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L ABSTRACT 3

SUprathreshoid taste percéption and dietary intake of
sixty free-living females (30 eiderly/énd 30 youhg) were
assessed‘ and relationships betﬁgen taste perception and
nutrient intake were examined;

Taste pe!cgption was e?al&ated by magnitude estimation
for both taste intensity and taste pleaéantness. Two taste
qualities (sourhess and saltiness) and two systems (aqueous
‘and food) were studied. Dietary intakes were assessed
guantitatively for four days by means of a combination 6f
dfetaryirecall (one day) and food records (three days).

The . slcpes for the regression of tasté intensity on
COnceht;ation revealed that the slopes for the elderily were
consistently -fiatte; than those for the young. The slopes
fdrﬂmfﬁ;ﬂréiderly and QOUng,'respectively, were és follows:
for sourness: aqueous (0.47, 0.77, p<0.001), food (0.33,
0.60, p<0;601) and for saltiness: agueous (0.50, 0.71,
p<0.001), food ({0.42, 0.50, N.S.). Taste ihtensity-slopés
for food systems were comsistently flatter than thoéé for
agueous éystems. '

Within each age group the slopes of taste intensity
funct{bns were .rankéd. For each age group, two subgroups
vere created (n=15]: sﬁﬁgr?up I with steeper slopes and
subgroup Il with flatter slobes. F(b\gyfh subject an index
of nutritional risk"waé computed jas the average of the
percent risk of hutfient deficiency values for twelve

nutrients (protein, thiamin, riboflavin, folasin, vitamin

iv



863 vitamin By, vitamin A, vitamin D, ascorbic acid,

calcium, iron, and zinc). Por the elderly, the mean index

of ‘nutritijnal risk vas7signif;cantly‘highet for subgroub 1
than foé subgroub II,féi bo;pftaste qualitiég in each food
syétem (sourness p<0.05, galtineéé p<0.01). ﬁpr subgroup I,
tpef mean ihdiqes of‘ hedanic ;ésbénse (célculated as the

absolyte difference -between the highest .and lowest log
pleaéantnesél ratings) were :§ignificantly'greater than for
. subgroup 1II fer both’éég groups- for both taste gualities in

each system.

"Thg_ dietary ndaté indicated that tﬁeﬂelde:ly had poorer
diets ~than the young:! For the elderyy;vthe probability

estimates " of.nutrient dé{iéienéy'were: folacin 39%, calcium

'31%, zinc 23%, vitamin _A& 12% and itamin.D 11%.. For the

young,  the probabilizy estimpteé‘ vf/ nutrient deficiency
. . . - gstilg s

were: folacin 16%, wvitamin A 11% and zinc 11%. For the.
S

elderly, . significant positive\ correlations were noted

ot

: : N ..
between ,percent’ risk. of .vitamin A\deficiency and all the

slopes of taste‘intensi}y functions. |

- p
One of the most important fi7ﬁ€ngs in the present study
. was that, for the élderly, the sﬁbgroup.with steeper slopes

of taste intensity was at greater nutritional risks than

the subgroup with flatter slopes.
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. INTRODUCTION ¢
The gfowing nuaber of eiderly has increased interest in
the relationships of nutritien to the ag&ng process. The
elder1y are at risk of becoming malnourished for many
reasohs? 1nclud1ng altered food seléctlon, declining health,
increased .use of medlcatagps, flxed 1ncomes and immobility.
However, it is difficult to distinguish between the effects
of _poor nutrition and the intrinsic effects of aging which
may not be subjectlto modification. |
Knowledge about aging procesSsis'incomplete because the
techniques. available -for the measureﬁent‘of early changes
in ~ physiological processes are llmltéd For example, there
'is much to be _learned about how the sense of taste is
~altered with aging. Decreased taéte sen51t1v1ty “with
advanced = age has. been reported by some,.refuted by c*hers.
Most studies of the taste _process ‘has focussed on the
measurement cf taste thresholds, xche;“measurement of the
vleast concentration ofa a substance which a person can
detect or recognize, usuall§bone of the four primary tastes

1 "
(salt, sweet, sour or bitter). The assesse t of sensory

il

response to the different tastes encountered in food that
we _eat (i.e,‘ at the -suprathresﬁcld range) is a fruitful
area for in&estigation.

Many studies suggest that the elderly are at risk for
nutrient deficiencie; because of poor dietary intake. tess

energy agd less total food are required by the elderly

1



because . both basal metabolic rate and degree of activity
‘

decline with increasing age. Low energy intake, parti-

culafly at Ehe .leve{s ingested by some e;derly'women, may

be associated with poor intakes of many nutrients. Poor

nutrient intake may affect the sensé of taste; taste cells

need an adeqguate supply of nutrients to function properly

. o .1“\" )
because taste cells are continually being replaced.
' RS N

}%*'»\‘l\.‘ N - My

The, present . study was ,undértakén to examine several
aspects of nutrition aﬁd taste‘berception including:

1. to Qhat extent does suprathreshold taste perception of
.eldele free-living females differ Trom that of young
fréeiliviqg females.

2. to what extent does suprathreshold taste perception for
‘agueous systems differ from that for food systems.

3. to what extent are tﬁere identifiable u@iet-rel'ate'd
problems in the elderly group as compared to the young
group. u

4, to ~ what extent are there definable ‘relapionships
between nutritional parameters and taste perception
parameters. | n

5. . tok what -extent do taste pleasantness response patEerné

- varf with increasing cohcentrations' of a taste

o
.

; )
stimulus. | P,

/

-

Alterations 1in taste perception are significant because

of their impact on food intake and perhaps dietary



adequacy. One of the challenges for_research today is to
find ways of enabling older people to continue to live °
healthy and productive lives.. It is possiblé that, by
introducing more .palatable foods into the diet of the

elderly, their quality of life can be enhanced.
. {



LITERATURE REVIEW \

Little 'is known about the mechaniém of the sense ofw
taste. The human has a complex network of taste receptors
located on the tongue, palate and pharynx (Henkin and
Christiansen, 1967a. and Lalonde and Eglitis, 1961f. Of the
four taste qualities (salt, sweet,'sour and bittgr) two,
salt and swéet, are perceived mosf acutely on the tongue
and the remaininé two, sour and bitter, are perceived most
acutely on the palate. The pharyngeal area does not have
‘the same degree of sensitivity as the tonghe and the palate
(Henkin and Christiansen, 1967a). Chemical stimuli interact,
somehow with the taste receptors so th?t a message is
conducted to the central nervous system by means of severa{
cranial nervesikAltner, 1978).

The mechanisms of salt and sour tastes are somewhat
similar. These | tastes are both elicited by 1ions of
dissbciated compounds. Salt taste is attributéd to
anion-cation 1interactions and, sour taste is attrﬁbuted to
hydrogen ion concentration (Altner, 1978). However, the
compohgés that generéte ‘sweet énd bitter tastes do not
dissociate and their molecular structures are often more
complex and diverse (Shallenberger, 1970).

reJ are two theories about the effect of chemical
stimuli oﬁ the taste receptors (Biedler, 1978). Oﬁe theory
is that the chemical stimuli are adsorbed to taste cell

membranes producing a depolarization, which in turn leads

4




to stimulation of a taste nerve ending across a synapse.
The other theory 1is that ichemical stimuli interact- with
nerve endings within the taste buds.

Anatomically the tongue is divided into two portions,
anterior and posterior, and the surface of the tongue is
covered by papillae. There aré four types‘of papillae:
filiform, foliate, fungiform. énd circumvallate (Biedler,
1978). The filiform papillaée are small white papillae
covering the »éntire surface of the tongue. These papillae
have no known function }n man (Altner, 1978). Covering
portions of the anterior two-thirds ‘of the tongue are a
smaller _number of fungiform papillae. These papillaé are
larger and red 1in color and each one may contain from one
to eight taste buds. These taste buds are innervated by the
chorda tympani branch of the facial nerve ~tBurton and
Benjamin; 1971). The'funaiform papillae are loc7;ed in the
anterior pbrtioh of the tongue and terminate 3{fthe sul;us
terﬁinélfg, the V-shaped groove on thé tongue. A gradual
decrease in fhngiform papillae with.advancing age has been
reported (Moses et él., »196f). Circumvallate papiliae}
found in the postericr one-third tongue, contain taste buds
which are innervated by a branch of the glossopharyﬁgeal
nerve.‘ The circumvallate papillae are more numerous and
contain more nerve endings than the fungiform papillae.
With advancing age the number of circumvallate taste buds

has been found to decrease (Arey et al., 1935).The



fdllowing‘ changes have been $§Sumented to occur with
advancing age: decreased number of papillae on the tongue;
atrophy" of taste buds and decreased number of taste buds
(Arey et al., 1935). Therefore, there may be a resultant
diminution in taste perception in the aged. -

Artificial dentures also have an‘ influence on taste
perception. Individuals fitted with dentures oftén complain
about a decreased ability to obtain flavor from food
(Taylor and Dodu, 1963). Dentures cover that anatomical
area which 1s most sensitive to the taste of bitter and
sour. Henkin and Christiansen (1967b) demonstrated that
thresholds for sour and bitter are elevated above normal
when dentures has been in place for a shoét time and that
these raised thresholds return to4norma1 if dentures are
removed.: Thresholds for salt and sweet are not affected“by
dentures. ‘

"In éhe past most studies of the sense of taste have
utilized wmeasurements of threshold, i.e. measurements of
thé least concentration of a substance which a person can
taste. A clear elevation of thresholds for saltiness and
sweetness in the elderly has been observed (Baker, 1983;
Balogh and Lelkes, 1961; Cooper et al., 1959; Greger, 1977;
Greger and Geiésler, 1978: Hinchcliffe, 1958; Moore et al,,
1982; Murphy, i979 and Weiffenbach et al., 1982). Although
Grzegorczyk et al. (1979) and Hermel et al., (1970) found

insignificant changes in salt threshold in the elderly, the



1

data per se indicated that taste ability tended to tade
with age. Compared to saltiness and sweetness some
researchers (Balogh and Lelkes, 1961; Cooper et al., 1959;
Murphy, 1979 and Weiffenbach et al., 1982) found that the
sour threshold is less affected during aging. Yet Glanville
et al, (1964) and Hermel et al. (1970) showed an increase
in sour threshold. Effects of aging on thresholds for
bitterness are more conflicting. Kaplan et al. (1965)
reported that bitter taste sensation 1is unchanged with
advancing/ age while Balogh and Lelkes (1961) found a

A} .
decreased sensitivity to bitterness with age. However, some

‘researchers (Cooper ‘et al., 1959; Glanville et al., 1364;

Hermel et al., 1970; Smith and Davies, 1973; Murphy, 1979
and Weiffenbach et al., 1982) reported an increased
sensitivity to bitterness with increasing age. |

In recent .years more work has focussed on the
measurement of taste perception in the suprathreshold range
which depicts the range typical of foods people consume.
Bartoshuk (1978) stated that measurement‘ of taste
perception in the suprathreshold range reflects an
individual's _taste sensation more accurately than
thresholds. Some investigators (Byrd and Gertman, 1959 and
Cohen gpdvGitman, 1959) found thatvat supratﬁreshold levels
sensitivity to the four basic tasteshin agueous solhtions
vas relatively unaltered in the aged. Taste perception at

suprathreshold 1levels in a food model system has been



evaluated. Murphy (1985) and Schiffman (1977) observed
that the elderly subjects were less able to identify
blended foods compared to the young wHile Stevens and
Lawless (1981) did not find differences attributable to

age. Elderly were also 1less able to disc%iminate various

& "
salt levels 1in tomato juice and gave lower jtaste intensity

bjects (Little
and Brinner, 1984). At suprathreshold levé%‘ the diminution
) Sk -

of taste perception with age is still hnclé%ﬁ%
. 2%

and preference ratings compared to youngsé
e

Taste perception . in  the fﬁuwrag,;e b
gquantified by estimating how an f%;ibidual'éiﬁﬁégements of
taste intensity change as the concentrhtion of the stimulus
changes. This is often assessed by ratio scaling or
magnitude estiméiioh which was developed by S.S. Stevens in
1957. Magnitude estimation allows the subject to employ any
numbers he thinks appropriaﬁe to express the ‘appa}ent‘
magnitude of the intensity or pleasantness of the stimulus.

The power law has been used to describe the behaviour
of human taste (Stevens, 1975). According to Steven's Power
Law, the perceived magnitude 1is a power function of the
stimulus magnitude. As a stimulus increases in intensity,
taste sensation magnitude increases in the following way:

S = kMB
where S = taste magnitude

M = stimulus magnitude

B = the power exponent



k = constant for the system chosen

1f the exponent is 1 the reported sensation varies directly
with the intensity of the stimulus. The power < defined
the relationship between the intensity of the stimulus and
the response so that the ratios of the numerical values can
be used to indicate the actual change in the perceived
stimulus magnitude. Several methods have been wused to
express the magnitude estimation data including medians,
geometric means and arithmetic means (Moskowitz, 1977).
Although no zero or negative estimates are permitted in
uéing“ geometric means, at perceptible suprathreshold levels
the geometric mean 1i§ still appropriate for magnitude
estimation data (Marks, 1974 and Stevens, 1975). The data
are usually plotted wusing log—lqg coordinates (Stevens,
1957). The graph of the power function then becomes linear
and the exponent becomes the slope of the line,

For the elderly some researchers have found that
intensities of certain tastes grow at a slower rate with
concentration and that the psychophysical function becomés
flatter. Using the magnitude estimation method, age-related
declines in the psychophysical functions for the four basic
tastes have been observed (Cowart, 1983 and Weiffénbach et
al., 1986). The decline of taste sensation with aging is
taste quality-specific. Hyde and Feller (1981) reported
that: the aging effect on suprathreshold taste intensity

scaling was greatest for bitterness, less for sourness and .~



least for sweetness and saltiness. Schiffman and Clark
(1980) and Schiffman et al. (1981) found that the elderly
females generated flatter psythophysical functions for
amino acids and sweeteners compared to Yyoung females.
However, Bartoshuk et al. (1986) did not ,find‘ any
significant age-related changes in suprathreshold sensation
of _ ihe elderly wusing the. magnitude matching method.
Loudness of sound was used to match the taste intensity.

Bergéno' et al. (1982), Moskowitz et al. (1974) and
Pangborn and Pecore (1982) observed that results obtained
using model taste systems were different from those
obtained using real = foods. The Seasurement of taste
perception for particular taste gqualities and a particular
set of conditions 1is useful in understanding the function
of the sense of taste. E

Investigations of the effect of age on taste preferénce
are scarce. Laird and B;;en (1939) feported an age-related
change in ©preference of sweetness in pineapple juice for
subjects over 50 years old. HOYSXEEJ in other studies
(Desor et al., 1975 and Enns et al., 1979) no age effects
on sweet and 'salt preferences were found. Using the

magnitude matching method, Cowart (1983) studied taste

preference for the four basic tastes in six age groups. Age

related changes in pleasantness ratings were only’

significant for {sweetness. Murphy (1985) investigated the

taste preference for salt, sweet and sour tastes in both

10 -



agueous and food systems. Significant age and medium
effects were found for all three tastes. The elderly
subjects found salt and sugar more pleasant at higher
concentrations than did young subjects, regardlesé of the
medium used. The elderly consistently rated sour agueous
solutions as less pleasant than did young subjects but they
rated the sour beverages as more pleasant than did young
subjects.

Lundgren et al. (1978) revealed four possible hedonic

_response patterns to increasing stimulus intensity. First,

a monotonic decreasing hedonic response; Second, 2
parabolic function; third, a monbtonié increasing hedonic
response; fourth, a horizontal %‘ne. Pangborn, (1970),
Lundgren et al. (1978) and Trant and Pangborn (1983) were
able to identify two or three distinctive hedonic responses
among their subjects and illustrated that subjects could be
classified accaording to their hedonic responses.

In some studies both taste intensity and taste
preference at suprathreshold concentrations have been
measured. Kocher and Fisher (1969)- and Trant et al./(1981)

-
demonstrated that hedonic and intensity responses exhibited
different functions with stimulus ‘qoncentration. It has
been ‘shown that perceived intensity responses are linear
with increasing concentration but that hedonic responses
are quadratié _ (Moskowitz, 1981 and Trant et al.,l1981). If

~

food 1is perceived as having a weak or inappropriate taste,

11
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this could rlessen the enjoyment of eating and could be an
important {;&tor contributing to dietary inadequacies.

In ‘a study of preschool <children (Korslund and
Eppright, 1967), subjects whose taste acuity was reported
to be low were classified as tending to accept more foods
and to exhibit more enthusiasm for these foods. The reverse
was reported for subjects in whom taste acuity was reported
to be high. Henkin et al. (1964) have studied patients with
familial dysautonomia who have abnormalities of taste and
smell., They have suggested that the lack of taste acuity
observed 1in these patients and their obvious avoidance of
food may be related. Bfrch (1979) showed that preference
measurementé were correlated wi?h food intake patterns in
preschool children. 1t 1s possible that measurements of
taste preference can provide important information about
eating behaviour.

To .date‘ experiments examining the relationship between
dietary intake and sensory response have not established
any significant relationship. Mattes (1985) studied the
relationshib between taste response and dietary intake in
healthy adults. No significant correlations were obtained.
Matfes-xulig and Henkin (1985) evaluated the effects of
taste distortion (dysgeusia) on dietary intake. The results
showed that as the severity of dysgeusia increased, energy
consumption of the patients significantly decreased.
Indices of nutritional risk showed that many of these

patients exhibited nutrient inadequacies.



~— Some of -the nutrients reported to be consumed in
marginally-.adeguate’ amounts by the elderly are ones that

could affect taste perception e.gr zinc, vitamin A and

"
Lo v
i

folacin.

13

zinc is thought to play an important role in the taste

process. Zinc deficient animals exhibited tastant-induced

Ly

nerve changes, hyperkeratosis of Iingual epithelium and
keratotic degeneration of the taste bud (Osmanski and
Meyer, 1969 and Catalanotto, 1977). Zinc is also found to

be essential in protein synthesis (Prasad et all

Since taste buds are composed of rapidly dividing cejls,
‘the effect of zinc on taste buds could be related to its
.coﬁtaining protein, gustin (Henkin et al., 1975), is
believed to be necessary for the maintenance of normal
taste bud .function (Shatzman- and Henkin, 1981). Shatzman

&

and Henkin - (1981) demonstrated that zinc .therapy of a
wo ' . o

patient with proven hypogeusia elicited an ;dncrease in
gustin levels and taste ability. Other researchers

(Hambidge }énd Walravens, 1976; ngnkin and Bradley, 1970;

role in protein synthesis (Heﬁkin et al., 1981). A zinc .

Henkin et al., 1971_add Schechter et al., 1972) have shown

zinc supplementation to be effective in treating some taste
| abnormalities. Although taste dysfunction .is an inevitable

symptom of =zinc deficiency (Hambidge et al., 1972), about

-two thirds of the patients with taste abnormalities are not

Zinc deficient (Henkin et al., 1981), Evidence for the

Ry
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relationship between impaired taste func;ion and poor zinc.
status of elaerly persons is lacking. Bales et al. (1986),v
Greger (197f3, Gﬁ;;gr ‘and Geissler (1978), Greger and
Sciscoeb (1977) and ﬂﬂtton and Hayes-Davis (1983) did not
find correlations begﬁeen,gﬁﬁgasurements‘ of zinc and

i

detection and/or recbgnition thresholds for saltiness and

sweetness. . Zinc may play a direct role in the sensation of
taste or an indirect roi; because zinc is involQed in the'
synthesis o¢ retinol binding protein, a transport protein
for. vitém&n A (H kin and Smith, '1972; Jacob et al., 1978

. :
and Smith et al., 1974).

Vitamin A .(retinol) is esseﬁtiai for maip?aining the
normal integrity of epiﬁhelial tissue (Wolbach and Howe,
1925). Human taste buds consist of modified epithelial‘
cells (Gershoff, 1977) and hanQa short life span with a

range of only three to thirty days (Biedler, 1978).
.Theréfore, poor vitamin A status can slow thé‘rate of
‘normal ‘dfffefentiatioh of taste buds\and may have a direct
effect \on"the functioning of taste cells. A relationship
between experimental vitamin A deficiency and abnormal

sensation 1in the human/lhas been reported (Hodges and

Hodges, 1980 and Sauberlich et al., 1974). In addition

Bernard et al, (1961) reported that rats depleted of
vitamin A showed abnormal taste response to salt and
quinine solutions. Administration of vitamin A resulted in

4

rapid recovery of the response to salt but not to guinine.
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Many researchers _have reported dietary inadequacies
among the elderly. Energy' requirement decreasés'with age'
because of an age-related déqrease in basal metabolic nfte
and a aecrgase in physical activity (Extdn—smith, 1972).
Enérgy fﬁtakes reported in the litefature for elderly women
are usually even lower than recommendations (Gar;y et al.,
198z; Guthrie et al:, 1972; Kohrs, 1978; Leichter et al.,
1978; Reid and Miles, 1977; Vir and.Love, 1979 ahd‘Yeafick
et al., 1980). Although energy~requiremént is reduced for 3
the elderly, the requirehéh;s for other essential nutrients
do not concomitantly decrease. The Nutrition Canada report
stated that the elderly were at risk for deficiencies for -
iron, ‘folacin, thIamin, calcium " and ’§itamin a. Other.
;eports in the literature in@icate' that the elderly are
classified as a . vulnerable group for nutritiénal
,Qeficiencies. The repofted nutrient intakes of free-liviﬁg
elderly women are summarized in Table 1. |

It is evident that the elderiy are at risk for nutrient
deficien&ies and also may have decreased taste perception,
Whether "changes in taste perception influence food intake
and nutritional status of the éldefly needs to be explored.
In addition, the relationship of certain nutriehts to the
sense of taste requires further investigation. This sfudy

was undertaken to compare relationships between taste

perception and dietary intake for elderly and young'women.
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METHODOLOGY
1. Selection of Subjects
Two groups of subjects, elderly females (70 to 7§
years) and young females (20 to 29 yeérs), were~se1ected
from the'mgreater Edmonton area according to the following
criteria:

(1) Caucasian females, free-living residents of the
greater Edmonton area for over six months

(2) English speaking and willing to participate in the
study : ) \

(3) Ambulatory with no known 'history of serious
metabolic diseases (in¥the case of young females,
individuals who were pregnant or breast-fee%ihg
were excluded)

(4) Not following a special therapeutic modified diet.

A random sample of individuals was obtained by the

" Alberta Department of Hospitals and Medical Care‘from names
of appropriate individuals registered in the Alberta Health
Care‘ Insurance Plan. 1In each gfoup 176 individuals were
anformed, of the study by letter; it was hoped that at least
thiry sﬁbjects 'for each group would be( recruited. The
ietter requesting _participants for- éhe study appears in
Appendix 1. Individuals who indicated an interest in the
study ;ere interviewed by the researcher. A quesgionnaire

was used to determine if each individual was suitable for

the.. study (Appendix 2, Part I). In the 70 to 79 year old

17
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group, 3t individuals (1B%) indicated an’%nterest in the
study and 17 (10%) were enrolled in the study. In the 20 to
29 year old gréup, 17 women (10%) indicated an interest in
the study and 9 (5%) were enrolled in the Etudy.

In order to recruil additional individuals for the
stﬁdy it was nectessary tb use other methods of obtaining
subjects. Volunteers were obtained by contacting friends
and several organizations, 1including the Strathcona .Place
Society, the Society for Retired and Semi-Retired and the
YWCA. Contact procedures were similar to those outlined
above; the letters requestiné participants appear in
Appendix 3. The guestionnaire was used to collect
information about the suitability of the subject for the
study as before. In the 70 to 789 yéar old group, 13
additional - subjects were enrolled for a total of 30
subjecis. In the 20 to 29 year old group, 21 additional
subjects were fénrolled for a total of 30 subjects. The
questionnaire . (Appendix 2, Partg&l) was completed with each
subject to provide the ré;earcher with additional
information such as socioeconomic status, -drug usage,
smoking .habits, alcohol consumption pattern and further
demographic data. ’

Five appointments of one to two hours each were made
with each subject to enable the’ researcher to collect
quantitative data about taste perception and dietary

intake. Data were collected at the *home of the subject, at

The University of Alberta in the Department of Foods and

o
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’

Nutrition, at the Strathcona Place Society or at the
Society for Retired and Semi-Retired. The researcher
collected all data from the subjects between March and

November, 1985.
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2. Assessment of Taste Perception

The method of magnitude estimatiqﬁ (ME) was used to
assess taste perception. Usingwﬁﬁiéach subject is allowed
to assign any number (not negative numbers) to a series of
sensory -stimuli so that the ratios of the numbers assigned
reflect the ratios of the séhsory perception values. A
fixed standard and fixed modulus method was used
(Moskowitz, 1977). The first sample presented was a
reference sample within the usual physiological range;. this
sample had previously been assigned a number and was uséd
as a reference for the series of sensorw stimuli to be
tested.Q Each subject was introduced to thé)me;hod of ME by
means of a tfaining session using lines of various lengths
and pieces of paper of various shapeé (Appendix 4). The
purpose of this training session was to guide the subject
in the use of numbers and particularly ratios for
guantifying perceptual differences and degrees of
preference.

In this study taste perception was tested for two taste
gqualities, sour and salty. For the sour taste quélitylihe
reference sampie was 12 mM citric acid (CA); for the salt
taste quality the reference stimulus was B80mM sodium
chloride (NaCl). A rating of 10 was pre;assigned to each
reference sample. The reference samples were chosen at
concentrations above the reported threshold levels for the

r

elderly (Bartoshuk et al., 1986).



Taste perception was tested for the two taste quaiities
(sour and salt) using aqueous solutions as well as simple
foods. In each series the taste gquality concentrations
ranged to suprathreshold levels. For the sour modality, six
agueous  solutions were prepared from CA (Allen and
Hanburygb and double distilled deionized Qater in the
golloying concentrations: 3, 6, 12, 18, 24 and 36mM CA.‘The
concentration of each solution was determined by titrating
the solution to pH 8 with 0.1 N sodium hydroxide (Ruck,
1956). For the salt taste quality, six agueous solutions
wvere prepared with double distilled deionized water in the
following concentrations: 20, 40, 80, 160, 320 and 640mM
NaCl. The analytical composition of the salt used appears
in Appenéix 5. The concentration of each.NaCl solution was
determined using the Volhard Chloride method (Hillebrand
and Lundell, 1953). The concentration of each solution was
within a 10% limit of the target value.

The simple food systems were an apple drink for the
sour taste quality and archicken soup for.the sait taste
quality. A low acid apple drink was obtained from General
Foods Ltd. with the following characteristics: 0.063%
(wt/vol) malic acid, Brix valué = 10.70. A low sodium
chicken soup powder was obtained from Stafford Food Ltd.
with an initial concentration of 0.003% (wt/vol) NaCl. To
ensure that a clear broth was used the soup was strained.

The ‘simple food systems were prepared as follows. For the

21
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sour taste quaiity, CA was added to the standard low acid
apple drink to obtain concentrations of 3, 6, 12, 24 and
36mM CA. For the salt taste guality, NaCl was added to the
standard strained low sodium chicken soup preparation to
obtain concentrations of 20, 40, 80, 160, 320 ana 640mM
NaCl. The CA and NaCl concentrations weré verified and
adjusted by the methods used for aqueous solutions. The
samples were prepared in batches (1500 mL of the reference
samples “ahd 500 mL of the other concentrations). The stock
solutions were dispensed in 20 mL glass vials with screw
caps and stored at -150C for use within three weeks.
For evaluation by subjects, sample temperature was
controlled. Aqueous solutions were at room temperature
j(ZO:BOC) while food samples  wdre evaluated at
temperatures normally consumed. Apple drink samples were at
12i20C. To maintain the apple drink samples at the
appropriate temperature, the samples were immersed in a
water bath (12#30C) to a depth of one cm. Soup samples
were maintained in a closed water bath at 60+50C. The
following equipment was used to regulate the temperature of
the sample: Ice Pa%gl algminum tray (23x33 cm), hot tray
(salton Hétray®), two Corning ward® casseroles (900
mL), thermometef.
Subjects were tested individually. Each subject was
asked lpo avoid smoking, eating or drinking anything except
water, for at least one hour prior to the tasting session.

&

The pH of each subjects' saliva was determined at the
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beginning of each taste session using pH paper (paper for
the range pH 3 to 8 - Micrb Essential Laboratory). Subjects
were allowed to remove their dentures if they wished before
each ‘tasting session.

The procedure for tasting was standardized as follows.
Samples were presented to each subject as 10 mL liquid
samples in 30 mL disposable plastic Medicupdgl Each
sample was labelled with a three-digit random number. A
"sip and spit" method was used. Each subject held the
entire sample in the mouth for three seconds, then
expectorated. The [-tensity and pleasantness of the sample
were rated numer.cally and the researcher recorded the
rating on the scorecard, (see Appendix 6 for a sample
scorecard, Appendix 7 shows the \instructions given for
rating samples). After tasting each sample, the mouth was
rinsed withgzgater (twice 1if necessary) to wash away the
aftertaste. Double distilled deionized water was used for
rinsing and was available for the subject ad libitum.

Taste perception data for. each subject were colleéted
as follows. At each tasting session, the subject evaluated
six concentrations of the test taste guality in agueous
solution, followed in 10 to 15‘ minutes by six
concentrations of the same taste gquality in the food
system. There was a minimum of 20 seconds between the
evaluation of each tastant. Using a modification of Hyde

and coworkers' (1981) seguence order the six test solutions



24

were presented in a partially randomized order so that no

Jtwo consecutive samples differed 1in concentration by

than four-fold (Appendix 8). The reference samples
were introduced twice; once before the first-unknown and
again before the fourth wunknown to remind the subject of
the intensity and pleasantness of the reference. A hidden
reference sample was also presented for evaluation. Each
sample was evaluated on three different days. Half of the
subjects evaluated the sour taste gquality first while the
other half evaluated the salt taste quality first,.

The subject profile guestionnaire (Appendix 2, Part II)
provided information about factors influencing taste
perception such as wuse of dentures, wuse of table salt,
smoking habits and alcohol consumption patterns.

The raw data for magpitﬁde and pleasantness estimate§

3

of each subject were tabulated and reordered by the

computer for statistical analyses. Personal information was

coded for correlation purposes.



3. Assessment of Dietafy Intake .

Dietary intake for four days was assessed for each
subject. The method used was a combination of dietary
recall and food record. The researcher, trained in the
Nutrition . Canada techniqgues of guantitative dietary
assessment using food models, collected all the data.
Instructions for conducting dietary interviews are
presented in Appendix 9, Dietary data were collected at the
second, thiré and fifth interviews with eaéh subject.
Representative intakes for threg week-days and one week-end
day were obtained. |

At the second interview with the subject, a twenty-four
hour recall of food intake was obtained. A sample form for
collecting a 24-hour dietary recall appears in Appendix 10.
Each subject was asked to recall, in chronological order,
all foods and beverages consumed the preceding day,
starting  when the subject awakened. Food models,
constructed according to Nutrition Canada specifications
were used to estimate serving sizes. Methodology for
completing food records was then carefully explained and a
food record form (Appendix 11, Part 1) was given to the
subject to éomplete for the day preceding their next
interview, A fample food record (kbpendix 11, Par? 2) was
left with the subject as a guide. At the next visit (the
third interview) the record was reviewed with the subject

to clarify all details. At the fourth interview food
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records’ for two 'days were given to thg subject to be
completed on the two days preceding the final meeting with
the subject. A total of three days of food records w;;
collected. For two of the young subjects additional food
records were collected because the subjects' eating
patterns were 1rregular anq more data were required to
evaluate the usual 1intake. For one subject the dietary
intake for six days was assessed; for the other subj)ect the
dietary 1intake for seven days was assessed. The researcher
reviewed each food record with each subject. The initial
24-hour recall was wused as a cross check for compfeteness
of information. Skilled probing by the researcher helped to
ensure completeness of the assessment of dietary intake.
Additional information was obtained e.g. the use of
vitamin/minerél supplements, If vitamin/mineral supplements
were used for a period exceeding Six month{uythe following
information was obtained about each of tﬁe supplements:
brand name, nutrient coaposition, intake frequency and
dose. The subject profile guestionnaire (Appendix 2, Part
11) provided additional information about food preparation
and food habits. : ' .
The computation of daily nutrient intake proceeded as
follows. The researcher coded each item using standardized
techniques Adeveloped in tge Department of Foods and

Nutrition. The food intake data were transferred to

4 computer tape for the computation of nutrient intake by the
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-méin—fréme computer .(University of ALpérta). L1y iﬁtakesw
were calculated for energy, proteiq;- fat, cholesterol,
total carbohydrate, dietary fiber, sugaf, starch, thiamin,
riboflavin, niacin, = vitamin Bg, vitamin B12f foléciﬁ,
ascorbic acid, wvitamin A, vitamin D, calcium, phosphorus,
iron, potasSium, sodium a;d zinc. "

The ~ nutrient data base was the Canadian Nutrient File
‘(1983), ‘a data Dbase derived'frdﬁfHandbook No. 456 of the
United States Department of Agriéhlture (Adams,1975) into
whieh has been igcofporated Canadian food compbsitiop.data'
for -a total of over 3000 food items. Values for'dié;ary
fiber -and cholesterol were added to ‘the nutrient aaéaﬁbase
from Southgate's table§ (Paul énd Southgate, 1978) and from
the Nutrition Coding Cenfer,‘ Minneaﬁbiis - (Feeley et al.
1972). Values for zinc were added to the tape from various
sources: Revised Agricultural ‘ﬁandbook No. $8 KWatt and
ﬁerill,‘ 1975), Murphy et al. (1975), Fréé}and—Graves et al.
(1980), "Freeland and Cousins (1976), ﬁéwlerv and Klevay
(1§8b); McNeill et-al. (1985). Coﬁputer proérams converted
volumes of foods to mass and then calculated(ﬁugriénts per
day. Average nutrient intakes per day withﬁand without
- vitamin/mineral sUpplemengé were computed for each subject.
Mean nutrient daily intakes expressed as nutrient densities
(intakes pér 1000 kcal) were also .é;lculated for each

subject.

an
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Daily intakes of foods cldssified according to food

groups were also obtained. The ten food groups used for the

28

“Nutrition Canada surQey (1976) (de%eloped by USDA) formed.

the .basis for the foof gfouping systém. The ten food groups
‘were 1) 'daify producté 2) meat, poultry, £ish and eggs ¢3)
cereal products 4) fruit and fruit products 5) vegetablés
é)' ’fats and oils 7) vnuts and legumes 8) foods primarily
sugar = 9) beverageé and soft drinks 1b) miscellaneous
(including mixtures éf‘ food groubs, soups, cqndi'wats"and
items not classified elsevhere). |
Nutrient intakes were also assessed for the probébility
of risk that the aobsegved. intake ' is inadequate fqnqthe
described individual (Ander%on et al., 1982). A software
package ’designed by Dr. G.H. Beaton, Uhiversity of Toronto,

was used for this purpose on an Apple Ile micro-computer
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4. Anthropometric Measuremdntg
- The following anthropoh@f?ﬁc\\ measurements were

collected for each subject: heighf) weight, triceps

L]

« hskinfoid ‘tbickness, arm circumferengg/}énd elbow breadth.
One set of equjpment was used ‘khroughout‘ the study to
obtain anthropometric measurements including the folloﬁing:
a porﬁable spring scale 0"§E§A“ distributed by Precision
Scale Ltd Co.), Lange skinfold caliperé, metal calipers,
steel measuring tape. When anthropometric measupeﬁents were
taken, each subject wore light indoor clothing'with shoes
removéd. h ‘

Relative body weight (RBW) was determined from‘ﬁhe
following information: height, frame size and desirable
weight tables prepared- by the Metropolitan Life Insurance
Company (Grande and Keys, 1980). Height was measured as
follows. The gpbject stood against a flat vertical surface,
with the heels, buttocks, shoulders and head égainst the
vertical surface. A right angle metal headpiece, levelled
horizonﬁally was brought :fo th; crown of the head and a
mark plaéed on the vertical surface. The distance from the
floor to the mark was measured with the metal tape. Frame
size  categories . were %?bse \speéified- inﬁ "The 1983
Metropold tan Heﬁ!};. and Wéight Tables" and were determined
as follows. The éfeateééwbreadth across the elbdw joint was
measured with a sliding caliper with the arm 1in the

7

following position: arm bent so the angle at the elbow
i . \ . ‘ F
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forms 900 with the fingers pointing up and the dorsal
part of the wrist toward the researcﬁer. Thewtriceps
skinfold measurement 'was taken over the triceps muscle
halfway between the elbow and the acromial process of the
scapcla. ‘The skinfold was grasped along the posterier
midline,  of the left arm at the point one centimeter above
midpoint. |

Mid-arm muscle circumference was determined as follows.
Left upper arm circumference measurement was taken with a
steel tape halfway between the tip of the elbow and the
acromial process of the scapula, with the arm hanging
relaxed. Mid-arm muscle circumfefence was calculated using
che formula: arm muscle circumference = arm circumférence
R x triceps skinfold thickness, where all ﬁeasu;ements
are in millimeters.

Percentage of standard , va o vere calculated for the
triceps skinfold mégscrementj midferm circumference and for
the mid-arm muscle :ci:cumference measurement -using as
standards tﬁe sex and age specific soth percentile values
for the Canadian population (Jette, 1983).

Theoretical basal energy requirement‘ (BER) was
calculated. for .each subject wusing the Benedict-Harris
equation:

BER for females = 655.10 + 9.56(W) + 1.85(H) - 4.68 (A). ~

(W=weight' in kg; H=height in cm; A=age in yr)j

The protocol for data collection appears in Table 2.
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The research proposal was reviewed and accepted by the
Ethical Review Committee .on Human Research. A sample of a

. . — ‘ .
consent form from the participants is shown 1n Appendix 12/



.

Table 2: Protocol for data collection
Interview Taste Dietary
Perception Assessment
¢ of Evaluation !
1 signing of consent form, taste quality I
complete gquestionnaire, ‘
orientation to method
of magnitude estimation
2 taste gquality I 24-hour recall;
instruction on
completing food
record
3 taste gquality 1I review food
taste quality I1I record (one-day)
4 taking anthropometric taste quality II
‘measurements
o 1 N
5 present token of taste quality II review food

appreciation

records (two-days)

LY
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5. Data Analyses

5.1 Taste. Perception Data

The method of magnitude estimation (ME) was used for
the quantification of taste intensity perception and taste
preference. Traditionally zero ratings are not allowed in
the method of magnitude estimat;on. Oq;asionaliy, however,
zero ratings can be giyeql_ln this study zero ratings were
replaced by a number détermined by multiplying by 0.1 the
lowést estimate ever given:by that subject for an intensity
or pleasantness rating of that specific tastant (Moskowitz,
1970) . For ’intenéity measureéments, six of the 4320
intensity estimates were zero (ratings given by two of the
elderly subjects). For pleasantness measurements, 40 of the
4320 estimates were =zero (ratings given by three elderly

subjects and one young subject).

5.1.1 Intensity data

For each subjecf (N=60) taste intensity responses were
eXamined for six stimulus concentrations for eacﬂ of the
two taste qualities (sourness, saltiness) in each of the
two  systems (aqueous, food). Thus for sourness the
following -editric acid concen;rations: 3, 6; 12, 18, 24 and
36mM are eQdivalent to. -2.%, -2.,2, -1.9, -1.8, -1.6 and
-1.4 in 1log values; for saltiness the following sodium

chloride concentrations: 20, 40, 80, 160, 320 and 640mM are

33
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equivalent to -1v.7, -1.4, -1.1, -0.8, -0,% and -0.2 in lod
values. Magnitude estimates were transformed to logarithms
to linearize the relationships for data analyses. Since
there were three responses per subject for each intensity
measurement, single mean values of each %ubject were used
in the estimation of mean values of each of the two age
groups for statistical analyses. The mean values presented
in the tables are geometric. means calculated using
antilogarithms of the log intensity estimates. For each
concentration of each taste quality‘\in each system, log
intensity estimates were compared between young and elderly
groups+ using analysis of wvariance (ANOVA). At each
concentration of each taste guality for in each age group,
dlfferenc of 1log intensity estimates between the agueous
~and food systems were determined by ANOVA. The intensity
measurements of all six cdncenfrations were used in ANOVA
to determine the .interaction effects of concentration'with
age or medium. |
Coefficients of yariation were calculated to examine
the consistency 1in intensity response ratings for each of
the six concentrations. The test for homogeneity of
variance was used to determine whether the variances were
homogeneous within gréups.
Slopes and intercepts for the regression of taste
inten§ity on concéntration wéfe computed fof each subject

for each taste .quality of each system. For each of the 60
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subjects four slopes of individual 1linear regression of
taste intensity on concentration were computed i.e. one
value for each set of tastants: sourness in aqueous and
food  systems and saltiness in agqueous and food systems. The
slope of .each 1line was wused as an 1index of taste
perception. Slopes and intercepts were also computed using
normalized wvalues (i.e. normalization of the magnitude
estimates of intensity to the moduius of 10 - for the
reference concentration). However, the conclusions were
essentially ‘the same as for the non-normalized data and
therefore the results presented are from analyses using

oa
[

non-normalized data.

5.1.2 Pleasantness Data
Statistical analyses for pleasantness data were the
‘'same as -for the inﬁensity data except that regression
analyses (i.e. taste pleasantness on concentration) weré
not computed. For each subject an index of hedonic response
was calculated as the absolute difference between the
highest and lowest log pleasantness ratings ~of the six

concentrations for each taste quality in each system.

5.2 Dietary Data

The 1intakes of the 23 nutr;ents for each of 60 subjects
(30 elderly and 30 yohng) were assessed for each of four
days. The nutrient intake value per subject was cdmputed by

averaging across the intake of the four days.



Vitamin/mineral supplement 1intake was also assessed for
each "subject. The nutrient intake values with and without
supplements were compared between the young and elderly

groups using the Student's t-test. For each subject an

36

overall index of nutritional risk was calculated as the

average of the percent risk of deficiency computed
according to the software package "Probability Assessment
of Nutrient Intake" by G.H. Beaton for each of twelve

~

;nutrients (i.e.fgprotein, thiamin, riboflavin, folacin,
vitamin® Bg, vitamiﬁ Byp, wvitamin A, vitamin D, ascorbic
acid} calcium, iron and zinc).

‘ ]

5.3:Relationships befween Taste Perception and

‘Dietary Intake Data

The rglationships between taste perception data and
percent  risk of nutrient deficiency were »graphically
presented using the scatterplot technique (Cleveland and
Kleiner, 1975).

Pearson correlation coefficients were calculated

bétweeﬁ dietary intake data and taste parameters. Partial

correlation coefficients were calculated between the

diétgry intake data and taste parameters controlliné for
29e, weight and kilocalories when necessary.

Multivé;iate analysées (canonical correlations) were
‘conducted to evaluate interrelationships among‘ dietary

intake variables with taste perception data.



The éubjects were classified according to specified
levei; for the following ~variables: income, level of
education, wearing of dentures, eating alone or with
others, alcohol intake and smoking habits. The resulting
groups were subjected to ANOVA to determine relationships
between the variables and dietary and taste perception
data.

Data were analysed using programs from: Statistical
Package for the Social Sciences (SPSSX User's Guide,
1983), Michigan 1Interactive Data Analysis System (MIDAS by

- .
Fox and Guire, 1976) and Interactive Statistical ‘Graphics

Package (Chenier, 1980) . "

37



) RESULTS
1. Characteristics of the Subjects

Table 3 shows the characteristics Sf the young and
elderly groups. Both groups were comprised of thirty women;
the mean age of the elderly subjects was 73.7 years while
that of the youné subjects was 24.3 years. Statistical
analyses revealed that the mean height and weight of the
two groups were significantly different. The élderly group
was significantly shorter (p<0.01) and héavier (p<0.001)
than were the young subjects. The mean relative body
welght was 1189 percent for the elderly group and 100
percent for the young group. Relative body weighf—kRBw) was
calculated by using' desirable weights from Metropolitan
Life 1Insurance Tables (Grande and Keys, 1980). The relative
body weights of the individual subjects revealed that the
number of women classified as overweight, with a RBW of
over 120 ©percent, was greater in the elderly group (37
percent) than ip/{he young group (18 percent).

Anthropometric measurements revealed that the mean
triceps skinfold = thickness and mid-arm circumference
vmeasurements were significantly greater (p<0.001) for the
elderly group thén the young group. Compared to reference
- values for the Canadian population, the mean triceps
skinfold ﬁhickness measurements were 128 percent of
standard for the elderly group and 99 percent of standard
for the young group. Mid-arm muscle measurements were 94

38
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Table 3: Characteristics of the you . : and elderly groups

Characteristics Young Elderly

Number of subjects 30 30
Age (years) 24.3 + 0.5 73.7 + C.5
Heignt (cm) 164 *+ 1.2 159 + 1 %"
Weight
kg 58.2 + 1.3 69.C + 2.5™**
RBW < 100 + 2.2 119 + 3.4%**
MAC?3 )
cm 26.0 * 0.5 30.1 + 0.777%
% of Standard MAC 94.8 *+ 1.7 101.4 + 2.5%
TSF4
mm 19.8 + 1.2 L9+ 1,37
% of Standard TSF 99.2 * 6.0 127.9 + 6.17%%F
MAMCS i
cm : 19.8 + 0.2 21.8 + 0.5™"F
“ of Standard MAMC 84.0 + 1.1 S4.6 + 1.9

mean *+ standard error of the mean

Relative Body Weight

Mid-Arm Circumference

Tricep Skinfold Thickness

Mid-Arm Muscle Circumference

*k kX% gignificant at p < 0.05, 0.01, 0.00t,
respectively

* bWy



and 95 percent of standard for the elderly and young,
respectively.

Table 4 presents subject profile data collected from
the questionnaires. Socioeconomic aspects of the study
groups and some variables affecting taste perception and
dietary intake are presented. In addition, Table ¢
describes the vitamin/mineral supplements used by the two
age groups. The proportion of subjects consuming
vitamin/mineral supplements was 47 percent for the elderly
and 43 percent for thé young. Among the supplement users in

the elderly group, 57 percent took only one supplement

while 14° percent took five or more supplements daily (one
X S

sukject took nixidy) . Among the users of vitamin and mineral

Supplements young group, 46 percent took only one

supplement percent took three supplements daily.
The type of vitamin/mineral supplement most {requently
consumed was the single nutrient product for both age
groups; vitamin E for the elderly and vitamin C for the
young. Medications taken by subjects in this study included
antihypertensive agents, diuretics, analgesics, laxatives
and oral contraceptives. Of the -elderly, seven subjects
were taking more than one drug. The drugs most f{reguently
used were cardiovascular drugs for the elderly and oral
contfaceptives for the young. Seven elderlj subjects were

using cardiovascular drugs and nine young subjects were

using oral contraceptives.

)
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Table 4: subject Profile data

—_————— -
Young Elderly
— e ———————
Age (years) 20-29 70~19
Education
up toO Grade 6§ 0 4
Grade 7 tO Grade 2 0 13
career Preparation 2 5
Post~Secondary. 28 8
Income (self and spouse)
- < $14,999 10 1
> $15,000 20 10
not released , 0 3
Smoking Habit
o never 26 8
1ight (1 Cigarette/day) 0 1
medium (12 cigarettes/day) 3. 1
- neavy (25* cigarettes/day) 1 -
Alcohol ConsSumption ' '
none i 6 i
occasional ot 22 19
5 regular @ time/d‘ay) 1 I}
frequent ( 1 time/day) 1 '
Denture wear '
none 30 g
partlal 0 4
uppel or lower arch o - 7
-, both arcneés. 0 10
JFeople Eat Meal With
"\3 alone . v 2 14
. \w; one Other Person or more 28 16
Salt Use
none 24 17
small 6 11
fair 0 2
. a 10t 1 0
Vitamin and Mineral supplement Use .
regular dpily use (%)2 43 47
irredular use (%) b g 10
product use:' :
single Mutrient product(%)3 44 &%
multipl€ vitamin (%) 30 24
26 10

multiple vitamin+minerels (%)

e et T i .

''n=30 ‘ o
2 percent of tne grOup
percent ©f the total product use
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2. Taste Perception
2.1 Taste Intensity Data
2.1.1 Age Differences

The slopes and intercepts of the intensity functions

ot

for sourness and saltiness for the young and elderly groups
are showﬁ in Table 5. Significant age-related differences
were found from ANOVA analysis.

For sourness the slopes of the’ taste functions in
aqueous and food (apple dr%nk) systems showed significant
(p<0.001) age-related diffe;ences. For the elderly, the
slopes of the taste functions for sodrness in aqueous and
food systems were significantly flatter than the slopes of
the young group. |

Geometric means of intensity estimates for each of the
concentrations of citric acid (CA) are présented ianablé
6. For the CA agueous solutions the elderly group perceived
the two lowest'\concentrations (3mM, p<0.001 and 6mM,
p<0.01) to Dbe significantly more ' intense than did the
young "subjects. However, the- eléerly group rated the CA
agueous solﬁfiohs_ at highér concentrations (18, 24 and 36
mM  Ca) significantly less intense (p<0.01) than did the
young subjects. The same. pattern of age dif ferences was
also observed in the sour food systems. The elderly

subjects judged the lower concentrations (3mM, p<0.01; 6mM,

p<0.01) of the apple drink samples to be significantly

stronger and the higher concentrations (24mM, p<0.05; 36mM,

£
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Table- 5: Mean slope and intercept values of sour and salt

taste qualities for the young and eldeﬁly groups

Taste
Quality " Young! Elderly'
Sourness:
Aqueous  Slope 0.77 # 0.05 0.47 + 0.04™*%
Intercept 2.54 + 0.11 1.96 + 0.08™**
Food? = Slope 0.60 .+ 0.05 0.33 + 0.04™
_Intercept 2.15 * 0.09 1.64 i 0.08%**
Saltiness:
Aqueous  Slope 0.71 + 0.04 .  0.50 * 0.04%**
Intercept 1.79 + 0.05 1.59 + 0.05**
Fooa?3 Siope 0.50 + 0.04 0.42 + 0.05
o Intefcept 1.58 + 0.04 1.50 + 0.04
! n=30
2 apple dArink ' %

3 chicken soup o -

|

*h, ¥** gignificant at p < 0.01, 0.001, respectively
S o



Table 6: Geometric means of intensity estimates for different
concentrations of citric acid for the young and

elderly groups

Citric’ Aqueous Food

Acid (mM) Young' Elderly! Young' Elderly!
. L] .o o 1

e
> -7
RECA
. o

¥
2
s
. I:‘

.3 4.2 "'315.1*** 4.6 R Pk
6 ‘ 6.4 g. 3% 6.3 g.2%*
12 . i2.6 1.3 g.8 10.0
18 15.1 - 12.6%% 1.7 10.7
24 20.7 16. 1%% 15.0 13.0%
36 ©27.2 20. %% . 20.6 15.6%*
;
1-n=30

%, k%, %% gignificant at p < 0.05, 0.0!, 0.001, respectively
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p<0.01) to be signiﬁﬁcantly lesé‘intense than aid the young
subjects. Figure 1 presents the intensity functions (log
.estimates) for sourness in aqueous and food systeﬁs fof
‘both age groups. For sourness ANOVA of the log inteﬁsity
estimates did‘not sbow any significant main effect for age,
but for both ;queous and food systems significant (p<0.001)
age x concentra;idh~interactions vere found.

For the eldefly subjects the slope of the taste

function for NaCl aqueous solutions was significantly lower

than that of the -young subjects (Table 5). However, -for

45

. . . L AT
saltiness in the food system (chicken soup), no significant

~age difference was observed. \

gy .
intensity estimates for the

Geometric means of the
different concéntrations of NaCl in each system appear in
Table 7. Eo:\ NaCl aqueous solutions the elderly subjects
perceived ihé lower concentrations (20mM, ?<0.01; 4 0mM
p<0.01) to: be significantly strongez than did the young
subjects apd' the higher :géncentrations (QQOmM, 320mM and
64 0mM NaCl)J to be significantly (p<0.05) leés intense than
.did the young subjects. For saltiness in the food systen,
no ' significant differences were found in the geometric
means of the ,ihtensity estimates of the younyg and elderly
subjects. For log intensity estimates for saltiness,
neither the agueous solution nor the food system showed a
significant main effect for age. The age x concentration

interaction in NaCl agueous solutions was significant at
\
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Figure 1: Log intensity estimates of citric acid in
aqueous and food systems
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Table

7: Geometric means of intensity estimates for
different cdncentrations of sodipp chloraide -for

the young and elderly groups

7

NaCi ‘ Agueous Food
(mp) - Young' Elderly' Young! Elderly'
20 3.5 5.4%% 5.7 6.3
40 6.1 7.9%* s 7.4 7.9
80 12. 4 11.1 . 10.9 10.6 MB
160 18. 3 14.9% . 13,7 14.1°
320 28.6" 23.1% . 21.8 19.5 *
* ; g'e
640 39.6 - 30.2 ~ 32.6 26.5 g
1 n=30
W, ek

significant at p < 0.05, 0.01, respectively

H



log Intensity Estimates
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Figure 2: Log intensity estimates of sodium chloride in
aqueous and food systems
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p<0.0017 but no interaction effect was observed in the salt

¥

food system (Figure 2). ‘ -

2.1.2 System Differences (Agueous vs Food Media)

The mean slopes and intercepts of the taste functions
for sourness and saltiness in aqueous and food systems are
sﬁown in Table 8. For both the young and elderlylgfoups,
the slopes of the taste functions for sourness in agueous
solutions were significantly (p<0.05) higher than those in
food system, In addition, when the iyoung and elderly
subjects were combined 'as, one group, the slope of the CA
agueous solution (.62) was also significantly steeper
(p<0.001) than that of the food system (.46). At,h}gh
citri¢ acid concentrations (18mM, 24mM and 36mM) both ,the
elderly and young subjects percéived the sohr food systems
to be significantly less intense than the aqueous\solutions
(Table 9). For sourness ANOVA did not show any significant
main effect for medium in.the elderly group. However, for

sourness a significant (p<0.01) main effect for medium was

49

observed in the young group. Medium x concentration.

interactions for sourness were significant (p<0.001) in

both the elderly and young groups (Figure 1).

For saltiness in aqueous and food systems (Table 8), no

significant differences were found between the slopes (.50
vs * .42) of the taéte functions in the elderly group.

However, for the young group the slope for saltiness in



Table 8: Mean slope and intercept values of sour and salt

taste qualities for aqueous and food systems

Taste
Quality Agqueous Food'!
Sourness: ;
Young? S1ope 0.77 + 0.05 0.60 * 0.05™
| Intercept 2.54 + 0.11  2.15 % 0.09%*
Elderiy? Siope 0.47 + 0.04  0.33 *+ 0.04™
A Intercept 1.96 + 0.08 1.64 + 0.08*
i
‘Séltiness:
young? Siope 0.71 + 0.04 0.50 * 0.03™*"
Intercept 1.79 + 0.05  1.58 *+ 0.04™*"
Elderly< Slope 0.50 + 0.04 0.42 *+ 0.05
Intercept 1.59 + 0.05 1.50 + 0.04

1 apple drink for sourness; chicken

2 n=30

* s ¥ty y Yexk

significant at p < 0.05, 0

soup for saltiness

.01, 0.001, respectively

50
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Table 9: Geometric means of intensity estimates for different concentra-

tions of citric acid for aqueous and food systems

Citric Aqueous Food
Acid (mM) Young' Elderiy1 Combined Young' Elderly' Combined
A groups? groups?
A
3 4.2 | 5.0 4.6 6.7 5.5
6 ° 6.4 3 7.3 6.3 8.2 7.2
: 12.6 11.3 11.9 g, g 10.0 9 T
18 15,1 12.6 13.8 11, 7%%* 10.7%* 11,20
24 20.7 16. 1 18.3 15.0%** 13,07 14.0%%
36 27.2 20.1 23.3 20.6%% 15.6% 17.9%%
! n=30
2 n=g0

*, k%, *%% gignificant at p < 0.05, 0.01, 0.001, repectively, between

systems within the same age group
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agqueous solutions was significantly (p<0.00!) higher than
that 1in food system. When the data of the two age groups
were combined for analyses, the slope of the taste function

b}

for the NaCl aqueous solutions was significantly (.60 vs

.46 at p<0.,001) greater than that for the food sy_stem'."

Table 10 shows that for the elderly group'the geometric
means  of the intensity estimates for the : six NaCl
concentrations were not significantly different between two
systems. However, for the young/subjects saltiness in the
food system with concentrat;ons of 20mM and 40mM NaCl was
perceived to be significantly more intense than in agueous
solutions; at concentrations of 160mM and 320mM NaCl,
respectively, the 'food systems were perceived by the young
as significantly less strong tha ~ comparable agueous

solutions., ANOVA of 1log intensity .1mates for saltiness

R *

did not show any significant main effect for medium %:
groups. No ‘significant "medium x concentration interag%ﬁbn
ef fect for saltiness was determined for the elderly
subjects but for the young subjects the interaction was

significant (p<0.001) (Figure 2).

2.2 Taste Pleasantness Data
2.2.1 Age Differences
Tables 11 and 12 present the geometric means of the
pleasantness estimates for sourness and saltiness in both

systems for both groups. Except for the highest CA

.}



Takhle 10: Geometric means of aintensity eStimaﬁés for different concen-

trations of sodium chloride for agqueous and food systems

NaCl Aqueous;) ’ ) Food

(mM) foung'! Elderly' Combined young ' Elderly' Combined
group52 group52
20 3.5 5.4 4.4 5. k¥ 6.3 6.0
4 6. 7.9 7.0 7.4 7.9 7.7
80 12.4 1. 1177 . 10.9 10.6 10.7
160 18.3 14.9 14,1 13, 7F* 16.5 13.9%%
320 28.6 23.0 25.6 21.8%" 18.5 20.6%"
640 39.6 30.2 34.5 32.6 26.5 29.4%

' n=3C
2 n=go

systemsS within the same age group

R
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Table 11: Geometric means o0f pleasanthess estimates for
different concentrations of citri¢ acad tor the

young and elderly ggoups

: o~
Citrac Agueous Food
AC1d {mM) young ' Elderlv! Young ' Eiderly
3 LR ) 9.6 6.6 N Y
(& 0.5 1C.0 S 5.7
12 7.6 B.¢€ Y. 4 Q.8
& 6.5 6.8 G2 G.5
24 4.5 5.9 G.3 g.7
36 3.0 5.7 £.9 7.8
' n=30

* gignificant at p < 0.0%




concentration (36mM) in aqueous solution which the elderly

rated as significantly mofe‘pleasant than the young “(Table

55

11),. there were no significant age differences in

pleasantness estimates for sourness in .agueous and food
systems. The -elderly subjects preferred the “aqueous
solution of BmM CA concentration; the young subjects rated

“the lowest concentration of 3mM CA to be most pleasant.

Figure 3 shows the - group funct?ons of bleasantnéss

‘estimates for sourness in each system. Figure 3 shows that
the hedonic turve of the sour agueous system for the
elderly group exhibited a plateau at low concentrations

(3mM to 6émM) while the curve for the young group showed a

\

decreasing monotonic trend. For sourness in the food

system, both age groups exhibited a parabblic‘relaaieyship

between pleasantness ratings and CA concentrations (Figqure

~3) and preferred the middle sour concentrations (12mM and
18mM) .

<

main effect for age was found in pleasantness response. The

,
!

For sourness in aqueous and food systems no significant

age -x _concentration intéraction"for ‘pleasantness was
significant (P <0.001) for Sournessvin aqueous solutions
but not in the food syStém.y

For saltiness’ in agueous and food systems (Table 12)

s

foﬁn@ only at the 20mM and 160mM NaCl agueous solutions.

’

Compared to the young subjects who preferred 20 mM NaCl,

., significant age differences in pleasantness estimates were



log Pleasantness Estimates
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Figure 3: Log pleasantness estimates of citric acid in
aqueous and food systems »
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e
Table 12?$ Geometric means’ﬁof g}éasantness estimates for .
different concentrations of sodium chloride
for the young and elderiy groups
;
NaCl . Aqueous ’ Fbod
(m¥) : Youhgi Elderly’ Young' Elderly
20 9.9 7.5 6.3 6.8
40 9.6 8.5 ,8.1 8.3
80 8.7 9.9 06 THgs
160 6.6 g, k% 19,3 9.8
320 3.6 5.2 7.3 6.3 e
640 2.3 2.8 3.5 3.3
. ——
| ne30;
fe e

L

significant at p <.0.01
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the elderly preferred the aqueous solutioné ~with 80mM
concentration of NaCl. For _séltiness in the food system
both ébe groups rateg\ the 80mM NaCl samples to be most
. pleasant. |

Figuree 4 shows the group qunctions of pleasantness
estimates for saltiness.’ For the agqueous systém the shape
of the hedonic curve g;neréted by the elderly was parabolic
‘witﬁ a break point at 80mM NaCl, wvhile a decreasing trend
iﬂ pleasanzgess estimates with concentration was observed
in the young. For saltiness in the food sysﬁem, both age
groups showed a parabolic hédonic fuhction which peaked at
- 80mM RacCl. . s e -

ANOVA of log plaésanthess estiﬁates did not show any
sigﬁificéntu\main’ age effect for either the NaCl aqueous
solhtions, or the food szstem. A significané,(p<0.01) age x
concentration interaction for pleasantness was found for
saltiness 1in ‘“dgueous solutions (Figure 4) but not in the
food system. ‘

2.2.2 System Differences (Agueous vs éoodaMe&ia)‘

For both age 'groups, significant dfffefehées in

+ ’ . ’
sourness pleésantness~'ratings were found between AQueous
and food systems (Table:.ﬂ3). "Both yelderly' ana young
subjects ’juéged =thekaE$§géyétems (3mM and é6mM CA) as less

pleasant than those&ﬁf"cémparable agueous solutions, but at
# : . :

CA concentrations of 18 mM or higher all subjects preferred

A
;

sl
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Figure 4: Log pleasantness estimates of sodium chloride in
aqueous and food systems
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Table 13: Geometric means of pleasantness estimates for different con-
centrations of citric acid for aqueous and food systems
Citric Aqueous Food
Acid (mM) Young' Elderly!  Combined Young! Elderly! Combined
groups? groups?

3 1.6 9.6 10.5 6.5%** 7.6% 7, *RE
6 10.5 10.0 10.2 1% 8.7% g, 3%**
12 7.6 8.6 8.1 9.4 9.8 g, 5"
18 6.5 6.8 6.8 10, 2%** g, gH*x g,g***
24 4.5 5.9 5.1 g, 3*** g.7%* g,g***
36 3.1 4.7 3.8 6.9%**  7.gNMK 7 gMHH

' n=30

2 n=60

i, %k, kK% significant at p < 0.05, 0.01, 0.001, respectively, between

systems within the same age group

60
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the food system to the aqueous-solutions. When the two age
groups were combined for analyses, significant differences
in pleasantness ‘estimates for sourness attributable to
medium were found for concentrations across the entire
esuprathreshold range. For both age groups, the hedonic
responses for the sour agueous system showed a decféasing
- monotonic trend with increasing concentrations while
parabolic curves were elicited in the food system as CA
concentration increased. | ; |
For pleasantness response to sourness, a significant
main effect for medium was found in both the elderly
(p<0.05) and young (p<0.01) groups. A significant (p<0.001)
medium x concentration interaction for pleasantness of
sourness was also observed in both age groups (Figure 3).
Table 14 presents the pleasantness .estimates' for
saltiﬁess in aqueous and food systehs. For the elderly
group no significant medium differences +in pleasantness
_estimates were observed. However, for bthe  young group,
significant differences  in pleaséntness estimates of”’
saltiness between the agueous ;solutions and the fo&d system
were found for NaCl concentrations ranging from 20mM to
320mM. For both NaCl aqueous and food systéms the elderly
preferred 80mM NaCl. The young subjects preferféd a higher
iNaél concentration in the food sysiem (80mM) than in the
aqueous solutions (20mM). When the data of th,age_groups

ra o

were combin®® for analyses, significant differences in -




Table 14: Geometric means of pleasantness estimates for different con-

centrations of sodium chloride for agueous and food systems

NaCl ~ Aqueous Food
(mM) Yyoung! Eléerly‘ Combined  Young' Elderly! Combined
groupsé qrouP52

20 9.9 7.1 8.3 6.3%** 6.8 6.6%*"
40 9.6 8.5 9.1 8.1% 8.3 8.1
80 8.7 ‘5.9 9.3 10.6** 10.5 10.5%*
160 6.6 9.1 7.8 10,3%*" 9.8 10.0%*
320 3.6 5.2 4.4 7.3%% 6.3 6.8%*
640" 2.3 2.8 2.5 3.5 .3 3.4

1 n=30

2 n=60

*, k%, %*%% gignificant at p-< 0.05, 0.07, 0.001, respectively, between

systems within the same age group

Y
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pleasantness estimates between the NaCl aqueous solutions

and food system were observed. At the 1lowest NaCl

63

concentrations (20mM), the subjects judged the aqueous

solutions to be more pleasant than the food system, while
at higher NaCl concentrations (80mM or above) subjects
found the food system more pleasant than the compérable
aqueous solutions. In the elderly groS;thhe hedonic
fugitiOns of saltiness for "both agueous and food systems
vere parabolic- (Figﬁre 4). However, in the young group the
hedonic function for the NaCl agueous solutions showed a
decreasing monotonic trend with increasing concentration,
wvhile a parabolic function was obtained in the food system
as the NaCl concentration increased.

For saltiness log pleasantnedss estimates no significant
main effect for medium and no significant medium x
concentration effect were observed. in the elderly group.
However, for saltine:s log pleasantness estimates in the
young group @ significant main effect for medium (p<0.05)
and a significant medium x concentration 1interaction

(p<0.001) were found.

@

2.3 Demographic Effects
For each age group, the Slopes of the taste intensity

functions for sourness and saltiness in aqueous and food

B

SR

systems were® examined for the effect f smoking, alcohol

consumption, denture wearing, sali 'y pH and level of



education, Of the total 30 elderly subjects only 2 were
smokers, therefore, t he effect of smoking on taste
sensitivity was not studied in this age group. The elderly
who consumed alcohol had a significantly lower slope
(§<0.05) for saltiness in aqueous solutions  than
non-df;nkers. ‘Howeve;, alcohol consumption by the elderly
did not affect the slopes of the taste intensity functions
for saltiness in thé food system as well as sourness in
both' the agueous and food systems. No significant effects
due to? denture wearing, salivary pH or to the level of
'educati;% were observed on the slopes of any of the four
‘taste fhnctions of the elderly subjects. For the young
group, none of the demogrgphiC' factors tested had any
significant effect on the slopes of the taste functions

studied.

=
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3. Dietary Intake

3.1 Dietary Intake Data

Table 15 tabulates dietary energy intakes and
calculated enérgy needs of the two groups. The mean energy
intake of the elderly group was 1560 kilocala&ies,
significantly less (p<0.001) than that of the young group
(1893 kilocaléries). Mean kilocalories per kilogram body
weight ‘were ;23 for the elderly and 32 for the young. These
values are the same as the recommended average energy
requirements :specified 1in the Recommended Nutrient Intakes
for Canadians (1983). For the elderly group the méan energy
intake was 525 percent of the mean theoretical basal
requirememnt - versus 135 percent for the young group
(calculated ‘for each subject wusing the Benedict-Harris
equation).

Th? prOporbdoné of energy derived from protein, fat,
carbohydréte and alcohol were similar for the elderly and
the young as shown in Table 16. For the elderly the
average proportion of energy from protein was 15 percent;

fat 36 ‘percent and carbohydrate 48 percent. For the young

65

the average proportion of energy from protein was 15

percent; fat 33 percent and carbohydrate 51 percent,.
Alcohol <contributed 0.2 and 0.3 percent of kilocalqries for
the elderly and the young, respectively.

Mean daily nutrient intakes are tabulated in Table 17,

The intakes of the following nutrients were significantly
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Table 15: Dietary energy - intakes and basal energy v

requirements of the young and elderly Jgroups

Young' Elderly'
%

Mean Energy Intake

kcal/day 1893 1560"**

xcal/kg 32.5 22.6
Calculated BER?

kcal/day 1401 1264 * T
Energy Intake

% of BER 135 125

' n=30
2 Basal Energy Requirement

**% gignificant at p < 0.001
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Table 16: Dietary sources of food energy as a percentage o ;

of energy aintake for the young and elderly v

groups : \

/ Lo v i:,\ :
Nutrient Young' Elderly :
% of Kcal % of Kcal
Protein 15,0 + 0.42 15.4 + 0.6
Fat 33,5 + 1.0 36.2 + 1.3
Carbohydrate 50.9 + 1.2 48.2 + 1.1
Alconol 0.3+ 0.3 0.2 * 0.2
s

) n=30
< mean + standard error of the mean
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Table 17: Mean daily nutrient aintake (dier only) for the
young “and elderly groups .
A ®
Nutrient Young' Elderly’
w i i
_Energy (kgal) 183 + 72 1560 + i
Protein (g) 72.0 + 3.3 59.8 + C.3R 8
Fat '
Total (g) 1.3+ 3.4 64.6 + 3.8
Cholesterol (mg) 303 « 23 295 + o2
Carbohydrate -
Total (g’ 244 + 1C 19 e 0
Dietary Fiber (g) 6.7 % .2 8.4+ .6 f
sugar (g) 115 + € a1 % gt
starch (q) 105 * 6 2 e
Triamin (mg) 1,36 + .07 1.3C + ¢.07
Riboflavin (mg) 1,75 % 0.10 1.50 * 0.08
prefdrmed Niacin (mg) 6.7 + .9 4.8 + C.8B
“Vitamin 85 (mg) 1.5 + 0.1 1.3+ 0.0
Vitanzn '‘Bi2 (mcg) 4.7 + .0 3.8 + 0.7
Tot&l -Folacin (mcg) 200 + 13 178 v 14
. Agcorbic Acad (mg) 147 + 15 123 -~ 2
vitamin A" (RE) 1247 + 204 1148 + 16°
‘Vaitamin B (IU) 6982 + 843 £283 + 690
‘.Vitamin D (IU) 189 + 18 186 + €
' caicaum (mg) ‘ 1003 + 66 758 + 4%
. Phosphorus (mg) ; 1382+ 68 1142 7 B0*F
, Iron (mg) Y13.2 + C.5 12.5 + C.6
. Sodfum (mg) : 2635 + 143 2240 + 111 *
. . Pogassium (mg) 2900 + 122 2568 + 157
. 5, Zinc (mg) ; 9.3 + 0.5 7.8 + 0.4%

e

< o

~ - 1 n=30 .
¢. . 2.mean *+ standard error of the mean
T, RRRVRRE gignificant at po< 0.05, 0.01, 0.001, respectively

-

>
-
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‘lower for the elderly group. than for the young group:
energyf O(p<0.001);’ pfOteinf.(p<0.01); total carbohydrate
(p<0.001); ;sugar (pfo;OT)} starch (p<0.003);' riboflavin
(336705); calcfum {p<0.01); phSQphorus (p<0.01); sodium :
(b<0.05)lkand zinc (pZO,OS); For the .elderly, meah intakes.
of-.:calcium (?58 mg) and zinc (7.8) were below the
necommended leveie of 800 mg and 8 mé, respectively. In
addition thé mean intake' of foiacin (178 mcgqg) for the
elderty was below the: recommended level of 196 mg per day.

Eor; the . young, the mean 1ntake of iron was 13.2-mg, Jjust

below the recommended level of'14 mg per day.

'

‘The. use of v1tam1n/m1ne(al supplements 1ncreased~mean'
‘daily nutrient intakes as @howni in  Table 18 - For the
.elderly the imtakes of um, zinc  and folacin were
- kincreaséd to‘ the followlng vels:ACaICium;'825.mg:‘Finc,
'jr 10.8 ‘mg;'mfolacin,f é14 mg. For the young the meen deilyl'

:intake " of ifon from food plus'supplement was 14. 2 mg. Thué

| 2

the use of v1tam1n/m1neral supplement% 1ncreased the mean

~daily fntakes of all these nutrlentst to levels. above

kK . [ E
5

. v 4
"recommendat1ons.; Only upplements that had been consumed .
T ' 2
/ ,reguIarﬂy jor_ more ‘*han six months were con51dered in, the‘
o, - ) ; e ) ; 0 .
‘ . ’ ER
'.‘fﬂéw . ,":

The_ average 1ntakes' of thlamln; \rlboflévin,‘vztam1n

calculat1on of mean da)ly nutrlent 1ntakes.

Bg - and”_ ascorb1c -acld were dramatlcally affected by

\1‘_ @

i supplement 1&;5? In these cases total nutlent 1ntakes from

' ffood _plus‘supp;ement ;eached hlgh levels; for th1gm1n;’mean

. -
b3 . 1. *
. CEY
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Table 18: Mean., daily nutrient intake (diet plus
GQitamin/mineral supplements) for the young
dnd elderly groups
Nutrient Young'! Elderiy'
_
Energy (kcal) 1983 + 672 L1560 + 66™F i
Protein (g) 72.Gy*+ 3.3 59.9 + 3% ¥
Fat ' N ) A . " ‘T‘Q
~ Total (g) 71.3 + 3.4 64.7 + 1.9 %“
Cholesterol (mg) 303 + 23 295 + 22 LAk
Carbonydrate '~ O
, Total (g) 244 % 10 194 + 10™*
Dietary Fiber (g) 16.7 * 1.2 18.4 + 1.6
Sugar (g) 115 + 6 C .91 % g%
Starch (g) 105 + 6. \\\gz * g .
Thiamin (mg) 4.28 +1.76 1 5.08 + 1.9
“Riboflavin (mg) 4.46 + 1.73 5.06 + 1.88
. Preformed Niacin(mg) 26.7 * 4.1 27.2 + 5.1
Vitamin B6 (mg) 11.8 + 6.1 4.1F 1.7
vitamin B12 (mcg) 8.4 + 2.1 7.1 + 2.0
~Total Folacin (mcg) 436 + 171 214 + 24
Asedrbit Acid (mg)q 42, + 39 242 + 45\ ¥
Vit ;ﬁ»{RE) . zwgé 76 + 252 W542~i&218 o
vitanin & (34). 4 B 8670 T oo8 ¥7506 * 876 ‘
Vitamin. D @u) ¥ 274.% 36 253 + 36
Calcium (mb) * 1019 *+ 68" 825 + 49% v
Phosphorus (mg) , 1392 .70 1150 + 63%
Iron (mg) ° 14,2 * 0.8 13.6 +%.9
Sodium' (mg) 2635+ 143 2240 % .111%
Potassium (mg) _ 2082 + 122 2568 .+ 151
’ Zlnc (mg) +°0.9 + 1.9

1025

10.8

(

f‘\\ ] B

. n-30 & : :
' ¢ mean * standard error, of -the mean
s;gnlflcant at p < o 05 0. 01, respect;v@ly .

* sk "

*

.

. e

~

.
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’
intakes were 635 percent and 535 percent of theHRecommenaed
Nutrient Intake (RNI) for the elderly and. young
ArespectiVely} fer riboflavin, 446% abd 506% of RNI; for
vitamin Bg, 661% and 1903% of RNI and for ascorbic acid

538% and 538% of RNI.
Nyt Averages tend ‘to  obscure the range in individual

;nutrient intakes. Table 19 shows a prediction of the risk

! i .
of inadequate intake. A computer program, "Probability

Assessment of Nutrient Intake" (by Dr. G.H. Beaten), was
used to calculate a proéability estimate of true
deficiencies for several nutrients. For the elderly the
nutrients with the greatest risk of inadequacy were folacin

(39%), calcium (31% 21%5 (23%) v1tam1n A “(12%), vitamin

Al

D (11%); for the young, folacin (16%) vitamin A (11%),
zinc (11%) and iron (9%) . Theg@'consumption’ of
vitamin/mineral supplements did not have a .significaet
impact on meah pefcent ;risk estimates for either group.

However, the percent rlsk estimates for zinc 'Eecame

o

Eiggjﬁicantly greater for the elderly‘compared to the young

when -intake from supplement-was added (p<0.05). For folac1n

I3

and calcium the percent rlsk estlmates were 51gn1f1cant1y -

greater for- the elderlx“;han the young (diet only and d1et

)

'prlus. subplement). For 1:on, the percent risk est%yate wae
significdntly less for the ‘elderlf than the yepdg (diet
onl& | apd qiet plus suppleménti; The: ybung 3user; szfL

"‘dﬁtamln/mlneral supplementS' (n=13)ghad a sigﬁifiéaﬁg lowefjéﬁ?!

risk of folaC1n def1c1ency than the non- users (n=1z)

>~
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Table 20 presents mean nutrient intake per 1000
kilocalories  (nutrient densities). Densities for most
nut?ients exceeded those calculated from.- / recommended
intakes., The datd collected show that the density of the
fdllowing " nutrients was significantly greater for the
elderly’ than for the young: dietary fiber (p<0 05) thiamin
(p<0 08) and 1iron (p<0.01). For 1r;n, the frgures weﬂrMS
mg /1000 kilocalories, ,for the elderly dnd 7.1 mg/1000
‘kllocalorles for the young. Iron den51éy for the young: was
léss than that calculatedaanm Recommended Nutrient Intakes
(RNI)}k‘For the elderly, folacin, calcium and zinc den51€1es
Wé?e ]uSt«OVEr those. from RNI. The nutrient density of zinc

was the same ﬁpr both groups,,a level of 5%mg¢W000 kcal.

Food 1ntakes' were ass sséd in terms of food groups.
'

ks {“

73

Average guantities consumed in each group appear. in Table '

\ﬂ‘ .,

. o, :
21. The food intakes are simllar to-néborteq“yaldgsmﬁpr‘the
A} ‘ 3 .

general population in Canada (Nutrition Canada, 1976). The

young group conslimed mofe da1ry products and less @eat thap
the average Canadian female of that age. Both the elderly

and the young c0nsumed mqre ;ru1ts than their average™

»

Canadian counterparts. iThe “mean daily _.intake of cereal

products was k51gn1f1cant1y ‘lower for the elderly than for

P g

&

the young (p<0.05), whilé that of fats QES‘Eignificantiy,

greater for the elderly than for the young(p<0.01).
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Table 20: Mean daily nutrient intake eXxpressed as
nutrient density (per 1000 kcal)
Nutrient Young' Elderly'’
. . .
Energy (kcal) ' 1000 + 0.02 1000 + 0.0
Protein (g) ; 38.0 + 1.0 39.3 % 1.5
Fat » ' -
Total (g) 37.7 + 1.0 41,1 + 1.4
Cholesterol {mg) 160 + 10 191 + M2
A BrEAE :«95.“.‘,
Carbohydrate o P *
Total . (g) 129 + 3 s h\
Dietary Fiber{g) 9.0 + 0.6. Yot DT
Sugap (9) .. 61 +3 .
_ startn (9) 56 + 2 '
ighiamiﬁﬁkmg)- + 0.03" "84 + 0.04%
Riboflavin (mg) + 0.04 0.97 * 0.04
vitamin B6 (mg) .8 +7°0.0 0.8+ 0.0 °
vitamin B12 (ncgy¥ 6 * 0.6 2.4 + 0.3
Total Folacin (hogs “106 + 5 112 + 6
‘Ascorbic Acid (mg)# <77+ T 78 + 6
vitamin A (RE) 895 + 125 * 712 + 74
vitamin A" (IU) 1 3898 + 539 .3944 + 318
vitamin. D (IU) 101 + 9 v o123 £ 10
calcium (mg) T 525 +25 490 + 24
Phosphorus (mg) 727 + 2, 738 + 30
~Iron (mg) : ‘ 7. +&" 8.1 + 0.3%*
sodiyn (mg) 1386 * 50 1456 + 61
potassium (mg) 1544 + 95 1653 + 72
zinc (mg) 4.9 + 0.2 5.7+ 0.2
. # . N
gt '
“ 1 P30 :

Cn g mean +'stand*§d error of the mean’ o
icant’at p <~.0§, 0.61, 0.001,

P

e
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3.2 Demographic Efggcts a
1Belatibnships between mean nutrient intakes and several
v -
sé%ioeconomic ‘factors were examined. For the elderly, the

level of education had a sign;ficant effect on the percent

g '
S *

riski estimate of iron deficiency;'as educational attainment
incfeésed ffdm"elémentary school to post-secondary school
the risk of {ron\_deficiency decreased sighifiéantly
(p<0105)h (data no? presented in tabular form). Also for“the
‘»elgeﬁ}y, 'EConomic statué had a sigﬁificant effect on zinc
V?ﬁ%ﬁ§£€§‘ individuals with incomes of $i4{9§9 annually or

less had a significantly higher :q}ﬁk of zinc deficiency

76

than ~those whose incomes werejyover $15,000 annda¥ly. For

i

both the yoqngwuanqb the elderly, individuals eating alone .

had significantly:higher pércent risk estimates for vitamin
D deficiency than others.

.“ 3
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4. Relationships between Taste Perception and Dietary
Intake
4.1 Scatterplots Showing Distribution of Percent Risk
of Nutrient Deficiency vs Slope of Taste Function
Quantitative assessments of taste perception allowed
comparison of the young and elderly groups. For each
‘individual, the slope of taste intensity for sourness and
@%é;ltiness in aqueous and food systems was calculated. The
.gerceﬁfv risk of ﬁutr}ent deficiency was used to examine
x@g;ationshipsy getween dietary intake 'and taste intengity
. paramet&ws.» ;Fbr each nutrient assessed the data were

'I

iﬂptted using the scatterplot technique with slope of taste -
kqgﬁiin51ty on the Y?ax1s and percent flSk of nutrient
d§f1c1ency on the X-axis. Figures 5 and 6 preséﬁz the
”f%catterplots of slopes of sour and salt taste intensity
', versus perceht";isk of B%tamin A deficiency. Scatterplots
ifor the following -nutriehts aépear in Appendix 13: zinc,
zy$£Q)9c1n and calcium.‘ he scatterplots portray smoothed
jurVes for the 'midQQAn[ lower semi-midmean and upper
‘semi- m1dmean (cTeveland and Kleiner, 1975). For vitamin A,
. the : catperplots for the eidefly show-a “endency fbr risk

. : . A
of ?utrient. deficiency to increase with the slope of the

| N -
» ‘taste intensity function. v

4.2 Taste Perceptxon Data as Related to Dietary Intake’

Ppesented in® Table 22 are pearson correlatxcn
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Figure 5: scatterplot of slope of taste intensity vs percent
risk of vitamin A deficiency: Sourness
Young Elderly
‘ Aqueous
Slope Slope
1.67 . 0.90
' ]

o . * 100 o | | 100 -
7 Risk Y Risk
Food

Slope  « - Slope k. . %
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Scatterplot of slope of taste intensity vs perceht

‘Figure 6: g
risk of vitamin A deficiency: Saltiness
Young ' K Elderly
Aqueous ‘ ;
Slope Slope

1.16 1.11

Y Risk - ‘ C% Risk
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Bl
coefficients comparing slopes for sourness and saltiness in
aqueous and food systems with mean percent risk«that the

observed intake of nutrients was below requirement. For the

noted

‘elderly, significant positive correlations we;%aib
between the following: % risk of vitamin A defici " vs. .
- slopes for sourness in both the agueous (p<0. OSjmfood ‘
.(p<0.05) systems; % risk of vitamin A deficiency wslopes
for saltiness in both the aqueous (p<0. 05;‘ &nd' foag
(p<0.001) systems; % risk of calcium def1c1eﬂ%? vs, slope
gp} sourness in the food system (p<0.05); % risk of calcium
déficiency‘ vs; - slopes for saltiness in both aqueous
(p<0.05) and food (p<0.01) systems. For the young group,
there were no significant torrelations between the slopes
v;éf . taste  intensity and befcent risk of nutrient
‘deficiencies. |
Presented in Tabde 23 are Pear;on correlation
‘coef£1c1ents comparing slopes for sourness and saltiness in
"agueous and food systems with mean percent rlsk of nutrlent‘
deficig&Fy from diet plus supplement, 1In th?s case
éignificant positive correlations were again obtained for
the elderly between the following: % risk of vitamin A
deficiency vs. slopes for sourness in both aéueous (p<0.05)
and food (p<0.05) systems, and slopes for saltiness in both
aéueous (p<0.08) " and. fégd p<0‘601) éystems A negative

correlatlon ~wa§ also found for the young between % rlsk of’

;‘v
L re

K vztamxn A 8é£wclgngy and the v”'s.lope fa: salt1ness in the .

AAAAAA
‘:4' . ]
3

3 aqueous systgm”
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_Partial correlation  coefficients calculated. by
controlling for » energy intake revealed the féllowing

o o , o
positive correlations. for ~the elderly. f{data not presented

in 'tabulgf form): percent risk of wvitamin A deficiency.

(Eiéi only -and diet plué’vitamin/mine;al supplement) vs.

slopes for sourness in agueous (p<0.05) and food (p<0.05)

'systems. and for saltiness in aqueous (p<0.05) and food -

" (p<0.01) systems;: %\{isk of folacin deficiency (diet only)

vs.,. slope for "sourness in food sjstem (p<0.05); % risk of

~calcium deficiency (diet only) vs. slope for sourness in

food system (p<0.05) and for saltiness in food system

(p{0.0s). For the young one negative‘correlation achieved

statistical significance: % risk of vitamin A deficiency

(diet plus gvifamin/mineral supplement) vs; slope for
vsaltiness in food system (p<0.05).
The probability as;essmeht of nutrient deficiency is
one indicator of the quality of dietary intake; another is
-t

nutrient  density. Table 24 indic%;es. the  Pearson

‘Cprrelation ‘coefficients comparing suprathreshold \taste

intensity _data and nutrient densities for the elderlyﬂénﬁ

the young. Significant negative correlations were noted
,petweeni the folloﬁing;\vprbtein density fdr the young vs.
slope 'for"saltiness in the food éystem (p<0.05); zinc
“densiﬁyA for " the young vs. slope for sourness in the food

system (p<0.01) and vs. slopes for saltiness in ‘agueous

<

(p<0.01) and food (p<0.01) systems.,. In addition for the

—
e
-
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~elderly a significant positive correlation was noted

between vitamin K D density and slope for saltiness in the

food system .(p<0.65). For the young a sighificénr positive

correlation was’ nérgd between phosphorus density and slope
for sourness in the équ?bus system (p<0.05).

Multivariate® analyses ‘(canonical correlations) vere
conducted to evéluate interrelationships among individual
nutrignt and taste perreption data. Slbpeé_for sourﬁess and
?saltiness in aqugous\ and food systems were compared with
mean . nutrient intékes (with and without sppﬁlements) as
shown’ in Tabie 25. Significant correlarions were noted
between the following: for the elderly, sugar intake and
taste parameters (p<0 05) ; an&\for the young, dletary flber
intake and taste parametersvazo 01); iron 1ntake and taste
parameters (p<0.05); pota551um 1ntake and taste parameters
(p<0;05);' vitamin Bg intake (diet 9”112\ ang taste
parameters  (p<0.001) and phosphorus -intake '(diet plus
supplement) and taste parameters (p<0.05). e

Presented in Table 26 are canonical correlations

comparing the 4 taste parameters and the probabiubty
e

estimates of  nutrient inadequacies. The following

significant correlations were noted: for the elderly, %

_—risk of vitagin A deficiency and taste parameters (p<0.05);

85

for the young, % risk of zinc deficiency (diet only) and.

LS

taste, .parameters (p<0.05); ¥ risk .of wvitamin Bj2
\ .

\\;\defi;§ency (diet only) and taste parameters (p<0.05) and X%
| K . .

|
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Table 25: Cénonicél cofre;at;ons: slope of taste intensity'for two
taste qualities and two_systems vs nutrient intake (with
and without vitamin/mineral supplements) _ ’

. B Y

Nutrient Young Elderly
' diet - diet plus diet diet plus
) only' supplements’ only! supp}ements“
Energy (Kcal) . . ..50 .50 .39 .39
Protetn (g) e .51 .33 .33
Fat ' ' ~
Total (g) . .47 .47 e .24 .24
Cholesterol (mg) .24 .24 .36 .36
Carbohydate - ‘
‘Total (g) .35 .35 .47 .47
Diétary fiber(g) .69%* .69%* .28 .28
sugar (g) .40 .40 .59% .59%
Starch (g) .22 .22 .27 - .27
“Thiamin (mg)" v .38 .30 30 .33
Riboflavin (mg) ch $31 : .39 .31
vit.B6 (mg) R R R LA 1o .33 . .29
Vit.B12 (mcg) .25 .20 .27 ) .30
Total Folacin (mcgl\ 50 . .36 .28 .26
Ascorbic acid(mg) * .48 .29 : .28 33
vit.a (RE) .38 .39 .27 .15
vit.D (IU) .32 .32 .52 ~17
* Calcium (mg) .39 <43 .49 L2
Phosphorus (mg) .54 .57% .38 .36
Iron (mg) 61 .66™ .30 .31
Sodium (mg) .26 .26 ‘ .21 .20
Potassium (mg) .60* .§0* .30 T .30

zinc (mg) . .53 .49 ) .21 .27

1

n=30

*, k%, k%% gignificantly correlated at p < 0.05, 0.01, 0.001,
respectively :



Table 26:

-

. \

Canonical correlations: ' slope of‘ taste intensity for two

taste gqualities and two systems'vs percént risk ofs-nutrient

* gignificantly correlated at p < 0.05

deficiency (diet with and without vitamin/mineral
* supplements) ‘ \
Nutrient Young' Elderlf
' diet diet plus- diet diet plus
only! supplements’ only' supplements’
Protein .28 .28 .26 .26
© Thiamin .46 .33 .32 .07
ﬁiboflavin .32 .32 .18 .32
Folacin 41 .38 .27 .32
Vit.B12 .57% . .51 .31 .32
Vit.B6 .27 .21 .67 .27
vit.C .22 .22 .36 ;2?
Vit.a .48 .53 .59% .60*
Vit.D .23 .21 .21 .12
Calcium .21 .25 .54 .12
Iron .48 .66* .27 .27
zZinc: .58% .27 .21 .20
1 n;§0 x

87
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risk of iron deficiency (food plus supplement) and taste

Y

9

parameters (p<0.05).
& 1;3' Range of /Nariability of Taste Intensity~ Data:
~ Creation of §ubgroﬁps '

Sincgu—the average slopes of taste intensity obscure the
range in individual vélues, coefficients of variability
'were\‘calcplated to give an indication of person-to-person
variabilif—l For each of the tasée qualities and systems
the - slopgs for the individual subjects were ranked in
decreasihg order and two -equal subgroups were created in
each age - -grpup ~+-- subgroup I ,ethbited stéeber ME taste
intensity &lopes and subgroup II had .flatter ME taste
inténsity slopes. Table 27 shows the taste intensfty'slopés
for .sﬁbgroups ‘I and subgrqups II. Rénges in individual
values for slopes of taste function are tabulated. Tableé

28 and 29 show the variability in magnitude estimation

intensity data for individuals; Table 28 for the sour

&

gquality and Table 29 for the salt guality. Subjects in
subgroup I with steeper ME taste intensity slopes exhibited

‘ ¥ :
larger variability in log intensity estimates than subjects

88

in subgroup II. In some cases t were significant
differences between subgroups, indicpting. greater taste

response variability in subgroup- I than subgroup II. For

both sourness - and saltiness significant differences in
ES X, .

b

variability between the elderly and the young groups were

also observed at some concentrations (Tables 28 and 29).



v
Table 27: Mean slope of the sour and taste qualities for the
: young and elderly subgroups
Slope of Young : Elderly
taste Subgroup ' Subgroup' Subgroup! Subgroup'
intensity I II T § II
sourness: ,
Agqueous .99 .55 .64 .30 .
(.72-1.67)2 (.25-.71) (.45-.90) (.15-.44)
Food .80 .39 .50 . .15
(.61-1.16) (.07-.59) (.30-.75)  '(.05-.25)
: o~
Saltiness: .
Agqueous .89 .52 . .Bb : .34
(.71-1.16) (.28-.69) (.48-:1.11) (.09-.47)
Food .65 .36 .57 .27
(.45-.97) (.12-.48) (.42-.1.53) (.11-.39).
! n=15 )
2 range of the slope values

[ X4

89



Table 28:  Percent coefficient of variability'! of
intensity estimates for different concentrations

of - citric acid for the young .and elderly

subgroups
Citric Young _ Blderiy . -~
! Iy R ."f
Acid (mM) Subgroup?  Subgroup? Subgroaﬁﬁ’fﬁv§£béfoup2
' R 25
I II 1 N B

AC{UGOUS Solutions:

3 26 15 30 12
6 18 13 15 11
12 12 . 9 . 14 9
18 8 9 10 9
24 12 7 13 12
36 1 8 12 10

Apple Drink Samples:

3 38 20 18 9
6 27 9 ‘ 10 6
12 _ 16 8 11 7
18 14 10 10 6
24 | T8 10 & 1 7
36 1 12 18 7

1 (standard deviation/mean) X 100 —
2 n=15



Table 29:,

Percent coefficient of variability o©f intensity
estimates for different concentrations of sodium

chloride for the young and elderly subgrdﬁps

NaCl Ybung f_ E%derlx

(mX) ‘Subgroup!  Subgroup’ . Subgroup1 Subgroup!
1 11 I 11

—n

Q DO . A

Agqueous Solﬁﬁ;ons:
20 50 18 39 13

. 40 25 13 20 .
80 s & - 7 9+
160 10 10 Y 8
320 g 8 12 . 10
640 10 9 r © 2

- Soup Samples: '
20 21 11 58 ' 19
40 14 ST 16 . 13
80 14 8 0 8 & .
160 7 }‘ 11 -0, 6
320 10 0 10 R
640 10 M - 7 - 9

1 n=15

91
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4.4 Taste Intensity Data of Subgroups as Related to
Overall Index of Nutritional Risk
The elderly. subjects with steeper ME taste intensity

slopes tended to be at greater nutritional risk on the

92

basis of probability estimates of true deficiencies (Table

30). An index_  of the overall nutritional risk was

\

calculated as the average of the individual's percent risk
of deficiency for twelve nufrients: protein, thiamin,
rﬁboflavin, folacin, wvitamin Bg, vitamin By, vitamin
A, vitamin D, ascorbic acid, calcium, iron~ and zinc.
Figures 7 and B8 show these indices for the various
subgroups (nutrient. intake from diet only). For sﬁbgroup 1
of the elderly;= the mean index " of nutritional risk was
significantly‘ highe; than for subgfoup' 11 for both food
systems (sourness p<0.05 and saltiness p<0.01). That is,
the elderly subjects with steeper ME taste intensity slopes
had a higher 1incidence of nutrient deficiehciés. Of the
fifteen subjects in subgréup -1, 12 were classified as
” .

subgroup 1 for both food systems. Similarly 12 of 15

subjects in the young subgroup I were classified as

subgroup I for both food systems. For subgroup I of the

elderly, the mean indices of nutritional risk were also
significantly higher than those of subgroup I of the young
group for sourness in food system and for saltiness in both

aqueous and food systems.



Table 30: -Overall indices of nutritional risk for the young and
elderly subgroups for two taste qualities and two
systems 4 .
Taste System young Elderly
ouality subgroup’ Subgroup!  Subgroup'  Subgroup'
I 11 I1
Sourness Aqueous 6.6 4.7 14.0 9.4
Fooa? 5.4 5.9 17.71 5, 7"
Saltiness AQueous 5.8 5.6 “1g.31 9.1
Food? 6.0 5.3 18.71 4. 7%*
' n=15 i
2 apple drink
3 chicken soup -
1

same subgroup

*,%* significant at p < 0.05, 0.01, respectively, between

subgroups’of the same age group

significant at p < 0.05 between age groups within the

9



Index of Nutritional Risk %

Figure 7: Overall index of nutritional risk for the
young and elderly subgroups: sourness for
aqueous and food systems
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* Index of Nutritional Risk %
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Figure 8: Overall index of nutritional risk for the
young and elderly subgroups: saltiness for
aqueous and food systems
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4.5 Taste Pleasantness Data of Subgroups,

The effect ~of  taste stimulﬁs intensity on perceived
pleasantnesi: vwas also examined. Pleasantness reponses
(hedénic responses) were measured usibg the method of

magnitude estimation. The coefficients of variability of

individual hedonic responées'were examined‘fdr'both groups-

96

and subgroups (Table ‘31 for sour quality and Table 32 for.

salt quality). For ‘bothv_eldérly and young subjects, the

.pleasantnéss ratings for both taste gqualities of the

- subgroups with  the steeper ME taste ihtensity . slopes

(Bubgroup 1) exhibited more variability than ratings for
-subgroup 'Li. For sourness in both éystems the coe?ﬁicients
of wvariabilty of pleasantness estimates were Igénerally
émallen .among the elderly 'ﬁﬁan among the'young subjects;
but similar observa;ions were not fohnd for saltiness.‘

The patterns of pleasantness responses to taste
. 2 ~

qualities were plotted for the groups and subgroups (mean

/

log pleasantness ratings were used - Figures 9 and 10). The

paﬁterns of pléasantnesé rggponses.to aqﬁeous citric acid
‘solutions are shown in Fié&ée 9. Subgroup II of both the
elderly and‘ §oung'A gfdups rated citric acid aqueous
solutidng as \tasting more pleasant than subgroup I. The
concehtrations pércéived" és’hdst pleasant?wefe as follows:
for thv elderly,' 6mM and 3mM for SUbgfoups I ahd 11
reséecﬁively; for the ydung, 3mM_for both subé}oups /1 and

- ! A



—

citric Young
acia(my) subgroup'  subgroup’ subgroup'  Subgroup’

-~ I+ 11 1 11
Agqueous Solutions:

3 28 2 . 28 ‘ 9
5 . 20 12 15 g
12 24 14 14 ' 1
18 24 5 32 13
24 ' 45 27 a7 17
36 74 46 54 25

- -

Apple Dfink samples:

3 3 14 20 - 9
.6 26 7 10 8
12 12 a 12 7
18 ' 10 10 15 6
.24 18 15 25 7
36 29 28 37 12

Table 31: 'Percent ‘coefficient\‘k of variability

o/

Pleasantness of estimates for different

concentrations of «citric acid for the

and elderly subgroups

s

) ' Elderly

1 a-narE

lia
I3



——r

<
| 98
Taple 32: Percent coefficient of variability  of
pleasantness estimates -for‘ different
concentrations of sodium dnloride for the
young and eldefly subgroups
Nac1 T Young . Elderly
(mM) Subgroup'  Subgroup'  Subgroup'. Subgroup'’
1 _;’}1 I ' 11
* Aqueous Solutions: ) ,
20 23 17 29 o200
40 23 13 BERT- fﬂ u{ 2
80 18 6 7 iy
160, 26 20 24 15 .

320 129 39 66 . - 18 :
640 T oe22 50 109 s d
soup Samp;es: ‘

20 24 14 32 13
40 1o 8 B 13
80 10 : 6 100 5
160 16 13 29 10
320 46 | 15 . 55 21
640 135 28 ) 105 ‘ 54

1 n=15



log Estimates

log Estimates

0.1
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Figure 9: Log pleasantness estimates of citric acid

for the young and elderly subgroups
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11. For both groups, significant .differences were found
between the pleasantness ratings for sourness of subgrdup {
and subgfoup I1 (Table 33). For the élderly, subgroup 1
rated the three highest ¢itric acid concentraﬁions in
agqueous solutions léss pleasant than did subgroup I1 (18mM,
p<0.05;  24mM, p<0.05; 36mM, p<0.05). For the young,
subgroup I rated thé.two highest citric acid~c6ncenﬁratidns
in ’aqueous solution less pleasant than did subgréups II;
(24mM, p<0.05; 36mM, p<0.05). 1

%The patterns of pleasantness responsés to‘apple drink
sagplesN of wvarious citric acid concent;atiqns are shown in
Figure . Subgroup‘ I of 'both groups rated the'lowest CA
concentration in. éfink 'as least pleasant. Citric acid
conc:ntrations had little influence on the pleasantness
.ratings of apple drink for the elderly. The young subgroup
11 rated as least pleésant apple-'drfnk at the highest
citric ‘?acid concentrétions.' The highest pleasantness
Eatings were as follows: for the elderly,_12mM and 18mM for
sﬁbgroups 1 and 1I, respectively; for the young 18mM for
both subgroups I and II., For both groups, significant
differences were found between the pleasantness ratings of
subgroup 1 and subgroup 11 (Table 33). For the elderly,
subgroup I rated the ldwesﬁ citric acid concentration in
drink as tasting less pleasant than did subgroﬁp 11 (3mM,
p<0.01). For the young, subgroup II, rated the two lowest

‘ citric acid concentrations in drink as tasting more

pleasant than did subgroup I (3mM, p<0.01; 6mM, p<0.05).
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Table 33: Geometric means of Ppleasantness estimates for

different concentrations of citric acid for the

young and elderly subgroups i
citriec Young « Elderly
Acid (mM)  subgroup' Subgroup'! ~ Subgroup! Subgroup'
1 11 I 11
Aqueoué'Solutions:
3 12.0 $11.0 9,1 10.0
6 1.2 9.8 10.5 9.6
12 7.6 7.6 7.9 9.3" .
18 6.0 7.1 5.8 B8.1%
: * , %
24 3.6 5.5 4.7 7.4
36 2.4 3.9% 3.6 6.0%1
Applek Drink Samples:
3 5.0 g.3** 6.6 8.9**
6 ©.9 o -9.6" 8.5 8.7
12 8.9 10.0 10.0 9.6
18 9.8 10.7 9.3 9.8
2 9.1 9.3 ' 8.1 9.3 .
3) 6.6 7.2 7.1 8.5
/‘V
/1 n=15
otk e significant at p < 0.05, 0.01, 0.00fT,

Y

respectively, between subgroups within the same age group
1 significant at p < 0.05 Dbetween age groups within the

same subgroup



102

The patterns of pleasanthess .;esponseé to aQueous
sodium 'chloridi solutions are shown in Figure 10. For both
groups, salt solutions decreased in -pleasantness as they
increased in' concentration. The highest ;alt pleasantness
ratings. were as follows: -for the elderly, 80mM for both
subgroups 1 and 1II; for the young, 20mM and 80mM for
subgroups I and IIE réspectively.A For both .age groups
significant differences wvere found between the salt
pleasantness ratings of subgroup I and subgroup II jTablé'
34), For the elderly, subgroup I ratéd the two»highést salt
concentrations as significantly less 'pleasanﬁ\ thane did
éubgroup I (320mM, p<0.05; 640mM, p<0.05)._For the young™
- subgroup 1 rated - the four -highest salt concentrations as/
less pleasant than did éubgroup-II (80mM, p<0.01; 160dﬁf
p<0.01; 320mM, p<0.:0-1; 640mM, p<0.001). -

The patterns .of pleasantness responées to soup samples
of wvarious salt concentrations-are shown in Figure 10. Tﬁ@
-pieasantness ratings of Soup tended to show a parabolic
function as. salt concentration increased. The highest
pleasantness ratings were as follows: for the elderly, 80mM
for subgroup 1 and BOmM-and 160mM for subg:oUp I11; for the
young, respectively, 80mM and 160mM for subgroup I and II.
For both age groups, significant differences were found
between the soup pleasantness ratings of subgroup I and

subgroup II (Table 34). For the elderly, subgroup 11 rated

the lowest salt concentration more pleasant than did
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Figure 10: Log pleasantness estimates of sodium chiorid
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Table 34: Geometric means of pleasantness estimates for

Aifferent concentrations of sodium chloride for two

"\ systems for the young and elderly subgroups

- ‘

\
~

k N
NaCl Young , Elderly
(mM) Subgroup Subgroup' , Subgroup! Subgroup
I II ) I . 11

A

Agqueous Solu%ions:

20 10.5 9.3 6.0t1 8.3
40 0.0 9.3 8.1 8.9
80 7.4 0.2%% 7 0.1t 9.6
160 5.1 8.5%* g.711 9.3
320 - 2.2 . 5.9%*. . 3.9 6.9*
640 1.2 4.4%F*" 2.1 3.7%

Soup Samples:

20 5.5 7.2% 5.8 811
40 7.6 8.5 8.3 8.1
80 10.5 10.7 10.7 10.2
160 9.6 1.2 9.3 10.2
320 6.0 8.9 5.3 ‘ 7.8
640 2.5 5. 1% 2.6 4.2

! n=15

*, kk, k%%  gcignificant at p < 0.05, 0.01, 0.001, respectively,
between subgroups within the same age group
tt gignificant at p < 0.01 between age groups within the

same subgroup

104
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&

subgroup I (20mM, p<0.05). For the young, subgroup I rated

t

the lowest and highest salt concentrationﬁbin soup less

-

pleasant than did subgroup II (20mM, pék.os;*j640mM,

p<0, 05) . }i ,,
S ‘
In  general, for the aqueous systemg%%gleasantness
i .

decreased as CA and salt concentration ify
Y
pattern of response across the Supy dﬁ@ﬁ:ange was

* ‘X' -’

more pronounced for subgroup I thapd

hedonic response to CA and salt concentratioﬁ was parabolic
(Figure 9 and 10). The infermediate st imulus concentrations
vere preferred. For both taste gqualities 1in agueous
solutions and for salt in the food system, subgfoup.I
assigned the lowest pleasantness ratings to high
concentrations. Subgroup I, the subjects with the steeper
ME taste }ntensity -slopes,. exhibited narrower ranges of
preference and a greater dislike for concentrations higher
and lower than the preferred fange compared to subgroup Ii
(for both the elderly and the young).

An index of hedonic response was determined for each
subjeci by calculating the absolute differences between the
lovest and highest pleasantness ratings for each taste
,quality' in each system. Figures 11 and 12 show the average
indices of hedonic résponse for sourness and sa;tiness,

respectively, for the subgroups of the elderly and the

young. A significant age effect was found for sourness for
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subgroup II in both aqueous’ (p<0.01) and food systems
(p<0.01). ‘

For both age groups, subgroup 1 had significantly
higher indices of hedonic response than subgroup 11 (Table
35) 1indicating that’ the subgroup 1 exhibited strong likes

and dislikes for both sourness and saltiness at

suprathreshold concentrations.



Taple 35: Overall indices of hedonic response for the young and

elderly subgroups for two taste qualities and twe systems

Taste System Young { Elderly
Quality subgroup subgroup’ * Supgroup' Supgroup'
1. II I PO
\
Sourness  Agquecus .B2 L5O N .60 L30% R,
Food 47 30t T .42 RPLAL PR
Saltiness AQqueous 1.08 LgaNHH .79 .51
Food .86 .43 .76 42"
n=15

fLxk kF% gignificant at p < 0.05, 0.01, 0.00!, respectively, between
subgroups within the same age group
T signiff&ant atfp < O0.0! Dbetween age groups within the same
i

subgroup
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] DISCUSSION . : RSN

1, Sampling of the Subjects’

/

Obtaining. a random sample of free-living elderly is

@ifficult. In this study a random sample taken from the

-,

- —

| . Albetta Heélth Care Insurance Plan files yielded 53%.0f the A
‘elderly.lgroup and 30% of the young group. _Additional
partidipants were obtaiﬁed. from volunteers, ﬁriends aqij/‘\\\
seniors groués. Coleman and Krondl (1981) havé préviouslyl
reported 'difficuities in fecruitmeqt of ffee-livffﬁg“

| elderly. They obtained ’48.5% of the original objeepive of‘

400,

2., Taste Perceptfcn

‘ The présent' study used - ther method of magnitpde'
estimfation to  assess taéte‘ perception at supragggfshold
concentrations  similar ;.to those in  foods .nOrmally,
encountered in the diet. Slopes of taste intensity over the
suprathreshold range weré flatter for}the elderlg than for
| the young. It is difficult to rule out the possibility that
' a;; diéferences . observed could bg‘ attr}ﬂ%table to
differénces {n "the use of magnitude estimatibh for scoring
the samples. It i& easier for the young to use a wide range
.of nﬁmbers' (Stevens et al., 1984). The use of a restricted
range of numbers by the elderly could result in flatter
taste résponse .slopes_IOVér the sqpr?threshold rapgé. S
Iﬁit{ally a ‘trgining session . was helé‘ to introducewthe |
subjécts to the ‘magnitude estimation methoéology. In the

; | 110
. ) o
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training session subjects ..were encouraged to use a wide

-
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range of numbers. 1nclud1ng fractlonal numbers and to make .

ratio Jjudgements. In addltlon, thﬁrty subjects in each age
group évaluated a hidden reference 1in each of the three
replicates. Analysis iof the d%ta for replicates showed no
significan; differences. The results of the present. study
indicated that\magnffude estimation was used effectively by
the elderly for the rating of both intensity and
pleasantness. We noted that the intehsity data obtained
from the elderly for sourness and saltiness in both systems
were different, Invaddition, the intensity responses of the
elderly and the  young for saltiness in the the food system
were not significantly differenﬁ. These findings suggest
that in this study specific sensory responses were h;;su;ed
and not merely age\.differences in abMity to estimate
magnitudes. |

The . slope of the - taste function describes the
relationship of perceig?d intensity and concentration. The
slope values reported in the present study'for sour and
salt taste qualitieé are comparaBle té reported values
(Cowarf, 1983 Wéiffenbach et al., 1986 and Weisfuse et
al., 1986). Slight variations in slopes are ingvitable as a
‘result of differences in the concentrations of stimuli used
in the studies. 1In aggitfan ratinés of intensity are
inflhenced "by the range of stimuli presented to each

subject (McBride, 1982 and McBride, 1985). Although
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in the present stuay no significant diffe;ences were féund

in iﬁtensity~ respohses for subjects with iand ‘without

Benturgs, we cannot rule out an overall effect of the
.,wearing of dentures by the elderly. |

Several studies have 1investigated age-reléted éhanges

in suprathreshold ‘taste intensity perception. Many
researchers have observed  that \Ehg slopes of taste
functions were flatter for the elderlf than for the young
(Cowart, -1983, Hyde and Feller, 1981 and Weiffenbach et
al., 1986). Indthe p-esent study the slopes of thé taste
fuhctions for sourness and saltiness showed a decline with
age for both aqueous solutions and simple food systems. The
slopes of sour .taste .functions for:- the elderly and young
groups were .47 and .77, respectively, for the agueous
system- and .33 and .69, réépectively; for the food sysfem.
The s;épes for the elderly were significantly lower than
those for the young at a level of p<0.001. The slopes of
salt taste funCtions?for the elderly and‘youhg groups were
.50 ahd .71, resbectively, for the aqueous system and .42
and .50, respectively, for the food system. In this case’
the slopé for the elderly was sigﬁificantly lower than that
for the young for the agueous system only (p<0.001). The |
fatios " of the slopes .generated by the youhg to those
generated by the -elderly were as follows: CA agueous
solution, 1.64; sour food system, 1.82; NaCl“aqueous

1

solution, 1.42 and salt food system, 1.19. The results
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showed that the effects of aéing on suprathreshold taste
sensation are less marked for saltiness than for sourness.
13 and Feller (1981) also found that the age effect on
salt taste was smaller than that on sourness.

The present study showed that results for aqueous
solutions éndl simplevfood systems were dissimilar. For the
elderly, the slope of the taste function (sourness) was
significantly steeper (p<0.05) in the aqueous system than
in the food system. However, for the elderly the slopes of
the taste function (saltiness) did not significantly differ
between the two systems. For the young, the slope of taste
function was steeper in the agueous sysfem than in the food
system for both sourness (p<0.65) and saltiness (p<0.001),
In the present study the intensity ratings of the taste
qualities were'_founa to be significantly lower in the food
system than in the agueous system at the higher
" concentrations ‘(above 12mM CA for sourness; above 160mM
NaCl for saltiness for N=60). This difference in intensity
estimates was less for %%? elderly than for the young.
Hence, fhese results illustfate the importance of examining
perceived taste intensity in food systems. ‘

Pleasantness ratings 1in general were higher for thé
elderly' than for the YOgng,for the two taste gualities and
the two systems. The most preferred citric acid (CA)
concentrations for the elderly and young were 6mM and 3mM,
" respectively, for thé agueous system and 12mM and 18m¥,

respectively, for -the food - system.  The graph of



| pleasantness ratings for sourness in the aqueous system for
the elderly group\ exhibited a pleateau at the low
concentrations (3mM to 6mM). wvhile éhe function for the
young - group is monotonic (decreases with increasing

concentrations). Cowart (1983) and  Murphy  (1985)

demonstrated that ‘pleasantness ratings fbr sour agueous

solutions exhibit a decreasing monotonic  trend for both
elderly and young. In the present study for sourness in the

food system, both age groups exhibited ‘a parabolic

114

relationship betweén pleasantness rafings and

concentrations. The most preferred concentratioﬁs were in
the mid range (12mM and 18mM). For elderly- subjects, Murphy

(1985) also reported a parabolic relationship bé@ween

pleasantness ratings and concentrations for sourness ip\a<

food system. However, Murphy (1985) reported that the
hedonic function for the young group was slightly U-shaped.
For saltiness in the agueous system, the most breferred

concentration A;was higher for the elderly (80mM) than for

the young (20mM). Other researchers (Cowart, 1983 ana

Murphy, 1985) have reported- that the most preferred NaCl
concentration in agqueous system for elderly subjects was
about 50mM NaCl. For saltiness in the food system both age
groups rated the 80mM NaCl samples to be most pleasant. For
the elderly group, the hedonic curves for saltiness in both
systems are parabolic with a break point at 80mM NaCl. On
the contrary, the young subjects generated a decreasing

L4
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monotonic trend for the aqueous system but a parabolic
curve for the food systém with a break point at 80mM NaCl.
In other 'studies (Cowart,.f1983 and Murphy, 1985) a
decreasing monotonic relationship between pleasantﬁess
ratings and salt concentration 1in agueous gystem was
observed in both the elderly and young subjects. However,
Pangborn (1970) ' reported that for some people a‘parabolic
hedonic curve was obtained. For thesqﬁpeéple the addition
of Na(Cl to' water improved the accé;tability of water
.whereas for others it decreased the acceptability of the
waéer (Pangborn, 1970). ‘ < o

In the present study, sourness hedonic responses for
the agqueous s?stem differed signi;icantly from those for
the food system.: The pleasantness ratings for each of the
six CA concentrations. generated from the aqueous system
were signifiéantly different from#ihose of the food system
in both age groups. The subjects preferred a higher CA
concentration (acidity level) in the food syétem than in
agueous system and preferred intermediat% concentrations in
the food system. For sourness, a significant medium effect
oﬁ pleasantness ratings was found in both elderly (p<0.05)
and young - (p<0.01) groups. Similar results were also
reported by (Mu%phj“)(1985). In the present sfudy for
saltiness a significant (p<0.05) medium effect oh hedonic
function response was found -in the youﬁg group only.

Different hedonic responses were noted for the aqueous and

[y
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' food systems, Other researchers (Bertine et al., 1982;
’ b i L :

Moskowitz et al., 1974 and Murphy 1985) have also noted

differences in hedonic response  to \aqueous and food

Systems. It is evident that taste preference for food

systems should be evaluated.

LS
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3. Dietary Intake

The method wused .in this study ﬁo assess dietary intake
was 'a combination of dietary recall (one day) and food
records (three days)..- ‘Kohrs et al. (1980) reported on the
usé of a combined recall and food record method and found
that the food record overcame some of the problems
encéaﬁtered‘ when one relies on the older‘individual to
remember everything consumed. In‘- this study, the
researcber,' a foods and nutrition specialist, colleé;ed all
the dietary data herself and coded each item fér computer
analyses. Dietary ,intakeb was evaluated on three separate
occasions (one from 24—h9ur recall and two from reviewing

food records) so that important details regarding food
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products used, and methods of food preparation were

collectgd: The use of food models (volumes prepared
according to Nutrition ‘Canada Specifications) and the use
of a dietetic scale, -when necessary, provided for more
precision in asseséhent than would be possible for a single
24-hour recall. r Young et al. (1952) indicated that the
largest single  error in dietary assessment 1is poor
judgement of food portidns.f In the present study food
records .were reviewed with the subject eéch time to ensure

that enough information was obtained about each item. The

initial 24-hour recall provided information about each

subject's food consumption pattern to enable probing for

details that might have been forgotten in the subseguent
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food records. Campbell and Dodds ~(1967) noted that the
ability of older people to recall accurately can be
improved by skilled probing during the intérview. By
assessing dietary intake for more than one day and by using’

two different methods we were able to cross-check the

information.

The need ﬂto assess a relatively large number of
subjects placed a limitation on the number of days of food
intake it was practically possible to assess. We used four
days of food intake (three week days and one week-end day)
to obtain a representative estimation of wusual {;kake.
Houser ané- Bebb (1981) recommended that a representative
dietary intake must include weekend days and weekdays,
- probably in the true proportion of all days. Beaton et al.
(1979) studied the dietary intakes of 30 females and
illustratedA a vsignificant and consistent day of the week
effect on absolute nutrient intakes among these females..
Results of this study (Beaton et al., 1879) showed ‘that
worgiﬁg women consumed more calories on weekend days than
on  wegkdays. Moreover, Richard and Roberge (1982)

demonstrated that both women and men consumed significantly
more calories and 'gléékol during veekend days than during
weekdays. However, in women, a significantv decrease in
calcium intake was found during the weekend days. These
authors (Richard and Roberge, 1982) concluded that the

significant increase in calorie intake did not necessarily



accompany a significant increase 1in other nutrients. For
two of the young women in our study the food intake pattern
fluctuated considerably so we assessed six and seven days
of intake. Young et al., (1953) comparéd a seven-day intake
to a 28-day food record and found the seven-day intake to
be representative of intakes for the group. The authors
(Young et al., 1953) noted that the pattern of daily means
was so stable that ' less than a week's record would have
provided an estimate of intake Qith .little loss in
precision. Some researchers .(Hunt et al., -1983 and McGee et

al., 1982) have found that estimates of wusual dietary

"intake can be obtained from three days of food intake.
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Four-day records were advocated by Collier and Hankin -

(1963). Beaton et al. (1979) and Beaton et al. (1983)
stated that, for many nutrients, intakes for three to seven
days would providev a reasonablg portrayal of 4thi
distribution of wusual 1intakes. Balbgh'et al. (1971) used
random repeat 24-hour recallé. They found that four recalls
were “neCessary? for a representative figure for some

nutrients (e.g. calories) but that the representative

number was higher for other nutrients. The evaluation of

dietary -:vitamin A status poses more difficulties than the

evaluation of many nutrients because vitamin A is found in
relatively high concentrations in only a limited number of
foods. Russell-Briefel et al. (1985) concluded that it is

difficult to predict how many days of intake are needed to
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estimate the vitamin A intake of an individual becaus; of
large intra-individual wvariability. Hunt et al. (1983)
evaluated the intra-individual variance in dietary intakes
of a group of healthy free-living elderly men and women.
These 'investigators (Hunt et al., 1983) found that the
intakes of vitamin and mineral supplements, especially
those nutrients taken in magadoses ‘such aé B-complex
vitamins, ascorbic acid and =zinc, could greatly increase
the inter-individua. uariéqie. If digtary values are to be
correlated with biological parameters, such as taste
perception, a high degree of precision is reguired to avoid
false negative correlations.

Dr Beaton, University of Toronto, recently developed a
method for i;£éipreting dietary data using a statistical
approach.K This 1is a probabilityljudgement based on human
population data. The lower the intake is in relation to the
recommended intake (RNI), the greater 1is the likelihood
that it 1is inadequate to meet the individua}'s actual
requirement._ The probability of nutrient defjciency at the
level of RNI is only 0.025 (Anderson et al., 1882),.
Beaton's software package "Probability Assessment of
Nutrient Intake” is designed to pfedict the risk of
‘nutrient def?bienéy. Beaton has demonstrated a reasonable
consistency between his estimate of inadeguate intakes of
iron and Dbiochemical evidence of nutrient deficiency

(Beaton, 1974),



"The dietary data collected in this study indicate that

in' general, the elderly had poorer diets than the young.
The energy intake of the young was significantly higher
than that of the elderly. For the elderly the following
nutrients were classified as at risk: folacin, 39%;

‘calcium, 31%; =zinc, 23%; vitamin A, 12%; and vitamin D,
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11%. For the _young the following nutrients were at risk: .

folacin, 16%; vitamin A, 11% .and zinc, 11%. The protein
intake of the elderly was significantly lower than that of
the young (p<0.005). Protein intake varied among the

subjects and seven percent of the elderly group were

classified as being at risk for protein deficiency. Yearick

et al. (1980) reported similar findings. Ten percent of the
elderly were found to have an inadeqguate dietary intake of
pfdtein; nine percent of the group were found to have serum
protein levels that were classif-ied as below the deficiency
level (Yearick et ;l., 1980). ‘In the case of iron, the
amount per 1000 kilocalorié;, was significantly higher for
the elderly than for the young (p<0.01). In fact, for the
young, the mean intake of iron was marg%nal; it was 13.2 mg
as cdmpared to the rgcommended level of 14 mg. Of course,
the RNI for older women 1is lo;er. The quality of the diet
for the young was 1influenced by the proportion of milk

compared to meat products; the proportion of milk being

greater for the young than for the elderly. The Nutrition

Canada report stated that the elderly were at risk for -



deficiencies of wvitamin A, folacin, thiamin, calcium and
iron. Yearick et al, (1980);.sﬁowed that about 40-50% of
elderly women :did not consume adequate vitamin A and
' Harrill and Cervone (1977) reported that some of their
elderly women had suboptimal serum vitamin A levels.
However, Baker et al. (1979) and Nutrition Canada (1973)
found that serum vitamin A levels were adeguate 1in this
group of the population. These ,findiﬁgs suggest that
chronic }nadequate intakes of vitamin A may lead to low
serum levels (Barr et al.,.1983). Rosenberg et él. (1982)
suggest that a "small portion of elderly are at risk for
folacin deficiency. Inadequate intakes of falacin have been
documented for 18 to 43 percent of the elderly (Elsborg et
al.; 1983; Garry et al., 1982_and Yearick et al.,_1980).
Webster and Leeming (1979) found that 24% of elderly
subjects had low eiythrcoyte folacin levels which were
believed to be attributable to inadeguate dietary intake.
Garry et al. (1984) reported that 40% of the elderly
subjects had folacin intake below 200 mcg, but only 8%
exhibited low plasma folate levels. Wagner et al. (1981)
found that the <isk of folécin and zinc inadeguacies was
greater among elderly women of lower socioeconomic status.
Many factors can affect what foods aré eaten. In this
étudy significant effects of the following factors were
found: annual income, educational attaiﬁment, and whether

or not the subject ate alone. Davis et al. (1985) reported
»

122
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that income level influenced the quality of diet far the
elderly. Some studies (Grotowski and Sims, 1378) have shown
that elderly persons who eat alone tend to have lower
nutrient intakes while other studies (Todhunter, 1979) show
no effect suggesting differing individual reactions.
Individual variation becomes more pronounced with aging, It
is particularly difficult to find a group which represents
the elderly 1in the population because many candidaﬁesvgre

unwilling to cooperate in a study.
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'
4; Relationships between Taste Perception and Dietary

.Intake | r ‘ *

Significant correlations wefe noted between vitamin A
intake éndr.taéte perception data., Ip/Qiew of the fagi»that‘
vitamin, A is known toibe‘esseniial for the normal function
of a wariety of_speéialized epithelial tissue (Wolbach and
Howe,' ' 1925),#.- this observation = deserves ;aréfﬁl
consideration. Vitamin A deficiency}\has been shown tS’be
related to abnormal ;taste sensation in humans (Hoages and
Hodges, 1980 ‘and Sauberlich et al., 1974) and in animals
(Bernard et al., 1961). Mattes—Kulig and ﬁenkin (1985)
reported that in patients‘with'qugeusia (taste distortion) .
vitamin A intakés tendedJ to be inadeguate.. fbf these
: patienps_‘ tasté ‘ébnOrmality was correlated wiéhk high
" nutritional risk and low energy intake,

For the ~young group significant pegative~correléti0ns
wére- noted between the zinc density of the diet and.tasté
performance in terms .of slope for sourness (kood) and the
Qlopes for saltiness (aQueous and food). No significant.
correlaéions were found'between zinc in tHe diet and taste
'pérception' data .for F:the elderly. ..Howeve;, several
difficulties are ‘encountefed in trying fg correlate zinc
intake with biological parameters.~creger (1977) and Greger

and Sciscoe (1977) attempted to correlate zinc intake aqd

taste thresholds and did not find significant relationships
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‘%,bétween measurements of the taste*paraﬁéters and diet. Even
’if zinc ' is présent in thé diet in recomﬁended émounQS, poor
bioayailability may = prevent iipc from exerting its
essenf}al function. Factors affecfing the biocavailability
of zinc have been extensively reviewed (Sandstead et al., » \

. - 'S N
1982). Results in this study showed tha§ the incomejievel

g

for the elderly was correlated with =zinc intake. 1In

addition, the edu;ational level was nelatedlfo iron intake
for the elderly. v
This study found  distinct indiﬁi@ual differences'?n
taste intensity fuhction. Subgroupsl of fifteen subjects
with high and low values for slopes of taste function were
examined. For the elderly in this study, & relationship
between high values for slopes of ‘tasférffunction and
greater overall percent risk of~nutrition£l deficiency was
~found. 1In addition, an effect on preference respbnse-was .
docuﬁented: high values for slopes of taste function were
associated with greater variability in preference response.
There was a tend to register greater dislike for the!
concentrations either higher or lower than tHe most
preferred range. .
One of the most important. findings ip this study was
that the subgroup of the elderly with steeper slopes of
taste function in . food systems had a significantly higher

overall index of nutritional risk (sourness, p<0.05 and

saltiness, p<0.05). However, similar significant findings



126

._  for__index of nutritional risk were not observed either for
the elderly ‘in aqueous systems or in young groups. Mattes
(1985) found that taéte £unction wés not related to dietary
intake - for young healthy adul§s. He postulated that there
could be a relationship for some clinical conditions. The-
present study illustraﬁed that for the young group ,there

was no relationship between taste functions and overall

nutritional risk, but fof some elde:ly subjects a.
relationship between taste functions and °~ overall-
nutritional risk was identified. Mattes (1985) also
suggested that food systems may ‘provide more powerful
measures of. taste function émohg groups of subjects than
the aqueous tastants. Indeed, the results of this study
demonstrated that for both sourness and saltiness the food
systems were more useful in discriminating among groups of
elderly subjects .with diffeféﬂt characteristics than were
—the aqueous systems.

Subgroup I of the elderly with steeper taste intensity
~slopes, showed the following cHaragteristics: inteﬁsity a2nd
pleasantness, reép ‘ses with significantly greater
variability, higherr indices of ﬁutritional risk, higher
indices of hédonic response and lower pleasantness rating
estimates at both limits of the suprathreshold range. -2

For bdth aé% group, subgroups with steeper taste
intensity slopes exhibited stronger likes and dislikes in

£ gg%
pleasantness ratings compared to the subgroups with flatter

118
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slopes. This may eventually influence their pattern éf food
intake. - The observed differences 1in pleasahtngss'ratings
with steeper slopes of taste intensity, suggest a possible
relationship between nutrient intake, taste perception and

food intake for some elderly women,



CONCLUSIONS

Taste Perception
The measurement of suprathreshold taste perception b§

the method of magnitude estimation showéd the following:

v
‘Taste intensity
Taste intensity measurements at the six concentrations

chosen to represent the suprathreshold range were examined.
For sourness, the“'samples'evaPuated contained citric acid
in the following concentrations: 3, 6, 12, 18, 24 and 36mM
in both aqerus solutions and apple drinks. Eor saltines;,
the samples evaluated contained sodium chloride in the
following concentrétions:VZO, 40, B0, 160, 320 and 640mM in
both aqueous solutions and chicken soup;

1. The slopes of taste intensity functions for sourness
and saltiness for the elderly feméles (70-79 years).
were consistently flatter than those for the young
females (20-29 years). The slopes for the elderly and

- young, respectively, wvere as follows: for sourness in
the adueous - system, 0.47 and 0.77 (p<0.001) and in the
food system, 0.33 and 0.60 (p<0.001); for saltiness in
the aqueous system, 0.50 and G 71 (p<0.001) and ig the
food system, 0.42 and 0.50 (non sfignificant). o

2. Taste intensity slopes for food systems were
consistently flatter than those for agueous systems.
For sourness, the slopes for the food system were 0.33

¥
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“Yor the elderly and 0.60 for the young; these values
were significantly lower (p<0.05) than those for the
agqueous system which were 0.47 and 0.77, for the
eldg;ly and young, .respectiveiy. For saltiness, the
slope for the food system for the young was 0.50 which
was significantly' low;r (p<0.001) than 0,71 for the
. agqueous system.

3. For each taste qualit;, intensity responses:;cross the
six concentrations were compared between the two age
groups. For sourness in both aqueous and foﬁd systems,
the age X concentration interaction -in intensigy
response was significént (p<0;001)u For saltiness in
the agueous system, the age x concentration interaction
waé significant (p<0.001).

4, Fordlsourness in both agueous and food systems and for
,saltiness in jthe agueous solq;ions the elderly group
pefcef%ed thg' two lowest concentrations to be signi-
ficantly more 1intense ihan did the young groﬁp. At the
‘two highest stimulus concentrations, thé elderly group
pé?ceived the stimuli as —signfficantly less intense
than did the young. -

5. Differences 1in taste intensity response aéross the six
concentrations were found betveen the agqueous and fooq
systems. For sourness, a Significant (p<0;01) main

effect for medium in intensity response was found in

the young group. The medium x concentration interaction
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for sourness was significant (p<0.001) for both- the

elderly and the young. For saltiness, the medium‘x

concentration interaction in intensity response was

significant (p<0.001) for the ydung group.

Taste‘Pleasantness:

Taste pleasantness respbnse patterns were examined
across the suprathreshold range.

6. For sournessy and saltiness, differences were observed
in the most preferred concentrations of the elderly'ahd
the young. F?F sourness, the most preferred
concentrations were as folloﬁs: in the agueous system,
6mM citric acid (CA) for the elderly and 3mM'CA for the _

’young; in the food systenm, 12mM‘CA for the elderly and
18mM C; for the young. For saltiness, the most
preferred concentrations were as follows: 1in fhe
aqueous system, 80mM NaCl for the elderly and 20mM NaCl
fo: the young; in the food system,‘SOmM.NaClvfor both -
age groups.

7. Differences in pleasantness responses across the six
conqentretions &ere. found between the elderly and the
young; For aqueous systems, the age x concentration
interaction 'in pleasantness responses wae significant:

for both sourness (p<0.001) and saltiness (p<0.01).

-~

)
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. 8. Pleasantness responses were compared between the
agueous and food systems and significant differences
were found. For sour pleasantness, .a significant main
effect for medium was found for bbth the elderlj
(p<0.0$) and the young (p<0.01). The medium  x
concentration interactibn for sourness was §ignificant
(p<0.001) for both -age groups. For salt pl&asantness,
a significant‘ main effect for medium (p<0.05) and a
significant medium x concentration tion interaction

(p<0.001) were found for the young group.

_Dietary Intake
The —quantitative aggéssment of dietary intakes for four

“days shodgﬁ the following: | )

9. The mean energy’ infake of the elderly (1560 Kcal/day)
was significantly less (p<0.001) than that of the young
(1893 Kcal/day).

10. The low energy ‘intake of the elderly was associated
with poof intakes of several nutrients. The mean daily
intakes of the elderly were‘significantly lower than

.those of the young for the following nutrients:
protein- (p20.01), total lrarbohydrate (p<0.001), sugar
(p<0.01), starch (p<0.001), riboflavin (p<0.05),
calcium (P<0.01), phésphorus (p<0.01), sodiﬁg.(p<0.05)
and zinc (p<0.05).

11. The following mean daily nutrient intakes)%ere less

than the recommended nutrient intakes: for the
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elderly: calcium (758mg), =zinc (7.8mg) and folacin
(178mcg) and for the young: iron (13.2mg).

12. The proportion of subjects consuming vitamin/mineral
supplements was 47 percent of the elderly groﬁp and 43
percent of the young group. The use of vitqﬁin/mineral
supplements increased the mean daily intakes of
calcium, zinc and folacin for the elderly and of iron
,fof the yoﬁﬁg to levels above the recommended nutrient
intakes. However, 1in many instances fﬁé taotal nutrient
intakes from 'diét plus vitamin/mineral supplements
reached high levels of over 500% of the recemmended
nutrient intakes.

13. Inadeéuate iﬁtakes were more freqguent among the elderly
than the young. For the elderly group, the nutrients
with the greatest risk of inadequacy wére as follows:
folacin 39%, calcium 31%, zinc 23%, vitamin A 12% and
vitamin b" 11%. For the young-groﬁp, the nutrients with
greatest risk of inadequacy were as follows: folacin

16%,>vitah§ﬁ A 11%7»zihc711% and iron 9%.

Relationshfps between Taste Perception and Dietary Intake
‘Examination  of the '~ relationships between taste

perception and dietary intake showed the following:

14, For the elderly, significant positive correlations were
found between the percent risk of vitamin A deficiency

and the slopes of all taste functions (i.e. for
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O
sourness in the aqueous, (p<0,05) and food systems

(p<0;05) and for saltiness in the aqueous (p<0.05) and
£00d systems (p<0.001)),

For the elderly, significant positive correlations were
also found between percent risk of calfium deficiency
and slope for sourness in the food syst;m (p<0.05), and
slopes fgr saltiness 1n both the aqueéus (p<0.05) and
food (p<0.01) systems. y

Fof*'the young,, significant negative correlations were

observed between nutrient density for zinc and the

slope " for sourness intensity in the | food system

'(p<0.01)} and slopes for saltiness intensity in the

agueous (pLQ.O1) #ind food (p<0.01) systems.

Within éach age group the slopes of taste intensity
fudctions were fanked and subgroups created. For both
the elderly éQd ‘young 'éroups, subjects with steeper.
taste xintensity' slopes (subgroup I, n=15) exhibited
lafgep variability in intensity and pleasantness
ratings‘~than subjects with flatter taste intensity
slopes (subgroup I1I, n=15).

For subgrrup I of the elderly (with steeper taste
intensity lslopes), there was a significant correlation
between taste perception and nutrient intake expressed
as an index of nutritﬂonal risk. An overall index of
nutritional ”fisk was computed for each subject as the
avefage of the percent risk of nutrient deficiency

values (protein, thiamin, riboflavin, folacin, vitamin
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Bg, vitamin Byp, vitamin A, vitamin D, ascorbic

acid, calcium and zinc). For the elderly, the mean

index of nutritional risk for “"the subgroup 1 was

significantly higher than that for subgroup II for the
food systems for both taste gualities (sourness p<0.05,

and saltiness, p<0.01).

19. For both age _gfbhps, subjects in subgroup I exhibited
narrower ranges of preference and a greater dislike of
stimulus concentrations at both limits of the
suprathreshold -range than did the subjects in subgroup
II.

20. Forw both age groups, subgroup I had significantly
higher 1indices of hedonic response (calculated as the
absolute difference between the‘highest and the lowest
log pleasantness ratings) for all tastants than
subgroup I1, indicating thatthe subgroup 1 exhibited
strong likes énd dislikes at suprathreshold stimulus

concentrations,

One of the most important findings was that, for the
elderly, the subgroup with steeper slopes of taste
intensity was at greater nutritional risk than the subgroup
with .flatter slopes. The significant positive correlation
between the risk of wvitamin A deficiency and taste
intensity responses suggests a possible relationship

between vitamin A intake and taste perception.
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Appendix 1: The letter sent by Alberta Hospitals and
Medical Care to reguest participation

Alberta Hospitals and Medical Care
Health Care Insurance Plan

118th Avenue and Groat Road,

Box 1360, Edmonton, Alberta,
Canada

T5J 2N3

March 15, 1985

Dear Sir /Madam:

[
o

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 . They have approached the Department of Hospitals
and Medical Care for assistance 1in 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. '

The participant will be reguired to taste food samples and
answer some guestions about them, All samples will be
foods consisting of commonly used ingredients. This
information will be wuseful 1in 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 guestions. All information given will be
held in confidence and used only for research purposes.
Any information on the outcome of ‘the study will be
provided to the participant as requested.

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

1f you are interested in participating in this study, which
will begin soon and take an approximate period of one
month, please 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.

- ... continued
148 -
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Appendix 1: continued

4

Should you have any gquestions about this study, please
contact one of the persons at the following numbers:

Dr. Jaya Chauhan - 432-5239 or 465-5887
Ms, Christina Ko - 439-4089
Ms. Susanna Ko - 439-5524

Thank you in advance for your participation.

Yours very truly,

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

-----------------------------------------------------

NAME: . TELEPHONE: HOME:
ADDRESS: ' BUSINESS:

I, the undersigned, agree to participate 1in the Taste
Perception and Nutritional Status study to be 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 I understand,
through a pre-arranged appointment, will visit me,

SIGNATURE: DATE:

I do not wish to participate in the above study.

SIGNATURE: DATE:

:'2




Appendix 2: Part 1 - Subject profile guestionnaire

SUBJECT NO: DATE:
NAME : ADDRESS: .
PHONE? HRS. TO AVOID CONTACTING:
. SEX: M F ETHNIC ORIGIN: T

1. Health Status
7. Would you say that Your health in general is
Very Good Good(average) Poor

2. Mobility of subject: Ambulatory Non-ambulatory
Limited (eg. with walker) Other (describe)

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

Yes No

t

(I1f 'yes' please specify)

a) Medical condition: Note unusual appearance of

skin : eyes
teeth “hair
gums R - nails .. R
lips -legs | LY -

b) Diet change (eg. low Cal, dlabetlc,‘ﬁé res
modified fat, etc.) R i

c) Activity change Lo

d) When did it occur? R Lo
present___ within past year__ . [1—5 years;

Yes . NO____ ) . e ":
anefila kidne v el g
{diabetes ' infec 1bﬁ$ '] o
Niver colds ‘ )
heart ) psychological ;llness .
allergy ' G.I1."

other :

6. Name of doctor:

.. continued
150 L
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Appendix 2: Part II - Subject profile questionnaire

1.

12.

13,

o

. ) &
During the past 6 months, have you regularly used any
medication internally? (Drugs, pills, injections,
hormones, tranguilizers, tonics, cough medicine, etc.)

Yes No
(1f yes, please specify)

(1f applicable) Does medication aricct your appetite?

Yes No

Do you experience any problems with taste?
Yes No :
(I1f yes, please specify)

F

Do you experience any problems with smell?
Yes No
(1f yes, please specify)

Are you on a modified salt intake?
Yes No
(1f yes, please specify)

Do you add salt to your food at the table?
Yes No
(1f yes, please specify) ., ”

< i

&

Small amount : Fair amount A lot

Are you taking any vitamin/mineral supplements?
Yes__ No
(1f yes, 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

Do you drink alcoholic beverages?

Yes No
(1f yes, please specify)
a) Usual type of beverage : \

151

b) No. of drinks per day

c) No. of drinks per week

... continued
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Appendix 2: Part I1 - continued

14. Do you smoke? ” \
Yes No___ :
Usually smoke : ;
c1garettes pipe___. cigar__ other_
(If cigarettes, please “specify)

Usual number of cigarettes smoked per day

k4
A

-

15, In the past year, has your WEIght varied by 5 lbs or
more either up of down?’
Yes - No
(1f yes, please specify)
a) How much weight did you gain or lose?
b) Any significant reason known for the change’:
(eg illness, dieting)

ka4

16. Have you followed any type of a welght reduc1ng diet .
within the past year?
Yes_ , No.
(1t yes, please specify)-
a) Name of diet oo
~b) Duration

Py

17. Do you wear dentures? 4 .
No__ =~ Upper arch only_ Lower arch only__
Both arches_ R :
(1f applicable) How long havemigu been wearing -

dentures?.
Do you wear dentures while eating?
Yes . No_

(1f no, please explain)

18. Do you ‘have any difficulty in biting or chewing or
'swallowing severe enough to interfere with eating?
Yes_ - No__ .

(1f ye yes; please spec1fyf/
missing teeth
dentures .do not fit .
other - ’

19. How would you describe your appet1te7
- Very ‘good Good (average)__ Poor

20. With whom are meals usually eaten? : '
Alone Spouse Friend_ Family/Relative
_ —_— - LT e—
@

... continued
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Appendix 2: Part Il - continued

21. How many people share your living guarters with you?
0 1 2 3 4 5 6 or more
(1f applicable) What is their relationship to you?
(Check all that apply.)
spouse__ son/daughtex__ other relatives___

friend boarders

22. Who usually prepares your food?
self . spouse other household member
meals on wheels : other °

23. Do you regularly miss any meals?
Yes No
(1f yes, what is your usual menu pattern?)

)

24. Do you have any food dislikes or foods that disagree
with you? (Foods that give you gas pains, heartburn,
diarrhea, constipation, other discomforts.)

Yes__ No S
(1f yes, please specify) ; '

25. Do you have any food allergies?
Yes No. -
(If yes, please specify)

26. Do §ou avoid eating any foods?
Yes . No ‘
(1f yes, please speglfy)

It . L ) continued
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Appendix 2: Part II - continued

‘II. Demographic Information

Finally, we would like to ask you some questions about
yourself.

1. Birthdate - ' | Age years.

2. What is the highest level 'of education you have
completed? (Check all that apply.)

elementary school

high school graduate

some high school ’

career training (eg. trades, business school,

armed forces) 5 .

some.university .

university degree

no formal training

| |~l“ |

-
7

3. What is your marital status?
* single (never married) married
s divorced/separated widowed

4. Interviewer: indicate type of dwelling.
___single family house - ___duplex
—__condominium . ~ ___apartment
___rented room - -

T retirement community (eg. high-rise senior

» — citizens apartme@%@) -

) w7’ ___imstitution ' - -

____other

J1)

5. What is your presenﬁ yearly inceme? (self and

spouse)

_ less than $5,000 _$30,000 - $34,999
$5,000 - $9,99S8 ___$35,000 - $39,999

~$10,000 - $14,999 T 7$40,000 - $44,999

~$15,000 - $19,999 T $45,000 - $49,999

~—$20,000 - $24,999 ___$50,000 - $54,999

T$25,000 - $29,999 " $55,000+

-

6. Do you get any other form of nutritional support?

7. Contact: (one of the following)
- Relative of another generation ¢
Previous employer -Pension Plan No.
Driver's license .




Appendix 3: Part I - The letter requesting elderly
participants ‘

University of Alberta ' Départment of Foods and
Edmonton - Nutrition
' ‘ Faculty of Home Economics

The Department of Foods -and  Nutrition at the
University of Alberta is 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 reguired for the study.

~ You will ‘be reguired to taste food samples and ansver
somé guestions about them, All samples will be foods
consisting - of commonly used 1ngredlent§. This information
- will pi useful in developing, preparing-and providing food
of greater acceptabl}lty for elderly people.

A food quality researcher will make several visits to
collect the data. You will also .be asked to answer
questions about food intake. Participants are free to
refuse to answer any of the guestions. All information
given will be held in confidence and used only for research
purposes.

Any information on the outcome of the study will be
provided as requested. Those interested in participating in

the ~study, which will begin mid-February and take an

approximate period of one month, should contact us at the
following numbers: _
Dr. Jaya Chauhan - 432-3828
Ms. Christina Ko - 439-4089 .
. Ms. Susanna Ko - 439-5524

Your help in thlS Vrquarch project would be greatly
appreciated. Thank You. f% .

it
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Appendix 3: Part II - The letter requestlng young
part1c1pants

University of Alberta Department of Foods and

‘Edmonton : Nutrition

Faculty of Home Economics

—September 1985

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 to participate in five
interviews., A Foods and Nutrition researcher will ask you
about your food intake. You will be asked to keep a record
of what you eat and drink for four days.

You will alsb be asked to taste food samples and to

answer some guestions about them. All samples are foods

with commonly used ingredients. This information will be
useful in developing, preparing and. providing ..food of
greater acceptablllty for the elderly people. . %

« ¥

Part1c1pants are free to refuse to answer any of the
qguestions. All information-given will be -kept confidential
and used only for research purposes. Any information on the
outcome of the study will be prov1ded as requested. If you
are interested in participating in this _study, please
contact me at the following numbers: '

Ms. Susanna Ko - 432-5238 (B), '433-3683 (H)
Your help in this research project would be greatly
appreciated. Thank You. :

Yours truly,

‘Susanna Ko
. Foods and Nutrition
Researcher



Appendix 4: Orientation to magnitude estimation

Name Date
The following exercises acquaint you with Magnitude

Estimation, In these exercises there are no limits to the.
positive numbers that you may choose. -

1.

66.6

Assuming the following lines each measure "100", put a
cross on each 1line appropriate to the location of the
corresponding number:

33

25

1

91

42

5

75.5

58

82

Give the first line a number to judge its length?
Then assign thie remaining lines numbers proportionate
to the first “line, eg. if-a line is twice as long as
the first 1line, 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 wuse decimals or fractions, and use
numbers as large or small as you wish, ‘ .
Actual Ratio:

1.0

2.4

_ | _ 0.8

1.0

"~ ... continued
' 7
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Appendix 4: continued
3. In the accompanying 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.

2 . !

3.

b) give the first shape a number to estimate how much
you like it. Without referring back to any shape,
assign numbers to your degree of liking of each of
the following shapes relative to the first. Again,
use .any numbers you like andj as it is your subjec-
tive judgements you aye giving, there is no "right”
or "wrong". . , :




O .
\ .
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* Appendix 4: continued
Shapes to be evalutated for orientation to )
magnitude estimation exercise #3
10 2.
3.
o
, : .

..., continued
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Appendix 4: continued

Shapes to. be evalutated for orientation to
" magnitude estimation exercise #3

Do/

.
»

—~~

10 |
e

Shape no. 1._1.0

|

—
.
~J

|

AVo JRec L Je )

- L] L] L]
O

[an) .

. o

(9% ) -

|

b



Appendix 5: Analytical composition of the table salt

Chemicaﬁ‘Analggjs*
CalciquSulphate
Calcium Chloride
Magnesium Chloride

Filter Pad - APHA Test

N
N

Iron
Copper
Moisture

Net Salt-Dry basis

Added:

Yellow prussiate of soda-

anti-caking agent

Zeolex, free running agent

Potassium iodide

CaSO0y4
CaCl>

MgCly

Fe
Cu
HoO"

NaCl

KI

Invert sugar, iodide stabilizer

Typical

0 .
0.

C

16 %
04 %

.002%

.10 mg
.0 ppm
.5 ppm
.03 %

99.8 %

30
0.
'O.

0.

0 ppm
6 %
013 %

02 %

Limits

0.4 % max

0.
O.

99.

13.

0

4
4

0

.0

% max

% max
mg max
ppm max
ppm max
% méx

% min

ppm max

% max

.010 % min

* data provided by The Canadian Salt Company Limited,

windsor®, August,1985.
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appendix 6: Score card for taste assessment

NAME: DATE:
SUBJECT NO: ’ SESSION:

SALIVARY pH:

L1

‘Please taste each of the samples in the order indicated,
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. It has been assigned a
score of 10. Assign the following samples numbers

proportional to the Reference (R). If you think the samples
numbers is twice as salty in intensity to R, assign the
number 20; similarly, if you think it 1is only half as
pleasant as R, assign 5. Retaste R after the third sample.

" sample Code. R R
Saltiness L10 10
Water
-
Eleasantnéss 10 10

\ .
Comments i~ .
/5

~____J

Sample Code. R R
Saltiness 10 - 10
Soup L
Pleasantness ~| 1o 10
(-3
Comments:
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Appendix 7: Instructions for tasting procedures

"In this session, ydu are required to judge the
sourness (saltiness) and pleasantness of the series of
samples displayed in front of you. The first sample of each
row is your "reference". If has been assigned a number of
10 for its level of sourness (saltiness) and pleasaﬁtness.
Try .jo remember the intensity and the pleasantness of this
"reference” and compare this with the next three samples.
1f you think that the following sample is strohger in
intensity, then assign a larger number proportional to the
10 of the "reference" e.g. if you think it is twice as
strong as the “"reference", then assign the number 20. Or,
if you think the following sample 1is weaker than the
"reference"‘_by half much, then assign the number 5. Follow
the same procedure to Jjudge the pleasantness of the
samples. You may use any whole numbers, fractions and
decimals, but not negative rumbers. Or, you may indicate
the -ratios of the intensity or the pleasantness of the test
samples, as compared to the "reference"”. The test samples
may be stronger, weaker or same as the "reference". The
second "reference"” 1is wused to refresh  your memory. The
procedures of tasting are first to sip the entire content
of the sample in the plastic cup, swoos™ it around and hold
it in your mouth for 3 seconds, taste .., then spit it out
and give your judgements. You are required to rinse your
mouth with water between everinsample and to spit out the
rinse water. If you wish, you may rinse your mouth twice to
wash away the after-taste of the previous sample. If you
have no guestions, you may proceed.
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Apbendix 8: The order of sample presentation AR %

Subject No, Session !
1 123456*
2 213546
3 312465
4 465312
“ 5 564231
6 654321
7 132456
8 213564
9 1312456
10 465321
11 564312
12 645321
13 123546
14 213456
15 564321
16 645312
17 123564
18 213465
19 564213
20 654231
21 123465
22 654312
23 124356
24 654213
2 132465
26 213456
27 213465
28 564213
29 124356
30 312456
*¥* 1 denoted solution at
2 denoted solution at
3 denoted solution at
4 denoted solution at
5 denoted solution at
6 denoged solution at
P.S.-

a \'%r ey
Y, . ‘}%
AR
Session 2 Session 3. -
213456 654213
564213 124356
123564 654321
564321 213546
213465 465312
564312 213465
213546 564213
654213 123456
645312 312465 %
123465 654231 .
213564 123465
213546 564321
312456 654312
123456 132465
654321 312456
654312 132456
564231 645312
. 645321 213456
132465 123564
312465 123546
654231 465321
465312 564312
465321 564231
123546 645321
124356~ 213564
465312 123546
654312 132456
123465 213546
654213 564231
123456 654231 \
Citric Acid (mM). NaCl (mM) ‘
3 20
6 40
12 80
18 160
24 320
36 640

Each subject received the same

for sour and salt qualities.

164

order of presentation



e

3] R ’

Appendix 9: Instructions for ‘conducting the dietary

interview

Conductlng %%e dletary interview: General information

The techniques of dietary interview employed will
determine greatly the accuracy of the resilts obtained.
This 1s not to say that every interview should be exactly
the same. Interviews may be modified according to the
irmdividual who is being interviewed. The interviewer should
be able to judge the 1intelligence of the r;spondent and
also how apprehensive she 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
sare' some 1mportant food items will be missed.

. 1. Gfeet the respondent warmly at the door.

i.gl"'Identlfy 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, informatioh you are seeking. Don't give too

o much 1nformatlon about the exact nature of the
W study however.

"
) . " ‘o,

R 3. Seat you;;elf beside the respondent

T and place. the food model kit on the table

beside ybu. It may be appropriate to have the
suitcase on a small chair and food models can
be extracted and placed on the table as

_ ‘reqﬁired

4. Be sincere and straightforward about the‘
interview, Don t be machine-like. Ask questlons
as if you expect them to be answered.

.. continued

165 )
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Appendix 9: continued

v T
-

5. Do not show surprise or disapproval of the ré§4
| pondent's reﬁlies ‘either by facial expression
~or tone of v01ce. | |
~-* 6. Listen carefuily to the respondent s replies.
You may get the .answers to several questlons at
one time. | -
7. Repeat back what the respondent has told you to
" make sure you understand the information which
- has been reported ‘ ' o
8. Maintain'a frlendly manner’ "but do not engage in -~
| small talk throughout the interview. °
9. If an unexpected v151tor 1nterrupts your 1nter4'
view, come back another time. Don't try to flnlsh
the interv1ew.when you have lost the respondent's
i attention, o
10. '1f the respondent appears to be 111 - come ‘back
" another time. T
'fSpec;fit Points on Conductlng the Dietary Interv1ew ,
L Lzl When doing the two- day recalI of food 1ntake, have
. ‘ the respondent recgll the day he remembers the
R ; r'best - L h, . - ;. ,
2. Do not ‘refer to any” meals 1n the day - such as
breakfast,>lunch and supper. ‘Some people do fiot
. ”d_«'ifollow such a pattern. Slmply ask for an accgynt
Ef o - of all the food,ltems consumed throughout the - - ..
' " day. v e T : S
e.g. Ask "What-was the flrst mhlng you d1d when\- f'
, _you ggéjgggyesterday mornlng?" If the res-. : .
' ondent ‘'says, "I had breakfast”, then ask e 4
~ her” what sh% had fqﬁbbreakfast; e ] ;;
‘3. Try havidg the respondent recall the act1v1t1es
"Qf. the’ prevlous days as these 'are often assocza—-
ted with. food 1ntakesﬁu

, o e : ... continuved -

S ) & . . . . . ;
C : : . . : Al : . *
u \ kS . . .



Appendix

-4,

“you think of anyth1ng else you had to eat last

‘.boards or the reﬁrlgerator. This may help to jar

| 167

9: continued

Don't give‘negative or closed questions like:
"Didn't -you have anythind else to eat last
night?" Use open-ended guestions such as "Can

nlght7“ . o Yy W “
After you have acquired a list of’ %ﬂpds Fin tﬁe i '
order of consumption, go back and enqu1ngiabgut N
the‘amounts.'Place-aLl appropriate food models !
of the same type on the table equidistant from
the respondent (eg. all the - glass models)
Ask ‘the respondent 1f any of the models-resemble
the amount. she had to eat eg. In the case of a - “
beverage, ‘ask: i |

i) from what type of container did you drink?

11) If she says, "a glass", then display all the

i glasse%@apd ask which . glass reseﬁbles the |
" mﬁﬂxz and from. @ hd
ify Then ask how full that partlcular glass was.

i ) D1d she drink its entlre contents? ¥ ‘\\ N
LAlways recheck a éay s 1ntake bug do not suggest ?
foods unless absplutely necessary as’ th;s will,

introduce a bias into. the results. _
I1f the fespondent cannot remember her intake for a
_partlcular day, then have her look 3n the cup- o .

- her memory,,~;* . _’- DT R ,waav r_gt

_Although the subject should be 1nterv1ewed alone B

-+ where posszblel a’ older reSpondent may requ1re the‘

10,

help of anothen young family- memher, espeéi&?lxuf?ifﬂxf:«,
shé/he had prepared’ the meals for hewa'&'ﬁg &7 ﬁ’»hf~'§§
Reg;@berﬂto ask dthe. respondent it <she ate “#_”f._.l. o
everything on her plate. A%so enqu1re &bout

,second helpxngs. T .
. ¢ . » - . ! . . a
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Appendix 11: Part I - Sample of a food record form

1-day record
INSTRUCTIONS

WHEN ¢:RECORDING FOOD INTAKE:

1. Please write down everythin 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 pieces, ' etc. Whenever
possible, copy the portion size orf the appropriate
portion eat?® from cans, bottles and packages. o

. o

o * o
4. In the l&f;&:column, please give us as many details as
possible: -
a) descyﬁ e the kind "of food eaten: for example,
N & - eat bread, write whether it is white,

////-—\\_,,Ji«/wh le wheat 60%.whole wvheat, etc.

... b) escribe the kind of food eaten: for example,
raw, baked, boiled, pan- frled deep-fried, etc.
¥
5. When you are eatlng away from home, please con€1nue to
record what you eat. ‘

6. Please remember to record all snacks, gqum, gcandy,
alcohol or other beverages, cough drops and especially
vitamin or mineral supplements, and the amount you™ |
consume. ' v v : haN

7. pPlease. record 'the food  actually eaterm. and not the
.~ amounts served. . \
’ ‘) . . . : o
A% pxample of the correct method of filling out your - food
- ecord is shown on the follow1ng page. -

r\. ~ “~

s

‘Should you have any dlfflcultles or questlons, please do
Aot he51tate to contact one of us: -

Lo ‘ Christina Ko 432-5239 ‘
Susanna Ko 432-5239 . . -
Thank you for participating in this tudy.n

~

... continued
169 - ‘
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Appendix 11: Part ! - continued

DATE_

24-HOUR FOOD RECORD

’ ' NAME ‘ P

—— >

S

TIME OF DAY

AMOUNT DASCRIPTION

/ Ld

! - R
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Appen%}x 11: Part 11 - A Sample of Completed Food Record-

R |

&

TIME OF DAY DESCRIPTION

7:00- a.m. toasted white bread’
‘ _ Kraft strawberry jam
“a perked coffee
3 " sugar
2 Tbst - homp milk
12:15 p.m, 1/2 10 oz can Campbell's chicken
B ' o ' : noodle soup
1 slice . rye bread
3"x3"x1/4" * .baked ham
- . 1 Tbs’ " ‘mayonnaise )
o «+ 3 - 2" diamet®r Oreo cookies ’j’
6:30 p.m. 1 8 ., hamburger bun
: qaefwlde x 1" tthk “broiled beef patty
R Y - 8 0z cup frozen peas, boiled
- 1 R banana
E%é-u_'”&%;_" - &4 OZ ,} . . T ¢ 2% milk
10:30 p.mr 6 oz ~ tea o
] 2 - 3" square unsalted soda crackers
2" x1"x1/2" slice cheddar cheese

4

g
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Appendix 12: Consent form from the participants
T1tle of Research Proiject
A comparison of taste perception and d1etary 1ntake

of elderly and young Albertans. = . C ¢

Explanation of Project . 7 L
Elderly people often have nutritional problems, Thes
purpose of «this @study 1is to find out what older Edmon-

Al

B

tonians eat and how will nourished they are. We are also,-ig'f

trying to find ®#ut more about how the sense of taste“

changes with age.
You will be asked to part1c1pate in some. interviews

"and tests which will be done in your home. A Foods and

Nutrition researcher w111,w§s1t you at home five times to
ask you about your food 1n@§ge. You will be asked to keep
a record of what you eat rink for 4 days.

" You will Dbe asked fggtaste some food samples and to
answer - some gquestions ak¥ut how the samples taste. All
samples are foods with commqyly used ingredients. This
information will be wuseful in developing, preparing and
providing food for elderly people.: -

. . Lol

A

> - ’ (Name of Foods and

Nutrggtion researcher) has explained:i me that I will be
interviewed at home. > I will keegp a tary record for 4

days; 1I.will undergo some body measurements. I will taste

the food samples and . answer quest1ons about how the

samples taste. I will be . 1nvolved in the study for appro-'
ximately one month.

1 certify that the procedures have been descrlbed t
me, and any questlons ‘that . I have ked have beegi
answered to my satisfaction. I understa that I have no
obligation to consent to enter the study.™

1 wunderstand that I am free to withdraw from the

study should e¢ircumstances reguire me to do so. 1 have

been assured that . rpecords relating to me will be kept
confidential -and thzi no information will be released or
prznted‘ that would expese my personal identity without my
permission.

1 have read and understand the above information and‘

hereby give consent to pa;tzcxpate in the study.’

[
G

v
PR Y

Signature of Researcher

Participant's Signature

wi:ness;, ' T Date

- 172 .
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“Appendix 13: Part I-Scatterplot of slope of taste intensity vs

percent risk of zinc_deficiency: Sourness
. . .

%

Youngq ; B E1der1¥
. Aqueous

Slope ‘ ‘ Slope

1.67 0.90

3

Slope - Slope
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Part Il-Scatterplot of slope of taste intensity
vs percent risk of zinc deficiency: Saltiness

Elderly @b
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Appendix 13: Part IlI-Scatterplot of slope of taste intensity

.

vs percent risk of folacin deficiency: Sourness

Young Aquecs Elderly

Slope . ' ' " Slope
1.67 : 0.90

ot

0 B /~>‘ ) T 98 O ’ ) ' . ) - R 100
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Appendix 13: Part IV-Scatterplot of slope of taste intensity
vs percent risk of folacin deficiency: Saltiness
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Part V-Scatterplot of slope of taste intensity

vs percent risk of calcium deficiency: Sourness
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Appendix 13: Part VI-Scatterplot of slope of taste intensity
vs percent risk of -alcium deficiency: Salqiness

Young Elder
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