young subjects, the ,
nutrients at risk of deficiean\were: foldcin (33%), vitamin
A (18%), calcinm (14%) and vitamin D (9%). The elderly had a
significantly lower (p<0..001) protein intake than tne young.
It was surprising to find tnat some of‘tne elderly men had
poor intakes of protein; 40% of the elderly subjects were at
risk of protein deficiency Slmllar results ‘have been found
in studies 1nvolv1ng healthy, free—llv1ng elderly subjects.
“Garry et al. (1982) and Munro (1987) found 11% and 12-15% of
their elderly men, respectively, to have proteinyintakes
below the recommended levels. Guthrie et el. (1972) reported
that 32% of their elderly men had .intakes of protefn below
.,tWO—thirds the recommended level. Nutrltlon Canada reported
that for the senior men (65+ years), pooriproteln intakes

were found in 25 percent and serum protein levels classified

"at risk" were found in 6 .percent.

b
“
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| For the elderly in the present study, the nutrient with
the greatest risk of inadequacy was folacin (50%); 77% of the
elderly men were at fisk.for folaxin deficiency. Elsborg e
al. (1983).and Gérry et al. (1982) hé&é reported that high
fpfoportions'of their elderly subjects (86% and 100%,
respectively) consumed less than the recémmended'level of
fqlacidlintake. Yearick et al. (1980) meaéuréd‘serﬁm folate
concentratioﬁg and found 15% of the tested eldefiy subjects
to be-in the.deficiency range, but no correlation between
serum folate and dietary folate was observed. -Websteftand
Leeming (1879) reportea that‘24% ofvtheir free-living elderly
subijects had subnormal erythrdcyte folate levels Rosenberg
et al. (1982) suggested that the elderly poor was a éroup at
‘high risk of folate deficiency; |

For ' he elderly'in'the‘present study, the risk of

inadecuacy for vitam;n A was 26%; 60% of eléerly men wer at
risk 0f vitamin A déficieqcy; In the literature, i3 to 20%
of‘elderly men have been reported to consume less than twp—
ﬁhirds of 'the recommended intake for.vitamin A (Garry et al.
1982, .Vir and Lov 379 éﬁd Yearick et al., 1980). However,
Baker et al. (1979) found adequate serum vitamin A levels in
his freé—ii&ing elderly.sample{. .
For the elderly'ihithe cﬁrrent study, the mean ihtake'of
- calcium (794'mg)vwas be Low the recommended levei and was
significantiy less than that of the young {1154 mg). The
méan»daily iﬁtake of dairy products ofhthe eldefly was ¥

1

significantly less than that of the young.



In the present study, the mean index of overall
nutritional risk was significantly higper for the elderly
(12.4%) tham for the young (6.3%). Twenty-seven (90%) of the

elderly man had an index of overall nutritional risk greater

than zero.

1

Vitamin/ﬁineral”supplementation raised phe average
intake of some nutrients to levels well above the recommended -
level, ho@ever, mean values of percent risk of‘deficiency

underwent little change. These findings indicate that
individuals taking supplements were n;t the ones who had high
risks of deficiency for the particular nutrients. Similar
results were documented by Garry‘et al. (1982) who found that .

the elderly who took supplements generally had higher

nutrient intakes than those not taking the supplements.

s
, L =N
5.4 Relationship Between Taste Perception and Dietary Intake

In the presen£'study, significant Pearson, partial and
canohical correlations were found between taste intens}ty
slopes and dietaryldata fdr the elderly. In addition,
nutrient variables enteréd'into stepwise multiple regression
equations were significaht in predicting taste intensity

slopes.

-

In Pearson and partial correlations, taste intensity

slopes for CA and NaCl in aqueous and food systems were

4

significantly correlated with percent risk of deficiency for
4 greater number_of'nutrients for the elderly than for the

young; , In addition, for the elderly, the ipdex of overall

vb
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nutritional risk was consistently correlated with taste
intensity slopes for CA and NaCl in aqueous and food systems
in partial correlation. For the elderly, significant paftial

correlations between taste intensity §lopes and percent risk

.of nutrient defjiciency included those of the followingy for
'CA aqueous system: folacin, vitamin Bjz ard riboflavin; for CA

food system: folacin, protein, vitamin Bj, and riboflavin; for

NaCl in aqueous system: folacin and vitamir. A; and for NaCl "

in food system: folacin and protein. For the young,

:significant partial correlations included those.betw:cA taste’

irntensity slopes (for CA in aqueous and food systems_and NaCl

-

in aqueous system) and percent risk of vitamin Bjp deficiency

‘and those between taste intensity slopes (for CA in agueous

énd food syétems) and percent risk of vitamin D deficiency.
The Pearson and partial correlafions for taste inteﬁsity
siopes and nutfient intakes indicated a greater number of
significant correlations for the elderly than for the young.
For the eidefly,'the significant partial correlations found.
between taste intensity slopes and nutrient intake included

the following: for CA in agueous system: folacig, calcium,

:

iron and dietary fiber; for CA in food system: folacin,

vitamin A, zinc, protein, vitamin Bg, thiamin, riboflavin,
. A « .

Calories, calcium, irmn and dietary fiber; for NaCl in

vaqueous system: folacin and vitamin A; and for NaCl in food

system: folacin, thiamin and iron. ' For the YOung,

significant partial'correlations included those between taste

intensity slopes (for CA and NaCl in food system) and vitamin

.
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Bg intake, those between taste intensity slopes (for NaCl in
both aqueous and food systems) an orotein and Calories, and

those between tast~ intensity slopes (CA in aqueous system)

and vitamin D.
. [
For the aldefly, there were a greater number of

significant canonical correlations th;n for the young betwi@h
the multiple measures of CA taste intensity slopes and the
dietary parameters of percent risk of nutrient deficiency and
nut rient intake.‘ For the elderly, the index of oc.erall

~

nutritignal risk:was significantly correlated with the
multiple measuré‘of CA taste intensity slopes. For the
elderly, significant canonical correlations were found
between CA taste intensity slopes and percent risk 6f
deficiency for vitamin<B12, protein and riboflavin. Fof the
young snificant canonical éorrelationg were found between
CA and NaCl tagte inténsity slopes and percent risk of

vitamin Bjp deficiency, and in addition, between CA and

vitamin D.
¢

For the elderly, significant canonical correlaﬁions were
found between CA taste intensity slopes ana intakes of
protein, wvitamin 35, thiamin, ribofiavin, folacin, iroh and
dietary fiber. For the young, significant canonical
correlations were found between NaClItaste intenéity slopes

and intakes‘of protein, vitamin Bg and Calories.

Stepwise multiple regression equations were calculated

to explore the contribution of dietary and subject profile

-

data to the prediction of taste intensity slopes for sourness
S

)
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and saltiness in aqueous and food systems. Percent risk of
nutrilent deficiency (diet only) and/or selécted variables
entered into the equacions éccounted for.the following
variances ‘in taste intensity slopés for the eldefly and the
ybung, respectively: CA in aqueous system, 43% and 42%; CA
in food system, 29% and 44%; NaCl in aqueous system, 40% and
25%; and NaClIin food syétem, 28% and 10%.  For the elderly,
tgé index of overall nutritional deficiency was significant
in predicting Ca fqbd system taste intensity slopes while
risk of protein deficiency was significant in predicting NaCl
food slopes. 1In addition} for the elderly, percent risks of
deﬁiciency for riboflavin and folacih, and for vitamin A,
contributed significantly to the tota' variance in taste
intensity slopes For CA in aqueéous < -~ 2m and for NaCl in
aqueous system, Q;spectively. For the young, the percent
risk of vitamin Bjz deficiency was significant in predicting
taste intensity-slopes for CA ih.both systems and NaCl in
.agueous system. |

| Dietary intakgs of nuﬁiients and/or selected subiject
profile vafiables entered into the stepwisé.multiple
regression equations accourited for thé following variances in
" taste intensity slopes for the elderly and the young,
respectively: CA in aqueous solution, 31% and 29%; CA in.
food system, 31% and -37%; NaCl in aquéous solution, 14% and
19%; and NaCl in food system, 37 and 58%. For the elderly,

intakes of folacin,_iron and vitamin Bg were among the

factors which contributéd'significantly to the total variance
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of taste intensity slopes for'CA in aqueous and foqd syste
and NaCl in food system, respectively. For the young, intake
of vitamin Bg was she factor which significantly contributed
to ¥he total variance of taste intensi;y slopes for both CA
and NaCl in food system. For NaCl in food system in the
young group, diétary fiber and Caloric intake were also
important. -

In the present study, all the measures of tasts
intensity and the indek of overall nutritional rfsk were
significantly correlated. Mattes-Kulig and Henkin (1985)
studied tﬁe energy and nutrient consﬁmption of patients with
dysgeusia (taste distodrtion). These researchers also
reported a progressivevdécréase in nutrient intake relative

Lto the recommended intakes as the severity of dysgeusia

increased.

fof the elderly in the current study, perceht_risk of
protein inadequacy was significantly correlated with CA~ fﬁfd
vand NaCl food system taste 1nten31ty slopes in partlal
correlation and with'the multiple measure of CA taste
inﬁensity slopes in canoniqsl correlation. éércent‘risk of
protein deficiency in the elderly also made a significaht
coﬁtribution to the total variance in the stepwise regresfion
equa;ion for the NaCl food systsm. One of the surprising\*
findings of this reseafch was that 40% of the elderly
RN . . )
subjects were at risk of protein-deficiency., Protein is a

source of amino acids required for the synthesis of new

protein in the tissue maintenance and growth. Thus, protein
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*1s required for the reblacement of tissues‘with high turnover
rates, suéh as taste cells. | i
In the present study; the risk of folacin deficiency

(diet only) and dietary folacin intake for the elderly were
consistently significantly correiated (partial correlation)
with ﬁasté intensity slopes for both CA and NaCl in both '
aneous and food systems. Aé well, dietary folacin intake
was significantly correlated with the multiple méaspre of CA
taste intensity sdopes in canonical correlation. In stepwise
multiple regression equétions, risk of foiacih deficiency and
daily folacin inﬁake made significant contributions to the
total variance in CA agqueous system taste intensity slopes.
Fo; the elderly, mean intake of folécinfﬁas bélow the
recdmmehded level. 1Inh the current study,'folaéig,was the
nutrient at greatégt risk of inadequacy for the elderly; 77%
of the elderly m@ﬁ were at risk for'folacin deficiency. No
documented _.esearcl regarding the relationship between taste
function and folacin status, has been found. However, taste
"function involves the tongue, oral structures and the
éssociated nervgus system. Folic acid is required for cell
division, thefefore,‘a_deficiency of this n&%rientAcoﬁld
- affect célls with .rapid turnover‘ra;es,”such as taste cells.
Folic acid deficiency has also been documented to be

- associated with neurological deficigs (Fo# eg al., 1975 and
Meindok and Dvorsky, 1970)-.

In the elderly, percent-riék of riboflavin inadequacy -

was significantly'correlafed with CA aqueous and CA food

1
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systems taste intensity slopes in partial correlatidn énd
wilh the.mgltiple measure of CA taste intensity slopes in
canonical correlation. Also, riboflavin intéke waé
significantly correlated with CA food taste intengity slopes
in partial correlation and with the multiple measﬁre of CA

<

taste intensity slope in canonical correlation. In addition,
percent risk éf ribqflavip deficiency accounted for a
significant contribuﬁion tobthe total variance of the
multiple regression eqqatigﬁ for the CA aqueous system. For
the elderly, dietary thiamin intake was significantly
correlated with CA.food and NaCl food system taste intensity
slopes in partial correlation and with multiple measure of CA
taste intensity slopes in canonical correlation. No
documented research regarding the relationship between taste

function éﬁd riboflavin and thiamin has been located.

However, the clinical hanifestations of riboflavin deficiency
include stomatitis and glossitis (Sebrell and Butler, 1938).
As weli, symptoms of thiamin deficiency (beri—ber{) include
peripheral neuropathy (Victof and Adams, 1961) .-

’ For the elderly in the present study, dietary vitamin Bg
‘intake was signifi;antly correlated with CA food system taste
intensity slopes inkpartial correlation and the multiple
measure of CA taste intensity slopes in canonical |
correlation. In stepwise multiplelregression, dietary 1
_yitamin Bg inéake was significant in predicting NaCl food
system taste intensity slopes. Fgr the elderly, the percent
~risk of vitamin Bj3 deficiency w§s:significantly correlateg.to
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“

CA aqueous and.-CA food systems taste intensity slopeé in
partial correlation and to the multiple meaéufe of CA tas:e
intensity slopes in canonical correla&iqn.: Possible
relationshipé between ﬁaste function and vitamin Bg
(Huskisson et ai., 1980) and vitamin B}g (Bray et al., 1976)in
man have been suggested.‘

Eor the elderly in.the preseht study, the percengvrisk
of vitamin A déficiency was significantly correlated with
NaCl aqueous taste inﬁensity-slopes (éagtial correlation)-aga
‘dietary vftamin A intake was significantly correlated with CA
food (partial correlation) and NaCl aqueous systém (partial
cOrrélation) taste intensity slopes. In stépwise mmltible
regression equationsq percent risk of vitamin A deficiency
~ had a significantvco§¥EKg;tion to the total variance in NaCl
aqueous system taste intensity slopes.‘\yitémin'a defiéiency
had been associated with abnormal taste sensation in man
(Hodges and Hodges, 1980 énd‘quberlich et él.; 1974) .
Vitamin A intake was lower thén normal and ‘inadequate in
patieﬁts with dysgeusia (Mattes-Kulig and Hehkin, 1985). N

For the elderly in the present stuﬁy, a greater'number
of correlations between digtary data and slope§ of ‘taste
intensity functiﬁns were foUnd for sour taste quality than
for salt taste quality. Sour gaste acuity.had been reported
to%Be affectedAEy the wearing of dentures (Henkin and
Christianseh, 1567b{. However, in the preSent‘study, no
correlation bétween denture wearing and taste intensity data

for either sourness or saltiness was found.
“~

1



For tHe eldérly, previous sﬁoking habits:played ab
significant role in predicting taste intensity slopes fér CA
in aéueous system (stepwise multiple regression with percent .
risk of nutrient deficiency and ndtrient intake).' For the
young,fprev}dus smoking habits played a significag};roie in
predicﬁihg taste intensity slopes for CA in‘fqod system
(stepéise multiple regression with percent risk of nutrient

e
defibiency). For the elderly, medigation in~stépwise
multiple, regression equation contributed_significantly to the
total variénce‘in taste inﬁensity slopes for NaCl in agueous
system (stepwise muItiple régression with percent risk of

- \

nutrieeﬁ deficiency). Smoking had been demoﬁstrated to
4affect taste acuity kKaplan et al.f‘l965)¢énd foodsprefefence
(Perrin et al., 1961). Perrin et al. (1961) reported that a
high proportion on§mokers preferred é;lty and sEiced foods.
Baker et al. (1983) found that déclines in taste acuity were
associated with ill health. The use of medication to treat
chronic diseases in the eldgrly may have direct and/or -
indirept effects on taste perception (Lambert, 1975, Wester,
1975 and Roe, 1985).

In summary, the present study "revealed ; number
relationships between suprathreshéld téste inténsity‘
perception and nuﬁrient intakes in elderly men. Of special
Significance were the relatignships féund bétween»ta§te
intensity perception and the‘index of overall nutritionall
irisk and dietary intakes of pfoﬁein, folacin, thiamin,
riboflavin, vitamin Bg, vitamin Blg, vitamin A, zipc and iron

‘ <,

\
\
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for the elderly. Despite the number of significant

relationShips_found between taste perception and nutrient

o

intake in the present study, further research is needed to

more fully ascertain the nature and importance of these

<
-

relationships.



6 - CONCLUSIONS

Suprathreshold taste perception and nutrient intake were

measured in 30'elderly-men (70-79 years) and 30 youngvmen

-

(2.-29 years). Relationships between taste inteﬁsity

F=
functions and nutrient intake were examined.

~

6.1 Taste Perception

Suprathreshold taste intensity and pleasantness ratings
for sourness and saltiness in aqueous and food syétems were
measured'using the method of magnitude estimation (ME). For
éourness, samples containin; ¢ ~ric acid (CA) in

concentrations of 3, 6, 12, 13, 24 and 36 mM in aqueous

solution and apple drink were assessed. For saltiness,
samples containing sodium chloride (NaCl) in concentrations

~of 20, 40, 80, 160, 320 and 640 mM in aqueous solution and

o,

chicken broth were evaluated. The results of suprathreshold’

taste perception measurements are as follows:

’

Taste Intensity

1. The mean slopes of taste inpensity functions for CA and -
. NaCl in both aqueous and food systems for thé elderly
men were consistently flatter than for the young men.
The slopes of taste intensity functions for the elderlsy
and the youngj'respectively, wé;e as follows:.for-CA in
the aqueous system, 0.34 and 0.68 (p<0.001) and in the
food syStem, 0.21 and 0.46 (p<0.001); for NaCl ;n the
‘aqﬁeous system, 0.39 and O.63'(p<b.001) aﬁd:}n the food

-

system, 0.29 and 0.47 (p<0.001).
_ \
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Comparisons of taste.intensity estimates for the.six
tastant concentrations were made between thévelderly and
~

the young. For both CA and NaCl ihxboth systems,

significant age x concéntration intéfaétions were found
(p<0.001) . | |

Thé elderiy percei&ed the lowest CA and NaCl

- concentrations (3mM CA and 20mM NaCl) in each system to
be significantly more intense than did the young. The
elderly jubged the two highest CA concentrat&ons (24mM
and 36 mM) and the tﬂree highest NaCl concentrations
(160, 320 and 640mM) tb be significantly less intense
than'aid the young. \

. For both sourness and saltiﬁess, élopes of taste
intensity functions for the fobd systems were flatter
than those for the aqueous system for both age groups.
For sourness, the mean taste inteﬁg}ty slpges for She
food system for the elde:ly and the young (0.21 aﬁg
~0.46, respectively) were significantly fiatter (§<0.0l)
than those for the aqueous systeﬁ (0.34 and 0.68§§
respecfively). For saltiness, theiméam taste intensity
slopeé»fofwthe‘food System for the elderly and the ybung
(0.29 and 0.47, ;espectiyely) ;ere significantly flattef
than those for the aqueéus system (0.39 «(p<0.05) and

0.63 (p<0.01), respectively).

[y

. . Comparisons of taste intensity estimates for the six

tastant concentratidns were made betyeen aqueous and
food systems within each age group. For both, CA -and

-
-~ -



.

NaCl, significant medium x concentration interactions

}were found (p<0.001) in both the elderly and young,

groups.

Taste Pleasantness o : ¥3 '

1.

For each .taste quality in each system/ pleasantness
ratings,across the six tastant concentratiens were

, )
compared between the elderly and the young. For CA
pleasantness; significaht age x conceﬁtratidn
interactions were iobserved in both the aqueousd (p<0.01)

.and food (p<b.05) systems. For NaCl pleasantness, 'tf?\
, ,
significant age X concentration 1nteractlons were
'observed in the aqueous. system only " (p<0.00l).
Age-related differences in the most preferred ‘Qt
concentratidns weré obsé}ved fot sourness in both -
systems but pot for seltiness. For»sourness; the most
preferted,CA concentratiens were as ﬁollows for'the &
elheri& and the young, respéttively:Ain aqueousbsystem;
_6mM and 3mM; and in food sfstem, 3-24mM and 12—l§mM
For saltiness, the most*preferred NaCl concentratlons

L}

were as follows for the elderly -and the young,

3

-\

reSpeetively: in aqueous system, 20—160mM’end 20—40me
and in food systenm, 80—160mM\£or'both age groups. v

For each.taste quality, tasge pleasantness ratings
across the six‘tasgant concenttations were compared
between aqueous and food systeﬁs within eaéh,aQe group.

For CA taste pleasantness, sigﬁificant medium x
: g A :

concentration interactions (p<0.001 for both the elderly



significant medium x concentration'interaétioh (p<0.001)

" and the young) as well as significant main effects for

medium (p<0.05 for the elderly and p<6.001 for the
(L8

T -
soung) were observed. For salty pleasantness ratings, a’

x.

and a significant medium effect (p<0.01) were observed

only for the young.

- 6.2, Dietary Intake

Quantitative assessment of dietary. intake (four days)

showed the following: o ' o cﬁi

.

‘elderly than in the youhg.‘ The index of overall

The mean enerqgy intake was significantly lower (p<0.001)

for the elderly (2040 kcals) than for the young (2651°

kcals) .

o

~The mean daily intake (diet only) of the eidérly was

significantly lower than that of the young for the

followingvﬁutrients: protein (p<0.001), fat (p<0-.001),

carbohydrate (p<0.01), starch (p<0.001), riboflavin

(p<0.001) preformed niacin (p<0.001), vitamin Bg .

(p<0l05), calcium (p<0.001), phosphorus (p<0.001),
sod;um (p<0.001) and zinc (p<0.001).
For the eldei%y, the mean daily dietéry intakes of

folacin (188 mg) and calcium (794 mg) were less than the

_recommended levels (RDNI).

The incidence of inadequate intakes was greater ingthe"

nutritional risk was.létéhpercent for the elderly and

§

6.3 percent for the young. For the elderly, thé o



nutrients with the greatest mean percent rigk of

inadequacy were: folacin (50%), calgium (34%), vitamin A

(26%), zinc (16%), vitamin D (8%) and protein (8%). For

the young, the nutrients with the greatest .mean percont
risk of inadequacy were: folaCin (33%), vitamin A (18%),

calcium (14%) and vitamin D (9%) .

Relationship Between Taste Perception and Dietary Intake

The interrelationships between 'taste perception and

-dietary intake for the elderly and "the young were evaluated

using Pearson, partial and canonical correlation. analyses

In addition, stepwise multiple regression analysis was used

to describe the relationships between slopes of taste

intensity function. and dietary intake.

1.

Partial correlation analyses~controlling‘for previous
smoking habits and medicationvrevea ed a greater riumber
of significant correlations between/ taste intensity
slopes and percent risk of nutrient defiCiency (diet

only) for the elderly than for the young. For the

elderly, partial correlation analyses showed significant |

‘positive correlations\between slopes of all taste

intensity functions (for each taste quality in.each

'system) and the index of overall nutritional risk. For

the elderly, significant positive partial correlations

were noted between slopes of taste intensity and percent

risk of deficiency for the following: for CA in aqueous

system with folacin),riboflavin and vitamin Bio; for CA
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in food system with folacin, riboflavin, vitamin Bj, and
protein; for NaCl in aqueous system with folacin and
vitamin A; and for NaCl in food system wifh»folgcin and
protein. For the .young, taste intensity slopes for CA in
équeous and food systems and NaCl in aqueous system were
significantly correiated (partiai correiation) with the

'pe;cent risk of vitémin Bip deficiency, anq those for CA
in both systems were significantly‘correlated with
percent risk of vitamin D deficiency 
Partial correlétidh analyses re&ealed a greater number
of'significant'correlatioqs .etween CA aqueous aﬁd CA
food systems taste intensity slopes and nutrient intake
(diet only) for the elderl? than for the youné. For the
'élderly)'significant negative partiél correlations were
noted between slopes of taste intensity for CA‘in
aqueous éyStem witﬂ intakes of folacin, iron, calcium
and'dietéry fiber; for CA in food system with protein,

. folacin, thiamin, riboflavin, vitamin Bg, viﬁamin A,
iinc, Calories, calciﬁm, iron»and dieta:y fiber; for
NaCl in aquebﬁs system with folacin and vitamin‘A; and
for NaCl in food system with folacin, thiamin and iron. -
For thé young; significant_neégtive correlations were
found for slopes of taste intensity for CA in aqﬁeous
‘and food systems with mean daily intakes of vitamin D

© “and vitamin Bg, respectively. For the young,

;ignificaﬁt negative correlations Qere found for taste

in* 2nsity slopes for NaCl in aquecus system with intakes
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of Calories and protein and for NaCl in food system with
intakes of Caloriés, protein and vitamin Bg..

Canonical correlations comparing mulﬁiple CA téste
parameters and dietary parameters revealéd a greater
number of significant correlationj for the elderly than
fdr the young. "For the elderly, CA taste intensity
slopes and the index of overall nutritional risk was
significantiy significantly correlated. In addition,
'significant canonical correlations were noted between

sour taste parameters and percent risks of protein,

riboflavin and vitamin By, deficiencies. For the

N

elderly, sour taste parameters and mean daily intakes of
folacin, protein, thiamin, riboflavin, vitamin 36/ iron
-and dietéry fiber were significantly correlated. For
the young, significant correLations were noted between
the taste parameters and the following: percedt risk of‘
vitamin’Blzvdeficienqy (sourness and saltiness) and
vitamin D ksourness); and-meén_daily intake of protein,

vitamin Bg and Calories (saltiness).
. %
Multiple stepwise regression analyses were employed to

determine thelrelative importance of dietary and subjgct
profile f@ctors in predicting tastevintensity fudctions.
For the elderly: for CA in agueous éystem, the percent
risks of riboflavin gnd folacin deficiencies were
-significant pfediétors; for CA in food system, index of
overall:nutfitional risk‘wa§ a signifiéant predictor;

for NaCl in aqueous system, vitamin A was important;
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X N
while for NaCl in food system, protein was significant.
For the elderly, factors other than dietary variables
that significantly predicted taste intensity slopes
were: for CA in aqueous system, previoué smoking habits;
“-r NaCl in aqueous systemn, medication. For the young,
the oniy percent risk of nutrient deficiency that
significantly predictéd taste intensity slopes was that
of vitamin Bjp for CA in both systems and NaCl in
aquéous-system. For the young, factors other than
digtary'variables that significantly predicted‘taste
intensity slopes.were: height for CA in aqueous system,
ana height and previous smoking habits for CA in food
system. All considergd factors together accdunted for
the following percentages of total varignce in.taste
intensity slopes for the elderly and the young,
respectively: CA in»équeous'system, 43% and 42%; CA in .
food system, 29% and 44%; NaCl in aqneous system, 40%
and 25%; and NaCl in food system, 28% and iOé.
For the elderly, nutrient intakes that weré;significant
in predicting taste intensity slopes were: for CA in
aqueous system, folacin; for CA‘in food'system, iron;
~and for NaCl in food system, vitamin Bg. ~For the
elderly, significant predicting factors other than fj
nntrient intake were: for CA in aqueous system;prenious
smoking; for NaCl in aqueous system, dentures;.and'for

NaCl in food system, height. For the young: for ca in

aqueous system, Caloric intakg was a signficant

n", ‘
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6.

predictor; for CA in food system, vitamin‘Bg; for NacCl
in aqueous systgm, protein; and for NaCl in(food system,
vitamin Bg, Calorie; andvdietary fiber. For the young,
the significant predicting factor other thén nutrient
inéake was height for CA in both systems and for &ZE& in
food system. All faéﬁors together acco:nted for the
following perceﬁtages in total variance in taste
intensity slopes for the elderly and the yogng,
respectively: CA in aqueous system, 31% and 29%; CA in

food system, 31% and 37%; NaCl in aquéous system, 14%

and 19%; and NaCl in food system, 37% and 58%.

.

7

The index of overall nutritional risk was calculaéed for
each individual as an avefage of percent risks of
_deficiéncyffor t- ~1-= essential nutriehts. For the
elderly, the inde ~: derall nuﬁritionai risk
significantly predicted CA food system taste intensity

slopes in a stepwise multiple regression equation, and

" was significantly correlated with all taste intensity

/ ) ' . .
slopes in partial correlation and with taste parameters

for sourness in canonical-correlap&on. For the young,

[

'no significant relationship were found between the index

of overall nutritional risk and taste intensity slopes.

In conclu;ion, the findings of the present study ' b

©

indicate relationships between suprathreshold taste intensity

perception and nutrient intakes in elderly men. Of special

significance were the following nutriénts: protein, folacin,

riboflavin, vitamin Bg, vitamin A and iron.
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Appendix 1. Letter Sent by Alberta Hospikals and Medical
\ Care Requesting Pa Ficipation

Alberta Hospitals and Medical Care
Health Care Insurance Plan ﬂ L )
118th Avenue and Groat Road, W &?
Box 1360, Edmonton, Alberta, N
Canada
T5J 2N3

.

March 15, 1985

e
,
-

Dear Sir/Madam:

The Department of Foods and Nutrftion at the University of
Alberta is studying the relatlonshlps between taste
perception and the nutritiondl status of older men and women.
They have approached the Department of Hospitals and Medical
Carer for assistance in recruiting people to participate in
their study. The people selected include males and females

in the 70-79 and 80+ age range, plus control cases from the

20-29 age range. 8

The participant will be required to taste food samples and
answer some questions about them. All samples will be food$
‘consisting of commonly used ingredients. This information
will be useful in developing, preparing and providing food of
greater acceptability for elderly people.
Two researchers will make about five visits to collect the
data. The participant will be asked to answer questions
about. food intake. Participants are free to refuse to answer
any of the questions. All information given will be held in
confidence and used only for research purposes. Anyy
informdtion on the outcome of th-~ study will be pr@@gd@d to
the participant as requested. . Rﬂ“v

: , J .
Your name has been included in a sample of the population
taken from the Alberta Health Care Insurance Plan files. We
shose people according to a pre-determined plan to .include a
broad range of people throughout the province.

a4 .

If you are interested in participating in this study, which
will begin soon and take an approximate period of one month,
pPlease complete the attached information sheet and return it
in the enclosed postage-paid envelope. With your consent, a
researcher will contact you at a later date to arrange for a
personal interview.

4

continued ..
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Appendix 1. continued

PR

v

* Should you have any questions about this study, please

: A
contact one of the persons as the following numbers:

e

Dr. Jaya Chauhan ~ 432-5239 or 465-5887

Ms #Christina Ko |, - 439-4089 !
Ms. Susanna Ko ’ - 439-5524

'y

Thank you in advance for your partibipation.

C

3

Yours very truly, s

A. V. Follett, M.D.
Senior Medical Consultant
Hospitals and Medical Care

.............................................................

NAME : ' TELEPHONE: HOME: .
ADDRESS: , BUSINESS: o
I, the undersigned, ree to participate in the Taste

Perception afid Nutritdponal Status study to Qg carried out by
the 'University of Alberta, Department of Foods and Nutrition.
The survey information will be provided to a researcher of
the University of Alberta whom T understand, through a pre-
arranged appointment, will visit me.

~

SIGNATURE: ' ‘ . DATE:

I do not wish to participate in the above study.
AN

1+ SIGNATURE : v : DATE:

continue ..
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Appendix 2. Part I. SubjectyProfile Questionnaire-

SUBJECT. NO: , ~ DATE: -

NAME :' APDRESS :

PHONE : - / HRS. TO AVOID CONTACTING:
SEX: M F ETHNIC ORIGIN:

I. Health Status . . :
1. Would you say that your health in general is

Very Good Good (average} Poor "
~ J .
. Ly ’ // .
2. Mobility of subject: Ambulatory ___ Non-ambulatory
- Limited (eg. with walker) Other (describe)

3. Have you had any medical condition within the past 5
vears which has caused changes in diet or changes in
exercise and activity patterns?

Yes __ No __
.~ (If 'yes' please specify) p
a) Medical condition: Note unusual appearance of ¢
skin __ eyes
: teeth i - hair
gums ' ‘nails
1lips legs

b) Diet change (eg. low cal, diabetic, Na restricted,
modified fat, etc.)

) Activity change
When did it occur?
present within past year 1-5 years ago

\d

2.0

——

A(
s : |

4. Have you had a modlcal checkup in the last year? x,

Ye S _ it
A
-~ &J ::‘ "Y‘ : -

VAR ' ‘
5. Have you had ~/Q§?{nesses in the past, year?

' No ____
kidney
infections
colds
’ psychological Illness
G.I.
6. Name of doctor: Phone:

Y

continued ..
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Appendix 2. Part II. Subject: Broflle Questionnaire
AN

7; During the past 6 months, have you regularly used any
medication internally? (Drugs, pills, injettions, y
hormones, tranquilizers, Eonics, cough medicine, et
Yes No ’

(If yes, please specify) . . - ‘ﬁj

(If applitable) Does medication affect your appet1te7 4
Yes __... No i :

- 8. ..Do 'you experience any problems with taste°
Yes, No

(If yes, please specify)

\,

9. Do you experience arfy problems with smell? ,
Yes No N

—_— —_— i

(If yes, please specify)

10. Are you on a modified salt intake?
Yes No

{' (If yes, please specify)

4
I3

11. Do you add salt to your food at the table°

Yes e No O~
(If yes, please,spec1fy)
Small amount _* Fair amount A lot
V o 7 ' A ;
12. Are you taking any vitamin/mineral supplements?
Yes : / ~ No

(If vyes, please specify)
a) What brand?
b) How often do you take?
_ C) How many do you take each day?
d) How many do you take each week?
e) Were they prescribed by a physician? .
Yes _ “No

N

13. Do,you drink alcoholic beverages? .
Yes ____ No _____ N -
(If yes, please specify)
a) Usual type of beverage
b) No. of drinks per day

c) No. of drinks per week

S

! continued ..



Appendix ‘2. continued

14.

- 18 .

19.

Do y»u smoke? AR o

Yes No o
Usually smoke £ (;
cigarettes ___ pipe cigar _ . othe

(If cigarettes, please specify)
Usual number of cigarettes smoked per day

In the past year, has your velgnt varied by 5 1lbs or
more eithet up of down?
Yes No __ _ ] )
(If yes, please specify) 2y Y
a) How much weight did you gain or lose?
b) Any significant reason known for bhe change?

“(eg. illness, dieting)

—

v . 2

Haye you followed any type Qf a weight-reducing diet
within the past year?

Yes N No ___ ,

(If yes, please specify) . t

a) Name of dlet

b) Duration 2 ' \ - . A
7/ Al '/.

Do-you wear dentures?

No Upper arch only Lower arch only
Both arches

(If applicable) How long have you been wearlng

dentures? s

Do you wear dentures while eating?

Yes __ No _ __ -

(If no, please explain) 'B P
- AN

Do you have any difficulty in biting or chewing or
swallowing severe enough to interfere with eating?
Yes ____ S No ____

(If yes, please spec1fy)
missing teeth
dentures do not fit":
other .

How would you descrlbe your appetite?

Very good Good (average) Poonrt

—_ - continue ..
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-

App@ﬁdix 2. cont inued T Wi

20. With whom are meals usually eaten?
Alone - Spouse Friend - Family/Relative

s

©21. How many people share your living quarters with you?
0,. 1 2 3 4 5 _ 6 or more
(If dpplicable) What is their relationship to you?

(Check all that apply.) )
spouse . son/daughter other relatives

friend boarders ____

*22. Who usually preparges your food:
[ self spouse other household member

meals on.wheels . Other .
23} Do you fegularly miss any meals?
' Yes No

POV— —_— ,

(If yes, what 1s your usual menu pattern?)

€

24. Do you have any %ood dislikes or foods -that disagree
with you? (Foods that give youcvgas pains, heamgburn,
diarrhea, constipation, other discoemforts.)

Yes __ R No
(If yes, please specify)

\

\

25, Do you have any food allergies? P
YES . t = NO

(If yes, please specify)

26. Do you & s eating arn_. nHods?
Yes __ ' No
(If v . please specify)

continue ..

B .‘__\ e
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Appendix 2. continued '
II. Demographic ' Zormation

Finally, we would llke to ask you some questions about
yoursve

1. Blrthdate . a 5 Age years.

2. What is the hlghest level of educatlon you have
completed? (Check:all that apply.)

.elementary schi

high school gr

some high schec

career graining s. trades, business school,

armed t@rces) , !

some university )

university degree

no formal training

NRRRRRN

3. What 1s your marital status?

— single (never married) married
. - divorced/separated widowed
i
4. Interviewer: indicate type of dwelling,
—— single family house duplex ‘
. condominium apartment ¢

rented room
sretirement communlty (eg. high-rise senior
citizens apartments)

institution

other

Hlll

5. What is your preéent yéarlybincome?l‘(seaf and spouse)

___ less than $5,000 — $30,000 - 534,999

. -—_ $5,000 - $9,999 @;;-§35,ooo - $39,999 -
— $10,000 - $14,999 = $40,000 - $44,999
—— $15,000 - $19,9%99° — $45,000 - &4%7999"
— $20,000 - $24,999 . $50,000 ~‘é54&999
—__ $25,000 - $29,999 555,000+

\6.- Do you get any other form ofanutrit%Qnal support?

7. ‘Contact: (one of the follow1ng) - ' ;*?ﬁ
Relative -of another generatloﬂ L

Previous’ employer 4 Pension Plan NO...
Driver's license i Py

. , St continue ..

\'(



Appendix 3. Part I. Letter Requesting Elderly

. Participants
4
wUniversity of Alberta - Department of Foods and

Edmonton Nutrition
: Faculty of Home Economics

[9 NS

et

' The Department of Foods and Nutrition at the University
of '‘Alberta 1is beginning a study to investigate taste
perception and the nutritional status of older men and women.
Participants in the -age range of 70-79 and 80+ are required
for the study.

You will be required to taste food samples .and, answer
some quesitons about them. All samples will be foods
consisting of cbmmonly used ingrec z=nts. This information
will .be useful in, developing, Ppreparing and providing food of
greater acceptabillty for elderly people.

. %

-~ A food quallty researcher will make several visits to-
collect the data. You will also be asked to ansyer questions
about food intake. Participants are free to refuse to answer
any of the questions. All information given will be held in
confldence and used only for research purpOses

Any information on the outcome of the study will bﬁ'
provided as requested. Those interested in particxpati g in
the study, which will begin mid-February and take aw;
approximate period of one month,‘~should contaet usgat the
following numpers:

Dr. Jaya Chauhan - 432-3828
Ms. Christina Ko - 439-4089 . P«sy;
Ms. Susanna Ko - 439-5524 s oade ¥
i, g ~
Your help in this research project wou‘d be greatly
apprec1ated Thank you. ; LT,

v
5
-

Yours Tru%ym;

Christina Ko
Foods,aod Nutrition Researcher

»/%// ;
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Appendix 3. Part II. Letter Requesting Young Participants

‘ﬁniversity of Alberta Department of Foods and
Edmonton : Nutrition

. Faculty of Home Economics

Dear Friends;

The Department of Foods and Nutrition at the University
- of Alberta is studying the relationships between. taste
perception and the nutritional status of older men and women.

Participants in the 'age range of 20-29 are required for
comparison. :

In this study you will be asked tc participate in five
interviews. A Foods and Nutrition researcher will ask you
‘gbout your food intake. You will be asked to keep a record
of what you eat and drink for four' days. i ”//;
7, "~ L

You will also be asked to taste food samples and ¥o
answer some questions about them. All samples are.foods with
commonly .used ingredients. This information will be useful
in developing, preparing and providing food of greater P
acceptab%}ity;?or@the elderly people. e

Participants are/free to refuse to answer any of the
questions. All information given will be dept confidential
and used only for research purposes. Any information on the
‘outcome of the study will be provided as requested. If you o

are interested in participating in this study, please contact
me at the following umbers: : .

Christina Ko - 432-5239 (0) 439-4089 (H)

Your help in this research project would be greatly
appreciated. Thank you. '

Yours .Truly, t

Christina Ko
Foods and Nutrition Researcher



Appendix 4. Analytical Composition of Windsor® Table Salt B

\

e

: . . y | TN
Calcium Sulphate cas@a . 016 ofgj% max
Calcium éhloride L CaCl2 0.04 %" 0.4 % max
Maénesiﬁm Cthride MgCl2 0.002 % 0.4 % max
Filter Pad - BPHA Test O.lb mg . 0.3 mg max
Iron ‘ Fe ) 1.0 ppm Z.Q‘ppm max
Copper Cu - ) 0.5 ppm 1.0 ppm max
Moisture H20 0.03 35 0.1% max
Net Salt-Dry basis NaCl 99.8 %- 0 .99.6 % min

Added:
(, | 3 .
Yellow prussiate of : 3.0 ppm 13.0 ppm max
soda-anti-caking agent -
7 . t e .
Zeolex, free running agent 0.6 % . 1.0 % max
Potassium iodide KC1 0.013 % - 0.010 % min
Invert sugar, iodide stabilizer 0.02 % -

data prov;ded by the Canadian Salt Company lelted _
Windsor®, August, 1985 !

-
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Appendix 5. Score card for taste assessment

NAME : . : DATE:
SUBJECT NO: ) ' SESSION:
SALIVARY pH: .

Please taste each of the samples in the order 1nd1cated
rinsing with water to start and between samples. Do not

swallow samples - just hold in mouth for 3 seconds. Taste

the Reference (R) sample first. Tt has bggn assigned a score
of 10. Assign the following samples numbers proportional to
the Reference (R). If you think the sample is twice as .salty

in intensity to R, assign the number 20;'similarly; if you

think it is only half as pleasant as R, assign 5. Retaste R
after the third sample.

‘.;‘:‘; R R

Sample Code:
Saltiness . 10 , 10 £t
Water ' )
Pleasantness : 10 10
- 7
.Comments: . ,
L%
\v '\.
Sample Code: _ R . R
Saltiness 10 10] .- - ;F‘L
Soup . : ST
Pleasantness 10 : . 10
_ [ )
P
Comments: '



4
&

Appendkzﬁ6. - Order of Sample Presentation

< .

- 8
Sybject NgF~ 5 session 1 Session 2, Session 3
e . ";;'F;!"‘ \7\""”/,1 ‘
' 1 123456 213456 654213
S22 213546 564213 124356
3 312465 123564 654321
; 4 465312 564321 213546
5 564231 . 213465 465312
.4 . 654321 564312 213465
7 . . 132456 213546 » 564213
8 213564 654213 123456
9 © 312456 645312. 312465
10 465321 123465 654231
11 564312 213564 123465
12 645321 21354506 564321
13 123546 312456 654312
14 . 213456 ' 123456 ‘ 132465
15 564321 654321 312456
_16 645312 654312 132456
17 123564 564231 . 645312
~ 18 213465 , 645321 213456
\”“\4%;\ 564213 132465 - 123564
20N . 654231 312465 12354¢
21 123465 654231 . 465321
22 654312 465312 564312
23 o . 124356 465321 . 564231
24 654213 123546 . 645321
25 132465 124356 213564
¢;26 213456 §65312 123546
27 . 1213465 654312 132456
' 28 . 564213 123465 . 213546
‘ 29 . 124356 654213 564231
30 312456 o 123456 654231
Citric-Acid (mM) - NaCl (mM)
*1 denotes solution at - 3 ' 20
2 denotes solution at - 6 40
* 3 denotes solution at . 12 80
4 denotes solution at 18 160
5 denotes solution at 24 - 320
6 denotes solution at. : ' 36 640

Note: ;Each subject ggpeived the same order of presentation
for sour and sadlt gualities o

d 156
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- Appendix 7. Orientation to Magnitude Estimation

Name

'The following exercises acquaint you with Magnitude

Date ~)

Estimation. 1In these exercises there are no limits to hhe
positive numbers that you may choose.

1.

42

82

Assuming the following lines each measure "100", put a

crées on each line appropriate to the location:of the
corresponding number:

"33 |5

25

1

91

5

75.5

66.6

58

-

lee the first line a number to judge its length. Then.

assign the remaining lines numbers proportionate to the '
first line, eg. if a line is twice as long as the flrst,
line, give it a number twice as large; if a line is half
as -long, call it a number half .as large. Don't hesitate

to use decimals or fractions, and use numbers as. large
or small ‘as you wish. ;.

&

1

continued ..

#-
'
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Appendix 7. continued
-
3. 1In the accompanyiné booklet are contained 9 shapes:

a) assign a number to estimate the area of the first
shape and without referring back to . any shape, assign
numbers to the area of each of the following shapes
relative to the first. Numbers can be larger than, or
fractions of, your first number, as you wish, and
there is no "right" or "wrong" answer.

1. ‘

g W 2. .

3. :

8.

9,

b) give the first shape a number to estimate how much you
like it. Without referring back to any shape, assign
numbers t'o your degree of liking of each of the
following shapes relative to the first. Again, use anyi
numbers you like and, as it is your subjectlve, '
judgements you are giving, there is no "right" .o
"wrong". : . ' ! ,,,;

- 1. i *@‘ . o \‘,

2.

continued ..



Appendix 7.

continued -

Shapes ‘to be Evaluated for Orientatlon to
Magnitude Estimation Exercise #3.

2.

1 H9

continued ..



Abpe?dix 7.

)

continued b

Shapes to be Evaluated for Orientation to
Magnitude Estimation Exercise #3

o

§ © Actual Ratios :
Shape No. 1. 1.0 6. 0.5
2. 1.2 7.0,.01
3. 9.4 8. 1.1
4. 0.8 9. 0.3
- 5. 0.2

.continued ..
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Appendix 8-\ Instructions for Tasting Procedures
w .

\
\

il

‘“In this session, you will be rating the sourness

‘(saltineSS) and pleasantness of the samples-placed before

';youﬂ The flrst sample 1s the reference (R) ‘whlcp we have

l and pleasant or whether they are the samez%ﬁhen compared to”

s

<Zalready-assigned-a number of 10 for the degree of sourness

&
/

(saltlness) and pleasantness " When you taste the R, try to

.‘,,a,

remember how sour (saloﬁz;a\d pleasant.you percelve 1t -Lo be

and éss1gn a number 10 to the level of these qualltles When

_ you taste the next three samples, assggn’to each of them

-

_numbers ‘according to how many times more or less sour (salty)

<
the R. For 1nstance; if you flnd a sample that I's twice as

o
‘ sour‘(salty) as the R, a381gn 1t a number twice as big as 10,

ie. 20. 1If you find a sample that 1is half.as sour as the R,

aSSLgn it the number 5 If you cannot taste any dlfference

between a sample and the R, glve the sample the same number

as the R ie. 10. VUse the same procedure just descrlbed to
. { J .

rate the pleasantness of the samples 'Except for negative
numbers, feel free to use any- number you wish, Jjust as long
as it reflects the magnltude of the 1nten51ty of sourness

(saltiness) and pleasantness relative to the R You will be

glven another R 1n the mlddle of the series to refresh your;

memory.” s

. . . 4 .
. . /
~ ) .

161



Appendix 9. Instructions” for Dietary Interviews

3

a

The techniques of dietary interview employed will
determine greatly the accuracy of the results cbtained. It
is essential that all interviewers utilize sigmilar techniques
“» minimize bias. 'This is not to say that every interview
should be exactly the same. Interviews may be modified
according to the individual who is being interviewed. The.
intervigwer should be able to judge the 1ntelllgence of the
respondent and also how apprehensive he is about the
interview itself. ~ -

The interview should be approached in a calm manner..
Don't be in a hurry to pick up_information because chances\
are some impdrtant food itams “will be missed.

1. Greet the respondent warmly at the door. Identify \

yourself. £

2. Establish rapport with the respondent before

beginning. the interview. Explain why you are
there, how long you will be there, and the type .of
information ydu are seeking. Don't give too much
information about the exact nature of the study
however.

3. Arrange yourself in a seat beside th respondent

_.and place the food model kit on the table besidé
you. Qt may ke appropriate to have the. §u1tcase
~on a small chair and food models can be extracted

and placed on the table as required.

4. Be sincere and straightforward about the

interview. Don't be machine-like. - Ask questions

-as 1f you expect them to be answered.

5. Do not show surprise or disapproval of the
respondent's replies, either by facial expression
or tone of voice.

6. Listen carefully to the .respondent's replies. You
may get the answers to several questions at one
time.

7. Repeat back what the wespondent has told you to

make sure you understand the information which has

been reported.

8. Maintain a friendly manner but do not engage in -

small talk throughout the interview.

9. If an unexpected visitor interrupts your T
. interview,  come back another time. Don't try to

-i.nish the interview when you have lost the
respondent 's attention. .

10 T2 the respondent appears to be ill, come back
another time.

e continue e
162



~

, 1673
Appendix'9. ‘continued

Spec1f1c Points on Conducting the Dletary Interv1ewwf¢“

’ 1. Do not refer to any meals in the day - such 4%
breakfast, “lunch and supper. Some people do Ho¥,
follow such a pattern. Simply ask for an accoﬁ'"
of all the food items consumed throughout the ¥
day. For example, ask "What was the first thing: .. «
you did when you got up yesterday morning?”. If* °
the respondent says, "I had breakfast", then ask
him what he had for breakfast.

2. Try having the respondent recall the activities of
the previocus days as these are often associated
with food intakes.

3. Don't give negative or closed questions like:
"Didn't you have anything else to eat last

night?”. Use open-ended questions such as: "Can
you think of anything else you had to eat last
\nlght°".

4. After you have acquired a list of foods in the
order of consumption, go back and enquire about
the amounts. Place all appropriate food models .of
the same type on ®The table equidistant from the
respondent (eg. all the glass models).

5. Ask the respondent if any of the models resenble
the amount he had to eat. eg. In the case of a
beverage, ask: A

i) from what type of container did you drink?
ii) If he says, "a glass", then display all
" the glasses and ask which glass resembles
the one he drank from.
.1ii) Then ask how full that particular glass
: was.
. , iv) Did he drink its entlre contents? ,

6. Always recheck a day's intake but do not suggest
foods unless absolutely necessary as this will
introduce a bias into the results.

7. If the respondent cannot remember\Pis intake for a
particular day, then have his look} into the -~

cupboards or the refrigerator. This may help to

jar his memory. ;

Although the subject should be interviewed alone

where possible, a male nespondent may require the

help of his_wife, especially if she had-prepared

.the meals for him.

9. . Remember to ask the respondent if he ate
everything on his plate. Also enquire about
second helpings.

(oo
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Appendix 11. Part I. Sample of a Food Recogyd Fopm
[4
.
, / : l-day record
.
INSTRUCTIONS
WHEN RECORDIN@%EQOD INTAKE :
1. Please wrfhe down eyerything you eat or drink for the

specified day on the following sheets.

2. In the first column, list the time of day the! food or
beverage was consumed.

3. In the second column, list the'amount consumed as a
" volume, weight, number of pleces, etc. Whenever
possible, copy the portion size or the appropriate
portion eaten from cans, bottlées and packages

L
4. In the last column, please give us as many details as
possible:
a) describe the kind of food eaten: for example, if

you eat bread, write whether it is white, whole
wheat, 60% whole wheat, etc.

b) describe the method of preparation: for example
raw, baked, boiled, pan-fried, deep-fried, etr,

5. &hen you are eating away from home, ‘please continue to
record what ycu eat.

6. - Please remember tO\record all snacks, gum, candy,
.alcoholic or other beverages, cough drops and especially

.- Vitamin or mineral supplements, and the amount you
consume.

7. Please record the food actually eaten and not the
amounts serveg

An example of the correct meghod of fllllng out your food
ﬂrecord is shown on the following page. /

Should you have any dlfficultles or questlons, please do not
“hesitate to contact one o¥\gs

Christina Ko 432-5239
. "Susanna Ko 432-5239
Thank you for participating in this study.
‘ continue ..

115
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Appendix 11. i?-art\ I continued

24~HOUR FOOD RECORD
f NAME

DATE

TIME OF DAY o - ~ AMOUNT

166

DESCRIPTION




Appendix 1.1.

CORRECT, METHOD OF COMPLETING A 24-HOUR FOQD RE

TIME OF DAY

7:00 a.m.

12:15 p.m.

6:30 p.m.

10:30 p.m.

»

Part II.

3

Sample

AMOUNT

Slices
Tbs

oz
tsp-
Tbs

NP oy W

1/2 10 oz can

1 slice

3"x3"x1/4" slice

1 Tbs 4

3 - 2" diameter

1

3"wide x 1" thick

1 - 8 oz cup

1 — 6"

4 oz

6 oz’

2 - 3" squar®
slice

2"X1"Xl/2"

i
167

Food Record

DESCRIPTION

toasted white bread
Kraft® strawberry ]am
“perked coffee
sugar . .
homo milk -

Campbell's® ch%ckeny
-noodle soup
rye bread
baked ham
mayonnaise
Oreo cdokies

hamburger bun

‘broiled beef patty

frozen peas,
banana | ‘
2% milk o

boiled

. tea

”

unsalted soda crackers
cheddar cheese



Appendix 12. ‘Consent Form From the Participants

Tt & b E .
" A comparison of taste perceptlon and dietary intake of
elderly and young "Albertans. . . ’ ‘

1z . - . _

Elderly people often have nutrltlonal problems. The
purpose of this study is to find out what older Edmontonians’
eat and how well nounrished they are. We are also trying to
find out more about how the serse. of taste changes with age.

o You will be asked to participate in some interviews and

tpsts which will be done in your home. A" Foods and Nutrition
researcher will visit you at home five times to askeyou about
your food intake. You will be asked to keep a record of what

you eat and drink for 4 days.
You will be asked to taste some food samples and to
v answer some gquestions about how the samples taste. £ °All
samples are foods with commonly used ingredients. “This
information will be usedful in developing, preparlng and
prov1d1ng food for elderly people.

anfy

(Name of Foods and Nutrltlon
researcher) has .explained to me that I will be, interviewed at

‘home . ill keep a dietary record for 4 days; I will
undergo e body- peasurements I will taste the food
samples and answer questions about how the samples taste. I

will be involved in the study for approxlmaﬁely one month.

I certify that.the procedures have. been describgd to me, -
and any quesitons that I have asked have been answer@&»to my.
satisfaction. I understand that I have no obllgatlon to {
consent’ to enter the study.

I understand that I am free to withdraw from the study
should circumstances reqguire me to.do so. I have been

assured that records relating to me will“be kept confidential
and ‘that ro information will be released or prlnted that
. would expose my personal identity without my permission.

I have read and understand the above information and

hereby give gonsent to ‘'participate in the study.

Participant's Signature IR Researcher's Signature
. "‘“:5“\'?" L h N -’

- Witness R g e © Date

1/0

il
S

LI
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% Risk of folacin deficiency

4

Appendix 13: Part I - GEaphical presentations! of slope of
: taste intensity vs. percent risk of folacin
» ¥ . v B
deficiency: “Sourness
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" Appendix 13: Part II - Graphical presentations! of slope of
taste intensity vs. percent, risk of folacin
‘"deficiency: Saltiness.
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Appenc_x .3: Part III - Graphical presentationsl of slope

of tdste intensity vs. percent risk of vitamin
A deficiency: Sourness
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Appendix 13: Part IV - Gréghical presentations! of slope of
‘ taste intensity vs. percent risk of vitamin
Saltiness
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Appendix 13: Part V - Graphical presentations! of slope, of
: taste intensity vs. percent risk of calcium
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Appendix 13 : Part VI - Graphical presentations! of slope of
taste intensity vs. percent risk of calcium

deficiency: altiness
Elderly \ Young
Agueous 3 : '
Slope Slope

.86 /1,20

taste intensity slope

taste intensity slope

v
v

0 ) o 100 + 0 ) v 100
% Risk of calcium deficiency % Risk of calcium déficiency
Food
-Slope v ] ‘Slope E .
.68 : 1.06 e - ’
a‘ . & <.
o) ‘ - o '

—~ - —
n 2]
> a >
et A
2 2 2
) )
Y| ]
o IS
ot .t
) 0
BN ¢ Y]
n ol
@
% 7
‘ -
0 o SN 100 0 o T 100
- % Risk of calcium deficiency ' % Risk of calcium deficiency

,

lshowing upper sSemi-midmean, midmean, and lower semi-midmean

%



Aveaatttedsor I ‘gt o~ d
arurairiubis o . ,
- AU D23DPTATD (JUTIZ DUE UoIT fLTTOTED ‘Co3ITA 'Y ;.M>.~U 1A 1A )
fLT0eTS; \u.u\.,Mw\uOOM\. ! [ ..(.umun,uﬂ‘v s3ueTIany 27T : »ULO4U‘wa 3T NSTZ ;¢ TED .
- JE-v .
N w
(33°C) (10 (L9g-0) (€67 0) (v6°0) (80° G} eyt o) vz .
‘802 2180 8C°C T - © 2170 1070 £€e 9 TYopite- .oe 2UiZ
(8¢ °0)m - teg-c) . (oe-¢) {te"0)  ° (9£°0) (8C*0) (18- 0} ) REASED) .
5070 " ogcro- (oA 0" 0- L1°o ZE'0 S0°0- 62°0 §~- wnioyen
(i o) (b6°0) . (60°0) (00" 1) (€00} (y1°0) -, {to00) . (gz 0y, - :
D70 070~ Ze'o 00°0 0F°0 82°0 8v'0 ’ 0C'0. a 3ta
(63570, (1z°0) Gm.@‘. . (p070) (9€°0) -, (807 O © (L5t o) 101" 0) .
ci s $2°0 80°0 - 8£°0 BT 0 : gero? 1170 €0 (TWY ITA
(360} (y%°0) (18°0) : {(66°0) (99°0) (z9-0) (€z-0) {06°0) o .
1070~ . g1 C- ) S0°0 . 00°0- - g§0°0- . ° ° %0°0- ¢z 0- zo'o - . 2 ITA
(g 0)~ (12°0) (6L'0) (p5°0) (09°0) , (667 0) C{9v70) N ARy )
L1°0 vZ°0- " 9070~ . ST 0- 010 A,\ 10°0 ’ V170 LO 0= . %8 11A
(zv - 0) “(1g-0)y -, (1070) (£6°0) « (10°0) ] L (€07 0) o 1ot LlEepro)
S1°0 S0 0- © 0570 -~ z0°0- 9¢°0 . 06" 0. T80 : [ AN 2lg a1A
(6v°0) (soroy . (Le-0) : (80°0) (¢z-0! L(p070) (80" 0) . (1070}
£t'e . 9€°0 . L1°0 - B4 ] . ¢z - 8€°0 €E€°0 €€ 0 utoetod
(8y°0) (€9°0) (96°0) (09°0) (88°0) ., {00 0) Lo . oo o) . o
£ET°0 60°0 11°0 010 €0°0- . £G6°0 90°0- 1670 _ . uTARTIOQTY
- - - - - - -- = UTWRTYL -
(86°0) oL tzoro) (18°0) (tr-o (29 °0) L(tota) (gz"0) (vz2°0)
1070~ 150 G0°'0 0£"0 80°0- Sb°0 ¢z 0~ 2o | uteaload
(bt 0) (61°¢) (810} (¢1°0) (80°0) ,, (000} {(Z21°0) .niﬁ.ov zAsT™d TeUOTATINN
S1°0 ) GZ°0 ' 6gZ'0 8270 Z€°0 FST0 F62°C by TIeId3A0 I XdBpuUl
funog K119pT3 punox A119p13 Bunox. Atzepta - - (Bur - .+ (ATT9PTY / INITEION
oJeIeR: ¢ TNOSNDY . oleleRt ) —TnostY .
EESUTTICS L =F=14 fo o Vo T
. (ATup 19iy) AouetoTr3aQ
TUBTIINN JO XSTY 1udn1ag sp A3Tsuaiul 3a1sel Jo mAQOAm $53USBTOTJJB0D UOTIPTDII0S uOsSi1e3dqd ‘el 11ed *p 1 *xTpuaddy
- ) . - 4
. . - ¢ '

175



T

2 ] . .
,.,m, A. AteaTtaoadsar ‘1o°Q .‘60'0 ,> d 1@ uedTjubrs | ‘|
. . e } 2ouUPDTITUBTS Jo [@A8] A317TAPqold ¢
- ) Z1 AQ popTagp. (duTz pue UOIT ‘uniofea ‘g 3Ta :q,vuﬂ.ﬁ D aTA
.‘9g ara ‘Zlg a1tAa ‘UTOPTOJ ‘UTARTJOQTI ‘UTWETY] ‘utailoxd) mu.cwﬂuu:c N.‘,.Z..‘,HOu >o:wﬂuﬁwwn, Jo YST1 3o uns Eon.C. pai1eTnoe) '
. ) ! : o 0f=U e
(z9°0) . (16°0) (89°0) . (€5°0) (00" 1) : (80" 0) (Zv ' 0) . lgzro)
6070, . Z1°0 800 . Z1°0 00°0- €€’ 0 . S1'0-~ 2z'0 . outz
- oY - - - - - - - - - - S - " uo1y
(LL0) (26°0) (0£°0)  (56°0) (8€°0) (60°0) (08°0) (11 0) ,
90°0 - 20°0- 020 10'0- LT'0 R4 ¢ S0°0- 0€°0 ' AE:_.UMQU
{z9-0) (ss0) - (01°0) © (9p°0) L(p0°0) S 7o R} © L (1070) - -, legr0) )
60°0 110 1€°0 P10 8" 0 6€°0 9v°0 450 A - - a 1A
(go" 1) (1270} (88°0) L(voto)r (gL 0) (80°0) {66°0) " (ot1°0) . .
00"0- . £2°0 £0°0 B BE'O ) 9070 z€R 10°0 €0 . ()% 1A
(86°0) Ay 0) (18°0) (vg-0) (99" 0) (660} tez o) B 1= D R ’
10°0- 91°0- S0°0 Y0 0- 80°0- 00°0- . z2'0- 110 ’ 2 FITA
(be'0) (1z°0) (96°0) (¢p 0) . (oL "0} (660} (91°0) A2L-0) i
90°0- AL o Trto- StUo° £00- . 100 : 9¢°0- - L00- g %8 ITA
(zv-0) ©{€6°0) .. (10°0) (b6 0) {107 0) L (€070} . L (100} , (2o 0) N v
S1°0 . 20 0- 05°0 10°0 95°0 1770 B0 bv'0 : ilg 1A
{ZL°0) (30°0) (2v°0) (90°0) (Lp°0) (60°0) (oz- 0} (80°0)
L0°0 SED ST°0 : SE°0 AR 2€°0 pZ'0. . €70« uroeToyg
{8v-0) (€9°0) {95°0) (09°0) (88°0) .. (00" 0 (eLe-od " ..lo00) '
£1°0 60°0° It'0 0t°0 £0°0- £S°0 90°0- 16°0 utaerjoqry
S S I .. - _ - o= oo ) S ) UTWeTYL
1860} «{20°0) (1870} (tt-0) - (99°0) L(to70). (€2 0) . (620} .
10°0- 0 . S0°0 ot"0 80 0~ . 6b°0 270~ : ZZ¢°0 5 uTa1014
(gL-0) (¢170) (€2 0) (1170} {1tz 0} .. (o0 0) « (tz-af. .m.:o.ov s am,coﬂu,.quu:z
L0°0 . .92°0 €20 0€°0 €70 1s°0 12°0 ’ 9r"0 TTex3AQ JO Xdpul
- 4 Bl
Al
Bunoy AT19p13 ’ bunoyg , A11ap11 Jbunoyx " AT119pP13 ﬁm:so» ﬁhauovam INFIHINN
felele Rt} [ael=1q10)% pooT " ETOSTY 7 — : >
TESUTITES : .- A TEBUANSS 7 — "
N A ' s ‘ {sjuawaijddng M,.mumcﬂz\cﬂﬁwuﬂ> snid 1381q) ; '
ADU8T2T;90 IUSTIINNJO XSTW 1uUad13d. sA ATrsuaaul w.umma jo odoTS :S1UdTD9JJB0H UOTIPTIIIOZ UOSIPA4 _'qr r33ied :pl xﬁncomax.




‘mw.ﬂAmUwO‘mOu ool Tt e ST S S QUL TUDIS s ee e
aovEaTiTuhTE 1o teaar A3t ideacig .
’ o,my.u. T
iz (zz° 01 (289} £ 0) (15 0) .. 15070 (L1 os Jlzoror B
PR £z C- PR 81 0- 31" 0- 18°0- G2 0- 1PTC- : 10414 >»m,um.4,a
(3c°2} (£6°C) (sc°C) (29°0)} (8o -0 (€0 0) Amm.ovv (1zse)
SETC- ZC°¢C 3€.0- £C°C Z£°0- 9f€°"C- B1°0- 770~ . SUTZ
(L1°9) (61°2) (£€°90) (96°0) (1z°90) L. too e (1170} tL0%0) .
9¢° G- vw\ox 61°C- 21°0- £C°0- 95°0- 0€°0- bE0- . ' . uoi1]
{gr-c) (15°0) L (€07 0) {080} (g0 0) L (2070} (8z°0) (o)’ .
52 0- £7°0- 6E° 0~ 00~ £€°0- 1p°0- . o0z 0- 82 °0- wnioTed:
(ty°3) (9¢°0) (62°0) (89°0) {80°0) (Z1°0)- - « (G0 0) . A.m.m.ov
Y170~ 30°0 0C ' 0- 80°C g€ 0- 62°0- LE 0~ mﬁ.os, - - a 11A
(9z°0) (6.°C): (18°0) (vb1°0) (6€°0) L(v0°0) (9¢°0) (c1°0)
1Z2°0- G000~ S0 0 . L2 0- 910~ 8E€ " 0- F1°0- 8 0- (F3Yry 31
((L°0) (¢ 0) (bb°0) {0y 0) :h.ov {(9.°0) (98°0) (65°C) N
90°0- 1 0- S1°0- $1°0- 90°0 ‘960 £0°00 o.ﬁ.o|. 2 TA
(107 0) (90°0) (80°0) (61°0) L{zo o) L (1070) (zz'0) {z1 o) . S
9% 0- SE0- 2€0- Sz 0- Zv°0- .9t 0- £€2°0- 6270~ . %8 1TA
(3£ °0) (68°0) L(P0T0). (3¢°0) (60°0) (t1-0) R (g€ 0) A.mm.ov .
Li°0- £0°¢C Le o~ iz o- 9¢°0- 0€'0- 81 0~ SRR B Zlg 3714
(£1°0) (81°0) (91°0) (61°0) (ce*0) .. (10°0) (6102 ,(zo o) .
82" 0- 5C'0- 9¢°0- SZ'0- 61°0- Lh0- 8C 0~ .umv.0| . utoeyod
(01°0) (8L°0) L (V0" 0) (66°0) (507 0) . (1o o) (91°0) @Amm“ov Nu .
1€ 0- S0°0- 6€° 0~ 10°0- “LETC- 8% 0- 9Z°0- rrro- utAeTJOqQIY
(01°0) (81°0) (L1°0) ‘too- 1} (80°0) .. (1070} (8070) h1-0) A
g0~ SZ 0- 9¢°0- 00°0- CE 0~ Ly 0~ Ze0- - 80~ :qu._ﬂc,%
. (zo"0) (se°0) L (20 0) (v8°0) L(£070) .. (to"o0) (81°0) (81°0) .
€F 0~ 81 0- Fb0- P00~ 6€°0- 8t 0- GZ 0- GZ'0~ utaloigd
Lzoro) (Lz-0) Llzoo) (v 0) Lvoro) ,(€0°0) z(90°0) (12°0)
Zh0- 12°0- v 0- F1°0- LE"O- 6€°0~ FE"0- peT0- §aTI0T®D
bunoyx Atiep13 bunogx AT19p1d bunox ATa9pT13 ﬁo::o» Hhﬂuwvam INATHINN
SNbY ‘ ENOSTY -
TE3UTITES P FESUASS *

(ATuo.19Tp) oyejutr 3juaTxinu aberaae saA

£qTsU23UT 231s®1 JO odoTs :S3USTOTIIV00 UOSILI,
&

. eIl afed ‘p1 XTpusddy



gt

1

> . ATaaTaoadsa21 ‘10°0 ‘GO0 > d ae queoTjTubts |t
) ' ”mucmuHuHc@ﬂm Jo ranaT Aatiiqeqolag z
pg=u 1
(65°0) (zz 0} (zg"0) (ce-o) (1v°0) .. (000} (L1 0) ,(zo0)
01°0- €20~ v0 " 0- 8170~ 19°0-~ 16°0- GZ°0- :.oq 19q14 A1e191Q
L(€0°0) (860} (800} (b8°0) (1€°0) (9z°0) (19°0) (81°0) .
6€°0- 01°0- £g"0- y0° 0~ 61°0- 12°0- 0170~ sz o- outZ
(b1°0) (LZ°0) (€¢°0) (¢ 2) (€€°0) .Hmo.ov (12°0) (60°0) .
8C°0- 120~ 2z 0= oL 0- 81°0- LE"O- £€2°0- 2E 0~ uoi1y
(g1°0) (06°0) « (€0%0) (£6:0) (80°0) L(zoro) (62°0)} (61°0)
SZ0- 20" 0- ,mm.0| . 1o Z€°0- v 0- 0" 0- ,6Z°0- wnyo71®D
(€5°0) (00" 1) (Lz'o) (88 0) (81°0) " (90 0) (62°0) o {ztrroy
¢1°9- 00°0 12°'0- €0°0 GZ'0- bE"0- 2¢" 0~ 62 0-. a 3ITAa
(bt 0) (8v°0) (960} (sz°0) (G9°0) (€2°0) .:m.ov (z1°o) .
G170~ €0 0r 10°0- 2Z°0~ 60°0- £2°0- 00 6C°.0-
(0L 0) (G6°0) (9°0) (p5°0) (9y°0) (s9°0) (59.70) - 62" 0)
L0 0- 10°0 R ¢ Al S1°0 P1°0 600~ mo.o 0Z°'0- s
(11°0) (25 0} (6€°0) (8p°0) (00" 1) (8v°°0) (ze o) - (€p°0) ’
o€ 0~ Z1°0- 91°0- £1°0- 0070 €170~ L0"0 A ‘ST°0- -
(gz°0) (€6°0) (80°0) (t8°0) (06°0) (6070} (€6°0)" (L1°0)
1¢°0- Z0°0- €€ 0- £€0°0 £1°0- ce"0- 00 - 9270~ _
(p1°0) (6Z2°0) (91°0) (11°01} (¢G°0) (8101 (1e€°0) (0T°0) ¢
8¢ 0- 0C°0- Lg 0- 0g ' 0- Z1°0- GZ 0- 61 0~ 1€°.0- R .
r6z°0) ¢15°0) {12°0) (sp°0) (06°0) (96 0) (15°0) {eprof "
0Z°0- €10~ P 0- AN c0°0 b1 0~
(zz 0} (€v°0) (8% °0) (Ge"0) (L8°0) (Ly°0)
€270~ S1°0- b1°0- 81 0- £€0°0 Y10~
L1200} (e o) « (20 0) (b8°0) (g0t o) ., (130
Ev 0= mﬂ.on b 0- b0°0- 6€° 0~ - 80—
LzetQ) (te o) L(zoto) Lty o) ,(vor 0} .(€0°0)
2y°0- 12°0- v "0~ AR LE"O- 6€°0-. §8TI0TED
funog AT13pT3 nﬂm:o» At1sp13 bunog A1iap13 INITILON
[oleoR| — 3 nosnby pPooy - .
TTSUTITCS TEIOITSS

a

Amucgo‘am@&, TeIBUTW/UTWRIATA

snTd 19TpP) 8YeluT 3IUaTIYNU wmmﬁ&»m sa K3Tsuajutr a83sel Jo adols :s3UATOTFFA0D UOsIEad

“

"qIl Ied bl

s
2




0

‘g LTa ‘YTE TTe fuTZeIcl UTABIICQIIOCU ua
ter ) (227301 t(33°C) (cg2)
[ R ¢ 81°C
- - - -, - - o ER. - - - - uoll
(56 °2) t2:70) foc- gl - {9501 (80" 0) (v6°0) (507 0)
287G 3070 % 829 1170 €E°0 20" 0 Le"o wnIDTed
(8970} (£3°7) A .50 0) (9170} . {1070} {0z 0l
3C°C PR 10 8¢ 0 80 6%, 0 SZ°0 a 3IA
(ce ) (¥y8°0) L. (1070} {95 °0) (600} (Zv°0) (c1°Q)
30°0 k0" 0 " 8p'0 Z1'0 £E€°0 91°'0 82" 0 ¥ uH..>
(16°0) (28°0) (86°0) (3G°0) (29°0) {€z°0) (26°0)
z0'0- 50°0 10°0 11°0- 0T1°0- €20~ 20°0 > 1TA
(tz°0) - (26 Q) L (€2 0) (Ly "0} (16°0) (86:0) (¥9°0)
¢C’0 00— - €270 810 . Z0°0 11°0 60°0- %8 31A
(8% 0) .. (1070} {89°0) - L(10°0) .{€0°0) ., (107 0) L (1070}
5170 1570 80" 0 Ly o 0V 0 650 Lvo tlg atA
(se"0) . (6Z°0) Lfzorpx (11-0) . (€07 0) (01" 0) .(zo o)
810 1¢°0 St-w 1€°0 Ir°0 €0 - £b"0 urorpiod
(55°0) (s 0) (9z°0) (8L'0) .. (00°0) (9L°0) ,, (000
A 11°0 zz o 90°0- ¥S°0 90°0- —95.0 uraerjoqry
R - - - - ' - - - - - - - - - utTwe Iyl
(i6°0) ,(co0) (zg-0) (01°0) (95°'0) .:o.ov (c2°0) (02'0)
2070~ £V 0 S0°0 14 3] Hﬂ.o,. 9bv°0 €20 GZ'0 u1a3014d
(60°0) = ,(50°0) (zz-¢ L(zo o) (010} ., (00°0) (01°0) L.c 007 0)
vﬁ.nn,.... 8E€°0 vc 0 . £v°0 1€ 0 3G6°0 €0 €6 0 ZAST TeuoT3TIINN
: 3y T11eI8A0 JO XOpUT
mc:mm» ATiapTd bunoj AT1Br 13 BUNOX A1a9p1d Hoc:o». ﬂ>auwnﬂm INFIHLON
: —POOJ . Fo3NDbY [eJelet{ ENOBNDY
m. TTSUTTITES EEBVANSS

) UOTIEPOTPON pue s1TqeH DBuryows snotasxgd 10y BurTioIxaluc) (ATuo
18T(Q) AoulaToTySQ@ 1IUSTIINN JO YSTY 3IusdI1ad "sp A3Tsusijug s3se] Jo adoTs juorjera1I0) TeTITed

- MH.HH 3xed p1

x rpuaddy



© 180

g

A
) ’ imiuummxwmu ‘100 ‘co‘o>d 13® aueorjiubis
aouenT "UubTs Jo T@aal Alr1TgPqold ¢
" . 20 AQ POPTATP (ouTz pue UOIT ‘wuidTes ‘g 3TA ‘v 1Ta ‘D 3fA
-9 37A ‘Clg TA ‘UTDPTO] ‘UTARPTJOQTI ‘UTWPIY?] ‘ute@noi1d) sausTiinu g1 103 Adua1DTjop JO 3ST1 JO uwns woij po1BTN2TED |,
‘ ‘ 0E=Y - |

. B $ - : - .

o 169°0) . (9 0) (£9°0) (cg 0! (06°0) (Lo 0) (0v"0) fzr o :
80°0 81°0 80°0 810 €00~ sg'o 910~ 0c" o0 uU:A.N
- - IYJW - - - - - - E— - - - - - - UoIl

(26" 0) (6L 0) (9p°0) (69°0) (86:0) (60°0) (96 °0) (¢0°0)

200 90°0 ST°0 80°0 )HH.O £€°0 10°0 LE'O wnyoTen

(v 0) (ze*0) (11°0) (€27 0) (§0°0) L{v00) L (100 L(zo'o0)

L0 0 020 1€°0 £€2°0 9€° 0 8€°0 8v°0 €6°0 a 1ITA

(F8°0) (trroy 7 (£6°0) .. (1070 “ tg670) ' (60°0) (8L°0) {517 0)

b0 0- 1€°0 ¢0°0- . 8V°0 900 £€€°0 B 90°0 8Z°0 Y. 2TA

(16°0) (Gv -0} (28'0) (26°0) (96:0) (96°0) (p2°0) Amm.%v

¢0"0- S1°0- S0°0 ¢0°0- 1t 0~ 10°0- . £Z"0- . 1170 2 ATA

(t9°0) (60°0) (66°0) {tz' 0 A®w.ov (16°0) (p1°0) (p9°0) :

80 0- .zetos 1170~ £2°0- Q17 0- 200 gz 0- 600~ % 11A

(8%°0) (LL'0) L1000 (z9°0) L(30°0) L(€0°0) L (1070) L. (to o) :

v1°0. 30°0 : 15°0. 01" 0 G570 170 670 67°0 - Zlg 3TA

(£€670) - ,(zo"0) (ze 0y (200 {€2°0) (60°0) vz o) ,(v0° 0} .

Zuo €570 gz o 2N €770 ZE"0 €20 8e"0 uroetod

(5S°0) (0g-0) (L5 0) (92'0) " (8L 0) .. (0070 (9L 0) ,. (000 /s

zie A 110 zz' 0 990~ §es0 90°0- 35°0 UTABTJOQTY

- - - - - - I . - _ - - - UTWeIYL

(16°0) L(zemo) (28100 (0170 (55°0) ,(10°0) (€20 (0z°0)

20" 0- £5°0 5070 ze' o 11°0- 9p°0 €z o- §2°0 ureaold

tsee) (90°0) {6z 0) (€07 0) © (6Z°0), L (1070 tez-0) e (1070

900 9£°0 12°0 2elb"0 270 Z5°0 ) b2 0 15°0 ZASTY TRUOTITIANN
= ) - . 1TeI98A0 JO XOBpUul

funcx 119014 bunox AT1ap13 Hunocx AtiopT3 (bunox (A139PT3 LINIIILAN

(IR —_ snosmwby . foJeloR Ve ShTek=1010) ¢4
TEBUTITES ETIUINSS

~

UOTIBOTPOW puU®B s1TQPH HuTyowg snorasdrd 103 buT{rorluo) (sauswatddng TeIauT/uTwWelTs S04
191g) AousToTJag IUSTIANN JO XYSTH 3U8dIag sp A3Tsus1ul e3sel jo adols :uoTIRI8IIO) TPTIIRd - QIII 2IBd 1

—



5 4
mm . A-aarinedsaz fTootn fTocts 3 coNd % oLuwDTITURS L
: ! ~ @OUTIIIIULTS 3¢ loandr AsrTIavacig .
_ b
F53) (577 Tz ) te7:¢) tez 2y - .. (00" 0) (az-0) Lot =
»y:oo- vE - £ - 62" C- £7°0- £6° 0~ cero- 6% C- ragrd Afrieaaig
gt (zs 7 ? tLs ) (8¢ oo Jlvere (6270} (gc- 0}
- R g0~ Sc0- 9z 0- BE ' 0= 1200~ YEC-
(1275} «(20°0) teg o) (z1° o) oo tzi'o) Lleor0)
527 C- £rC- Lo 610 o€ 0- 6G:0- o€ 0- YT o- . _worr
(L1909} 8170} (co'd (y£°0) 1, 1200 (81°0) Llgoro) '
LZ°¢- 3z 0~ . LE"C- €71°0- . °pto-. 9Z°0- oYy o- wniatep
(gy°0) f1a-0} (gg- 0} (€97 0) _(etro) , (5070} (0€°0)
Y1 0- cI°0- 9z°0- 60°0 _ Toero-. LE O~ 0z 0+ - @ 3TA
(s o) {05°0) (6L°0) Lpotor (v%°0) (ree ol i .
zz 0- cr-ot , wm.o‘ 8€°0- ©.ostrto- 1€°0- ¥ OATA
(85°0) (8g°0) - ﬁm.,ov (¢z-0) . (v6°0) (9%°0)
11c- L170- E1°0- £2°0- ~ 10°0- 1 0- 2 1TA
Lleero) (Lo 0) (01°0) (cz o) Lfzzro) - 4L0"0)
by 0- pE "0~ ze' 0~ £z Q- S vzro- SE°0- %g 1tA
' (Lb0) (26°0) (80°0F (b1°0) b (61°0) bz 0)
b1 0- zZ0°0- 2 670~ Gz o- £€2'0- g a1A
(60°0) L(s0°0) (z1..0) . (b0 0}, *0) .. (00°0) .
€€ 0- 8€°0- ceg-o0- 8¢ 0- 920~ GG 0- ursetod
(117 0) (81°0) (90" 0) (pz°0) 01°0) (¢1°0)
1€°0- 92 0- . 9€70-. €C°0- 2E"0- 8z 0- uTherjoqry
- Fal .
(0170} (807 0) (0z-0) (b5 0) (L0°0) (80" 0) . "
2e"0- 6€°0- Sz 0- zZ1 o= SET0- €€°0- utweTyy
(b0°0) (b1°0) ,(20°0) (bb"0) e ~0) (01-0)
, 6€°0- 62°0- 9% 0- S1'0- 1€°0- 06" 0- 82'0- Z€'0- utsloiad
. (b0 0} (90°0) ,teor o) (p1°0) (L0"0) (pot0) (Lo 0) (51°0)
ob"0- GE'0- £€p°0- 82 0- Ve 0- 6€°0- SE"0- 8Z°0- saTIOT®D
bunoy A1iep1d punogx ATian bunog - - A1a9p13 Ho::o» ﬂaﬂuwnﬁm INAIYINN
pood T ®mosnby - pood — ®nosmsy :
T59UTATES TEOUITIOS-
\ T _—
/,,/-\; UOTIROTPOW PpuUP siTgey bDbuTxows snoiaald
103 burrrolrauo)d (ATuQ 138T(d) Sso¥PaIUl 3uaTIanN 'spA A3Tsusiul aasel w,o adoTts ruoT1B[8110) TPIIIPg - PAT 11eg :p1 xTpuoddy



DY
182

) L . .‘T,m>ﬂuumm4mm,u I2CT0 fIgtr ‘geto>d ar sauelrjiubts ......u...
: ’ s2uesi;lubts 3o teaa7 Aitrigeqo:d :
- . . gg=-t M
(65721 (g7 0) (£9°0) (10 {92700 DA (9770 CL 000, e
1'0- - fopET 2= £C70- ©62°0- £z°0-. £S 0= 2270~ 6% 0- -19q1d Aie321qQ
(50°0) (z2°0) . {(c1-2) : (£6°0) (8% °0) (tz o) (96°0) N (zz=0) o
LES0- 6070~ Ze0- 20° G- pUQ- zzro- @ (1o- . 'vzro- C ourz
(910!} . ltegrced (p2°0) (15°0) (8e-0) (90" 0) tzz'o) - (ot-0) i :
tZ 0~ vz o- €27 0- €170~ L170- - LE€70- ‘ ¥Z 0= $ zeoo- oo uo1g
(9170} (o0} (500! (960} (Lo o) Lteoto) o (61°0) . (Lo"0) ) o
L2 0~ yito- ©LETO~ 1070~ SE‘0- © 9p°0- S 9Z°0- : SE'0- wnyored
(£9°0) . o~ (917 0) (61°0) (58°0) (€z-0) (80" 0} (ge-qQ) - Loezto) . -
80 0- 9C°0- sz 0- $0°0- - £2°0 bETO- - 81°0- 0€70- -G -3TA
(zgs o) - €96°0) (88°0) (o€ 0) tsr o) . vz 0) (180} o (stro) . ’ .
€170~ Zro- - £0°0- 0z°0- 900 €2°0- S0°0 T 8zro- . . ¥ 1TA
(69°0) (£8°0) (6% °0) (19°0) (gp-0) ¢ (69°0) (960} Lz o) . .
80°0- - y0 ' 0- b1 0o- 010 v1°0 80°0- o - 12'0-" . 2 A
(zr-o) (19°0} (g€ °0) (85°0) . (r6°0) q, (67" 0t (89°0) - (€67 0) i
0€°0- , 01" 0- L1°0- 11°0- 1070, ~ b10- 80°0 TG , 38 3TA
{eetoy (68°0) . (11°0) (16°0) (63°0) (o1-0) (86 70) 81°0) .
6170~ £0°0- 1e°0- z0°0 . 80°0- Te"0- 10 0- 970~ tlg 21A
(60°0) (ez o) (z1°0) {L0"0) Topero) - (0Z 0k . (sero) . (60°0) . ’
€€ 0- £€2°0- 0€°0- PE"O- 61°0- S$Z'0- - 8170~ ZE"0- ) ©.ourdetog
(¥€°0) (ts-0) . (1z-o) {1s°0) . ~ (6L70) (Lb'0) - (b0} - (£G670) C
610~ : 1Tro- - G2°0- . €l'0- 50" 0 p1o- . . pl'0- €1°0- @ utARTJOATY
(9z2°0) (05 0) {(6€°0) Lo (zpto) (6£°0) . {8br o) T L9 0) “(9p0) ) SR
2z2°0- : €170~ {10~ 91" 0- 50" 0 AN 80°0 S1°0- utweryy
(b0°0) (b1°0) T (zeto) 1)) . (ot o) L. (10°0) - (91°0) (010}
6€°0- 62 0- : 9b°0- ST 0- 1€°0- 05°0- 82 0- . 2E"0- o uT9301d
(b0°0) . (950°0) Llzoto) BT AN (Loto) (b0 0) (Lo'o) . (s1°0) .
ov"0- - GE "0~ £V 0- 8270~ ve0- 6€°0- Ge -0+ 82" 0- . §8TI0T®D
bunogx Atzspra bunox ATaep13 bunog \:Hm_ua.m N H9:.6» i:umv.ﬁm ) . INAIHINN
[eJelet| N [4tel=2010)%¢ jeleJe Rt ( EnoSNbY .
i “ES3UTITES g 5R -0 ¢ Lol
: - . coﬂu‘moﬂvwz pue satqeH Huriows snotasig I03 BurTrOoIUOD
(sjuawarddng snTd w..wmﬁe s@)ejul 3uaTIINN "sA A3Tsuaijul a3se] jo ado[S :UOTILT®ITOD Terizeg - qAl 3xed -:p1 xTpusaddy
% . | . ) . i o . .
s



.Appendix 14.

“\
Part V:

Canonical, correlation:

slope of

sourness and saltiness taste intensity vs.

- -

nutrient risk and nutrient intake
vitamin/mineral supplements)

(diet with
for the elderly

183

3

- and the young
Nutrient ' ____Sourness Saltiness
Parameter . Elderly Young Elderly Young
1. Nutrient risk:
Index of overall . -
nutritional risk 0.54** 0.24 0.30 0.25
Protein 0.46" 0.24 0.41 0.07
, Thiamin e - -- - --
Riboflavin 0.58** 0.06 0.10 0.14
Folacin .0.36 0.25 0.37 0.16
Vit Bia 0,47 0.51* 0.04 0.57**
Vit Bg 0.10 0.30 0.24 0.11
vit C. .0.:15 0.24 0.20 0.07
vit A 0.35 0.07 0.39 0.04
vit D . 0.44 0.47* 0.14 0.35
Calcium 0.35 0.28 0.02 0.22
Iron - -- - -
Zinc 0.33 0.21 0.13 0.10
II. Nutrient' intake:’
Calories 0.39 0.39 [ 0.21 0.45*
Protein 0.49* 0.40 0.23 0.48™*
Fat 0.34 0..35 0.17 0.28
Carbohydrate. o
Total 0.33 0.29 0:23 0.31
Dietary Fiber 0.52* 0.26 0.23 0.11°
(o T

* Thfamin - 0.18 . 0.05 0.18 0.23
Riboflavin - 0.16 . 0.15 0.15 0.24
Vit Bg- 0.16 0.09 0.14 0.31
Vit B2 0.33 0.19 n.07 0.33
Folacin 0.32 0.19 0.30 0.30
vit C 0.20 0.14 0.21 0.11
Vit A 0.30, 0.14 0.22 0.19
vit D 0.36 0.26 0.04 0.21
Calcium - 0.43 +0.32 0.21 0.39
Iron 0.39 0.24 0.23 0.28
‘Zinc 0.26 0.20 0.12 “0.40 -

S == 1n8§cates no canonical correlations made due to

singularity of varlable (no rlsks of deficiency for this

_ nutrient for all subjects)

31gn1f1cantAat p<0.05



'Appendix 14

"Part Via:

Stepwise regression equations for
sour and salty taste intensity slopes (Y)
standard error of the estimate S), and
coefficient of multiple determination (R%) for
the elderly and the young (Percent risk of

’

respectively

- nutrient deficiency from diet plus
supplements) \ -

Parameter Equation? S R2
I. Sourness ' )

‘A. Elderly: . —
Slope of Sourness =.364 +.071 (Riboflavin Risk)*"™ .13 .34
in Aqueous System -.036(Previous Smoking)* ‘
Slope of Sourness Y=.165 +.057 (Riboflavin Risk) ™™™ .12 L43°°

- in Food System +.003(Protein Risk)""

B. Young: :
Slope of Sourness ' Y=-2.871 +.849(Vit B12 Risk)"** - .23 L4200
in Aqueous System +.020 (Height) *** T
Slope of Sourness Y=-2.549 +.765(Vit B12 Risk)*** .23 .44t
in Food System +.017 (Height) ™" 3

' ~.122(Previous Smdking)*"

ITI. sSaltiness

A. - Elderly
Slope of Saltiness Y=.331  +.002(Vit A Risk)"* 17 407t
in Aqueous System -.042 (Medication) ™" : y

: +.001 (Folacin Risk)™ i

Slope of Saltiness 'A§F-1.383 +.003(Protein Risk)"* .13 .287"
in Food System : +.009 (Height) " :

B. Young- .
Slope of Saltiness Y=.576% +.602(Vit B12 Risk)"""" .18 .25"""
in Aqueous System o
o LN & .

* Slope of Saltiness g v=-1.465 +.011 (Height) " .21 .10°

in Food System
1 variables entered into equations at p<0.10
TP MR significant at p<0.10, 0.05, 0.01 and 0.

001,
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‘Appendix 14 Part VIb: Stepwise regression equatféns for
. sour and salty taste intensity slopes (Y),
yStandard error of the estimate (S), and
‘ T coefficient of multiple determination (R2) for
"the elderly and the young . (nutrient intake
from diet plus vitam}h/mineral supplements)

Parameter Equationl ' S RZ

I. - Sourness
A. Elderly:

Slope of Sourness Y=.558
.in Aqueous System
3

.008 (Dietary Fiber Intake_)'“ .14 .26%7
.038 (Previous Smoking)™
F

'Slope of Sourness™ - Y=.374

-.008 (Dietary Fib@r'lﬁtake)"“ .13 L2677
“in’ Fodd System '
B. Young:
Slope of Sourness Y=-2.097 +.019 (Height)** .25 .29%"
in Aqueous System -2.5x10-4(Caloric IntaKe)™" '
-
~N \
Slope of Sourness ‘ Y=-1.811 -.005(Protein Intake)™* .26 .27
in Food System +.015 (Height)” '
II. Saltiness
A. Elderly
Slope of Saltiness =.480 ~.057 (Dentures) ** .19 .147
in Aqueous System )
Slope of Saltiness Y=-2_.241 +.,017 (Height) **~ .13 .39%"

-1.6x10-4(Caloric Intake)™*

in Food System
: P .—.049(Cardiovascular Drugs)*"

Y]

~ B. Young

Slope of Saltiness Y=1.005 -.004(Protein Intake)** .19 19"
in Aqueous System -

Slope of Saltiness Y=-1.439 ~.004(Protein Intake)** .18 .39"""
in Food System +.013 (Height)**
: :  -.049(Vit B&y*

variables éntered into equation at p<0.10
Y E, TR *™ significant at p<0.10, 0.05, 0.0l and 0.001,
- respectively . ‘ ‘ :

B



