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ABSTRACT

The purpose of the study was to examine the effect of jejunoileal

by-pass surgery on taste responsiveness to sweet (sucrose) and bitter

(caffelne) stlnuli. Taste responsíveness vtas measured in 48 persons:

12 norbíd obese (untreated), 12 by-pass (treated), and 24 normal weight

controls who rrere matched to the test. subjects for sex' age, (withln two

years), and srnoking habit. Five of the 12 urorbid obese subjects had

by-pass operatÍons durlng the study and their taste response was assessed

bothbeforeandafterstlrgery.TasteresPonselTasmeasuredby

evaluatlng íntensity judgrnents and hedonic resPonses to íncreasíng

concentrations of the tastants. Subjects evaluaÈed six concentratíons

of sucrose whlch ranged from 0.093 Èo 2.960 l4lL. six increasing

concentrations of caffeine vlere tasted within each subjectts bítterness

sensitivity to concentratl-ons beginning with one of 0'6, 0'9, I'2 or L5

uM/L caffeíne. No signlficant differences were detected among groups in

their judgments of efther the sweetness intenslty or the pleasantness of

lncreasing concentrations of sllcrose. control subjects showed a

stronger clear assoclation (r=0.95) between íncrements of intensity and

increasÍng concentration than the treated subjects (r=0'90) ' The rate

of growth of bitterness perceíved in response to increasing

concentrations of caffeine was sirnllar among all subjecËs groups'

However, treated subjects found the mid-concentrations of caffeine

significantly less pleasant than dld their maËched controls'
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INTRODUCTION

Morbid obesity is a state where body weight exceeds

desirable body weight by no less than 45.4 kilograms (100

pounds ) . Since weight control is a bal-ance between energy

intake and energy output, it is belj-eved that food intake of

the morbid obese must exceed energy output. In a recent

study by Rogus and Blumenthal (1981-), obese subjects were

reported to have averagie daily intakes ranging from 6000 to

7000 kilocalories (kcaI) per day. Recommended daily caloric

intakes for 25 to 50 year o1d maLes and/or females range

from 2000 to 3000 kcal-s per day (Health and Wel-fare Canada,

1972).

The excessive food intake associated with morbid

obesity is not related to a specific cause, but is thought

to be related to a number of behavioural and metabolic

problems (Grinker, l-978). Taste is an important factor in

food consumption, and an association between taste

responsiveness and overweight has been widely demonstrated

in both humans and animals (Rodin, L977 ¡ Grinker, L978'¡

Meiselman, L917 ), Taste response has been altered following

a number of physiological and psychoJ-ogical manipulations in

obese humans and animals (Sou1airac, L967 and Nisbett'

1978).

A specific physiological rnanipulation used in the

treatment of morbid obesity is the jejunoileostomy ot
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jejunoileal bypass procedure. JejunoileaJ- blpass surgery

involves the shortening of the jejunun and ileum leaving a

proportion of the absorptive area of the gastrointestinal

tract nonfunctional (Payne et ê1, 1973). This results in

malabsorption. Jejunoileat bypass surgery also results in a

decrease in total food intake which is not related to

malabsorption (Bloom et âf, 1981) but may be related to a

change in taste responsiveness (Rodin et 41, 1978 and Bray

et aI, 1980 ) .

Intestinal blpass surgery results in the immediate

reduction in appetite, ingestion of food, craving for and

en jolrment of sweet f oods (Rodin et aI, L97 6) ' Bray and

coworkers ( Ig78) have suggested that the reduction in

appetite and craving for sweet foods contribute more to the

subsequent weight reduction than do the increased bowel

movements from mal-absorption. Soulairac (1967), reported

changes in food consumption patterns of experimental animals

following al-terations in intestinal absorption and Koopmans

(1978), demonstrated that alterations of the intestine of

rats simil-ar to the jejunoiJ-eostomy in humans resul-ted in

significant changes in food int.ake. This surgical procedure

provides an ideal opportunity to study the relationship of

taste responsiveness to obesity and the possible role of the

intestinal system in taste and weight control '

The change in taste responsiveness of surgically

Lreated subjects could be the result of diminished "".r"oty
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hedonic response, decreased responsiveness to external cues,

or changes in self perception. Rodin (1980), studied these

factors and concluded that subjects had a significantly

lowered preference for a 1.2M sucrose solution following

jejunoileal bypass surgery. Sour, salty and bitter taste

modalities showed no signficant changes in perceptuaÌ or

hedonic responsiveness following surgery. However, food

records from morbidJ-y obese patients undergoing jejunoileal

blpass surgery at the Hea1th Sciences Centre in Winnipeg

suggested an increase in the consumption of caffeine-

containing beverages following surgery.

This study was designed to examine the taste

responsiveness of jejunoileal bypass patients to the

sweetness of sucrose and bitterness of caffeine by examining

their responses to the intensity and pleasantness of these

tastants. fn order to assess the effect of the

giastrointestinal tract on taste responsiveness, both morbid

obese subjects and subjects who had bypass surgery were

studied in comparison to normal weight controls. This study

represents a more extensive eval-uation of taste hedonics and

perception than has been reported to date and incl-udes a

larger number of subjects.



4

REVIEW OF LITERÀTI'RE

FOOD CONSUMPTTON PÀTTERNS IN }4ORBID OBESITY

The term morbid obesity is applied to those persons who

are grossly overweight, whose body weight exceeds desirable

body weight by 45,4 kilograms (kgs) or more (Hanna et âI,

1981) .

Increased food consumption has been reported in morbid

obese subjects. DaiJ-y energy intakes as averaged from 24

hour recal-Is of 19 obese subjects revealed cal-oric intakes

of 6000 to 7000 kilocalories (kcal) per day (Rogus and

Blumenthal, 1981 ) . Eight obese patients in a study

conducted by Bray and coworkers ( 1978 ) , consumed daily

energy intakes of nearly 7000 kcals per day as assessed by

retrospective dietary histories.

Dietary intake methods of colJ-ecting this information

rely heavily on the individual-'s ability to recalI their

food intake and their wiJ-Iingness to disclose actual

consumption. obese sub jects f ood recal-l- data has been

questioned as to the accuracy of the information obtained'

A comparison of a retrospective dietary history with the 24-

hour recall- method in normal weight and obese subjects by

Beaudoin and Mayer ( l-953 ) , showed agreement between the two

methods for normal- weight subjects but not for overweight

subjects. The discrepancy between the two recall methods

for the overweight group was more than 800 kcals per day
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which suggested that estimates of energy intakes by

overweight subjects were unreliable.

Other methods used to determine dietary intakes have

shown that obese subjects recalL food intake accurately'

over time. Bray (1978b), studied the difference between

total energy intake as estimated by direct measurement and

by dietary history. Hospitalized obese patients were

al-Iowed to select freely among a variety of preferred foods.

AII foods sel-ected were provided to subjects in excess

quantities for 5 days and the uneaten portions v¡ere weighed

and recorded. Dietary histories were taken for a 5 day

period on 3 occasions at 3 and 5 week intervals. The third

dietary history and actual food intake correlation vlas the

highest of the three trials (r = 0,77, n(O-Or¡ and the

first, the lowest correlation (r

result is expected as improvement in record keeping and

recall- would occur with time. However, replicate dietary

histories appear to provide a more accurate measurement of

food intake than a single history, and more reliance can be

pJ.aced on a second or third history than on the first. More

importantly however, is the fact that obese subjects appear

to have difficulty accurately recalling their food intake.

Littte reliance can be placed on this information unless

several records are taken.

Obese subjects are thought to consume more sweet

tasting carbohydrate-containing foods due to a "sweet tooti"
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(Grinker, 1978). Overindulgence in sweets has been singled

out as a cause of human obesity (Grinker, Lg77). When the

distribution of energy from fat, protein and carbohydrate is

examined in the diets of obese subjects, carabohydrate

consumption is not excessive. The distribution of energy in

the diet was 158 protein, 452 fat and 40t carbohydrate

(Rogus and Blumenthal, 1981). Although caloric consumption

increased, obese individuals ate the same proportion of

protein, fats and carbohydrate as normal weight subjects.

This information however, \,rlas coll-ected from obese subjects

by recall- methods and may not be reliabl-e. What is cl-ear

from these resul-ts is that morbid obese subjects consume

more total- calories. À higher percentage of these cal-ories

does not appear to be from "sweet" or high carbohydrate

containing foods however, âûy information on the recall data

of this group is subject to controversy on the validity of

the information generated.

It has been hypothesized that the increased food

consumption reported for morbid obese subjects by

researchers could be the result of alterations in taste

perception. Obese persons may not be abLe to identify

tastes or may show a heightened preference for some tastes

and therefore, total food intake is increased. Lack of

satiation for specific foods or tastes may also be a

significant factor for obese subjects. The analysis of

taste however, requires an understanding of tast.e physiology
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and the methodologies used in its study.

TASTE PHYSIOLOGY AND PSYCHOPHYSICS

Taste is the chemo-sensitivity of the oral cavity

located on the surface of the tongue and as wellr oD the

palate, epiglottis, larnyx, pharnyx and esophagus (Pfaffman,

1978). Norrnally, taste is stimulated by direct contact with

chemical- molecul-es or ions taken into the mouth. On the

surface of the tongue are many smaII protrusions call-ed

papillae and each papillae contains three to five taste buds

which are comprised of modified epithelial elements

clustered together in a barrel-shaped aggregate opening to

the oral surface via a small pore at the top. Filaments or

micro vil-Ia of the tips of these elongated cel-Is pro ject

into the taste pore. Some 40 to 60 cells make up the basal,

supporting and sensory cells in the individual taste bud.

The middle and l-ower portion of these cel-Is are in contact

with nerve fj-bers that have come from the underlying

connective tissue to intertwine among taste ce1ls.

Myelinated nerve fibers innervate the taste buds and lead to

the medul-Ia oblongata, thal-amus and f ina1Iy the cerebral

cortex where taste is identified. However, there is no

special primary cort.ical receiving zorle with exclusive

gustatory functions (Pfaffman, 1959 ) . So far, knowledge of

the cel-Jular morphoLogy and biochernistry of the taste buds

has contributed littIe to the knowledge of the taste
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mechanism (Amerine et aI, 1965).

Sensory analysis is the attempt by researchers to use

numbers to represent the nuances of taste experience and has

been identified as psychophysical methods. Psychophysical

measurements may be made on random samples of subjects from

normalJ-y distributed popuJ-ations or with subjects who have

been selectively trained for a specific test. Therefore,

the subjects used in sensory analysis may form a fixed group

which is not representative of a normally distributed

population. The subject population determines the method of

measurement and the statistical anaJ-yses used in a study of

taste (O'Mahoney, 1981). fn the present study, the subjects

were representative of a population of morbid obese

individuals treated with bypass surgery. Psychophysical

measurements of intensity and hedonics were used to assess

taste responsiveness in this study and were selected on the

basis of their use in similar taste research (Bray et aI,

1980; Rodin et al I L976 and Rodin, L980).

Magnitude estimation was used in the assessment of

taste intensity as it provides the experimenter with numbers

than can be subjected to a variety of statistical

procedures. It identi'f ies dif f erences in detection of

increasing concentrations of tastants by subjects by

comparison with the power function (A=kC n 
) . This formula

will test the relative abilit,y of groups to scale increasing

concentrations of the tastants.
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To assess pleasantness, the nine point hedonic scale

developed by Peryam and Pilgram ( 195? ) has been used

extensively in taste research. This scale is bias prone

because of its subjective descriptors and because subjects

often avoid the end points. This presents some questions in

the extrapolation of the data collected by this method. In

the present study, these effects \ÁIere minimized by reducing

the number of descriptors from 9 to 3 (more pleasant than

reference, Same as reference and less pleasant than

reference) and extending the end points to a 20.3 cm line.

The scale defines a psychological continuum of a degree of

J-iking for a tastant (Amerine et aI, 1965) and represents a

series of successive categories of response. The use of a

hedonic scaLe is dependent on the relevance of the defined

continuum and the categories to the subjects (Amerine et ô1,

1965 ) . The descriptors used to identify the successive

order of the scale interval-s do not al-ways have the same

meaning for aII subjects. However' hedonic scaling is a

relatively simple sensory test and is suitable for untrained

subjects.

The disadvantages of the hedonic scaling method are

reÌated to the assumptions inherent in the scale. One

assumption of the scale is that the categories of response

have the same meaning for aIl subjects and the second

assumption is that the sÇale has 9 categories. Actuallyt

categories may not mean the same to alt judges and end point



r.0

aversion is common in this testing procedure. Therefore,

many factors influence the outcome of the test' such as

individual subject variability related to knowledge,

experience and environment (/tmerine et aI ' L9 65 ) '

Fact'orsinvolvedintheerrorscommonlyfoundwith

sensory tests can be reduced by using standardized sensory

testing conditions. These errors are associated with the

psychologicaJ-conditionofthepanelistsandthephysical

environment. Eight such factors have been discussed by

Larmond (Ig77)t which include: expectation error, stimulus

errorrlogicalerrorrhaloeffecttsuggestion'motivation'

contrasteffectandpositionatbias.Expectationerror

results from panelists receiving information about the test

which infl-uences the results and hence little information

shoul-d be given. stimulus error is the attempt by the judge

to be .,right,, and give the correct response. Hence, samples

needtobeasuniformaspossibleSojudgeshavenoother

knowledge on which to base their jud'gement other than t'he

characteristic being measured. Logical error is cJ-oseIy

associated with stimul-us error and uniform standardized

sampleswi]-Ieliminatethiseffect.onlyonecharacteristic

should be evaluated at a time in order to el-iminate the

chance that a judge wiII find a different characteristic and

be influenced by it, rather than the characteristic to be

evaluated. Motivation of the Judgee is irnportant in t'he

outcome of sensory analysis because a motivated iudge wiif
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react more efficiently than an unmotivated judge (Larmond,

L977 ). By running tests in a controlled efficient manner'

participants can be motivated to feel that the assessments

are important. Well controll-ed and standardized samples and

testing environment can be instrumental in influencing the

validity of a sensory test outcome.

TASTE

Aninal-

RESPONSIVENESS

Models

Researchers have attempted to show in obese animals

that. taste response is altered in morbid obesity. The major

research efforts in the area of taste response and obesity

have been concentrated in experiments with animals made

obese by lesions of the ventromedial- hlpothalamus (VMH-

lesioned), with the genetically obese Zucker rat or with

animals made obese by overfeeding (Rodin, L977 ) . l{any

factors such as the cellularity pattern of adipose tissue'

glycemic response, behavioural response to obtain food and

the use of diet adulterants make these experimental- animal-s

an appropriate model- for human obesity (Grinker | 1'977). The

results of experiments designed to study taste responses of

the animal models have been applied to studies of taste

responsiveness of the obese human.

Obese animals have been shown to display a heightened

response to the taste of food. VMH-Iesioned animals showed

increased intake of "good" tasting high fat or hign
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carbohydrate diets and decreased intake of less palatable

diets which had been quinine-adulterated. Under conditions

where food is adulterated, the obese VMH Iats do not exhibit

weight gain and may even achieve weight loss if the

palatability of the diet is altered significantly (Grinker'

1977 ) . These Vl'[H-lesioned animals attained their highest

degree of obesity only when given "good" tasting food

(Grinker, L977). This specific taste responsiveness of VMH-

l-esioned rats has been consistently reported (Corbit and

SteIlar, 1964; Kennedy, L953; Teitelbaum, 1955).

Taste responsiveness may be affected by the degree of

weight gain or the achievement of body set point. when

sucrose so,Lutions were offered to Vl4H-l-esioned rats and lean

litter mate controls, there were no differences in the

preference responses of static (highest degree of weight

gain achieved and maintained) VMH-l-esioned rats and their

controls (Grinker I L976). The dynamic (active weight gain)

VMH-Ìesioned rats showed a reduction in intake for the most

concentrated sucrose sol-ution (32/5 W/V) and an increased

intake of the least concentrated sol-ution (0.58 W/V).

Presentation of sweet sol-utions of f ered ad l-ibitum with

normal diet did not el-icit hyperresponsiveness or increased

intake of the sweet solutions in the VMH-Iesioned rat but

rather, a decreased intake (Grinker, I976). These results

indicated that taste responsiveness nay be affected by the

metabolic state of the obese animal.
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Un1ike animals that become obese after VMH-Iesions,

genetically obese Zucker rats appropriately adjust food

intake to energy (Grinker , L977 ) when confronted with high

fixed ratio schedules, caloric dilution or quinine

adul-teration. The differences between these two animal

model-s of obesity are not only behavioural but also

metabolic. VMH-lesioned animals exhibit increased adiposity

through an increase in cell size whereas genetically obese

rats exhibit both an increase in cell- size and cell number.

The genetically obese rat displays a reduced preference or

aversion for sweet solutions compared to its lean Iitter

mate control using experimental procedures similar to the

VMH-Iesioned rat (Grinker, L977), This animal model does

not display a heightened response to "good" food but rather

an aversion response to sweet solutions (Grinker, L977).

The third group of experimental- animals that serve as

models for human obesity are the animaLs (Sprague-Dawley

rats) made obese through overfeeding, primarily during the

pre-weaning period. Therefore, these animals show increased

adiposity from an increase in both celL number and celÌ

size, similar to the genetically obese animal. In this

group, all animals showed a preference for a 0.25t saccharin

solution over a 3t glucose solution with heavy femaLes

showing a greater preference than lighter females under aII

experimental conditions (Grinkert !977), For these animalst

sex and the degree of overweight are potential factors i"



14

taste responsiveness.

Animal models of obesity define potential factors such

as sex, body set point weight, and genetic variation as

playing a role Ín the obese human and taste responsiveness.

Two taste response patterns have been identified from these

studies which are either an aversion to increasing

concentrations of sweet tastants aS found in the Zucker rat

or preference for increasing s$reet concentrations as found

in the VMH-lesioned rat. Animal studies point to the

multiple causation and numerous tlrpes of obesity which wil-l

certainly be expected for humans.

Human lvlodels

Taste responsiveness in humans relative to obesity is

reported to be similar to that found in the animal models.

Obese and normal weight subjects have been eval-uated for

taste preferences within concentrations of the four basic

tastes; sweet, sour, salty and bitter. Differences in

preference or pleasantness have been reported only in

response to sweet tastants (Grinker, L977¡ Johnson et êf,

r979).

The aversion to sweet tastants found in the rat modeL

(Grinker, L977) has also been identified in human obesity

(Johnson et aI, L979) independent of experimental procedure

or psychophysicaL method (Grinker, L976). A study utiJ-izing

sucrose reported by Grinker (L976) | used hedonic scal-ing and

the paired comparison procedure to identify the pl-easant.,.""



l_5

response pattern for obese subjects (n=56 ) . Sucrose

solutions of 1.95 , 3.42, 6.16, 10.95 and 19.5L percent

weight per volume (t W/V) were used as the test series for

both taste procedures, the 9 point hedonic scale and the

paired comparison procedure. Sucrose aversj-on was reported

to correlate (p<0.05) with the degree of obesity. The

extremely obese (n = 25), selected the highest W/V sucrose

solution ( 19.51t ) l-ess frequently ( L8t of their choices )

than either the moderately (n = 14) obese or the normal

weight volunteers (n = L7) who selected the same solution

20t and 60t of the time' respectively. As well, the

extremely obese consumed less of this solution than the

other groups. Correlations were not reported. Similar data

extrapolations were reported for the 9 point hedonic scale

using the same sucrose concentrations. Normal weight

sub jects rated the 19 .51t sucrose sol-ution as more pJ-easant

( 0 to +1 ) than either the moderately obese or the extremely

obese group who rated the sol-utions (-1 to -2) and (-2 to

-3), respectiveJ_y. Generally, normal weight subjects rated

most solutions by either method neutral and preferred the

concentrations of medium sweetness, ( 6.1t and 10.95t ) .

Obese subjects showed a different preference pattern and

rated the more concentrated solution ( 19.51t W/V) as more

unpleasant with a lower frequency of choice than the

moderately obese subjects who were midway between the

extremely obese and the normal weight, subjects. Sweetness
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aversion by the extremel-y obese group was demonstrat,ed in

this research.

Although the aversion response by the obese to sweet

tastants has been welt documented, so there has also been

documentation that no sr4teet aversion response is found for

obese humans. No Sweet aversion response for obese subjects

was found by Rodin (1,977 ) using hedonic scaling of sucrose

add.ed to a milkshake to produce 0.17, 0.34, 0.5L and 0.68 M

solutions. Some researchers have attempted to explain this

l-ack of consistency in taste research by hlpothesLzing on

response patterns similar to the ones found in static phase

VMH-Lesioned rats. Grinker (L977 ) describes the degree of

overweight in human obesity and in animal obesity as being

correlated to the sweet aversion response.

Two patterns of individual hedonic responses ' Type I

aversion and Type II preference, were identified with

increasing concentrations of sucrose by I'Ialcolm and

coworkers (1980 ) . Adul-t onset obese (n = 7') , juvenile onset

obese (n = B) and control- (n = 7) females \^¡ere studied. In

none of the tastes (sweet, sour, sal-ty or bitter) did the

groups differ significantly in their detection or

recognition thresholds, or in hedonic ratings of

suprathreshold concentrations for any of the tastants.

Subjects tasted sucrose (90,150,300,500,800 and 1000

M), sodium chloride (90, 150' 300, 500, 800 and 1000 N),

hyd.rochloric acid (sour) (30, 60, 90, 150 and 300 mì4) utA
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The identification of these different responses may explain

the inability of some researchers to replicate the sucrose

aversion studies in the obese.

otherresearchershavehypothesizedexp}anationsfor

the inconsistency in the results of taste responsiveness of

obese subjects. This "monotonic" decrease (or increase) in

pleasantness hras interpreted by ltoskowitz (L977) as a strong

ind.ication that obese subjects do not evaluate the hedonic

aspect of sv¡eet taste, but rather, they appear to attend

primarily to the sweetness of the sucrose solutionr âfld

misconstrue the sweetness to be pleasantness of

unpleasantness. Moskowitz claims that the obese Lack the

ability to distinguish between pleasantness and intensity'

He has illustrated that normal weight subjects, exhibit an

inverted u-shaped function with respect to the pleasantness

of sucrose (I,Ioskowitz, Ig77 ) . Normal weight sub jects

displayingtasteresponsessimilartoobesesubjectshave

been shown to be restrained eaters who consciously and

continuously monitor eating (Rodin , L977), Their behavior

as stated by Rodin (Lg77) "Iends support to the assertion

that responsiveness to sweet taste as well- as other external

cueslmâYcontributetothedevelopmentofobesityinthe

absence of severe monitorinçI". Although claims are made by

some researchers that morbid obese people respond

differently to sweet tastants I llo strong evidence has been

shown to support these claims. AIso, consistent replicaiion



19

of the sweet aversion reported in some studies but not

reproduced by other researchers does not contribute to the

establ-ishment of scientific fact. Obese subjects tend to

display varied taste responses to sweet solutions and the

responses cannot be accurately predicted. This is in

keeping with animal research which points to multiple

causation and numerous types of obesity (Grinker I 1977),

What can be concluded from the research on taste

responsiveness in human obesity is that obese subjects tend

to respond differently than normal- weight subjects. The

response of obese subjects will be either higher (as in

preference) or lower (as in aversion) when compared to

normal weight subjects.

HEDONIC RESPONSE AND FOOD INTAKE

The validity of measures of preference are based on the

assumption that hedonic ratings or other verbal- responses

accurateJ-y reflect the intake of food. In other words, does

perceived pleasantness (or unpleasantness) reflect actual-

consumption? Grinker (7976) | reported that the actual

ingestion of increasing Sucrose concentrations by obese and

normal weight subjects was highly correlated (e(0.0f¡ to

taste preferences. Normal weight (n = 17 \ , moderately obese

(n = 14 ) and extremely obese (n = 25) subjects were

instructed to refrain from drinking any J.iquids two hours

prior to the taste testing. Subjects received l- of 5
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possible sucrose concentrations at each session. For all

three subject groups, extremely obese (r = 0.95)' moderately

obese (r = 0.94) and norrnal weight subjects (r = 0.97)'

consumptJ-on of the sucrose solution was highly correlated

with taste preference.

Preference was shown by Rodin (I977) to infl-uence

significantly (p(0.01) the food intake of obese subjects.

Overweight and normal weight subjects were promised a fulI

glass of milkshake upon completion of a puzzle. Although

the puzzles were unsolvable, subjects were instructed to

work on them as long as they wished. Weight groups were

divided into three groups, A, B and c¡ Group A received

their Ieast preferred milkshake upon completion of the

puzzl:e; Group B received their most preferred mil-kshake upon

completion of the puzzle, and Group C received their most

preferred milkshake upon completion of the puzzJ-e plus an I

oz. glass of the preferred rnilkshake 20 minutes before

working on the puzzJ-e. If subjects had not stopped working

on the puzzle after 10 minutes, they were st.opped and given

a score of 10. On the average, overweight subjects worked

J-onger than normals for the preferred mil-kshake (obese, 7.96

minutes and normal weight, 5.02 minutes) and the same time

for the Ieast preferred milkshake (obese, 2,70 minutes and

normal weight , 2.92 minutes ) . The results of the preload of

preferred milkshake on the obese and normal weight subjects

showed that obese subjects worked significantly tp(O.Orl

1.1
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J-onger (9.37 minutes ) than normal" weight controls (3.64

minutes). The preload therefore, increased the motivation

of overweight subjects to obtain more milkshake whereas in

normal weight subjects, the preJ-oad had the opposite effect.

It appears that preference ilây, for the obese, bê a factor

in food consumption and that perceived pleasantness may

influence intake.

Other researchers have also found a correlation between

sucrose preference and consumption of sweet tasting foods.

Moskowitz and coworkers (1974), using magnitude estimation

and category scaling techniques, found that sucrose

preferences of normal weight subjects were significantly

correlated (r = p (O . Of ¡ with pref erences f or sampJ-es of

solid f oods of varying s$/eetness. They concl-uded that

sucrose preferences measured by magnitude estimation or

category scaling appeared to generalize to sample foods and

actual- food intake. The same conclusions cannot be applied

to obese subjects.

Obese human subjects appear to be more externally

controlled than internally as found for obese animals, and

this may be a factor which affects their perception of sweet

tastants. Food preferences have been shown to infl-uence

obese subjects' motivation to eat and hence they respond

more to the "good" taste of food than normal weight

subjects. Relative overeating by obese human subjects and

animals when food is freely available and attractivä,
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together with relative undereating when food is unattractive

or effort is required in the ingestion of food has been

observed (Grinker | 'J,977).

Hashim and van ItaIIie (1965), gave clinically obese

patients and normal weight controls nothing to eat but a

bland, unappetizing J-iquid formula diet for several weeks '

Obese subjects reduced caloric intake from over 4000 kcals

per day to 450 kcals per day. whereas normal weight

subjects maintained energy intakes at a level similar to the

pre-experimental period. These researchers suggested that

this change in caLoric intake by the obese subjects occurred

because the diet was unpalatable and the obese subjects lost

interest in eating. Schacter (l-968), asked obese and normal

weight subjects to "taste" a variety of crackers. Hatf of

the subjects had just eaten 2 roast beef sandl^riches and half

were in a state of mild food deprivation, having not eaten

for 4 hours or more. The number of crackers consumed during

the test session !ùas monitored and used to compare the

weight groups under the 2 hunger states. Normal weight

subjects ate fewer crackers in the "tasting" session if they

had just eaten 2 sandwiches than if they were food deprived.

Overweight subjects ate as many crackers in the food

deprived state as in the alternative situation. These

research findings show that overweight subjects respond more

to the good taste of food and less to feelings of hunger or

satiety than do normal weight subjects.



23

SimiLar responses to the good taste of food were

report,ed by Nisbett (1968), who studied obese, normal weight

and underweight subject responses and eating behaviours when

provided with ice cream and quinine-adult,erated ice cream.

Subjects v¡ere Ied to believe that the study was testing the

relationship between hunger and the ability to concentrate

and were unaware their intake of ice cream \^ras being

monitored. Skipping the meal prior to testing was mandatory

for participation and all subjects vrere given ice cream to

eat. One ice cream was a good quality vanilla ice cream and

the same ice cream was adulterated with 2.5 grams of quinine

sulfate per quart of ice cream. Subjects were asked to

taste and evaluate this new "vanilla bitters" ice cream and

eat as much as they wished. One half of each weight group

of subjects ate sandwiches before eating the ice cream and

the other half ate the ice cream in a food deprived state.

The three weight groups responded in very different lÁlays to

these experimental taste manipulations. Overweight subjects

were the most taste responsive. They consumed more of the

"good" tasting than the adulterated ice cream. Underweight

subjects consumed nearly equivalent amounts of "good" and

"bad" tasting ice cream. Normal weight subjects ate more

"good" tasting ice cream than "bad" but the obese ate more

than the normaL weight group. Nisbett (1968), hypothesized

that increaeed food intake in obese subJects relative to

normal weight subjects resulted from a greater
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responsiveness to external- cues and a lesser responsiveness

to internal physioJ-ogical cues.

Grinker (L977), tested the validity of the external

responsiveness hypothesis by manipulating the degree of

hunger. Obese subjects (n = 20), who averaged L22\ above

desirable body weight and normal weight controLs were

evaluated with respect to the number of crackers consumed

before and after a sandwich preload. Both obese and normal

weight subjects were unresponsive to satiety signals and

consumed equivalent amounts regardless of whether they b¡ere

food deprived or not. The obese subjects consumed an

average of I7 crackers when hungry and L9 crackers after a

sandwich preload. NormaI weight controls ate an average of

10 crackers when hungry and 9 crackers after the preload.

There was no difference between the number of crackers eaten

before and after a sandwich preload for either obese or

normal- weight subjects. Although the obese ate more total

crackers, Grinker (L977 ) described the external

responsiveness of the obese to be a del-iberate shift to

reliance on external cues rather than an inability to sense

internal cues or a denial of their importance.

In an attempt to compare internal responsiveness to

food, Stunkard and Koch (1964), correlated gastric motility

and self-reported hunger in obese and normal- weight

subjects. Gastric motiLity was continuously recorded over a

four hour period following an overnight fast. Every 15
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minutes, subjects were asked to identify hunger. Obese

subjects (n = 37) and normal weight controls (n = 37) were

required to fast overnight. In the morning, a gastric

ball-oon attached to a Levin tube was inserted into the

stomach and infl-ated to a pressure of L5 cm of water and a

volume of approximateJ-y 90cc. The tube was withdrawn until

resistence was encountered at the cardia. Gastric

contractions were recorded on a kymograph and each

contraction was quantitated with reports of hunger'

emptiness and desire to eat. When no contractions were

present, both obese and norrnal weight subjects reported

feeling hungry 388 of the time. However, normal weight

subjects reported hunger 508 more often than obese subjects

when contractions vtere present and obese subjects did not

increase their reports of hunger when contractions $¡ere

present. This denial of internal cues (gastric

contractions ) by the obese appears to support the hypothesis

that obese subjects depend more on external cues and/or deny

internal cues.

Other methods of measuring gastric motility and degree

of hunger have not supported the research findings of

Stunkard and Koch (1964). Bloom and coworkers (1970) |

utilized more sensitive methods for measuring gastric

motiJ-ity and degree of hunger and did not demonstrate any

difference in gastric motility and hunger. They measured

both gastric and duodenal contractions by recording presr,rt.
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changes on a polygraph via a pressure transducter- The

presence of motility \âras determined by analyses of the

recorded hlaves where motility r^IaS defined as the presence of

at least 5 consecutive gastric or duodenal waves exceeding

5 cm in height. Extraneous movements other than

contractions u/ere measured by a pneumograph attached around

the upper abdomen and self reports of hunger were assessed

using the same associations as Stunkard and Koch ( 1964 ) .

They did not find any relationship between gastric motility

and reports of hunger for obese (N = 3) or nornal weight

subjects (N = 3). However, even though the methods for

determining gastric motility were more precise, the validit'y

of this research can be questioned on the numbers used. It

therefore is uncl-ear whether obese subjects attend more to

external than internal- cues such as gastric motility.

It seems from the research thus far that obese subjects

show a higher degree of externaf influence than internal and

that they exhibit variable responses to sweet tastants which

may be dependent on their degree of weight gain. If weight

is a factor in taste perception of the obese then taste may

be related to weight. If weight j-s a factor in taste

perception, then a reduction in weight woul-d be expected to

result in the normalization of taste response.

Rodin and coworkers ( L976) | investigated the

pleasantness of a sweet tastant following $teight loss as

weII as consumption of a corresponding sweet flavored
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beverage. The subJects were 53 females, ages L3 to 28

years, who attended a weight reduction camp. The

overweight subjects (n = 47) were divided into 2 groups; the

overweight group (n = 16 ) where weight ranged from l-4 to 36t

above desirabl-e body weight and the obese group (n = 16)

where weight ranged from 56 to 122* above desirable body

weight. Normal weight sub jects (n = 6 ) !{ere camp

supervisors who were all within 10t of their desirable body

weight. Each subject was required to rate the intensity and

pleasantness of glucose (0.125 ' 0.25, 0.5, 1.0, 2.0 and 3.0

M) in unsweetened cherry koolaid on a 9 point hedonic scale

where the midpoint r^ras neutral . Randomly presented, the

subjects were instructed to foLLow standard tasting

procedures and rate the intensity and pleasantness of each

of the glucose solutions. Fifty-four days after camp began,

subjects were required to repeat the tasting procedure.

Weight loss for the campers averaged 35 lbs. AII subjects

in each of the three weight groups showed an ability to

scale the glucose concentration and no differences in

ratings of intensity \^rere f ound between the groups. Normal

weight subjects found that the glucose sol-utions stronger

than 1M concentration j-ncreased. When obese subjects (56 to

L22\ above desirable) were compared to overweight subjects

(14 to 36t above desirabJ-e) on the basis of weight l-oss for

thelr ratings of intensity or pleasantness of the gluÇose

concentrationsr rlo differences were found. No differencås
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in the overweight and obese groups vrere found relative to

weight loss and ratings of pleasantness or intensity when

compared within each respective group. Therefore, weight

l-oss did not significantJ-y alter the taste responsiveness of

these subjects.

TREATMENT OF MORBID OBESITY

A number of treatments have been developed to heJ-p

obese subjects return to desirable body weight. Many of

these treatments have shown only a smal-l percentage of

Success. Those treatments which have been more successful

are often invasive and dramatic. Although most of the

treatments result in weight loss, very few have resulted in

the maintenance of the acquired weight loss.

Only a small percentage of subjects, following various

treatment programs, were able to maintain weight loss. Wing

gtrd Jeffery (1978), reviewed LL2 outpatient cases treated

for obesity by diet (n = 9) , drug therapy (n = 56 ),
behavioral therapy (n = 42) and exercise (n = 5). Rates of

weight loss ranged from 0.3 to 1.86 lbs per week which means

that it would take 2 years of continuous rigorous dieting

before a morbid obese person could return to desirabJ-e body

weight. Johnson and Drenick (L977), fol-Lowed the progress

of a group of I2I patients who had obtained desirable body

weight through prolonged fasting. In 2 Eo 8 years following

their weight loss, 508 had regained or even exceeded tfre
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v/eight they had lost while more than 90t had regained or

even exceeded the weight they had lost within 9 years. A

review article by Van ltal-l-ie (1980 ) , stated that

conventional- modalities of outpatient treatment for obesity,

namely a low calorie balanced diet, anorectic drugs,

behavioural therapy and exercise have little or nothing to

offer the majority of morbid obese patients. The

difficulties facing the obese are the weight reduction and

the maintenance of the weight lost. Given the relative

fail-ure of conservative treatments in treating obesity, it

is not surprising to discover the almost ineffective use of

these treatments in morbid obesity.

l"lorbid obese subjects are at least 100 pounds (45.4 kg)

above their desirable body weight and therefore, the

treatments used to reduce weight are often invasive and

dramatic. The methods used in morbid obesity include a

variety of starvation regimes and surgical interventions.

Gastroplasty and jejunoileal bypass surgery are the most

popular of the surgical procedures but gastroplasty often

resul-ts in limited weight loss.

Dramatic weight loss attributed to a surgical

procedure, jejunoileal bypass, has been reported by several

investigators. A review by O'Leary (1980) of 274 patients

who received jejunoileal bypass showed a substantial weight

Loss in alL but 2 patients. FoJ-low-up 5 years after Ëurgery

showed that patients had plateaued and then regained 20 i"
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30t of their previous body weight. These statistics are

more encouraging for these patients than those shown for

conservative methods of treatment.

The technique known as jejunoileal blpass surgery is

described by Buchwald (1980), as an obligatory anastomosis

of 40 cm of the proximal jejunum to the 4 cm terminal of the

ileum (B) with anastomosis of the bypassed bowel end to side

(or end to end) into the cecum 6 cm above the appendiceaJ-

(A) stump (Figure 1). Care is taken to cLose the divisional

and rotational mesenteric defects and to secure the proximal

end of the bypassed segment.

This surgical procedure has proven to be effective in

reducing the morbidity associated with the resulting weight

reduction. In addition to weight loss, patients were shown

to report improved social and emotional wel-I being. Eighty

percent of the subjects returned to gainful employment and

another 80t showed improvement in metabol-ism of glucose and

lipids. However, given the risks invol-ved , jejunoileal

bypass can be jusitified only if the risks of morbid obesity

are higher than those of the surgery.

Of interest, to many researchers are the changes that

take place as a result of this procedure and how they re.Late

to weight control- and maintenance of desirable body weight.

The improvements associated with jejunoileal- bypass surgery

may be the result of Çhanges oÇcurring from the shortened

intestinal tract. In experiments which manipulate
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Figure r: An rllustration of the Jejunoileal Bypass procedure

End to end jejunoileal shunt of Scott

End to side jejunoileal shunt of payne
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absorption, there were significant changes in the intake of

nutrients, both in type and amount. Soulairac (L967),

administered various hormones to experimental animaLs and

found significant changes in the intake of carbohydrates.

Jejunoileal bypass patients have reported significant

al-terations in their intake and craving for sweet foods

folJ-owing surgery and this may be an important factor in

understanding the taste responsiveness of the obese. In

Soulairac's studies (L967 ) | increase in the intestinal

absorption of glucose by hormone administration al-so

increased food intake and in particuÌar, carbohydrate. If

the hormone were to have the opposite effect then the

experimental animal-s would decrease their intake of food,

especially carbohydrate .

Since jejunoiJ-eal blpass surgery results in decreased

absorption of aII nutrients, a decrease in carbohydrate

would occur and the explanation or hypothesis for the

successfuÌ weight l-oss associated with this surgery would be

related to the shortening of the intestine. This results in

the reduced food intake. Koopmans ( 1978 ) reported

significantly lowered food intake associated with t.he

reduction in the length of the intestinal- tract of rats. He

studied L2 pairs of parabiotic rats with appropriate

control-s and monitored their intake of food while

manipulating the }ength of intestinal tract. Parabioticr âs

described by Koopmans (1978), describes rats who share th;
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same intestine. The smal-I intestine of rat A was connected

to the intestine of its partner rat B and vice versa. Rat

A's intestines were shortened by either 15 or 30 cm and rat

B's intestines r¡rere elongated by either l-5 or 30 cRr

respectively. Control rats \dere connected parabiotically

but the intestinal length remaj-ned equal. Each of the

parabiotic control pairs consumed an average daily caloric

intake of 74 kcals. The B rats with the 30 cm and 15 cm

additions to their intestines consumed LL2 and 93 kcals per

day, respectively. The A rats with the shortened intestines

immediately reduced their food intakes to 3l- kcals ( 30 cm

reduction) and 46 kcals (15 cm reduction). Hence, a

decreased food intake was shown which refl-ected the degree

of al-teration in intestinal length. The larger the degree

of change in intestinal length, the more dramatic the

alteration in food intake. The B rats with 30 cm of

intestine added consumed more food than B rats with only 15

cm of intestine added whereas A rats with 30 cm intestine
removed consumed less food than À rats with only 15 cm of

intestine removed.

Studies of jejunoileal bypass surgery in human subjects

have shown similar results to those found in animal studies.

The degree of weight loss which results from the jejunoileal

bypass operation depends primarily on the length of the

functional intestinal segment left in continuity (Payne and

coworkers, 1973 ) . Originally, the weight l-oss trårn
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je junoileal bypass r¡tas thought to be the resul-t of

mal-absorption caused by the reduced absorptive area in the

l-ower je junum. It has been demonstrated that there is a

significant reduction in total food intake folJ-owing the

reduction in intestinal length. Bray and coworkers (f976),

demonstrated reduced food intake in I patients before and

after surgery whose post-operative weights were in excess of

130 kgs. Using a dietary history method before and after

surgery food intakes were examined and mal-absorption of

carbohydrates, vitamin BL2 and fat were assessed by urinary

excretion of D-xy1ose, the Schilling test and fecal fat

analysis, respectively. Preoperatively, the loss of fat in

the stooLs averaged 7.8t and increased postoperatively to 30

to 60t. The absorption of D-xylose and vitamin BL2 was

18.78 preoperatively and 2.9* postoperatively. Between one

and two years following surgery, vitamin BL2 absorption

returned to normal, but this was not observed with D-xylose

or fat. Caloric intakes $¡ere decreased from approximately

7000 kcals to 1320 kcals for the first 3 months foll-owing

surgery. Calculation of the caloric deficit and the deficit

from malabsorption showed that the decrease in food intake

produced the greatest amount of weight l-oss. These same

j-nvestigators studied 2I patients before and after surgery

to document specific decreases in food consumption following

surgery (Gray and coworkers, 1978)" All patients were

hospitalized and offered more food than they requeståd
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throughout t,heir stay. the difference in the quantity of

food provided and the amount eaten during two meals was

measured. The results showed that the weight loss following

surgery and the caLoric intake showed a significant tp(.OSl
correlation (r = 0.53). Patients who consumed energy

intakes of greater than 6000 kcal-s per day were shown to

reduce their intake significantly (p<0.001) following blpass

surgery (3190 kcals) (Rogus and Blumenthal, L981). Although

mal-absorption accounted for some of the weight Loss, it only

represented about L/8 of a pound per day or 600 kcals of

energy loss attributed to intestinal- ma.l-absorption (Rogus

and Blumenthal, 1981). Since weight l-oss from jejunoileal

bypass surgery can be as high as 100 l-bs in a one year

period, malabsorption alone could not account for the total-

weight l-ost. A voluntary decrease in food intake folLows

jejunoileal blpass surgery and contributes to the majority

of weight reduction. The data from the rat experiments

supports these clinical- observations and suggests that the

intestine plays a role in the control of food intake.

Of interest to investigators is the change in food

intake and the possible role of the intestine in the

regulation of food intake. Much speculation has taken place

regarding the role of the intestine in taste responsj-veness

and some investigators bel-ieve that taste is altered

following jejunoileal bypass surgery (Rodin' 1980; Bray et

êI, 1980; Rodin et 41, Lgl6; Bray et âI, L978). Othàr
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expl"anations for the decreased food intake are hormonal

changes, zinc status, and changes in metabolites (Bray et
af, 1980 ) .

Alteration in taste responsiveness has been identified
as a possible factor in the reduced food consumption

following jejunoiJ-eal bypass surgery. Several investigators

have attempted to identify altered taste perception in
jejunoiJ-eaI bypass patients using sensory analyses to
quantitate intensity and pleasantness. Rodin and coworkers

(L976), observed changes in taste responsiveness and food

intake in 1l- jejunoileostomy patients and suggested that
taste was a factor which influenced the decrease in food

intake. The subjects were females under 30 years of age

whose mean weight lvas 196t above desirable body weight.

They were studied both before and after bypass surgery.

Food intake and measures of intensity and pleasantness of

the four basic tastes were studied: glucose (0,I25, 0.251

0.5, 1.0, 2.0 and 3.0 M), sodium chloride (0.031-, 0,062,

0.125 , 0,25, 0.5 and 1.0 M) , citric acid (1.56, 3.L2, 6.25 |

L2.5t 25.0 and 50.0 n},l) and quinine (1.56, 3.L2, 6.25, L2,5,

25.0 and 50.0 mM) . A 9 point intensity and a 9 point

hedonic scale were used to assess taste. All sampJ-es lirere

presented in a randomized order for each subject and the

same tests were repeated about 6 months after surgery when

the subjects had attained an average weight loss of 72 Ìbs,

The mean scores for intensity of glucose were .o*puråO
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before and after surgery and there were no differences in

the intensity scores for any taste. However, pleasantness

ratings showed some differences following surgery.

PreoperativeJ-y, the pleasantness ratings for glucose were

variabl-e wit,h no consistent pattern. Af ter surgery' the

ratings resembled ratings reported for normal- weight

subjects by }4oskowitz (L974). The ratings of pleasantness

for sodium chloride, citric acid, and quinine showed no

significant changes after blpass surgery.

Although Rodin and coworkers (1976), indicated that

there were differences in taste perception for glucose for

patients before and after surgery, statistical significance

is not reported for these differences. Data comparing

postoperative patients with normal- weight subjects is

questionabLe in this study, since the comparisons to normal

weight subjects were made from taste data reported by

another investigator and, the subjects were not matched.

Statistically, it is inval-id to conclude such differences

when only 11 bypass patients were considered since

variability is a significant factor in taste responses and

in the altered physiology of these patients.

A significant difference in response to 40t w/V sucrose

solution rÁ/as shown f ollowing je junoileaJ- bypass surgery

(Rodin et a1, 1976). On a 5 point, scaLe, subjects were

asked to rate sweetness of 2,5 | 5 , 10, 20 and 408 W/v

sucrose concentrations before and 30 minutes after drinking
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a soLution containing 50 g glucose. Subjects were tested

using this procedure both before and after surgery for

morbid obesity. The subjects !.¡ere the same 11 obese females

as reported by Rodin et al (1976). Both before and after

ingesting glucose' there was a significant (p value unknown)

reduction in svreetness value given to the 40t W/V sucrose

sol-ution 6 months after blpass surgery.

Other studies of taste responsiveness of subjects

foJ-Iowing jejunoileal bypass have been undertaken with

similar results. Bray and coworkers (1976, 1980), studied

11 female patients with a mean weight of 160 kgs in order to

assess taste responsiveness to Sucrose before and after

surgery. Subjects rated the sweetness of sucrose sol-utions

before and after the administration of 50 g of gJ-ucose '

subjects r^rere asked to taste sucrose solutions (2,5, 5.10,

20 and 40t W/V) by taking a spoonful into the mouth ( for 15

seconds ) and rating the Solution on a sweetness scale from

(+2) to (-2). All subjects v/ere presented samples in a

randomized order and instructed t'o rinse the mouth after

each soÌution was rated. Thirty minutes after the glucose

Ioad, subjects rated the sucrose solutions again. After

surgery, patients rated the 40t (L.2 M) sucrose sol-ution as

significantl-y less pleasant (p(0.05) than before surgery

both before and after the administration of the glucose'

Soulairac (L967) and Koopnans (1978) have shown that a

decreased absorpti-on of carbohydrate resúl-ts in d"creased
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intakeoffood,especiat}ycarbohydrates.sincethelossof

intestine affects glucose absorption, it wourd be expected

thattheblpasspatientwou]-dconsume}esscarbohydrate.

The study by Rodin and coworkers (Lg76), suggests that the

bypass patient has a reduced preference for sweet tastants

whencomparedtopresurgicalobservationswhichmaybedue

to the reduced absorption of carbohydrate by these subjects '

Jejunoileal bypass surgery not only resuLts in a

reduced food intake, but also results in a number of

psychological and physiological changes which could cause

reduced food intake. Bray and coworkers (1980)' have

suggested that malabsorption of zinc can contribute to the

reduced food intake by altering taste response' A decrease

inSerumzinchasbeenreportedtored'ucetastesensitivity

(Catalanotto, L978)' The same subjects examined in the

presentworkweresubjectedtosalivaryzincanalysis.

Sincethesalivaryzincdidnotcorrelatewithtaste

responsiveness(l'lacDonald,unpublisheddata),this\^¡asnot

consideredtobeapossibi}ity.Furthermore'thesubjects

wereshowntobeabsorbingzincandnonewereshowntobe

zLnc deficient '

Significanthormonalchangeshavebeenshowntooccur

followingjejunoilealbypasssurgerywhichcanaffectfood

intake and possibly taste response ' Soulairac ( 1967 ) '

studiedtheeffectofreducingthe}eve}softhehornones

deoxycorticosteroid t thyroxin and insulin and found that
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this significantly (p(O,Of ) altered carbohydrate consumption

in experimental- animals. Bray and coworkers (1980) found a

signif icant (p (O . O f ) reduction in insulin level-s f oJ-Iowing

bypass surgery in 14 obese females. Decreased insuLin was

associated with a decrease in food intake (Soulairac' 1967 ) .

Glycerol shown to affect satiety (Wirtshafter and Davis,

Ig77) was reported to reduce food intake in experimentaL

animals when administered. Serum glycerol was shown by Bray

and coworkers ( 1980 ) to increase in patients following

jejunoileal blpass surgery. Therefore, gÌycerol or insulin

or both may pfay a role in the reduced food intake, and

possibJ-y the taste responses of je junoileaÌ blpass patients.

SUMMARY

In suÍrmary, jejunoileal bypass surgery results in a

reduction of total- food intake and this reduced food intake

is thought to be related to taste alterations which may

occur with the alteration in intestinaL length. The

mechanisms for the al-terations in taste may be the resul-t of

changes in certain hormones or other metabolites which come

about because of the surgery and affect food intake or taste

response. Although changes in taste response have been

reported in the literature, the statisticaÌ significance of

these changes is limited by the numbers of subjects studied.

The purpose of the present study was to evaluate the

existence of taste changes in rel,ation to the JejunoiJ-eål
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bypass procedure. An objective of the study was to improve

the statistical significance and verify the conclusions of

other researchers by increasing the number of subjects

studied for taste responsiveness before and after surgery.

A group of normal weight subjects were matched to the

subjects treated with jejunoileostomy and a group of morbid

obese subjects to control for variables in body size

relative to obesity.

Yþåffi UTqåVffiR$üTY $F ffiANåTffiffiÉ\ [.iffirì,\FT!Ëg
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I{.ATERTÀI,S ]IND METHODS

This study was designed to identify changes in taste

responsiveness following jejunoiJ-eaÌ bypass surgery for

morbid obesity. A patient pool of rnorbid obese subjects,

normal weight subjects and postoperative subjects was

examined for taste responsiveness to sweet and bitter

concentrations. The study met the ethical guidelines for

human subjects outlined by the Ethics Committee, Faculty of

Medicine, University of Manitoba.

SUBJECTS

Morbid obese, jejunoileal- bypass and normal weight

subjects made up the untreated, treated and control groups

for this study, respectiveJ-y. Dr. T.K. Thorl-akson of the

Winnipeg CIinic provided access to the morbid obese and

jejunoileal bypass patients. The latter group of subjects

were selected by Dr. T.K. Thorlakson for surgery according

to the following criteria:

I ) Obesity present for 5 years or more.

2) Age range limited to 20 to 50 years of a9e, male or

female.

3 ) FaiLure of conservative treatment to effect and/or

maintain weight loss.

4) At least 45 kg ( 100 lbs ) in excess of deslrable body

weight as described in Metropolitan Life Insurance



Table 1

?hysicat Characteristics of the Subjects

Group Number Sex Age range
(years)

Mean Weight
kg

Untreated

SubgrouP A

Treated

SubgrouP B

Controls

l2

5**

t7

5**

24

3M, 9F

1Ì1, 4F

4M, 13F

lÌf, 4F

6Ìf, 18F

23-47

26-47

20-49

26-47

zL-50

L22..4!2r.7*

136.0!24.6

97.0!22.2

117.3t15.3

60 .7tll.4
Þ(¡)

Total: 48

*Group mean weighÈ in kilograns t S'D'
(from I'facDonalã, S' unpubltshed daÈa' 1983) '

**Same subjects before and after surgery (Total number of subjects were 5) '
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Tables (1959).

TheappJ.icationoftheabovecriteriavariedamongthe

three main treatment groups as follows:

1) Untreated (morbid obese) were at least 45 kg above

desirable body weight, criteria L, 2 and 4'

2) Treated subjects ( jejunoil-eal bypass ) met all the above

criteria,lthrough4priortotreatment.Selection

for this study was based on criteria 2 '

3)Control(normalweight)subjectswerebetweentheages
of 20 and 50 Years of ê9e, criteria 2'

Theagerrange'meanweightandsexdistributionfor48

subjects according to group are shown in Table l- '

The treated group (n = L7) had undergone jejunoileal

bypass surgery within a 6 to 24 month period prior to this

study.Asubc].assificationofthisgroupincludedfiveof

these subjects who were studied before and within 3 months

after jejunoileal bYPass.

The untreated group (n = L2) was made up of morbid

obese pat.ients of which 5 were designated as subgroup A'

The subclassification group (A and B) was made up of the

same 5 subjects studied before and after surgery and \^Iere

includedinboththetreat'edanduntreatedgroups.
Thecontrolgroupofnormalweightsubjects(n=24)

was made up of subjects who had never been obese and were

within 15t of their desirable body weight as described by

Metropolitan Life Insurance Tables (1959). This g'o,,p *u"
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required to compJ-ete a basic questionnaire designed to

identify specific criteria, smoking habitr agê (within 2

years) and sex. On the basÍs of these matching criteria,

untreated and treated subjects were matched to control-

subjects. The questionnaire is shown in Appendix A.
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TASTANTS

Sucrose (sweet) and caffeine (bitter) solutions were

prepared in the concentrations shown in Tab1es 2 and 3. The

sweet tastant was prepared from Manitoba beet sugar and the

bitter tastant was prepared from Baker TM Grade caffeine

prepared and packaged by the J.T. Baker Chemical- Co.,

PhiIIisburg, N.J., Lot # 704360.

ALl solutions were prepared by serial dilution as

described in Appendix B. Stock sol-utions of the highest

concentration level- for each tastant and for each tastant

series (except bitter series A) were prepared with distill-ed

water in a weight/volume (w/v) solution. The amount of

taste (gm) substance required for the stock solution hras

added to a 1 Litre volumetric flask and a smal-l vol-ume of

distilled water was added to dissolve the solute and then

bring the volume to 1 l-itre. The remainder of the taste

concentrations for the sample series were then prepared by a

serial dilution of the stock solution with distil-led water

until each series contained six concentrations of the

tastant. In the caffeine series, the A and C series

consisted of the same concentrations (their concentrations

overlapped) except at the l-owest concentration in the A

series and at the highest concentration in the C series.

Hence, the C stock solution was serialÌy diluted to make.up

both the À and C series of bitter tastants (Tab1e 2).
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Table 2

Concentratlon of Caffeine for
Each SolutLon fn the Four Serles

ut'1/L

Solutl-on
Series

I 2 3* 4 5 6

A 0.6
(11.65) 1

1.2
(23 .30)

2.4
(46.60)

4.8
(93 .20)

9.6
( 186 .40)

19.2
(372.80)

B 0.9
(t7 .48)

1.8
(34.es)

3.6
(6e.eo)

7.2
( 139 . Bo)

14.
(279.

4 28.8
60) (ss9.60)

C 1.2
(23 .30)

2.4
(46.60)

4.8
(e3 .20)

9.6
( 186.40)

t9.2
(37 2 . Bo)

38.4
(745.60)

D 1.5
(2e. lo)

3.0
(5e.26)

6.0
(116.50)

L2.0
( 233 .00)

24.0
(466 . oo)

48.0
(932.00)

*
Reference Saurple

1gl100m1 x 10-6

Table 3

Concentratfon of Sucrose
in each SoluÈion of the SerÍes

tqlL

Solutlon I 2 3 4 5 6

0.093 .
(g. te) t

0. 185
(6.33)

0.370
(12.66)

0.740
(2s.33)

I .480
(s0.66)

2.960
(101.32)

*
Reference Saurple

I'gl 100m1
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Stock sol-utions were prepared at two week intervals and

refrigerated (4 C) between use. Test samples were stored

for periods up to 24 hours at refrigerated temperatures and

removed for testing sessions up to 2 hours prÍor to testing.

TASTING PROCEDURES

Each subject tasted and evaluated six sucrose and six

caffeine solutions in three separate trials which were

conducted at various intervals of three days to two weeks.

The same sucrose solutions were tasted by alI subjects

(Tab1e 3). However, subjects were assigned to one of four

caffeine series (Table 2\ according to each person's

bitterness sensitivity range which was established during

the training session. This unique practice for testing

bitterness responsiveness v¡as necessary because of the wide

sensitivity range for bitter tastants (Amerine et al, J'965) '
and its unpleasantness when perceived. Extremely unpJ,easant

sensations impair the ability to discriminate differences in

concentration. Accordingly, it $ras important that each

subject be assigned a concentration range in which the

Iowest concentration $ras barely perceptibÌe, rather than

overwhelming.

TRÀINING OF SUBJECTS

Prior to beginning

were given training on

and bitter recognition

taste responsive tests, subjects

nechanics of taeting procedures

the

the

tests.
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Each subject tasted four coded concentrations of
caf f eine ( 0.6 , 0.9 , L.2 and 1.5 uII/L) randomized with a

coded water sample, and were asked to identify the tast
(Appendix B). The lowest concentration recognized as bitter
served as concentration 1 in the series presented to the

subject in subsequent tests of bitterness responsiveness

(TabJ-e 2).

Since bitter response can take several seconds before

it is demonstrated, subjects were required to wait 60

seconds between tasting each concentration. This procedure

arso helped diminish one of the difficurties in tasting
bitter concentrations, narnely the rebound effect.

The determination of the bitterness sensitivity for
each subject herped to ensure that the subjects v¡ere tasting
bitter concentrations within their owrr torerance. Even

though subjects tasted different concentrations of caffeine,
each theoreticalJ-y tasted a simirar level of bitterness.
since the concentrations in each of the series increased at
the same rate (logarithmical-ly) the subjects tasted the

bitter concentrations in the series within a comparable

perceptual range. A chi-square (*2) analysis performed on

the number of subjects in each of the bitter series of
concentrations showed a similar distribution of subjects in
each of A, B, C and D series (Appendix B; MacDonald,

unpublished data).

The sucrose reference sample (0.37 yI) was tasted at
this initial training session and rated on its retative
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sweetness using the Ballot in Appendix B.

Training on the magnitude estimation procedure, used to

assess intensity was also carried out during this training

session. A set of paper squares which represented areas in

multipJ-es of 10 were devised to teach the procedure. A

reference square was shown to each subject and given an

arbitrary value of L0. While the ref erence square \^ras

hidden from view, a second square was shown and subjects

were asked to describe the area of the square in reLation to

the reference square. If the area of the second squaret

shown to subjects was considered to be 2 times larger than

the reference Square then a value of 20 would be the correct

value to assign to that Square. The reference Square was

not shown with the sample squales so that subjects would

rely on memory, since magnitude estimation of taste also

depends on memory. A total of 6 squares, 4 larger and 2

small-er were used for teaching this procedure at the

training session. This process \^/as repeated at any of the

tasting sessions, when subjects requested it.

S.A-I4PLE PRES ENTATION

Al-l- sampJ-es were presented in a predetermined random

order for each trial and for each subject. Three digit

random numbers from random numbers tables were assigned to

each sample of tastant and these numbers remained with that

tastant concentration throughout the study. Trays

containing taste samples were presented in the random oti"t
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to be tasted, aJ-ong with distilled water for rinsing,

expectorate cups, napkins and ballot sheets for scoring.

The taste procedures r^¡ere standardized by presenting aIl

samples in cLear plastic cups with Ìids and in the

predetermined order to be tasted. Four testing environments

were used for the study:

a) An examination room at the Winnipeg Clinic

b) Health Sciences SurgicaJ- Ward (patient's room)

c) Sensory Laboratory, Department of Foods and Nutrition'

University of Manitoba

d) Subject's residence (where necessary).

Treated sub jects r¡¡ere tested at the Health Sciences

Centre, Winnipeg Cl-inic and the subjects' residences (when

necessary) whereas untreated subjects and the control

subjects were tested for the most part at the University of

Manitoba.

ANALYSIS OF DATA

The process of the analysis of the data is outLined in

Figure 2,

In al-I three trials or testing sessions r sucrose

concentrations were tasted first followed by caffeine. The

third concentration from the initial concentration served as

the reference sampJ-e in alI concentration series for each

taste (TabJ-es 2 and 3).

Intensity was assessed using magnitude estimation or

free-numbering matching (Moskowitz, 1971). This method
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Ffgure 2. Outllne of the Statistlcal Procedures and Data used to Descrlbe
the Sensory Responses of Treated, Untreated and Control Groups

INTENSITY
Magnftude Estimates for each
tastant, sucrose and caffeine

Adjusted by the
geometrf-c rnean (Ai) I,lilcoxonts SÍgned Rank

Test Comparison of
Indivlduals ín each
Group to Èheir resPectlve
Matched Control.

Transformation to
Logarithms (Li)

Porrer Function
A=kCn

Wilcoxonrs Slgned Rank
Test of the results of the
Individual Slope (n) and r
Coefficients for rnatched
groups.

PLEASANTNESS
Scores (cm) from líne
scale to each Tastantt
for each Group

-----Sweetness De scriPtor

Comparlson of pre' Post
and control sub-classíficatíon
group by the l^Iilcoxonrs
Signed Rank TesÈ

Sucrose and Caffeine
Hedonic Responses (crn).

Analysis of Variance of the
mean medlan hedonic responses

Wilcoxonrs Sígned Rank Test
of median hedonic responses
for índivlduals in each
treatment group compared
to their respectlve controls.
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measures the functional relationship between the

concentration and the perceptual dímension of the tastants.

This relationship v¡as obtained by providing subjects with a

reference sample (example 0.37 M/L for sucrose) which r,t/as

arbitrarily assigned a val-ue of 10 (Appendix C). Subjects

were then required to assign a number val-ue to the randomly

ordered concentrations of the tastant being tested so that

intensity could be described as the relationship of the

sample concentration to the reference sample.

Pl-easantness r,r/as determined by hedonic scaling I a

technique used widely in taste testing (Moskowitz, I977 ) .

This data was analyzed according to methods described

by other authors. One of the aims of psychophysics is to

determine the precise relationship between the perceived

intensity (I) and the physical intensity (C) (O'Mahoney'

l-981 ) . The relationship between perceived intensity ( I ) and

concentration (C) can be determined by a direct scaling

procedure known as magnitude estimation (Moskowitz, 1974),

The literature suggests that the povüer function A=kCn

should provide a reasonabLe fit for the dat,a. The equation

1a=kCn) is a rel-ationship where A is an adjusted intensity

score (adjustment to be described) C is a concentration and

k and n are estimated parameters. When data for C and A are

plotted on 1og. log coordinates, the rel-ationship should be

a straight line as shown in Figure 3. By taking logarithms

this relationship beçomes Iinearr which in uurn þecomes

easier to interpret, That is,
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Figure 3 Linear Regression Est,imate (A=t<Cn¡ for Judge #20r in
Response to the Intensity of Sucrose (M).
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log 10 A = logl_gk +

so if we define,

Y = log1gA

a = log1gk

nJ-og1gC,

X = log1gC

then Y=a+bX.

That is, if the power function model (A=kCn) is appropriate,

there wil-l- be a l-inear relationship between Y, the logarithm

of adjusted scores and X, the logarithm of concentration.

Having estimated the slope (b) and the Y intercept' we

can go back to the pov¡er f unction model-, A=kCn, by letting

n=b and k=the antilog of a.

The stepwise procedure used to adjust and transform the

sensory intensity data as described above was a 6 step

procedure for individual and group analysis. Data adjusted

for groups gives the data a coÍtmon base. Although

adjustment does not play a role in the analysis of

individual data, âdjustment will be done to give consistency

to the data.

Step 1 Al-l zeTo values are arbitrarily assigned a value

of 0.1 similar to the method used by Donaldson

(1e78).

For the magnitude estimates for the three

replications, medians (Si) were calculated fot

each øubject at each conÇentratlon' This reËulted

in six median values (Str...156) for each subject

b=It



Step 2

Step _3

Step 4

Step 5

Step 6
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and these vafues represented a score for each of

the six concentration l-evels (C1...., C6) for each

of the two tastants.

Thegeometricmeanforeachsubjectwascalculated

from the median intensity scores for each subject

and each concentration in the taste series by the

following equation:

GM=6 51 X 52 X 53 X 4 s5x 6

The geometric mean (GM) \^Ias divided into median

Scores(Si)foreachofthesixconcentration

levels in each taste series by subject to derive

the adjusted (Ai ) median scores ' That is 
'

Ai = si/GM.

Define Yi=IoglgAi

Xi=1o91 gCi

Using the usual least squares procedure to obtain

the estimated linear relationship
y=¿*bX.

Return t.o the Power function

A=kcn by letting

n=b

k=antilog of a.

step process wiII be repeated for individual subjects

all data for subjects in their respective treatment

transforrnation and adjustrnent proÇess is shown in

C t but can also be done as follows:

This

and

6

for

groups.

The

Appendix
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(a)

(b)

Li=log1gSi

Calculate arithmetic mean

(c) Yi = Li-L

In regression analysis of caffeine data' the

concentrations \¡rere expressed as those of the D

concentration series , fot convenience' For the treated

group, the regression analysis was cal-culated on 12

subjects. The subgroup B (postoperative) was excluded from

this analysis because there was only one set of control

subjectsforbothsubgroupsÀandB.Theuntreatedsubject
pool was small and data from subgroup A was required to

increase the data pooJ-. The contror group (n = 24) incruded

allsubjectsmatchedtoboththetreatedanduntreated
groups. The power function (A=kCn) was plotted on fuII

Iogarithmic scale with the Y axis (A) representing intensity

response and the X axis (C) concentration'

Analysis was performed. on individual data in an attempt

to determine differences in sensory responses between the

groups.Individualslopesandrvalueswerecalculatedand

compared using the wilcoxon's signed Rank Test by the

procedure shown in Appendix D1-9. Within each group, the

individual was compared to his/her respective control by

taking the difference between treated-control and between

untreated-control and ranking these absolute differenceÊ '

irrespective of sign. A sample calculatiOn is shown in

(LfLz+...+LN)L

N
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Appendix D. The Wilcoxon's Signed Rank Test (Steele and

Torrie, 1980, p. 539) can be used to detect differences with

paired treatments. In order to detect more specific

differences, instead of calculating the z statistic, it is

more appropriate to calculate the p value (Robbins and Van

Ryzin| L975t p. 349). The Table of CumuÌative Probabilities

for the Wilcoxon Signed Rank Statistic gives the lower tail

probabilities . The critical value is the smal-lest T val-ue.

A more extensive table of p values was prepared by Dr.

SmiJ-ey W. Cheng, Department of Statistics, University of

l"Ianitoba.

AnaJ-ysis of variance was perf ormed on raw scores of

pleasantness data to determine if any differences in hedonic

response could be identified between groups. Computer

analysis (SAS) was used to calculate the ANOVÀ on median

responses by case (untreated, treated and normaJ-) and fog 10

concentration (-1.03, -0.73, -0.43, -0.13,0.17 and 0.47

moles) of sucrose, and caffeine for the series (Appendix

D, Tables 10 and 11). Tukey's Test was used to determine

significant differences among groups.

Wilcoxon's Signed Rank Test was used to compare group

median hedonic responses to sucrose and caffeine

concentrations as illustrated in Appendix D12-18.

Wilcoxon's Signed Rank Test was applied to data ranked

from the least liked concentration to the most liked

concentration. The concentrations that were most preferred

and l-east preferred were recorded and compared to these ".*.
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RESIILTS

INTENSITY

The povrer function for the growth of sucrose intensity

for each subject group for sucrose is shown in Figure 4 and

for caffeine in Figure 5. There are no apparent differences

in the ability of the subject groups to assess increasing

concentration of tastants since the slopes of their

responses for each respective tastant appear to be sirnilar.

Components of the por^rer function 1À=kCn ) of the ad justed,

transformed magnitude estimates of sucrose and caffeine

intensity for treated, untreated and normal" weight control

subjects are shown in Table 4. Subject groups could detect

and scale increasing concentrations of sucrose as shown by

the positive values for the slopes (n) shown in Table 4,

Exponents (n) calculated for each individual subject in each

group for sucrose intensity were also all positive (Table

s).

For caffeine, positive slopes (n) for each of the

groups inplied an ability of each of the groups to detect

increasing concentrations of caffeine (Table 4).

When individual- subject slopes (n) were calculated, we

find that not al-L of the subjects were able to detect

increasing concentrations of this tastant. Eight subjects,

2 ín the treated group, 2 in the untreated group and 4 in

the contro] group, were shown to have negative slope (n)

values which reflects the inability of these subjects to
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Figure 4 Power Funcston (A=Ì<Ca) from
Adjusted, Transformed Median Magnitude
trstimates Against Concentration of Sucrose
for Treated, Untreated and Control Groups
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Figure 5 power FUncti-ons (e=fCn) from Adjusted, Transformed
l.,lagnitude Estimates egainit Concentratioñ of Caffeine (l-series)
for TreaLed, Untreated and Control Groups'
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Table 4

Power Function frorn Adjusted and Transfonned Median

l'lagnltudeEstlmatesforSucrose(M)andCaffetne(u}l)Solutl.ons

SUCROSE

Subj ect
GrouP

Slope (n) a=log(k) r Power Function
A=kCnN

Control

Treated

Untreated

24 1.15 0.342

0.253

0.296

0.97

0.97

0.99

Ã = 2.07c1'13

A = 1 .7gco'92

A = l.98cl'06
t2 0.92

IZ I .06

CAFFEINE (D Seríes)
I

Subj ect
Group

Slope (n) a=log(k) r Povrer
A

Function
= kCnN

Control

Treated

Untreated

24 o.28

0.35

0.54

-0.260

-0.326

-0.496

0.91

0. 89

0. B5

A = 0.550c'28

A = o .472C35

A = 0.319c'54

I2

I2

lo"au used was derlved from the D seríes of caffeíne solutions '
TheDserles\,rasthemoreconcentratedthantheA,BandCserles.
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detect differences in increasing caffeine concentrations

(Table 5).

To test for differences in intensity response of the

subjects in the treatment groups to subjects in the control

group, Wilcoxon's Signed Rank Test was applied to the slope

(n) and coefficient of correlation (r). The slopes (n) for

each individual- subject (n = 48) v¡ere calculated from their

adjusted and transformed magnitude estimates of intensity

usj-ng the power function. The resulting individual values

for slope were used to compare, by Wilcoxon's Signed Rank

Test, the subjects in the treatment groups to their

respective matched controls (Appendix D9 ) . The response to

intensity of caffeine and sucrose by the treated and

untreated groups cornpared to their respective control-

subjects showed no significant difference in slope (n)

between the groups. Neither treatment group, when compared

to their respective controLs showed any consistent

difference in their abilities to scale increasing

concentrat,ions of caffeine and sucrose.

Individual coefficients of correlation (r) calculated

for the individual- subjects, adjusted and transformed

magnitude estimates, were compared by treatment group to

their matched control using !,Iil-coxon's Signed Rank Test

(Appendix D9 ) . The treated subjects showed significantly

1p(O . OS ¡ l-ower ( r ) coef f icient of correlation values (mean

r=0. 90 ) than their control subjects (rnean r=0 . 95 ) in

response to sucrose. Differences in individuaL coefficiånt
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Table 5

Posftfve and Negative Slopes (n) of IndLvidual
Regression Anal-ysfs for Treated (n = 12),

Untreated (n = 12) and Normal- I{eight
Control Subjects (n = 24) for Sucrose

and Caffeine Concentrations

T

SUCROSE
(logs)

U c T

CAFFEINE
(1ogs)

U c

t
-0.02
-0.29
o.27
r.18
1 .89
0.43
0 .47
0.28
1.15
0. 20
0. 15
0.32

20r
202
203
204
205
206
207
208
209
2IO
2rl
212
2t3
214
215
216
2rl

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.19

.68

.2t

.41

.51

.13

L07
r08
109
110
lll
t12
113
tr4
115
116
rt7
118

0. 35
t.27
0.4s
0.35
r.74
1.06
I .48
0. 93
0.58
t.7r
0.98
0.43

319
320
32r
322
323
324
301
302
303
304
305
306

0. r6
0.92
o.77
t.43
2.01
r.42
r.02
1.38
r.62
0.36
0.51
1.11

20t
202
203
204
205
206
207
208
209
2r0
2tr
212
213
214
2t5
216
2I7
218
2I9
220
22t
222
223
224

I
2

I
0
0
I
I
1

I
I
I
2

0
0
0
0
2

1

0
I
0
0
I
I

13
25
66
s4
30

107
r08
109
110
111
TT2
I13
114
115
116
L17
118

0.20
1.17
0. 85

-0.04
0.16
0.43
0. 31

-0.03
0.34
0.99
0. 20
0.31

319
320
32r
322
323
324
301
302
303
304
30s
306

2
.38
.16
.16
.05
.24
.27
.30
.77
.95
.49

.38

.68

.25

.01

.54

.05

.37

.00

.08

.83

.83
1',)

.44

.01

.02

.44

.2r

.19

.42

.67

.07

.4s

.56

.16

2LB
219
220 *
22L
222
223

.65

.70

.77

.03 224 -0
225 0

Total 0
(Negatíve
Slopes)

0 0 7. 2 4

lrrro3ect 
number.

2rrrU3ects 
301 to 306 (excludlng Judge #303) vrere pre-oPerative subjects.

I'Sub¡ects 201 to 206 excludíng (203) r,rere matched controls to the pre and
post operatlve group.
Subjects 101 to 106 were the post-operative groups and not fncluded ln
this analysfs.
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of correlations (r) for caffeine for treated subjects

compared to their controls were not significant (Àppendix

D9 ) . No differences were found for the untreated group

compared to their controls for individual coefficient of

correLations (r) using the above procedure for either

tastant (Appendix D9 ) .

Median magnitude estimates of intensity for each

tastant (Appendix D8 ) \¡rere compared between the treatment

groups and their respective matched controls. Adjusted

median magnitude estimates (Ai) at each concentration in

each of the taste series were compared using Y{ilcoxon's

signed Rank Test to determine differences in the group

responses to the intensity of sucrose or caffeine at each

concentration. Differences in sweetness intensity responses

were found for the treated group compared to their matched

controls at concentrations of 0.372 and L.488 M of sucrose

(Figure 6¡ Appendix D7). Adjusted median magnitude

estimates of bitterness for treated subjects compared to

matched controls by wifcoxon's signed Rank Test showed no

significant differences in intensity responses for caffeine

(Figure 7¡ Appendix D7). No differences were shown for the

untreated group compared to their controls in median

intensity ratings for sucrose at any concentration (Figure

6¡ Appendix D7). Intensity rating for caffeine by untreated

subjects was judged to be less intense for concentration 2

compared to controls (Figure 7 ¡ Appendix D7 ) . The remaining

solutions did not dÍffer from the judgements made by the
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Figure 6 Each Group's Median Adjusted lr4agnitude Estimate for
All Sucrose Concentrations.
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Figure 7 Each Group's I'{edian Adj usted
Estimate ãr rntensitY c¡f all
Concentrat ions
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Caffeine
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control subjects. It appears, therefore, that, the morbid

obese (untreat.ed) group in this experiment did not differ

from their normal- weight controls in the intensity responses

to a sweet and a bitter stimulant, and neither did the group

which had been treated for obesity by jejunoileal blpass.

However, the treated group (mean r=0.90 ) showed a

significantly lower linear association than their controls

(mean r=0.95) in judging sweetness intensity.

PLEASANTNESS

Sweetness Descriptor

The results of the s$/eetness taste description test for

the sucrose ref erence sampJ-e (0 . 37 2 l'4) carried out at the

insitial- training session are found in Table 6. Close to

hal-f (23/ 5L) of the sub jects in all çlroups f ound the

sweetness of the sucrose reference sampJ-e to be extremely

sweet. The other half (28/5I) found the reference sample to

be very sweet (16) or moderately sweet (11). One subject in

the untreated group found this solution to be slightly

S\^¡eet.

The hedonic values or pleasantness responses that made

up the hedonic data \^¡ere median responses ( cm ) f rom the

three trial-s for each concentration of sucrose and of

caffeine. Given that most subjects (39/5L) described the

reference (0.372 14) as between moderately and extremely

sweet, the vaJues given the tastants can be intorpreted by

the reference. For each concentration, a value between 0

..,.i..
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Table 6

Taste Descrfptlon by Each GrouP to the Reference
Sucrose (0.37214) Concentratlon

Sweet Taste DescriPtor

Group Extremely Very l"foderately S1f ghtlY

Treated
(¡ = 12)

4 5 3 0

UnEreaÈed
(n = 12)

6 z 3 I

TreaÈed Control
(¡ = 12)

6 6 0 0

UntreaÈed Control
(n = 12)

7 3 2 0

Totals 23 16 11 1

Note: 0f the 5l persons who performed the assessment, only 48 were
included in the matched data set.
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and f0.0 cm woul-d be considered as less pleasant than the

reference and val-ues higher than 10 cm woul-d represent more

pleasant than the reference.

ea ted a o ub ec

A number of statistical tests vTere applied to these

d.atar âs described in Figure 2t to determine differences

between the treatment groups and their contro1 subjects to

the pJ-easantness of sucrose and caffeine.

Analysis of variance (ANOVA) r¡as calculated for each

tastant, sucrose and caffeiner using the mean of the median

hedonic responses from each group for each concentration' A

significant difference (n(O.OS¡ existed among concentrations

for both sucrose and caffeine. Furthermore, a significant

(p 0.05) difference was found between groups in response to

caf f eine (Appendix Dl-0 ) . Tukey's test shows that the

difference is that the treated group judged caffeine

solutions to be significantly less pleasant 1p(O.OS¡ than

did the untreated (n = L2) and control groups (n = 24)

(Appendix Dl1).

Two basic assumptions must apply to any data to

accurately use parametric statistics. These assumptions are

equal variance and a normal distribution of the data '

O'Mahoney ( 1981 ) describes hedonic data as coming from

population data which is not normally distributed'

Nonparametric stat.istical analysis may be used when

populaçion data iç not, normally distributed and variance is

unequal. Therefore, Wilcoxon'S Signed Rank TeSt' was used to
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analyze the hedonic data for differences between the

treatment groups and their matched contro] group. It is not

possible to describe the treatment and the control
popuJ-ation data as normal with equal variance.

For both treated and untreated subject groupsr rro

significant differences were shown in their median hedonic

response (cn) to sucrose at any of the concentrations

(Figure 8; Appendix Di-2) when the treatment groups were

compared to their matched controls by Wilcoxon's Signed

Rank Test. This conf irms the resu.l-ts of the analysis of

variance which did not identify any group differences.

When the median hedonic responses (cm) of treated

subjects (n = J-2) !{ere compared by nonparametric statistical

methods to their matched control subjects (n = L2\ for

caffeine, treated subjects showed a significantly different

(p 0.05) response (Appendix D12) to caffeine solutions 2 and

4 than their matched controls. Treated subjects found

solutions 2 and 4 of caffeine to be less pleasant than

controls. No differences in the hedonic (cm) ratings for
caffeine by untreated subjects and their matched control-s

we-re shown. I'ledian hedonic scores f or each group are shown

in Figure 9 and Appendix D13.

P¡e and Post-Operative Group Comparisons

The mean of hedonic responses for each group for each

concentration for both tastants were compared by

nonparametriÇ statistÍca] analysis. Wilcoxon's Signed Rank

Test was used to compare the pre-operative (n = 5) to the
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Figure 8 Median Hedonic Response (cm) at Each

Sucrose Concentration (M)
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post-operative (n = 5) group and the contror (n = 5) group

to each of the treatment groups (Figures 10 and 11; Appendíx

DL4 and 15 ) . The results of these comparisons for either
tastant show no significant 1p(o.os¡ differences in pleasant
response for post-operative subJects either when compared to
their control-s or to their own pre-operative hedonic
ratings.

Pooled Data For All- Groups

The data for all- subject groups were pooled to include
the subclassification group (n = 5) in the data anarysis.
Treated subjects (n = Lz) had not included the post-
operative group (n = 5) in the data analysis presented
previousry. since the untreated group (n = L2) did incl_ude

the pre-operative subjects (n = 5 ) from the
subcrassification group in previous data anarysis these
val-ues did not change. The treated contror group (n = rz)
was expanded to include the control subjects (n = 5) matched

to the post-operative subject group.

The mean for each group was caLculated from subjects
median hedonic scores and compared by wiJ_coxon's signed Rank

Test" Each treatment group was compared to their matched

control- group. The results for this anarysis are shown in
Figures 12 and L3 and in Appendix D16 and DI7.

For al-l sucrose concentrationsr ro differences (p(o.os)
\,ùere shown for untreated (n = 12) subjects compared to their
matched contro] (n = Lz) subJects nor for treated (n = 17.)

subjects compared to matched controls (n = L7), The poored

,..::,.

a:: .
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Figure 10 Median Hedonic Responses (cm) of Pre- and Post-operative
Groups (N=5) and Their Matched Control Group to Each
Concentration of Sucrose(l'l)
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Figure i1 Median Hedonic Responses (cm) of Pre- and

and Post-operative Groups (n = 5) and Their
Matched Control- Group to each Sol-ution of
Caf fe ine
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O--O Post-operative Group (Treated)
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Fi gure 1 2 l4edian Hedonic Response (cm) to Sucrose Concentrations (M) When

the Subgrorp, urã-inciu¿ò¿ in the Data for Analysis

0-0 Treated Group and Post 0p (N=17)

0--0 Treated Matðñeà Control broup (N=ì7)
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treared group did show a significantly different (p(0.05)

response to the pleasantness of the second and third

caffeine solutions (Appendix DL6). The results showed a

significantly l-ess pleasant response by the pooled treated

(n = 17) subjects to the second and third nunbered caffeine

solutions (Figure 13; Appendix DL7).

In conclusion, pleasantness responses to sucrose

concentrations did not differ for any group and no

differences v¡ere shown for subjects following jejunoileal

bypass surgery. For caffeine however, a less pleasant

response $¡as found for the second and fourth concentrations

of caffeine by treated subjects. when subjects were pooled,

treated subjects showed a less pleasant response for

caffeine for concentrations 2 and 3. Responses for the

third and fourth caffeine sol-utions were altered by the

incLusion of the post-operative group'
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DISCUSSTON

Sweetness Tntensitw Res i weness

Moskowitz (1971), popularized the power function

(S=kcn) for relating subjective estimates of intensity (S)

to increments in physical stimulus such as concentration

(c ) . l,foskowit z (Lg7 4) maintains that the sweetness of

sucrose ( s ) gro\"¡s in magnitude as a power f unction of

concentration (C) and is estimated to be a straight }ine by

Iog log coordinates. For the present study, (S) is

equivalent to (A), c to concentration, exponent (n) to slope

and (k), the intercept. The sJ-ope (n) is important in

characterizing the growth of sweetness response where

numbers of (n) greater than 1.0 reflect an accelerating

growth in Sweetness response as concentration increases ' An

exponent of f.0 indicates a linear growth in svteetness with

increasing sucrose concentration and an exponent below 1 ' 0

represents a decelerating growth in sweetness response aS

concentration increases (Moskowitz' 1971 ) . Moskowitz (L97L)

reported val-ues between 1.3 and 1.6 for the exponent (n)

which indicated an acceLerating growth in sweetness

perception with increasing sucrose concentrations between 0

and 3.0M. Val-ues of the exponent (n) in the present study

were 1.06, 0.92 and 1.15 for the treated (n = 12), untreated

(n = 12) and control (n = 24) groups, respectively.

Therefore, control subJectsr who were nornal weÍght, found

the sweetness intensity of sucrose to accelerate at a higher

i

li

t-
:
i.

I
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exponent (n) or slopes for each treatment group compared to

their control subJects. No significant differences were

found for either group comparison (Appendix D9). Therefore,

the experimental groups perceived the sweetness of

increasing concentrations of sucrose to be simil-ar to their

matched control subjects and all groups scaled the sucrose

concentrations as increasing in sweetness with increases in

concentration of sucrose (Figure 4).

A comparison of the coefficients of linear correlations

(r) or product-moment correLations (r) for experimentaL

groups compared to their matched controLs provides a measure

of the relative consistency of each group to the perceived

intensity of increasing sucrose concentrations. The treated

matched control subjects (n = L2) showed a stronger linear

association between (r=0.95) increments of the intensity of

increasing sucrose concentrations than the treated (n = L2)

group (r=0.90) (Appendix D9). On the basis of higher r

values (p 0.05), two assumptions are inherent in the testing

environment to accurately use the coefficient of Linear

correlatj-on (r). For any given value of C (concentration)

the populations of A (median magnitude estimates, adjusted

and transformed), must be normaJ-Iy distributed populations.

O'Ivlahoney (1981) states that scaled data may not come from a

normally distributed population and therefore parametric

statistical analysis may not be appropriate. This study is

unique from others because of the use of matched Çontrol

subjects which aLlows for the appJ-ication of nonparametric
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statistics such as the Wilcoxon's Signed Rank Test.

Vùith the use of nonparametric statistical tests, a

significant difference $¡as shown for treated subjects (n =

L2) compared to their matched controls which has not been

reported by other researchers. Subjects in the experimental

group were compared to their respective matched control

group by the V'Iil-coxon's Signed Rank Test (Appendix D7). The

treated subjects (n = 12'' found the intensity of the 0.3721,1

sucrose concentrations significantly (p(0.05) more sweet

than the control (n = L2) subjects. The same subjects found

solut,ions of 1.488M to be less sweet than the controls

(Appendix D7 ). Altered response to sweet tastants following
jejunoileal bypass surgery couLd be attributed to this

finding since there were no differences in response to sweet

intensity by the untreated (n = J-2) subjects and their

controls (n = 12). Reports of aLtered taste responses to

sweet tastants have been reported (Rodin et al, L976) for
pJ-easantness but not in response to intensity. However,

these researchers have not used matched control subjects and

the methodologies used to determine the intensity of sweet

taste differed from those reported here. The differences

found here for intensity of sweet tastants may not be

concl-usive since it was observed in only two of the six

concentrations of sucrose examined. However, it may

encourage further examination of sweetness responsiveness

bef ore and af ter Je JunoÍIeostomy at lower tast,ant

concentrations than were used in the present study.
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Bitterness Intensity Responsiveness

fntensity magnitude estimates (median) of the

bitterness of caffeine trere adjusted and transformed. The

power functions A=kCn lrere calcuLated for each group and for
each indÍviduaL within the group to compare subject

responses to increasing concentrations of caffeine (as

described for sucrose).

The exponent (n) or slope as determined by the power

function (A=kCn) for caffeine intensity for each group

(treated n = L2, untreated n = L2 and control n = 24) were

0.35 , 0.54 and 0.28, respectiveJ-y (Figure 5). All values of

slope (n) were below 1.0 and therefore, they represent a

decelerating function for bitterness as caffeine

concentration increases. Values for quinine, a bitter
tasting compound, are found to be characteristically
decreasing functions as concentration increased (Moskowitz,

1971). Donal-dson (1978). reported an exponent (n) val-ue of

1.002 for bitter intensity response by 7 highly trained

subjects to similar concentrations of caffeine. An exponent

(n) or sJ-ope value of 0.98 was reported by Ismail and

coworkers (1981) for caffeine. These reported val-ues for
the slope (n) of caffeine are considerably higher than the

val-ues reported here. However, judges in the reported

studies were selected and trained in tasting bitter
compounds. Trained judges are more experienced in the

eetimation of bitter int,ensity and the methods used in
determining taste response. The lack of training in the
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present study explain the low val-ues for the slope (n) of

the caffeine intensity functions found here.

AII groups were able to identify the caffeine

concentrations and correctly scale them in increasing order

of concentration (Figure 5). One indication of this ability

of each group is shown by the positive slopes for the power

functions (Table 5). When each individual subject power

function 1A=kCn) was calculated and the exponent (n)

determined, most vaLues were found to be positive. Eight

subjects are shown to have negative slope (n) values

reflecting an inability of these subjects to scale

increasing concentrations of caffeine. These subjects v¡ere

distributed evenly through the groups with 2 ín the treated

group (n = L2), 2 in the untreated group (n = L2) and 4 in

the control group (n = 24). Wil-coxon's Signed Rank Test

comparisons of the slope (n) and correlations (r) of the

treatment groups to their controls shows no significant

differences (Appendix D9 ) . The negative slope val-ues for

caffeine intensity were evenly distributed between the

treatment groups and the matched control groups, and

therefore the groups were equally able to assess bitterness

of increasing caffeine concentrations.

The negative slopes may have contributed to the low

values for groups of the exponent (n). Since eight subjects

were unabLe to scale the intensity of bitterness of

caffeine, this could exPlain the relatively low values for

slope compared to other researchers.
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Pleasantness of Sucrose

The pleasantness ratings of 6 sucrose concentrations

did not differ significantly between treated (n = L2\ and

untreated(n=L2)subjects'Treated'untreatedandcontrol

(n = 24) subject hedonic responses were compared by analysis

ofvarianceandshowednosignificantdifferencesbetween

the grouPs. O'Mahoney (1981) suggests that for taste

research,analysisofvarianceshou}dbeusedtodetermine

which effects are likely to be significant and that although

Iess powerful and limited' nonparametric

analysis should be used to determine specific

Additiona] nonparametrj-c statistical analysis

inthisstudybetweeneachtreatmentgroupandtheircontrol
group because subjects \^¡ere matched

Other researchers have not used nonparametric

statistical analysis and matched control subjects but have

reporteddifferencesinhedonicresponsetosweettastants.

(Brayetâf,1980;RodinetâI'LgT6andRodin'1980)

reported significant differences in pleasantness ratings for

sucrosebytreated(n=11)anduntreated(n=11)subjects.

Theyreportedthatafterjejunoilealblpasssurgery'

subjectsfoundaL.2Msucrosesolutiontobesignificantly

Iesspleasant.Ïnaddition,postoperativeratingsfor0.5'

r.0and3.0Mglucosesolutionsdidnotshowreliable

correrations(r--o,42,0.3Land0.4grrespectivery)to

preoperative ratings. The lack of correlation between pI"

andpost-operativeratingsofglucosewasinterpretedas

st,atistical

differences.

was Possible
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being significant. The statistical tests v¡ere parametric

and require the researcher to assume a normal distribution

andequalvarianceinthedata.Thepresentstudyfoundno
significant dÍfferences among treated (n = L2) untreated

(n = LZ) and control (n = 24) grouPs in their pleasantness

response to any concentration of sucrose'

Thedatainthepresentstudyshowedthattreated

subjects found sucrose concentrations in excess of 0'0931'1 to

be as pleasant as did their controls (Figure B)'

The pleasant response to sucrose by treated and

untreated subjects is not significantly different from the

matched control subjects in this study' A study by Bray et

a].(1980)reportconftictingresponsestosweetnessby

treat,ed subjects. Pleasantness of glucose (0 'L25 ' 0 '25,

0.5, L,2 and 3 M) before and after sugery was reported to

be significantly more pleasant for 1 and 314 glucose by 1"1

subjects.However,asimi]-arnumberofsubjectsfoundthat
pleasantness of sucrose solutions was significantly

decreased for a L,2 I{ so}ution. The hedonic response of

both treated and untreated subjects in this study were

similar to the taste responses of untreated subjects studied

by Bray et aI (1980) and Rodin et aI (l-976) '

The hed.onic responses of subjects (n = 5) to 6 sucrose

concentrations before and L to 3 months after surgery showed

nosignificantdifferencesbutstillappeartofollowa

eimilar pattern to those in earlier rePorts (Bray et âI.,

1980; Rodin et al, 1976). Although subjects tended to rate

..:

':l

.:'t.

'',':..



(Appendix Dl5). Specific comparisons are difficult for

s. Published research ut'ilized glucose as the

the ballot for the hedonic scale differed and

controls were not included in the subject

questionable whether firm conclusions can be

B9

the sucrose concentrations to be

surgery than after, the differences

several reason

sweet t,astant,

normal weight

pool. It is

this finding contradicts rePorts

Although sweet taste has been

following bYPass,

to nonparametric

most aPProPriate

the published data had not been subjected

statistical analysis which is considered

(O'MahoneY, L9Bf) '

more Pleasant before

were not significant

from Published research'

reported to be altered

a similar Pattern

reported in the

did not resPond

made from our data or from reported data due to the rimited

number of subjects in this group; five subjects in our study

and r_r- in the study conducted by Bray and coworkers (1980)

and Rodin and coworkers (L976)'

Thedatareportedhereshownodifferenceinhedonic

response to sucrose folrowing jejunoirear blpass surgery and

If this study had included a larger subject pool within

the subclassification grouPr a difference may have been

found in hedonic ratings before and after surgery' Reponses

to the pleasantness of sucrose followed

for pre and post'operative patients

Iiterature. However, treated subjects

similarily.Therefore,theinconsistencyofthefindingsof
this study compared to reporto may be related to the

vafiable of post-operative study times '



___:__ __ ___ì_i_tü__

PIeasantness of Ca ffeine

l4ean caffeine median hedonic responses of each subject

in each of the groups $rere compared by anaJ-ysis of variance.

A significant (p<0.05) difference between the groups was

shownandTukey,stestwhichidentifiesthedifference

showed that. the treated group was different. They found

caffeine to be significantly l-ess pleasant than the

untreated or control grouPs. A difference in response to a

bitter tastant (quinine) used by previous researchers has

not been observed (Bray et al, 1980 and Rodin et âÌ, L976).

This confLict could be the result of the different bitter

tastant used and/or it could be the result of the tasting

methodology used in this studY.

The bit,ter tastant used in this study (caffeine) may

have been more appropriate because of its occurrence in and

addition to popular food and beverages. A subjective review

of dietary histories of the subjects studied by this

researcher showed the caffeine consumption of morbid obese

subjectstobeexcessive.Àlthoughthereisno

documentation to show a greater preference for caffeine by

morbid obese individuals, caffeine may be a more appropriate

bitter tastant.

In addj-tion, the subjects in this study were tasting

bitter solutions within their individual tolerance range of

bit,ter taste as determined by the bitterness recognition

test. This method for selecting bitter tastant

concentrations has not been wideJ-y reported and therefore

90
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its affects on taste data are unknown. It is designed to

enhance the differences found between subjects by allowing

them to taste within their own timits of perception.

Therefore, the sensitivity of the hedonic response to

caffeine may have been enhanced. The resuLts in this study

appear to be more valid than those of Bray et aI ( 1980 ) '
Rodin et aI (1976) and Rodin (l-980) who found aII solutions

unpleasant due to the intensity of bitterness.

Nonparametric statistical analysis of the hedonic

responses of aII groups to caf.feine confirm the results

f ound in the ana j-ysis of variance. By comparing

experimental- groups and their matched controls, we were abLe

to identify a significantly (p(0.05) less pleasant response

to the second and fourth soLutions of caffeine by the

treated group. Consistently significant (p(0.05) results

were found for caffeine solution number 2 when the total-

numbers of treated subjects were included in the analysis '

Since both statistical analyses confirm a difference for

treated subjects in response to solution numbers 2, 3 and 4

of caffeine, wê have concluded that altered taste response

to caffeine occurred following jejunoileal bypass surgery'

When the subcl-assification group (n = 5) was compared

by Wilcoxon's Signed Rank Test for hedonic response to

caffeiner tro differences were found. This is in direct

conflict with the anal,ysis described by Rodin and Bray

which show a difference for the treated group. It is quite

possible that the numbers for the subgroup vtere too small to
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show any differences. When this group's data are included

in the treated group the difference found fot sorution

number 2 as described earlier is maintained. It is very

plausible to explain the }ack of difference for the subgroup

aS the result of limited numbers of participants. Howevert

further research is required both in terms of numbers and

the effect of the bitter taste methodologies used to verify

the apparent effect of jejunoileostomy on reducing the

pleasantness of moderate levels of caffeine'

Summary

Thisstudydoesnotsupporttheconc].usionsofother

investigators(Brayeta],]-980;RodinetaI,LgT6andRodin

1980) that taste response to sucrose is altered after

jejunoileal bypass. It should be noted that most of the

subjects in this study who had jejunoileal blpass surgery

v¡ere not examined both pre and post-operatively (n = L2\'

The only example of a difference in sweetness responsiveness

documentedwasthattreatedsubjectsjudgedsweetness

intensity increments with less Iinear association (r=0'90)

thantheirmatchednormalweightcontrols(r=0.95)whereas

untreated morbid obese subjects v¡ere comparable in the

Iinear association of taste to their normal weight controls '

This novelty was not substantiated in a comparison of pre

andpost-operativeperformanceofthefivesubjectswithin

this subgrouP.

Thepresentstudydidestaþ]"ishanapparenteffect:'
jejunoilea}bypassonthetasteresponsetocaffeinein
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contradiction of earlier research by Bray et aI (1980) and

Rodin et al (1976). Although no difference was observed in

the ability of treated, untreated and control subjects to

judge the bitterness of increasing concentrations of

caffeine, when the pleasantness of the same solutions was

judged, the treated group considered the moderate leve1s of

caffeine significantly less bitter than did the untreated

and control groups. This difference was not apparent in a

direct comparison of the pre and post-operative performance

of a five-member subgrouP.

A study of a significant number of patients immediately

prior to and at intervaLs after blpass surgery would be the

most effective s¡ay to generate conclusive data related to

the taste changes which have been reported here and

elsewhere. In add.ition, biochemical parameters which may be

rel-ated to t,aste could be identified. These would consist

of assessments of blood glucose, glycerof, insulin and

glucagon and an assessment of a zinc pool which refl-ects

nutritional status for zinc.

Food consumption data should be obtained and analyzed

to determine the changes in dietary intakes before and after

surgery. This woul-d help in evaJ-uating the ef f ects of

surgery on total food intake and in determining any

particular changes in the consumption of specific foods

following surgery. Since adaptation occurs in the

intestine, subJects should be evaluated inmediatelyr 3

months, 6 months and 1 year post-operatively for these
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parameters. This would

sensory changes associated

describe the evolution

with jejunoileal bypass

of any

surgery.
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CONCLUSION

All- subject groups could detect increasing

concentrations of sucrose (sweetness ) and caffeine

(bitterness). Subjects assessed before and after surgery

showed no differences in their ability to detect increasing

concentrations of sucrose and caffeine. Treated subjects

showed a l-ess linear association in judging sweetness

intensity of increasing concentrations of sucrose than their

controls.

PLeasantness ratings of sucrose showed no differences

between treated and untreated subjects in hedonic response

to sucrose solutions thus failing to support published data.

Sweet taste was not found to be altered following
jejunoileal bypass surgery

Treated subjects found that caffeine sol-utions numbered

2, 3 and 4 were. significantly l-ess pleasant than did their

controls. However, no differences were found between the

preoperative and postoperative hedonic ratings of caffeine,

by the five subjects who were examined both pre and post-

operatively.

Jejunoil-eal bypass surgery was not shown to alter the

hedonic response to sweetness whereas there was some

evidence that it did alter the hedonic response to

bitterness.
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CONSENT FORM

I agree to be a subject fn a research study designed to relate
sweetness and bltterness to the amount of zinc Ín saliva. I r¡í11 be
asked to taste sfx solutions of a bÍtter tastant (caffeine) and sLx
solutlons of a sweet tastant (sucrose) and rate Ëhem according to two
scales. I wfll be asked to do this at three different times. This w111
requlre r'., hour each time.

I will be asked to supply the lnvestigators with some saliva. A

small suction cup w111 be fitted on one of the sallvary glands Ín my

cheek and the saliva suctioned Lnto a test tube. I understand that the
investigators will, need three different samples of saliva. Each sample
collection will requlre about 20 mínutes.

If I decide to withdrar¿ from the study, I will contlnue to recefve
the normal servíces of ny physiclan.

Intervlewer Subj ect:

Address:

Telephone:
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Name 3. Age

Address 4. Phone

I^lithout welghing or measuring yourself , what nould you say your
present height and weight are?

Helght: 

--ft. 

_lo.

llelght:

Which would you call youself: (Check which applies)

very underweight

slightly underweight

normal weight

s1íghtly overweight

very overweight

During which períods have you been over:weíght? (Check all which
applv)

Never

Birth

-_ 

Baby

As a chíld (before age 6)

As a child (before age 13)

As an adolescent (ages t3-19)

Ãge 2O-?-9 Age 40-49

Age 30-39 Age 50+

\^Ihat ís the heaviest you have ever been and at what age?

Weíght: Age:

9. Lrhat ís the líghtest you have ever been as an adult and at what age?

I^leight: Ag": _
10. Is anyone in your famíly overweight: P1ease gl-ve relat.íonship

(f.e., mother, husband, daughter, sister; give more than one íf
applícab1e) .

6

7

B
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11. Marftal Status: (llarrled, Single, Divorced, Wfdowed)

12. Present Occupatfon:
dutles)

Brfefly describe

13. Number of years in present occupatíon?

14. I{ow far dld you go fn school? (Check one)

Grarnnar School

15.

16.

t7.

Juníor School

High School

College

Graduate or Professíonal

How old rìrere you when you lef t

School

school?

Would you say you are in a good state of health novr?

If not, what is the matter?

lB. Do you smoke?

yes No.
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June I, 1983

Dear

When you participated in our study on Salivary Zínc and Taste, we

agreed to share the results wíth you.

For the srrreet tastant, you were able to correctly identify the
increasíngconcentratíoni'-ofthesixso1utions.Forthe
bítter tastantr 1lou were able to identify the increasing concentrations
in of the six solutfons

The saliva samples were analyzed for zínc content. The zinc level
range.ln your salíva was in the

Again, we would like to give you our síncere thanks for your
cheerful cooperation in our study

Sincerely,
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PREPARATION OF THE SUCROSE AND CAFFEINE SOLUTIONS

SUCROSE

f369.2 grams Sucros plus 500 urls of water were ml-xed and heated to

produce a total volume of 1350 rnls. This gives a 2.96M solutlon of

sucrose. Then, serial dllutíons of this,concentration were added to

equal amounts of glass distilled water. This lras repeated to create 6

concentratÍons of sucrose. The moleular weíght for sucrose ís 342.3

B/rnol (af 
ZtZZOt t)

CAFFEINE

Serles (C): 0.65 gu caffeine added to I lÍtre flask and brought to

volume with glass dístílled water.

Seríes (A): 500 rnl Sertes (C) díluted to volume in a 1 lltre flask.

Series (n) : 0.56 gms/ I litre.

Series (D): 0.93 gns/1 litre.

The molecular wefght for caffeíne ís 194 gln.o1- (CgH10N402).

:::
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BALLOT FOR SCREENING TESTS FOR TASTE

NAME:

Instructions: In fronÈ of you are 4 cups containíng weak water
asfc taste sensatíon. Yoursolutions of chemfcals rePresent ing one b

task l-s to fdentify the dominant taste in each cup '

Please rinse Your mouth with erater before vou taste each sample ' Please

taste the samples in the order índicated on this sheet. For each

sample, record on the ballot belov¡ if the s

=t"ãt, salty, sour, or bitter taste and wal
starting the next samPle.

ample is tasteless or has a

t at least 60 seconcls before

Samp le Code Number Taste Description
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TABLE 81

FREQUENCY DISTRItsUTION OF PREFERRED

BITTER CONCENTRATION BY CASEA, SERIESb AND NUMBER

Number A B C D

C T UC T UC TUC T U

1

2

3

4

5

6

2

3

2

2

2

5

1

2

4

I

I

I

2

I

I

1

1

I

I

I

I

I

I

I

2

I

2

I

I

t

1

I

1

I

I

tCt"": C=control,
(s=24)

T = treated,
(n= 17 )

U = untreated
(n= I 2)

b Surí"s = A, B, C or D.

(from MacDonald, S., 1983).





108

ACCEPTABILITY

Please taste the refence sample. Expectorate the sample and rinse wlth
rrater. Then taste the coded sample and score pleasantness on the scale
below. Scoríng can be done anywhere on the líne between the 2 end
poínts. Use crackers and water to clear your mouth between samples.
Repeat procedure untfl all samples are completed.

Sample No.

s pleasant same as more pleasant
than reference reference than reference

Sample No.

iess pleasant sam as more pleasan t
than reference reference than reference

Sample No.

T
I more pleasantess pleasant same as

than reference reference than reference

Sarnple No.

Iess pleasant same as rnore plea t
than reference reference than reference

Sarnple No.

IESS pleasant
reference

same as more pleasant
than reference than reference

Sample No.

Iess pleasant I more plea tsame as
than reference reference than reference

*Photo-reduced
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MAGNITUDE ESTIMÂTION TEST

:::

Name:

Date:

Tast samples Ín the order índicated' With each sarnple proceed

follows:

AS

Taste the reference. Gíve it a val-ue of

Taste the first samPle.
Assess its sweetness in relation to the

a sample seems 5 times as street' assign
seems half as s\"leet, give it a value of
the multiples or fractions you can use'
Rínse.
I^Iait 60 seconds.
Repeat the above Procedure'

10.
1.
,,

*? reference. For examPle, if
it a value of 50; if it
5. There ls no Lirnít to

4
5

6

VALUE (as cornPared
to the reference)

COI4I"ÍENTS
SA}4PLE

R

*Changed to read bitter for Caffelne
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NXA}ÍPLE OF THE ADJUSTI"ÍENT PROCEDURE FOR

I":AGNITUDE ESTIMATES OF INTENSITY

Step I

Raw l"fagnitude Estimation Scores for the Intensity of Sucrose for the
Three Trials for Subject 201.

Trial 0.093M 0. IB5M

CONCENTRATION

o .372t4 0.7 44t4 i .488Ir 2.97 6vf

I

2

3

5

5

5

5

1

7

10 20 15

12.5

20

25

5

5

10 15 10

L2.5 15 20

Medlan (Si) 5

Step 2

Geometric Mean

6

GM=

6

GM=

7.5 10 15 15 20

(ct"t¡

5x7.5x10x15x15x20

1 87500 = 10.911

6th root ís calculated
because there are 6

observations

Data are then adjusted for the geometríc mean so that Èhe

medlan, Aí, ís given by:
adjusted

5a
A1

Gt'1



Step 3

AdjustmenÈ and Transformation Example for Subject's
Response to Sucrose Solutions

Concentratíon
of Sucrose

0.093M 0. 185M 0.3721"1 0 .7 44Ì"',r, I .488M 2.976M

Ai Si 5/10.9rr 7.5/r0.9rr 10/10.911 15/10.911 15/10.911 20/t0.gtr
GM

Ai 0.458 0.687 0.9L7 r.375 r.375 1 .833

Step 4

Yi = lo8r. Ai -0.339 -0.163 -0 .038 0. 138 0. 138 0.263

J
J
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Step 5
Determíne the estl.mated ll-near relationship
(f=a*bx) by using the least squares procedure

Indívidual calculatlon for Subject ll2}l'

Basic calculations required to obrain (a) and (b)

llnear sucrose lntensity regression estimate

i xi Yi xiYi

Example:

rable (i) for the

Xi 2

I
z
3

4
5

6

-1.03
-0.73
-0 .43
-0.13
0. 17
0.41

-0 .339
0.163

-0.038
0. r3B
0. 138
a.263

0. 349 17

0. I 1899
0.0r 634
0.01794
0.02346
0.0r2361

I .0609
0.5329
0. 1849
0 .0 169
0.0289
o.2209

Total -1.68 -0 .00 I 0.6r363 2.0454

XXí lYi) (-1.68) (-0.001)
6

þ=
'XiYi

n 0.61363 -
txi lxi 2.0454

n 6

0. 6 1335 0 .38943 0 .39
þ= .57 5

a=
I (XYí-brxí)

n å t o.oor - (0.38e43)(-r.68]

a= o.6532424 0.1088737 0 11

6

Plot the origínal data tríth the fitted curve'

A = I .zgco'39 - r.29(0.093)0'39 - 1.29(0 .396)

A = 1 .zgco'39 - r.zg(z.gt6)0'39 - r-zg(r.53)

= 0.51

= I.974

Step 6

since n=b and a=antílog k, the power function for subj ect {l2OI

is estiamted bY:

A = 1 .2gco'39
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Figure(i)l,inearregressionestimaLeforLheControlsubJeCLyroup
in response ¡o the inLensity of sucrose (l'i) '

10.0-

5.0-

2
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I
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Ð
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Ð
d
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Ð
(n
14
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JI
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ø
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Ð
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õ

i
,.1,

I
.,t

I

0.05

oo

0.093 0.185 0.312 0-144

ConcentraLion of Sucrose (1"1)

r.488 2.976

iillrrllÌ , ' i:l i I 'i'f i-I l i+
I+llil ,'i ri iìll:l ì l r l i: l ''i ti

ill-til:I

¡l

ì

I
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Example: Control Group of SubjecÈs vrhich lncludes Judges {l2}l to 224

inclusive.

Table (rr¡ of
1t

basfc cal-culations required to obtaln (a) and (b) for the
near estlmate of sucrose lntensity

Yi xíYi xí2 # t 2{ltxi X1 Yí XiYi Xi
201

202

203

204

205

2A6

207

208

.03

.73

.43

.13

.t7

.47

I
2

3
4

5

6
I
2

3
4

5

6

1

2

3

4
5
6
I
2

3

4

5
6
I
2

3

4
5

6

1

2

J
4

5

6

I
2

3

4
5

6

I
2

J
4
5

6

-1
-0
-0
-0

0
0

-1
-0
-0
-0

0
0

-l
-0

-0.339
-0. 163

-0 .038
0. 138
0. 138
0.263

-r.032
-2.046
-0.029
o.448
0. 670
I.97 7

-1.886
-0.t77
-0.r77
-0.602
o.726
0.903

-0.578
-0.482
0. 121
0.519
0. s98

-0 . 181

-0.399
-0.009

0.168
-0 .009
0.088
0. t68

-0.987
-0.686
-0 . 510
0.7Ir
0. 586
0.887

-0.932
-0 .534
-0.233
0.466
0.466
0.767

-1.161
-0.460

0.017
0.443
0. 619
0.540

1.0609
0.5329
0. 1849
0 .01 69
0.0289
0.2209
r .0609
0.5329
0. tB49
0 . 0169
0.0289
0.2209
I .0609
0.5329
0. 1849
0 .0 169
0.0289
0.2209
I .0609
0.5329
0.1849
0.0r69
0.0289
0.2209
I .0609
0.5329
0. 1849
0 .0 169
0.0289
0.2209
1 .0609
0.5329
0. 1849
0 .0169
0.0289
0.2209
I .0609
0.5329
0.1849
0 . 0169
0.0289
0.2209
r .0609
0.5329
0. 1849
0 . 0169
0.0289
o.2209

212

2I3

2t4

2t5

2L6

217

218

2r9

-2.222
-0.405
-0 . 171

-0.o7 4
r.449
r.449

-0.467
-0 .467
-0. 167
0.134
0.435
0.533

-0.799
-0.401
-0. 100
0.201
0. 502
0.600

-0.373
-0.196
-0. l rB
-0 .007
0.326
0.326

-0.690
-0.293
0.007

-0.43
-0. 13

0. 17
0.47

-1 .03
-0.73
-0 .43
-0. 13

o.L7
o .47

-1 .03
-0.73
-0.43
-0. 13
0. 17
0.47

-1 .03
-0.73
-0.43
-0. t3

0. 17
o .47

-r .03
-0.73
-0.43
-0. r3

0. r7
o .47

-1.03
-0.73
-0.43
-0. 13
0.17
o.47

o.34917
0. I 1899
0.01634

-0 .0 r794
0.02346
0.1236r
1.06296
r .49358
0.0t247

-0.05824
0.11390
0.43539
r.94258
o.l292l
0.07611

-0.07826
0.t2342
0.42441
0.59534
0 .35 186

-0.05203
-o .067 47

0. t0 166

-0.08507
0.4 1097
0.00657

-0.07224
0 .00117
0 .01 496
0.07896
1.0r661
0. 50078
0.21930

-0.09243
0.09962
0.41689
0.95996
0.38982
0. 100r9

-0 .06058
0.07922
0.36049
I . 19583
0.33580

-0.0073r
-0.05759

0. 10523
0.25380

I
2

3

4
5

6
1

2

3

4
5
6
1

2

3

4
5

6
I
2
3
4
5

6
I
2

3

4
5

6

I
2

3
4
5

6

I
2

3

4

5

6
1

2

3

4
5

6

.288T t. 06092

0
0
0
0
0
0
0
0

.03

.73

.43

-0.73
-0 .43
-0. 13

0. 17

0 .47
-1 .03
-0.73
-0.43
-0. r3
0.17
0.47

-1 .03
-0.73
-0 .43
-0. 13

0. r7
o .47

-1 .03
-0.73
-0.43
-0. 13

0. l7
0 .47

-r .03
-0.73
-.043
-0. r3
0.17
0 .47

-1.03
-0.73
-0 .43
-0.13
0. r7
o .47

-I .03
-0. 73

-0.43
-0. l3

0. l7
o .47

-1.03
-0.73
-0.43
-0.13

0. l7
o .47

.309

.485

.184

.444

.444
-0.450

.t52

.249

.948

.051

.873

.L7 4

.49s

.650

.95r
-0.517
-0. 100
0.026
0.026
o.202
0.423

.29565

.07353

.00962

.24633

.68103

.48 101

.3409 I

. 07181
-0 .or7 42
0.07395
0. 2505 I
0.82297
0.29273
0.04300

-0.02613
0.08534
0.28200
0. 38419
0.12337
0.05074

-0.0009 1

0.05542
0.15322
0.71070
o.2r3B9
0.00301
0.04017
0. 08245
0 .08648
r .48732
r.05417
0. 19350

-0.14976
0.2t233
0.44556
1 .08253
0.63729
0 .o7 482
0 .06435
0. I 1050
o .44697
0.5943r
0.07300

-0.0r I 1B

-0 .00338
0.03434
0.19881

0.5329
0. 1849
0.0169
0.0289
o.2209
I .0609
0.5329
0. 1849
0 .0 169
0.0289
0.2209
r .0609
o.s329
0. 1849
0 .0 169
0.0289
o.2209
I .0609
0 .5329
0. rB49
0.0169
0. 0r 69
0.2209
1 .0609
o.5329
0. 1849
0.0169
0.0289
0.2209
1 .0609
0.5329
0. 1849
0. lB49
0.0289
0.2209
r .0609
0.5329
0. 1849
0.0169
0.0289
o.2209
I .0609
0.5329
0. I 849
0 .0169
0.0289
0.2209

.13

.t7

.47

.03

.73

0
0
0

-1
-1

I
I
0

-1
-0
-0

0
0
0i'
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rable (lt) continued...
2 2

Yi xlYi xf lli Xl Yt XiYl X1{ltxi

209

2to

2tl

223

.43

.13

.t7

.47

.03

.73

.43

.13

.t7

.47

.03

I
2

3

4

5

6
I
2

3

4
5

6
I
2

3

4
5

6
I
2

3

4
5

6

73

-0
-0

0
0

-1
-0
-0
-0

0
0

-1
-0
-0
-0

0

-1 .03
-0.73

-0.842
-o.444
-0.064

0. 158
0. 334
0.857

-r.367
-0. 195

o.027
0.328
0. 407
0.805

-r.959
-o.251
0.050
0.351
0,749
1 .050

-2.046
-0.346
0. 131
0. 654
0.654
0.955

o.86726
o.32412
0.02752

-0.02054

I .0609
0.5329
0. 1849
0 . 0169
0.0289
0.2209
1.0609
0.5329
0. I 849
0 . 0169
0.0289
0.2209
I .0609
0.5329
0. 1 849
0 .0169
0.0289
0.2209
I .0609
0.5329
0. I 849
0 . 0169
1 .0289
0.2209

I -1.03
2 -0.73
3 -0.43
4 -0.13
5 0.17
6 0.47
I -1 .03
2 -0.73
3 -0.43
4 -0.13
5 0.17
6 0.47
1 -1 .03
2 -0.73
3 -0.43
4 -0.13
5 0.17
6 0.47
1 -1 .03
2 -0.73
3 -0.43
4 -0.13
5 0.17
6 0.47

-0.932
0 .067

-0.932
0.368
0. 368
1 .067

-0.480
-0.480
-0. 180

.598

.tzr

.s47

0.95996
-0.0489 I

0.40076
-0.04784
0.06256
0.50149
0.49440
0.35040
0.07740

0.10166
0.05687
0. 56341
0.3993 I

-0.09933
-0 .007 15

0.07701
0.16732
1 .08253
0.60152

-0.00043
-0 .0243 I
0.09265
0.32900

I .0609
0.5329
0. 1849
0 .0169
0.0289
o.2209
I .0609
0.5329
0.1849
0 .0 169
0 .0289
0.2209
1 .0609
o.5329
0. 1849
0 .0 169
0.0289
o.2209
I .0609
0.5329
0. 1849
0 .0 169
0.0289
o.2209

.05678

.40279

.40801

.r4235

.01 161

.04264

. 069 19

.37835

.0t777

.18323

0
0
0

-0
-0

0
0
I
0
0
0
0
0
z
0

220

221

222

224

.422 -0.05486

o .47
-1 .03
-0.73
-0.43
-0. 13

0.17
0.47

-0.02 150

-0.04563
0.12733
0.493s0
2.10738
0.25258

-0.05633
0 .08502
0. 11118
0.44885

.43

.13

.17

.54
0.23
0 .05
0.45
0 .356

-0 .600
-0.824

0 .001
0. 187
0.545
0.700

7

1

5

3

Totals L44 -40.32 42.66t88 -0.032 49 .0896

!'rom totals of Table (ii) lte can calculate the least squares regression for sucrose

intensíty for the control subject group as follows:

(rxi) (rYi) -40.32) ( -0.032)

'XíYi
n 42.6618 - r44

'XiZ
(rxi) 2 49.0896 (-40.32)

n r44

42.66188 - 0.00896 42.65292 = 1.1283841þ=

(

b=

49.0896 - rr.2986

1 (XYi-btxi) = I

n r44

3.78

[ -.0 .o3z - ( t . t 2B3B4) (-¿0 .32) ]

A=

= 0.3157253

since a=antilog (k) and b=n, the llnear estlmate for the control subject group for sucrose

lntenslty is descríbed bY:

A = 2.07C

the plot (log.log coordínates) for thls regresslon equation ls shown ín Flgure (ií) where:

A=2.o7cL '13=2.07 (0.093) r '13-2.07 (0.0683) =0. 14

A.=2.07 cr' L3 =2.07 (2.97 6)r'13'2. 07(3 . 4293)-7 . r0

å [-0.032- 
(-4s.4s6448 

1

r.13
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Íabte (fif): Indlvídual Judges ({1202-224) Responses to the Intensity of
Sucrose after adjustment and Plotted as points on Figure (i)

Judge Concentration of Sucrose

0.093 0. 185 0.372 0.744 1 .4BB 2.976

20r
202
203
'204
205
206
zo7
208
zo9
2r0
2rl
2t2
2t3
214
2t5
216
2L7
2tB
2t9
220
22r
222
223
224

.46

.09

.01

.26

.39

.10

.12

.07

.t4

.04

.01

.01

.34

.16

.42

.20

.04

.09

.27
1)

.33

.28

.01

.25

.69

.01

.67

.33

.98

.2L

.29

.35

.36

.64

.56

.39

.34

.40

.68

.51

.04

.13

.80
t.L7

.33

.28

.45

.15

.92

.94

.67

.32

.47

.31

.59
1 .04

.86
I .06
r.12

.68

.68

.79

.76
t.02

.36

.67
1 .06
.t2
.66

I .70
I .35
I .00

I .38
2 .80
4.00
3.30
0.98
5.t4
2.92
2.77
| .44
2.13
2.25
0. B4
1.36
1.59
r.02
2.04

14.18*-3. 13
I .06
2.33
2.64
1.13
4.51
1.54

I .38 I .83
3.46
7 .99
0.66
I .47
7 .72
5 .85
3.47
7 .t9
6. 38

tt.2z*
ßl-ttr*_3.27

3.97
2.12
I .53
8.87
8.93
2.65

I 1. 65*

1

5

3

I
3

2

4
2

2

5

28

.67

.33

.96

.23

.86

.92

.16

.16

.55

.61

.14*
2.73
3. 18
2.12
3.05

r7 .73*-Tn
I .59
2.33
3.97
2.84
4 .51
3.51

L.32
2.27
9 .01
5.01

*Points not on graph (off scale of 3x3 cycle paper)
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Sanple Calculatíon of the Wilcoxonts Sisned Rank Test

Formula: A B D
n n n

tr^Ihere: n = Subj ect

= Indivldual SubJectrs (Treated or UnÈreated) rnedlan

response frorn three tríals to the tastant (sucrose or

caffeine) for the nth concentration.

= Matched normal weight subjectrs median response fron three

tríals to the tastant (sucrose or caffeine) for the nth

concentratíon.

= Absolute difference resulting from the subtraction of B- fro¡o

A for the nth concentration.
n

A
n

B
n

D
n

This example ís from the pleasantness data for Èhe fírst or lowest

concentration of caffelne for treated subjects (N = 12) and theír respective

normal weíght controls (n = l2). Therefore, the values for A and B are

medians calculated for the concentratlon indicated, from the three trials.

n = I whích represents the first or lowest concentration of

tastant for thís examPle.

A, = ì4edian hedonic response (crn) of the fl::st treated subject for

the first or lowest concentration or caffeine'

B, = Medían hedonic response (crn) of the normal weight control

subject rnatched to the treated subject fot age' sex and

smoking habit for the first or lowest concentration of

caffeine -
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Sample Calculatíon of the !üilcoxonrs Signed Rank
Test for the Pleasantness of the

Lowest CaffeÍne Solution ComparÍng the
Treated Subject Group to the

ConËrol Subject Group

D = Absolute dífference between A' and B.,

concentration of caffeíne for*the fii
subject frorn their matched control.

for the fírst
st treated

Dn

-5 .6

-0 .3

0.7

-t.4

-8.2

1.0

1.9

2.7

0.1

-9.9

2.4

-0.4

1

Sub j ect Treated Control

nAB nn
1 9.5 .. 15.1

2

3

4

5

6

7

B

9

11

t2

Mean

9.5

39 .8

8.9

6.1

10.9

L2.5

t2.6

8.4

6.0

rr.4

8.3

9.0

9.8

9.L

r0. 3

14.3

9.9

10.6

9.9

8.3

t5.9

9.0

8.7

10.9

10



. . . .. :1 .ì. .ì. '.... :ì 'r'' _.::rl

Table D 1

Median Intensity Response of Treated Subjects to Each Concentration
of Sucrose (M) and Individual Subjects Llnear Regresslon

Analysis of Adjusted, Transformed Medians

Log of Concentration Linear Regression
Subj ect -1 .03 -0.73 -0.43 -0. 13 0. 17 O .47 log k r

107

108

109

110

lIl

rt2

113

lr4

115

116

117

118

7

I

5

5

9

3

5

15

60

T4

I2

I

40

15

10

10

10

20

20

t2

t2

15

I7

40

35

25

20

25

30

40

10

?.0

85

18

15

35

80

45

20

30

20

40

20

25

BO

20

20

100

100

60

20

50

100

50

20

0. 10

0.38

0. 13

0.10

0.49

0.30

0.42

0.26

0. 16

0.48

0.28

0.t2

0.95

0. 87

0.92

0.90

0.91

0.94

0.81

0 .91

0.97

0. 89

0.93

0.82

n

0.35

t.27

0.45

0.35

t.7 4

I .06

I .48

0.93

0.58

t.7 L

0.98

0.43

Geometric
l"lean

13.35

15.6s

tt.t2

12.24

9 .08

23 .49

L0.7 2

7 .37

17 .24

7 .51

15.30

tL.23

11

0.1a 5

3 5

0. la 15

J

r..o

I 2

7 10

0.1a 3

4

5

2

5

GroupA=kCn .gZ4
A. = I.79C

where k (antl1og) = intercept from l-lnear regression

a 3) zero values changed to 0.10 (4.I7% of. total responses)



Table D 2

Medían Intensity Response of Untreated Subjects to Each
Concentration of Sucrose (M) and Indivldual Subjects

Linear Regressl-on Analaysls of Adjusted, Transformed Medians

Lo of ConcentraÈion c Geometric
I'fean

LÍnear Resression
Subject -1.03 -0.73 -0.43 .1 0.17 0.47 1og k r n

319

320

321

322

323

324

301

302

303

304

305

306

9

5

5

I

10 15

20

I

5

10

10

10

5

10

r5

l2

80

15 15

50

25

70

100

75

30

20

200

15

30

100

15

100

50

50

200

100

75

30

100

20

30

200

L2.9

20.5

11 .5

9.8

13.1

15.0

11 .8

5.8

17.I

11.8

14.1

34.2

0.05

0.26

o.2t

0.40

0.56

0. 39

0.28

0.38

0 .46

0. 10

0. t4

0. 31

0.84

0. 98

0.95

0.92

0.94

0.97

1 .00

0.85

0.94

0.9r

0.98

0.91

0. r6

0.92

0.77

I.43

2.0L

l.o2

t.42

1.38

r.62

0.36

0.51

1.11

5

3

I

5

3

4

6

5

8

I

5

30

15

50

0. la 50

1 50

2 15

J

N)
O

0. 1a 20

0.5 50

5

6

5

15

15

40

Group [=
[=

kcn
I .98C

l .06

(2) zero values changed to 0.10 (2.787" of. total responses)



Table D 3

Median lntenslty Response of Control SubJects to Each
Concentration of Sucrose (M) and Indivldual Subjects Linear

Regression Analysfs of Adjusted, Transformed Medians

Log of Concent,ration (C) Geometric
Mean

Lfnear Regression
Subject -1.03 -0.73 -0.43 -0.13 0.17 0.47 1og k r n

201
202
203
204
205
206
207
208
209
2LO
2Ll
2L2
2r3
2r4
2t5
2t6
217
2r8
219
220
22r
222
223
224

5

I
0
2

I
4
?.

I
2
I
l_

0
0
5

2

5

2

0
2

5
I
5

5

0
5

1

0
5

2

20
8
5

5

5
15

5

7

5

5

8

5

0
3

5

Ia
10
10

5

r0
30
!2
10
15
T2
25
10
t2
10
10

9

10
1

r5
20
I

10
30
15
20

15
30
30
25
20

200
50
40
20
50
20
15
20
20
t2
20
40
70
20
20
40
20
50
30

15

50
40
30
25

150
50
60
30
60
50

s00
40
40
25
30
50

100
30
20
60
50
50
70

20
1000

60
5

30
300
100

50
100
150
100
500

50
50
25
15
25

200
50

100
20
40

r00
100

10 .91
r0. 70

7 .5L
7 .57

20.40
38. 88
17.10
14 .42
r3.90
23.5r
I ;91

L7.77
r4.68
12.60
ll.80

9 .83
2.82

22.39
18. 86
8.58

I5. 13
t7.63
11. 10

19.95

0. 11
0. 63
0.46
0. 15
0.08
0 .39
0.33
0.32
0.30
0.35
0.49
0.65
o,2r
0.27
0. 14
0. r9
0. 58
0. 41
0. 16
0.33
0. 18
0.20
0.49
0.29

0.98 0.39
2.25
1.66
0.54
0. 28
I .38
1. 10
1.16
1 .05
r.24
r.75
2.30
0.77
0.9s
0.49
0.67
2.O7
1.45
0.56
1.16
0.65
0. 70
t.77
1.03

I a
0 .90
0.90

5 0.60
0.7s
0.94
0. 98
0.93
0.99

.la

.la

0.92
0.92
0.94
0.98 J

l\)

1a .la

0 .99
0.97
0. 87
0.91
0.98
0.94
0.82
0.80
0.89
0.90
0.95

I a

15
10

5

5

5

J

Group A - kC
n

A, = 2.07C 1.13

a (7) zero values changed to 0.10 (4.687" of total responses)



Table D 4

Median Intensity Response of Treated subjects to Each

ccncentration of caffeine (uM) and Indivídual subjects Linear
Regression Analysis of Adjusted, Transformed Medians

Linear Re ssaonof Concentration
.38

Geometric
Mean logSubject 0.1

107

108

r09

110

111

Lt2

r13

114

115

116

LT7

118

T2

5

1G

T4

30

6

20

10

20

0.

7.

10

25

80

30

13

50

40

20

50

100

20

30

L7 .L4

13 .48

t4.42

T2.38

28.54

t2.43

l,L.23

T2.38

2T.82

I .58

7 .95

L4.70

-0. i9

-1 .15

-a.66

0 .04

-0.15

-0 .40

-0.29

0.03

-0.32

-0.92

-0.19

-0.29

0 .83

a.94

0 .91

0.34

0 .38

0.68

0.44

0.10

0.76

0 .55

0 .38

0.9i

0 .20

L.L7

0 .85

-0.04

0.16

0 .43

0 .31

-0.03

0 .34

0.99

0 .20

0 .31

15

4

i0

L2

30

I

5

15

15

20

5

10

15

3

18

15

10

t2

15

25

i5

11

40

30

2A

10

15

10

15

t2

L)

50

za

10

30

I

5

6

40

20

3

20

H
¡.J
t$

I

5 40

2A

110

5 7.5

T4

Group A = kCn
A = 0.472C

.J)

(1) zero value changed to 0.10 (1.397 of. Ëota1 responses)



Table D 5

Medían Intensity Response of Untreated Subjects to Each
Concentration of Caffeíne (UM) and Indívídual SubjecËs Línear

Regression Analysis of Adjusted" Transformed Medians

Lo of Concentration (C) Geometric
Mean

Línear Regressíon
Subj ect 0 48 0 1 .38 1 1og k r n

319

320

32L

322

J¿J

324

Y.301

*302

303

*304

à"305

*306

9 9 9

20

10

10

5

I

20

10

100

15

15

5

10 9 B

5

30

50

100

50

50

20

500

20

25

10

I .98

15.13

16.30

6 .81

6.81

LL.23

19.79

L2.t4

50 .65

t2.34

L5.27

T .7I

0.02

0.27

-4.25

-1 .10

-T.75

-0 .40

-a.44

-0.25

1.15

-0 .19

-0.14

0.30

0.34

0.57

0 .86

0.95

0.97

0.71

0.97

0.90

0 .83

0.82

0.69

o.L9

-0.02

-0.29

0.27

I .18

1 .89

0.43

0.47

o "28

1.15

0 .20

0. 15

0.32

30 10 20 20

T2 13 20 20

't
I I

2

5

10 20

0. 1a 20 50
H

(JJ

10 10 10

10 10 20 30

8 10 10 20

3 ¿) 15 100

I 10 12 t2

15 10 15 15

10 0. la 0.1a 5

Group A = kCn
A = 0.3i9C .54

a (3) zero value changed to 0.10 (4 .L7% of. total responses)

Pre-operatíve Subjects (n=5)



Subj ect 0.18 0.48 .7 I .08 1.3

Table D 6

Median Intensity Response of Control SubjecËs to Each
concentratíon of caffeine (uM) and rndivídua1 subjects Linear

Regression Analysis of Acljusted, Transformed Medians

Lo of Concentration (C) Geometric
Mean

Llnear Regression
logk r n

* 201
*202

203
x204
*245
*206

207
208
209
210
2rt
2L2
2r3
2r4
215
2L6
2t7
218
218
220
22r
222
223
224

10
5

10
5

i0
10

30
l5
)a
20

8

i0
10
30

15
10
10

7

5

l5
2

9
15
10
10
I

10
10

9

7

20
20
20
I4
10
r5

5

30

15
10
15
15
40
T4
10
70
15
25
30
I6
20
10
I

25
20
25
15
1B

20
70
30
20
50
20
t0
60
25
10
30
I2
30
l0

1

40
50

100
25
t2
40
30
30
60

5

9
-

15

5

11
8

10
9

2

5

10
5

2C

5

15
15

2

10
i5
r5
r0
r4
10
10

9
5

10
tt
20
10
10
20

5

9

15
30
15

5

20
T2

5
30
15
20
20
10
15
IO
I

l0
40

5

15
20
i5
20
30
20

13 .75
13.18
r5.43

8 .00
t7 .63
14 .01
4.64

2L.62
14.55
14.97
14.42
11 .54
13 .90
10.00

8 .30
9 .42

24.93
18 .59
18.86
15.15
14.58
17 .32
5.31

3r.47

-0.18
-0 .63
-0 .20
-0 .38
-0 .48
-0.t2
-0.36
-0.64
-0.24
-0 .01
-0 .50
-0 .04
-0.35

0 .00
0 .07

-0.78
-0.2L
-0 .41
0.01
0.02

-0 .40
-0.19
0.17

-0 .39

.92

.83

.65

.86

.77

.69

.68
o7

.84

.02

.97

.24

.97
0 .00

.92
oo

.49

.57

.04

.07

.95

.72

.L2

.65

0. 19
o .68
0.21
0.41
0.51
0. 13
0.38
0 .68
0.25
0 .01
0 .54
0 .05
0.37
0 .00

-0 .08
0 .83
0.22
0.44

-0.01
-0.02
0.44
0.2I

-0. 19
0.42

NJ
N

20
15
0.1

100

Group A = kCn
A = 0.55c .28

(0) zero values changed to 0.10
*
Pre-Post-Operatlve matched control subjects
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Table D7

trüilcoxonrs Signed Rank Test on
Differences in Matched Indivídualrs Adjusted

Medían Magnitude Estímates of Sucrose (M)

and Caffeíne (UM) IntensÍtY for
Treated-conËrol (¡ = 12) and
Untreated-control (N = 12)

Group & Tastant Concent::ation Level

I 2 3 4 5 6

Treated-Control
(1 = L2)

Sucrose

Caffeine

p value

0.052

0.79L

0 .301 -0.009*

0.791

0.470

0.233

0 .009*

0.I29

0.110

-0.1101.037

UntreaËed-Control
(¡ = 12)

Sucrose

Caffeine

-0.266 0.204 0.470

0 .153

-0.470

0.424

-0.470

-0 .380

0 .910

-0 . s691.037 0.021*

*Signíficant at p<0.05
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Table DB

Adjusted Medían* Magnitude Estimate for Each
Group to Sucrose and Caffelne SolutÍons

Tastant Concentration Level

I 2 3 4 5 6

Treated

Sucrose

Caffelne

0.3 0.4 t.4 1.8 2.5 4.0

0 B 0.8 0.8 1.3 1.3 2.9

Treated l"fatched ConËrol

Sucrose o.2 0.4 0.8 2

I

3

2

4.0 9.1

Caffeine 0.6 0.8 0.7 1.6 2.2

Untreated

Sucrose 0.2 0.4 0.9 2.2 4.L 5 1

Caffelne 0.9 0.5 1.1 1.0 1.8 3.9

UntreaÈed Matched Control

Sucrose 0.2 0.5 0.8 2.6 )

1

B

3

4

2

7

4Caffeine 0.9 0 8 0 9 1.3

¿

Mean of 12 subjects/group median response.
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Tabl-e D9

trnlllcoxonls Signed Rank Test of Comparisons
on Difference in Matched Individualrs Slope

and Coeffícient of Correlations (r) for
Sucrose (U) and Caffeíne (uM) Intensity for

Treated-control (n = 12) and Untreated-control (n = 12)

SUCROSE

p value

Group Slope
a CoeffícíenÈ of línear

Correlation (r)

Treated-control

Untreated-control

0.L29

-0.622

&

0 .012

-0 . 110

CAFFEINE

p value

S1-ope
a Coefficient of linear

Correlatj.on (r)
Group

Treated-control- ,0.569 0 .8s0

Untreated-control -0.677 -0.233

aTest utílized slopes ín antí1og values

Sign assocíated with p value is an Índicatíon of the response
pattern where a negative value represents a hígher response by
control subjects.

*Signifícant at p<0.05
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Table Di0

Analysfs of Variance on Pleasant Responses (crn) or
Sucrose and Caffelne for Treated (n = 12),

Untreated (n - 12) and Cont,rol Groups (¡r = 24)

SUCROSE

SOURCE DF SS l"ls F VALUE R_SQUARE

*
Model

Error

Corrected Total

7 t42.938

9 .855

r52,792

20,4?_O

0.986

20.72 0 .94

10

T7

SOURCE DF SS MS F VALUE

Groups

Concentratfon

2 0.309 | .s4s /9 .Bss

2B5.zsg/9.855

0.16

5 r42.629 28,95

CAFFEINE

SOURCE DF SS l"fS F VALUE R-SQUARE

*
Model 7 s5 .99 1

2.496

58 .488

7 .999

0. 250

32.04 0.96

Error 10

Corrected Total 11

SOURCE DF SS MS F VALUE

*
Groups

Concentratlon

2

5

2.230

53.76L

ri. 15 12.500

r07.522/2.500

4 .47

rt
Slgníficant Difference on O.057" leve1.

43.07
*
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Table Dl 1

Tukeyrs Test An?lysís on Significant F-value among

Groupsr for Caffeine Pleasantness

Group Median

Solutlon
of

Caffeine

Untreated
(n = 12)

Treated
(n = 12)

Controls
(n = 24)

Least
Signl-f icant
Dff ference

I

2

3

4

10.53

10. 13

9.54

9.22

9.49

8.84

8.96

7 .88

10 .09

10. 10

9.61

5

6

7 .23 7.81

9.49

7 .67

6.014.28 3. BB

8.4g4 7.Brb
B. g4a 0.442Mean

lsee Table D4.
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Table Dl 2

Wilcoxonr s SÍgned Rank Test on Difference ln Matched
Indlvldual's I'fedian Hedonic Response (cn) to

Sucrose (M) and Caffeine (uM) for Treated-controls
(n = 12) and Untreated-controls (n = 12).

Group & Tastant Concentration Level

I 2 3 4 5 6

Treated-Control
(n = 12)

p value

Sucrose 0.677 0.204

0.034

0.151

0.052

-0 . 5 18 -O .424 0 .677

* *
Caffelne 0. 733 0.034 -0.970 0.064

Unt.r eat ed-Control
(n = 12)

Sucrose

Caffefne

0.092 0. 380

0.380 -0.5 19

-0.092

-0.301

0.850 -0 .569

-0 .7 9r

-0.677

-0. 176-0.733

Sígnifícant at p<0.05
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Table Dl3

I'ledlan Hedonl-c Response (cm) to
Sucrose and Caffeine Solutions

Group & Tastant Concentratíon Level

I 2 3 4 5 6

ITreated cm

Sucrose 13 .0

9.0

11 .6

8.8

7.9 7.6 4.4 2.2

3.9Caffeine 9.0 7.9 7.7

Treated Matched Control I

Sucrose

Caffeine

14.6 13 .4

10 .3

9.5 6.2 3.0 2.2

10.9 10.1 10.1 7.8 6.3

Untreated I

Sucrose 10.7

r0 .5

9 7 9

9

0

6

7

9

9

2

5.8 5.1

Caffeine 10. r 7.2 4.3

Untreated Matched Control

Sucrose 12.3

Caffeíne 9.3

1

10.7 8.7 7.9 5 2

5

5 I

9 9 o, 8.9 7 5.7

1""rn of L2 subjects/group median response.
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Table Di4

I{flcoxonrs Slgned Rank Test on Differences in
Matched Individuals Median Hedonic Response to

Sucrose (M) and Caffeine (uM) for Patíents (n = J)
Before and After Jujunoíleal Bypass Surgery

Group & Tastant Concentratlon Level

1 2 3 4 5 6

p values
Preoperative - Postoperatíve

Sucrose 1.00

Caffeine 0.625

(n=s)

-0.625

I .000

-0.625

-0.062

-0.625

0.625

0.430

0.812

-0. lBB

o.t25

Preoperative - Controls

Sucrose 0.062

Caffeine 0.125

(n=5)

0.625

0.625

-0.3t2

0.3L2

-0 . 812 -0.625

-0 . 812

-0 .438

o.625-0.625

Postoperative - Controls

Sucrose 0.8 12

Caffeine 0.125

(n=5)

0. 188 0.312

0.625

1 .000 -0.625

-0.3r2

-0.312

0.312 -0.62s -o.t25
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Table Di 5

Medlan* Hedonic Response (crn) sefore and After

Surgery to sucroJ"^-i"i 
- 
and caffeine (uM) solutions

Group & Tastant Concentration Level

4 5 6
I 2 3

cm

Sucrose-

PreoPeratlve

PostoPeratíve

Controls

9

7

I

5
ôq

7.8

B.Z

8.1

8.0

4.7

4.6
9.2 10.0

g .6 8.7

13.4 tt.4

6
4.9

1
3.2

Caffeine

PreoPerative

PostoPeraËive

Controls

9.6 10.4

9.3

10.6

9 5

4

8.5 6.4

8.6

7.5

5.5

8.9

5.2
8.7 B 8.9

10. 2 9.9 8.1

*n4""r, of 5 subjects/group median response'
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Table Dl6

I,lilcoxonrs Slgned Rank Test of Comparisons fn
Matched Indlvidualts Medlan Hedonl-c Response (cm)

to Sucrose (M) and Caffeine (uM) for
Treated (and Subgroup) - Control (n = 17)

and Untreated - Control (n = 12)

Group & Tastant Concentration Level

I 2 3 4 5 6

Treated-Control
p value

Sucrose 0.644 0 .071

0 .011

0.071 -0.548 -0.207

-0 .611

-0.378
* *

o.747Caffeine 0.225 0.002 0.t74

Untreated-Control

Sucrose o .092 0 .380 -o .092 0 .850 -0 .569 -0.677

0.176Caffeine -0 .380 -0 .5 19 -0 .301 -0.733 0 .79r

*
Significant at p<0.05
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Table Dl 7

Medlan Hedonic Response (crn) for Pooled Groups
to Sucrose (Ìf) and Caffetne (UM) Solutions

Group & Tastant Concentration Level

I 2 3 4 5 6

cm

Treated 1

Sucrose 10.9 r0.5 8.2 8.3 6.5 5.6

Caffeine 8.9 9.7 9.0 9.1 7.9 6.6

Treated l"iatched Controls I

Sucrose

Caffeine

12.4 t2.O 9.7 7.2 5.3 3.7

10.6 10.3 9.6 B 5 7 5 5.5

Untreated 2

Sucrose

Caffeine

10.7 9 .7 9.0 7.9 5.8 5.1

10 .5 10. 1 9.6 9.2 7.2 4.3

2Untreated Matched Cont.rols

Sucrose 12.3

Caffeine 9.3

10.7 B

9

7

2

7.9 5.2 5.1

9 9 8 9 7 5 5 7

lM"o' of

fu""r, of

l7 subjects/group median response

l2 subjects/group medlan response



Subj ects I

r36

Table Di8

Medl-an Pleasantness Scores to Sucrose for
Treated SubJects (101 - 118)

Untreate<l Subjects (319 - 306)
and Control Subjects (201 - 224)

3 4 652

1.0
1.1
0.0
8.6
0.0
0.0
0.1
2.4
0.0
0.0
9.5
3.8
3.4
2.1

r5.3
3.8
0.1

0.5
0.9

t2.8
9.1
8.0
L.L

2.4
2.8
0.0

16 .5
5.9
0.1

0.3
3.1

t2.3
6.6

11.5
3.7
3.5
7.5
0.0

13 .8
5.0
2.0

0.8
10.9
13 .8
7.0

13 .0
6.2

ll.0
6.4
0.2

13.2
8.3
3.8

8.4
10.1
8.4

10.9
9.9
9.9
9.9

rt.7
3.0

12.3
8.1
5.5

to.2
11.1
7.4

L2.0
6.0

t6.7
11 .4
11.5
0.7
9.0
8.8

11 .5

0.8
2.0
3.7

13 .5
5.7
2.2
0.7
2.2
I.7
6.6
9.5
3.8
6.5
3.1

17 .3
10.3
2.7

13 .4
4.0
7,6

12.9
4.3
3.2
6.2
9.8
5.0
5.5
9.2
9.8
6.6
5.8
9.9
7.O
9.9

.3

.6

.6

.6

.6

.7

.8
,2
.9
.4
.3
.0
.1
.9
.4
.7
.0

6
B

0
t4

B

4
9

7

9
I1

B

5

I
9

2

9

8

12.4
to.2
17 .9
t4.3
9.8

13 .5
6.7

19 .3
8.1

Lt.2
6.3
9.9
9.9

11 .0
r.4
8.5

t2.B

107
108
109
110
111
T12
113
LI4
115
116
LT7
118
101
to2
104
105
106

319
320
32t
322
323
324
301
302
303
304
30s
306

lr.6
18 .5
18.8
r.7
9.8

18.5
r5.9
17 .7
i1.0
15 .5
4.7

rt.7
9.9

11 .0
2.8

10. I
14.0

r0. I
11.0
5.5

T2.B
3.2

TB.2
8.3

It.7
19 .8
7.t
9.5

11 .6





6

8.5
6.2
r.7
7.t
0.6
3.9
2.4
2.5
0.2
3.2
5.2
9.9

4.6
T,7
0.3
8.1
5.2
5.4
2.7
5.4
0.0
0.0

10.3
2.9
6.8
7.3

12.8
8.4
9.2

Medlan Pleasantness Scores to Caffeine for
Treated SubJects (101 - 118),

Untreated SubJecrs (319 - 306) and
Control SubJects (20I - 224)

5

9.1
8.3
4.7
8.8
4.9
9.9
5.r
8.1
0.3
8.7
7.9

10.9

5

9

7

I
I
9
0
I
I
9
6

I
5

7

5

9

3

6
I
2

9

7

11
12.
13.
3.
o

10.
5.
6.
7.

t2.
4.

11.

0
5
3
I
7

5
I
6

B

4
9

0

B

5

0
I
0
I
5

B

5

8
1

7

4

4
9

6

4

4

10.
9.
3.

10.
7.

12.
6.
9.
9.
B.
7.

I5.

10
6
I
B

4
6
6

9

5

9
10
I
I
7

9

7

t1
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Table Dl9

0
2

0
2

3

7

6

9

5

I
0
0

r .05
9.s
9.7
5.8
9.8

10. 9
r1.3
7.8
7.8
7.4
8.7
8.3
7.9
6.0
9.9
8.3
9.9

3

10
7

9

9
t2
13

8

9

5

9

9
11

2

9.4
7.5
8.7

11.5
9.9

16.3
9.9
9.6
8.2

11 .0
9.5

10. I

11 .0
9.8
9.s
9.5
7.O

10.6
6.r
9.8
8.4
7.0

to.2
7.2
7.t
9.9
9.9
8.2

11 .3

Subjects t

8.1
r1.9
8.6

10.6
tI.7
10.0
9.9
9.5

19.3
8.0
8.9
9.9

9.5
9.5
9.8
8.9
6.1

r0.9
L2.5
t2.6
8.4
6.0

11 .4
8.3
4.t

11.3
9.9
8.4
9.9

319
320
32r
322
323
324
301
302
303
304
305
306

r07
108
r09
110
t11
rt2
113
114
115
116
t17
118
101
t02
104
105
106






