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Abstract

Background: Sugar consumption creates pleasure, and excessive sugar consumption
leads to weight gain and is therefore a key driver of obesity. This study aims to assess
sweet food and beverage intake, eating behaviours and how they may be explained by

perceived sweet taste intensity and hedonic preference.

Aim: To assess sweet food habits and eating behaviours in 20-40-year-old NZ European
women, and understand how measures of sweet taste perception can help explain

these sweet food choices and eating behaviours.

Methods: Women (N=45), aged 20-40 years, were recruited for this cross-sectional
study. A non-quantitative sweet food-food frequency questionnaire (SF-FFQ) was
developed to assess sweet food intake. Liking of sweetened beverages was assessed
on a 100 mm visual scale. The Three Factor Eating Questionnaire (TFEQ) was used to
assess the eating behaviours. Perceived sweet taste intensity and hedonic preference
of glucose concentrations (125 mM, 250 mM, 500 mM, 1000 mM) was rated (0-100)

on a modified general Labelled Magnitude Scale (gLMS).

Results: Frequency of daily intake was reported as daily frequency equivalents (DFE).
Occasional sweet food DFE was high (4.23%£2.29), with intake of baking and sweets
especially high (1.20+0.83). Participants with a self-reported “sweet tooth” more
frequently consumed baking (P=0.04), chocolate (P=0.03) and soft lollies (P=0.04)
compared to participants with no “sweet tooth”. Chocolate DFE was higher in
participants who experienced regular food cravings compared to those who did not
(P<0.001). Higher consumption of sweet food was correlated with less sensitivity to
1000 mM glucose (P=0.02). A negative correlation was found between intensity rating
(1000 mM), fruit juice liking (P=0.01) and fruit drink liking (P<0.001). Participants who
preferred sweet snacks, were less sensitive to 1000 mM glucose than those who

preferred savoury (P=0.04).

Conclusion: Participants in this study habitually consumed foods high in sugar such as
baking, sweets, chocolate and sweetened beverages. The participants’ sweet beverage

choice was influenced by their liking of sweet beverages. Some participants were



found to express certain eating behaviours that influenced their intake of sweet food
such as hunger, food cravings and “sweet tooth”. Sensitivity to sweet taste was
inversely associated with consumption of sweet tasting food. The data suggest that

sweet taste intensity perception plays an important role in habitual sweet food and

beverage intake.



Acknowledgements

There are many people that | would like to acknowledge for their involvement
through-out this thesis project. Firstly | would like to thank all the women who were
part of the sweet taste study, without your participation this could not have been

possible.

Thank you to my academic supervisors Bernhard Breier and Rozanne Kruger. |
thoroughly appreciated your wisdom, support and hard work during this process. |

have enjoyed working with you both.

| would also like to thank Shakeela Jayasinghe for your guidance and support. Your
dedication and endless hours made the sweet taste study the success it was. Thank
you to Maggie Chao and Sophie Kindleysides for your help in recruitment and testing.

It was a pleasure working with you all.

To all my friends and family who have supported me during this process. | will be
forever grateful for your help in my time of need. Thank you all for putting up with my
stressful moments and not getting too upset when my visits were few and far

between.



Table of Contents

Y o 1 - [ o1 PRSP UP TR PPPROPPPRROPPPO i
F Yol 0 [o XV =T F =T a1 o U iii
LISt OF TABIES et s s e e e e e iX
I o) A o] o T=] g T Lol F USSR Xii
ADBDIrevIiation LiSt......cocuiiiiiieiiiecie e xiii
Chapter ONe INtrodUCTION......coiiiiie e e e e e e e e s aae e e senaaeeeenns 1
1.1 Background and Study Justification .........ccceeeei i 1
1.1.1 The link between excessive sugar consumption and obesity .......ccc.ccceeeuvnneee. 1
1.1.2 The important influence of sensory attributes on food selection ................... 2
1.1.3 Dietary assessments to define food choices ........ccccuvieiieiiiiiciiiiieee e, 3
1.1.4 The link between taste perception and eating behaviour ..........ccccceeeevennnnnen. 4
1.1.5 Justification of the current research approach ........cccccceeeeiicciiieeee e, 5

1.2 AIMS aNd ODJECLIVES coeeieei e e e e ea e 6
1.3 Structure of the TheSIS ...c.cueiriiii e 7
1.4 Researchers CoNtribULiON........cocuiiiiiiiiiiee e s 8
Chapter TWO LItErature REVIEW ......ccccuvveeiieeie ittt e eecirree e e e e eearrre e e e e e e s esnnraaeeeee s 9
P20 R 14N oo (¥ ot o o B PP P SRR 9
2.1.1 Excessive sugar consumption and increased disease risk.........ccccovvveeiieinnnnns 9

2.2 Introduction to the Sensory World of FOOd ..........ccoceeviimivieiieiieniireeeeee e, 10
W R - T K =T ol =T o] o ] TP PPRPPPPPPPP 11
2.2.2 Sweet, umami and bitter taste detection ........cccccovvvvvviiiiiiiiiieiiieeeee 12
2.2.3 Sour and salty taste deteCtioN ........icciviiceiiireeiieeeee e 13
2.2.4 “Fat” taste deteCtioN ........coiiuiiiiiiiiiiieeeeee e 13
2.3.SenS0ry EValuation ...ccoceeeee e 14
P B R - I K o =T ol =T o1 [ o BRI 14



2.4 Taste Perception and Dietary INtake .......coocveeiiiciiieiiniiee e 20

2.4.1 Where it all began; linking taste perception and dietary intake..................... 21
2.4.2 Taste perception and sWeet DeVErages.....ccccucuieeeeiciieeeeniiiee e 23
2.4.3 Methodological differences of sweet taste assessments..........cccceeevcuveeeennne. 25
2.5 Individual Level Dietary Assessment Methods used in Sensory Research .......... 27
2.5.1 Twenty four hour food recall........ccueiiviiiiiiiie e 30
2.5.2 FOOA FECOMM....eiiiiiiiiiiie et 30
2.5.3 DiIet NISEOIY.uuiiieiie et e e e e e a e e e e 31
2.5.4 Food frequency QUESTIONNGAITE .....eeeeeiiiiieiiiirieeeee e e et e e eesebrreeeee e e e 32
2.5.5 Eating behaViouUrs .......uviiieeii e 34

2.6 Physiological Influences on Taste Perception, Dietary Intake and Eating

BENAVIOUN ... e e 36
2.6.1 DifferenCeS aMONE SEXES .eevieeeieiirrrreeeeeeeeeieirrrrrreeeeeeseeiirareeeeeeseesassrereeeeessenanns 36
2.6.2 MENSTIUAI CYCIB .ottt e et e e e e e e e e aareereeeeeeeannns 37
B S T =13 [ 1= PP 39
R AN~ S 39
2.6.5 EERNICITY .eeeeee et 40

2.7 CONCIUSION ..ttt ettt ettt e s bt e sabe e e eaneeeennee s 40

Chapter Three MethOdOIOZY .....ccccuvvveeiieieeiecceeee e e e e e 41

I A (UL LY 1T = o U UPURPNt 41

3.2 EtNICS APPIrOVAl.ceiii ittt e e e e e e e e e e e eanaes 41

G BN Y= 1 1T o = S PP PP PPPPPPPPPPPPPPPPRt 41

3.4 Power CalCulation......cocueeiiiieeiie et 41

R B o= [ ol o = o} AP PRRPPRE 42

I SR} AU Te AV o o Lol 1] SRR 42
3.6.1 Overview of sweet taste Study ProCess........ooovvvvveeeiieieeiiciirieeeee e 42



I ST S =To! U 1 0 1Y | 43

3.6.3 SCrEENINEG coieiiiiiiieee e 43
3.6.4 BOOKING ViSItS 1eeieuviieeiiiiiiieesiteeesettee e e st e e et e e e e saa e e e s satae e s snaaeeeennnaeeeesnsens 43
3.6.5 Data collection for the sweet taste study ......ccccceeevivieiiiciieccce e, 44
3.7 QUESEIONNAITES .eeiiieiiiiiiiiiee e s 45
3.7.1 Health and demographic qUestioNNAIre.......ccueeeeeeiiveeeirciiie e 45
3.7.2 Sweet Food- Food Frequency QUestionNNaire ........cccccvvvviveeeeeeseciiieeeee e e 45
3.7.3 Beverage liking qUEStIONNAINE .....ceviiiiiiicieeee e 47
3.7.4 Three Factor Eating QUEeSTiONNAITe........ccccevrvveeiee et e e 48
3.8 SeNSory MethodOIOZY ....cueeiiee i e e e e e e e 48
3.8.1 Perceived sweet taste intensity and hedonic preference of sweet............... 48
3.9 Data Handling and Statistical ANalysis .......ccoccvvrveiieiiii e 49
3.9.1 Data handliNg....cccoceeeieeeee e a e e e 49
3.9.2 Statistical @NaAlYSIS .....uuvvieieeieiieieee e 52
Chapter FOUR RESUILS. ...uuiiiiiee ettt e e e e e e e e e e e e e e nnbaaeeeeaeeeas 54
4.1 Participant CharaCteriStiCS. .ttt e e e e e eanes 54
4.2 Sweet Food- Food Frequency QUEeStiONNAIre.......eeeieeieeeeieiciirrreeeeeeeeceeinreeeeeeeeennns 55
4.2.1 Daily frequency equivalents of sweet food categories ........cccovveveeeeieinnnnnenn. 55
4.2.2 Daily frequency equivalents of individual sweet foods........ccccceeeevecvrreenenenn. 56

4.2.3 Daily frequency equivalents of everyday and occasional food categories ....66
4.2.4 Sweet food related eating behaviours ........ccccoccieiiiiiiiiinci e 66

4.2.5 Relationship between frequency of sweet food intake and sweet food

related eating behavioUrsS.........oouiiii i 70
4.3 Beverage Liking QUEeStIONNAIre. ......cccccuuiieeiiiiiee et e e 71
4.4 Relationship between Beverage Liking and Beverage Intake .........cccccevvvveeennee. 74
4.5 Three Factor Eating QUESTIONNGITE ...uvevieieeiiiiiiiiieeeeeee e et e e eecirreeeeeeeeeeans 74

Vi



4.6 Relationship between Eating Behaviours, Sweet Food and Beverage

Consumption and Beverage LiKiNg ......cccvuvieieei et 76
4.7 Perceived Sweet Taste Intensity and Hedonic Preference of Sweet Taste.......... 77
4.7.1 Perceived sweet taste iNteNSity...ccoeeeciiiieeiie e 77
4.7.2 Hedonic preference of sweet taste .......cccoeevveeeiiciiieee e 78

4.7.3 Relationship between perceived sweet taste intensity and hedonic

preference of SWEet taste........ooo i s 79

4.8 Relationship between Perceived Sweet Taste Intensity, Sweet Food Intake and

Sweet Food Related Eating BEhaVIioUrs........ccoeiiiiiiiciiiiiiieec e 79
4.9 Relationship between Perceived Sweet Taste Intensity and Beverage Liking..... 81

4.10 Relationship between Hedonic Preference of Sweet Taste, Sweet Food Intake

AN BEVEIAEE LIKING.eeeiiiii ettt et e e e e eeetra e e e e e e e e e seansrereeeeeeeennnes 82
Chapter FIVE DIiSCUSSION ..eeiieiieiceiiiiie e e ettt e e e e et e e e e e e e e sanar e e e e e e e e eennnraeneeaaeas 83
5.1 Participant CharaCteriStiCS. .. iiiiiiiiieieee et e e e e e e e 83
5.2 Sweet Food-Food Frequency QUEStiONNAIre........ceeeeeieeeieiirrereeeeeeeeeirreeeeeeeeeennnns 83

5.2.1 Habitual intake of sweet food categories, everyday and occasional foods...83
5.2.2 Habitual intake of individual sweet foods ........covueiiiviiiiiiiiiiir e 85

5.2.3 Sweet food related eating behaviours and the relationship with habitual

SWEEL FOO INTAKE ....evviee e e e e e eera e e e 86
5.3 Frequency of Beverage Consumption and How this Relates To Beverage Liking 88
5.4 Eating Behaviours of the Sample Population........cccoceoiiiiiiiiiee e 89

5.4.1 Relationship between eating behaviours, sweet food and beverage

consumption and beverage lKiNg......c.ccvv i 91
5.5 Perceived Sweet Taste Intensity and Hedonic Preference of Sweet.................... 92
5.5.1 Perceived sweet taste iNtENSItY ......cccviiiiiiiiiee e 92
5.5.2 Hedonic preference of sSwWeet taste .....cccevvveeeiiiiiiieinciiee e 92

Vi



5.5.3 Relationship between perceived sweet taste intensity and hedonic

preference of SWEEt 1aste. .. e 93

5.5.4 Relationship between perceived intensity, sweet food intake and sweet food

related eating DENAVIOUIS.......coo e e 94

5.6 Relationship between Perceived Intensity, Beverage Intake and Beverage Liking

5.7 Relationship between Hedonic Preference of Sweet Taste, Sweet Food Intake

ANd BEVEIABE LIKING..eii it e e e e e s e e e e e e eanes 95
Chapter SiX CONCIUSION evviiiiieiirrieeee e ee et e e e e e e e e eaar e e e e e e eesesanbraeeeeeeeenns 97
6.1 Aim Of the RESEAICH ..o 97
6.2 Main Findings of the RESEAIC ........uuviiiiiii i 97
6.3 Strengths of the RESEAICH .....ccooi i 98
6.4 Limitations of the ReSearch........cccceoviiiiiiiiiiic e 100
6.5 Use of the Research FINAINGS ........uuviiiiiiiiiieeeeee e 102
6.6 Recommendations for Future Sweet Taste Studies........cccceeveerveriiineenieeneenne 103
6.7 CONCIUSION ..ttt e e e 103
REFEIENCES ..ottt e e e e e nnee e 105
A PP ENAICES. ... utiieeeiee ettt e et e e e et e e e e sebbrereeeeeesestabbaareeeeeeeasabraaereeeeeenanarrranees 117

viii



List of Tables

Table 1.1- Researchers Contribution to the Sweet Taste Study.......cccccvveeeeeiiiicciiieeeeeenn. 8
Table 2.1- Advantages and disadvantages of dietary intake assessment methods....... 29
Table 3.1- Overview of the sweet taste study testing sessions........ccccceevvveeeeiiieeeeennen. 45
Table 3.2- Concentration levels of glucose solutions .........cccveeeeiiiiiieeinciee e, 49
Table 3.3- Original frequency of the SF-FFQ and conversion to daily frequency

LYo LAY 1 [T 1 P PUUR 50
Table 3.4- Score ranges for each factor on the Three Factor Eating Questionnaire...... 51
Table 4.1- Anthropometric characteristics of the sweet taste study participants......... 55
Table 4.2- Total mean daily frequency equivalents of sweet fruit, and frequency of
participants’ consumption responses (N=45) ......ccccoeieiiiiiieieiiiiee e 58
Table 4.3- Mean daily frequency equivalents of sweet vegetables, and frequency of
participants’ consumption responses (N=45) .......cccooeieiiiiiieieiiiie e 59
Table 4.4-Mean daily frequency equivalents of sweet dairy, and frequency of
participants’ consumption responses (N=45) .....ccccvceeeieeiiiiiiiiiieeeee e 60
Table 4.5- Mean daily frequency equivalents of sweet cereals and frequency of
participants’ consumption responses (N=45) .....cccveeeeeieeiiiiiiiiirieeeee e 61
Table 4.6-Mean daily frequency equivalents of spreads/sweeteners, and frequency of
participants’ consumption responses (N=45) .....cccveeeeeieeiiiiiiiiiieeeeee e 62
Table 4.7- Mean daily frequency equivalents of baking/sweets, and frequency of
participants’ consumption responses (N=45) .....cccveeeeeieeiiiiiiiiiiieeeee e 63
Table 4.8- Mean daily frequency equivalents of desserts, and frequency of participants’
consumMpPLion resPoNSES (N=A5) ....ccoiviiiireieeeee ettt e e e e eesrrre e e e e e e eesnaraeeees 64

Table 4.9- Mean daily frequency equivalents of beverages, and frequency of

participants’ consumption responses (N=45) ......cccccecvieeiiiieriieeniee e 65
Table 4.10- Daily frequency equivalents of everyday and occasional food ................... 66
Table 4.11- Sweet food related eating behaviours .........cccoecvieeiiiiiiiiiini e, 66

Table 4.12- Participants’ reasons for why they believed they had a “sweet tooth”......67
Table 4.13 —Participants’ favourite sweet foods ........cccccvriieeeeeiei e, 67

Table 4.14 — Participants’ favourite foods and frequency of response .........cccccuvveeeee... 68



Table 4.15- Participants’ favourite foods consumed outside of the home and frequency
(o) B =0 0T 1Y PSPPI 68
Table 4.16- Categories of favourite snack food and frequency of response by

[ | (ol oI ] o 15T T T T T T PR 69

Table 4.17- Frequency of participants craving sweet food and the type of food craved

Table 4.18- Differences in frequency of sweet food consumption caused by presence of

ISV =1 o e Yo ] 1 o AR PP 70

......................................................................................................................................... 71
Table 4.20- Differences in frequency of sweet food consumption and snacking

(oYY 1T =1 ol =P 71
Table 4.21- Liking scores of the sweet beverages.......ccoovveeeeeiieeiiiiciieeeeee e, 72

Table 4.22- Frequency of participants liking of each sweet beverage, including mean

SCOTE Of BACKH CAtBEBOIY .ottt e e e e e e e et e e e e e e e e seaanraeeeeas 73
Table 4.23- Relationship between beverage liking and beverage intake....................... 74
Table 4.24- Descriptive statistics of the Three Factor Eating Questionnaire (n=45)...... 75
Table 4.25- Relationship between eating behaviour factors from the TFEQ................. 75

Table 4.26- Association between TFEQ eating behaviours and snacking behaviours ... 76
Table 4.27- Association between eating behaviours and food cravings.........ccccvueeee.... 77
Table 4.28- Relationship between perceived sweet taste intensity (of 27000 mm

glucose) and DEVEIrage lIKING.....uveeeiiiiieicrieeee e et e e e e eaaeres 82



List of Figures

Figure 2.1- Location of taste buds on the papillae of the tongue ........cccccccuvveeriinienenns 11
Figure 2.2- Example of @ 9 Point Category SCale ......ccovvvveeiiiiiiiiie e 16
Figure 2.3- Example of a 100 mm Visual Analogue Scale (VAS) to measure liking of

(o] =T T4 I U T Lol P PPPPPPPPPPPPPRPRt 17
Figure 2.4- General Labelled Magnitude Scale (gLMS): vertical scale measuring
intensity and horizontal scale measuring hedonic liKing.......cccccvveeeeiieiiiiiieee e, 19
Figure 2.5- Female menstrual cycle: indicates the menstrual cycle phases and changes
in hormones during the cycle and body temperature.......ccccovieeeeieiiciciiieee e, 37
Figure 3.1-Three phases of the sweet taste StUdy .....ceeeeeieiiiiriieiiieee e, 43
Figure 4.1- Overall summary of daily frequency equivalents consumed from different
sweet food categories and total SWeet food ........cooovvciivieiiee i 56
Figure 4.2- Most frequently consumed foods based on highest daily frequency
BOUIVAIENTS oottt e e e e e e e e e e e e e e tbrb e e e eeeeeeeeaabarraeaeeeeennrranes 56
Figure 4.3- Mean gLMS score of percieved sweet taste intensity (mm) with increasing
glucose concentration (MMM) .......eee oo e e e e e st e e e e aaeea e 78
Figure 4.4- Mean hedonic preference of sweet taste according to score on the gLMS at
€aCh gIUCOSE CONCENLIALION ..uuiiiiieii i e e e e e neaae e 78
Figure 4.5- Correlation between perceived sweet taste intensity and hedonic
preference sweet taste of 1000 MM GlUCOSE ......uuvvirieeeeeeiiiiciiiieeee e 79
Figure 4.6- Relationship between total sweet food intake and perceived sweet taste
intensity of 1000 MM BlUCOSE ....cccci ittt e e e e e e e e e e e e anaaee s 80
Figure 4.7- Difference of mean scores in perceived sweet taste intensity between

those who like sweet snacks and those who like savoury snacks .........ccccceeeveeiinnnnnn.n. 81

Xi



List of Appendices

Appendix A: Screening QUESTIONNAINE ......uviiiieeiei i e e e e e s e e e e e e eeanes 117
Appendix B: Participants CoNSENt FOrM ......ccooiuiiiiiiiiiie et saeee s 120
Appendix C: Participant Information Sheet .........cccuviiiieiiiei e 121
Appendix D: Health and Demographic QUEeStioNNAIre .........ccceeeevveeeecciiee e 124
Appendix E: Sweet Taste Study Food Frequency Questionnaire.........ccccceeeevveeeesnnennn. 127
Appendix F: Sweet Taste Study Beverage Liking Questionnaire ..........cceeccvvvveeeeeeiennns 131
Appendix G: Sweet Taste Intensity and Hedonic Preference of Sweet Taste .............. 134
Appendix H: Sweet Taste Study Additional RESUItS .......ccceeiiiiiiiiiiieiee e, 136

xii



BF%
BIA
BMI
cl
FFQ
gLMS

MSG
MU
NZ
OECD

PROP

PTC

SD

SF-FFQ
T2DM
T2R
TFEQ
USA
VAS

VLDL
WHO

Abbreviation List

Body Fat Percentage
Bioelectrical Impedance Analysis
Body Mass Index

Confidence Interval

Food Frequency Questionnaire

general Labelled Magnitude Scale

Monosodium Glutamate
Massey University
New Zealand

Organisation for Economic Cooperation and Development
p-value (statistical analysis)

6-n-propylthiouracil

Phenylthiocarbmide

Correlation coefficient (statistical analysis)

Standard Deviation

Sweet Food- Food Frequency Questionnaire
Type 2 Diabetes Mellitus

Type 2 Receptor

Three Factor Eating Questionnaire

United States of America

Visual Analogue Scale

Very Low Density Lipoprotein

World Health Organisation

xiii





