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Abstract

Interest in estimating polyphenol intake anddentification of the major
dietary sourcesof polyphenols hee risenin tandem withthe reporting of certain
health benefits of polyphergl butonly a few studies have reported polyphenol
intake in the UK populatiarThis thesisthereforeaims to address thigsearch gap
amongt a sampe of 246 UK women aged 180 yearsA food diary was used to
estimate food intakeandonl y 1 ngredients with @erpolyp
portion of food were included for estimation of polyphenol intake. Missing data for
polyphenol content in sonfeods was determined by usitige Folin-Ciocalteu assay
andperformingHPLC analysis The polyphenol itake of the studied population sva
108 + 814 mg/day. Tea and coffee neghe major polyphenol sources while fruit,
vegetables and confectionarie®re other important sourcseof polyphenos. Age
was the main predictaof flavonoid, phenolic acid and total polyphenol intakeh
the increasing age associated with higher consumpfiognitive performance was
assessed using selected cognitive tests sub sample of the participants (Diet and
Health study)Participants at the lowest quartile of polyphenol intake and who were
nonrconsumers of coffee or tegere younger antlaveshowed better performance
on spatial memory assessed frfisual Spatial Learmg Test(VSLT) (p<0.01)
Age was an importantpredictor for both polyphenol intake and cognitive
performanceand partlyexplainsthe minorcontribution of polyphenol intake to the
cognitive performancef the studied populationThis study has contributei the
understandingof the relationship betweerpolyphenol intake and cognitive

performance.
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Chapter 1

Dietary Polyphenol Intake and Cognitive Function

1.1  Abstract

Polyphenols are secondary metabolitdsch are present abundantly imany
plantbased food sources such as coffee, tea, cereals, fruit and vegetables. These
compounds can be divided into several major groups including flavonoids, phenolic
acids and other polyphenols. RecentBsearcho estimake thepolyphenol intakeof
the population has increasedl number ofapproaches have been taken to identify
habitual polyphenol intake including using food frequency qoestires, weighed
dietary records, anfibod diares Daily food intake has beersttmated to provide up
to 1 g/day of polyphenol which excesithe vitamin C intake by ten timgScalbert
et al., 2005 This highlights the potentially important contribution of polyphenol
containing foods as part of the daily diet. In additidme tncreasing number of
publications which focus on the potential role of polyphenols for health (see Section
1.6), such as reducing the risk cdirdiovascular disease, metabolic syndrome and in
the improvement of cognitive dermance (see Sectioh.6) makes the accurate

estimation of polyphenol intake of the population vital.



1.2  Polyphenol subclasses

Phytochemicals are plant bioactive compounds known for their important role
in health preservatiorand disease preventio(Mollet and Rowland, 2002
Polyphenols are phytochemicals, in which the molecules are built from more than
one phenol uni{Landde, 2013. These compounds contribute to the organoleptic
properties including colour and taste of pldetived food productgCheynier,
2005. Polyphenols 1@ divided intoseveralgroups(seeFigure 1-1) which include
flavonoids, phendt acids, stilbenedjgnansa n e t M er 0 p badsed prhtken o | s
carbon skeleton(Scalbert and Williamson, 20R0Flavonoids display the main
feature of havingwo aromatic anane heterocyadt ring with different numbers of
hydroxyls groups attached to each ring. Phenolic acids can be subdivided into two
main groupsncluding the benzoic acid and cinnamic acid derivatives. Gallic acid
and protocathecuic acid are derived from benzoic acid, while caffeic acid and ferulic
acid are derived from cinnamic acid. A O
stilbenesand lignas which are present in varying amounts in a limited number of

food sources.
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1.2.1 Flavonoids

Flavanoids can be subdivided intearious sub-classesbased on (i) the
oxidation of the @ing, (ii) hydroxylation pattern of ring structureand (iii)
replacement in the-Bosition(Spencer, 208b). The seven major stdassesonsist
of flavanols, flavonols, flavorse flavanones, anthocyaningsoflavones and
dihydrochalcones Flavonoids in plantsare normallyglycosylated with glucose
rhamnose or other sugassgth the number of sugars attachvaryingfrom one to up
to five (Vallejo et al., 2004 The type ad degree of glycosylation will affect the
absorption of the flavonoid from the intestif@calbert and Williamson, 2000

Table 1-1 summarizes the foods containing the highest amount of each
flavonoid subclass based orthe PhenolExploref’ database, a compremsive
database of the polyphenol content of foofldeveu et al., 201Qb Most
anthocyanins, dihydrochalcones and flavanones are present in fruit and their
products. Flavanols, on the othkand, exist inchocolate andvarious types of
beveragesFlavonols and flavones are high in vegetables and herbs respectively, and

isoflavonoids are present predominantly in soy products.



Table 1-1 M ajor food sources for various flavonoid sukclasses

Flavonoid Food source Average content* Range®
Anthocyanins Red raspberry 72 071 106
Strawberry 73 07 68
Blackberry 173 17 191
Dihydrochalcones Apple, dessert, whole 6 07 9
Prune juice 6 21 10
Apple, dessert, puree 9 37 6
Flavanols Green tea 71 01 271
Black tea 73 07 68
Cocoa, powder 512 07 330
Flavanones Lemon, juice from 46 61 38
concentrate
Grapefruit, juice from 51 07 64
concentrate
Orange blond, juice from 61 21 59
concentrate
Flavones Black olives 27 07 29
Artichoke, heads, raw 42 01 84
Mexican oregano, dried 734 2371 328
Flavonols Onion yellow 73 071 136
Capers 131 071 1047
Spinach 119 07 113
Isoflavonoids Soy, yogurt 84 07T 32
Soy, tempe 148 o175
Soybean, roasted (soy nut) 247 0V 97

*data in(mg/100 ml or mg/100 g) tak fromPhenolExplore® version 2.0 (Neveu
et al., 2010)"minimum and maximum valse

1.2.2 Phenolic acids

Phenolic compounds are present in various edible plants and have the
distinctive characteristic of having a benzene ring substituted with at least one
hydroxyl group in their structurdRodriguez et al., 2009 These compounds
contribute to a few properties of foods such as aroma, flavour, colour and
astringency. Naturally, hydroxycinnamic acid derivatives are present as simple esters
with quinic acid or glucose while hydroxybenzoic acid is normally present in the

form of glycosides(Mattila and Hellstrom, 2007 Other phenolic acids include



hydroxyphenylacetic acids, hydroxyphenylpropanoic acids and
hydroxyphenylpentanoic acid§able 1-2 shows the data for the major phenolic acid
content in food and beveres) taken fronPhenolExploref®. Herbs, nuts and berries
contain the highest amount of phenolic acids, with lower levels found in alcoholic

beverages, fruit juices and vegetables.
1.2.3 Other polyphenols

Stilbenes include compound such as resveratrol tsgare 1-2). This
compound is present in wine and originates from the seed and skin of grapes
(FernandeaMar et al., 2012 The typical content of resveratrol in red and white
wine are 1.8 and.Q to 0.3 g/L respectivelyBertelli and Das, 2009 Apart from

wine, stilbenes can also be found in berries angl. nut

Figure 1-2 Chemical structure of resveratrol

Lignans are polyphenols which are mainly found in high fibre foods. From
the PhenolExplore® database, there are 30 compounds classified as lignansssuch a
matairesino] secoisolariciresinoland sesamin. Seeds such as flaxseed and sesame
contain a substantial amount of lignans in both raw and oil forms. For example,
flaxseed and sesame seed contain 867 mg/100 g &g/ZI00 g of lignan of fresh
weight repectively (Neveu et al., 201Qb Another food source of lignans is

vegetable such as radish and asparaglisvo main lignans with substantial



analytical data available include secoisoliagsinol and matairesino(Blitz et al.,
2007). From the PhenolExplore® database, secoisolariciresinmlesents in high
amount in flaxseed (840 mg/100 g) while matairesinol presents in sesam&@eed (

mg/100 g).

Table 1-2 Major food sources for various phenolc acid subclasses

Phenolic acid Subgroup (s) Food source Average Ranges”
(s) content*
Hydroxybenzoic Gallic acid Red wine 4 07 13
acid Black tea 5 07 15
Blackberry 5 279
Cloves 458 1871 784
Ellagic acid Pomegranate, 17 0V 17
juice from
concentate
Black raspberry 38 07 38
Blackberry, raw 44 207 69
Raw chestnut 735 27171 1052
Benzoic acid American 48 071 48
cranberry
Hydroxycinnamic p-Coumaric acid Dried oregano 6 071 12
acids Dried date 1i 14
Green olive o7 17
5-Caffeoylquinic  Coffee 188 4871 96
acid
Caffeic acid Lingonberry 6 07 6
Common sage, 26 117 40
dried
Black 141 01 141
chokeberry
Ferulic acid Chocolate, dark 24 01 24
Dried date 12 671 18
Hard wheat, 72 01 72
whole grain
flour
Sinapic acid Cauliflower, 4 47 5
raw
Green olive 44 57 83

*data in(mg/100 ml or mg/100 g) tak fromPhenolExplore® version 2.0 (Neveu
et al., 2010)°Data is taken from the nemydrolysed form, which may underestimate
total levels availablen the intestinal tract.



1.3 Determination of polyphenol intake

1.3.1 Measurement of food intake

Dietary assessment plays a very important role in the study of nutrition with
the aim of estimating food intake. At the individual level, there are several
approachesaken to estimate food intake which include using a food diary of
different duration (normally including a weekend day) a@hour diet recall.
Estimation of portion size of foods consumed is a crucial step in determining energy
intake. Food portion sizeano be misrepresented by participants who failed to
estimate or quantify the amount of food or the average food portion size consumed
(Poslusna et al., 20D9There is a tendency aiver reporting for food perceived as
nutritious and underreporting for high energy foodéfiélties in estimaing portion
sizes by untrained individualeiere identified when grticipants were asked to
estimate the displayed foods and report their foddke (Godwin et al., 2004 In
addition, commonly consumed or bought foods such as bread, fruit and beverages in
their usual sold sizewere easier to report thafoods with no specifizisual mass
such as cooked meat, pouredulitjor vegetables. Moreovestudies have identified
that small portion sizes tend to be overestimated and vice versa for large portion
sizes(Nelson et al., 19961arnack et al., 2004

The food diary wasised when multiple day recordinvgas required This
method normally put a greatemphasison the portionsize of various foods
consumedThe respondentretrained on how to record their dietary intakebe as
specific as possibjencluding all the details about the portion sizes, method of food
preparation and recipghere relevantOne of he limitations of ¢t diariesis under

reporting because oincomplete recordingf foods consumed. Additionally, the



tendency tcselectivéy reportfood intakecan occurand thetime-consuming nature
of the recording processan lead to under eating(Bathalon et al., 2000 To
overcome this problem, food diaries shouldréaewed by the researah® clarify
any uncertaintiesni the recordingnade by tk participantsin addition, the status of
food reporting can be determined by the estimation of basal metabolic rate (BMR).
The status of food intake reporting can be classified based on the ratio of energy
intake to BMR. The Schofield equation can bedute predict BMR by using the
weight (in kg) of the individual. This ratiowas proposed previously to have three
categories- less than 1.14 reflects under reporting, 1.14 to 2.4 as normal reporting
and a ratio of more than 2.4 is considered over remp(toldberg et al., 1991
Goris et al., 2000

At the population level, polyphenol intakestimation wagerformed using
several methods including food frequency questionnaire (FFQ), adagdarom
national consumption data and food balance sheets. FFQ method focuses on how
frequent selected foods were eaten by the participants. It is the most widely used
method of dietary assessment but has sewbsaldvantages including limiting the
number and type of foods included in the questionnaires which can cause
underestimation not only in specifioutalso to total flavonoids intak@aras et al.,
201). The wusage of data from countriesd fc«
food intake for a larger population. For example, a study has estimated flavonoids
intake of the UK and Ireland population by usi@ood Balance Shedtom the
Food and Agriculture Organizatio(Beking and Vieira, 2011 (see Table 1-3).
However, the data are restricted to the amount of foods bought by the population and
the foods which are not cosumed were not considered in the final estimation, thus

not directly implyng the actual food consumption.
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1.3.2 Estimation of polyphenol content from database

There have been a number of studies which have estimated polyphenol intake
in various parts of the ovld based on intake reports from samples of individuals.
Estimations werdrom established databases available on the polyphenol content of
foods such a$henolExploref’ and the United States Department of Agriculture
(USDA) flavonoid database.

PhenolExploref® is acomprehensive databasembére than 500 polyphenols
contained in more than 400 types of fos@s$ up in an accessibleebsite(Neveu et
al., 2010h. It was established in 20land hashadthree major updates since that
time (http://www.phenolexplorer.ed. In order to include datdrom scientific
publicatiors in PhenolExploref information about food sampling, polyphenol
extradgion and analytical methods were scrutinized. Only articles which fulfilled the
minimum requirements (sdwtp://www.phenolexplorer.eu/methods_usédeveu et
al., 20103 were included in the databasthe polyphenol contemdf foods was
guantified based on a variety of methods including revepbage higlperformance
liquid chromatography (HPLC) as the most common method, acid or alkaline
hydrolysis followed by analysis using HPLEplin Ciocalteu asayto determine
total phenolic content, pH differential (anthocyanins) and normal phase HPLC
(proanthocyaidins). Data ompolyphenol content of foods might not derive from all
five methods mentioned above. Certain food such &s et only data fronthe
Folin assay while data for black tea derived from HPLC, acid or alkaline hydrolysis
followed by analysis usqiHPLC andheFolin Ciocalteu asay.

The United States Department of Agriculture (USDA) database consists of

data on individual flavonoid content of 500 foods. It was established in March 2003


http://www.phenol-explorer.eu/
http://www.phenol-explorer.eu/methods_used
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and has had 4 updates since that time with more flavonoi@rtoat foodsbeing
included in themostrecent update (2011). This database was developed by referring
to data from published studies which applied satisfactory analytical procedures
including HPLC, capillary zone electrophoresis, and micellar electrakioapillary
chromatography(USDA, 201). Methods which produced results for unspecific
polyphenols such as radioimmunaagspH differential methods, thin layer or paper
chromatography ospectrophotometric were not included in the development of the

database.
1.4 Polyphenol intakeestimationin population studies

Table 1-3 summarizes the studies onlyghenol intake in different countries
based orthe method used for dietary reporting. The approach taken in these studies
varied in the methodology used and the focus on polyphenols or dietary patterns for
specific populations. From the tablthe FFQ mehod used in the studies da
included up to 200 food items for food intake estimation. A studlgetJK has used
this method to estimate flavonols intake of faenplestudied(Hertog et al., 1997
A large cohorsstudy conductedamongstadults inGreeceused this method for total
flavonoids estimation which was associatéth the adherence tthe Mediterranean
diet which mainly consists of fruit, vegetables, olive oil and wiilis and
Trichopoulou, 201 A study in China used FFQ in the food intake estimation and
has focused on the flavonoid intake from polyphesasitaining fruit, vegetables and
nuts(Li et al., 2013. Finally, the other two studies have used FleQestimate total
polyphenol intake of the studied populati@ohrab et al., 2013 resserreRimbau et

al., 2013.
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Table 1-3 Summary of studies assessing the estimated daily polyphenol intake and the major food sources in different countries

._| Method(s)
Country & | Sample siz for dietary | Major food sources of polyphenols Database used Polyph(_anol(s) Amount consumed (estimated per day)
authors and type . studied
reporting
United Men 56-item Black tea, onion and apple Food composition databaFlavonols Flavonols: 26 mg/day
Kingdom (N=1900) | food on flavonol conent
(Hertog et al. frequency published in 1992 and 19
1997 questionnai
re (FFQ)
Greece Dilis |Adults 190item Fruits (apples, peaches and grapefEPIG-Greece antioxidant [Total flavonoids| i)  Flavanols: 14 mg/day
and (N=28572) | validated | vegetales (parsley onions, greens [database i) Flavonols: 28 mg/day
Trichopoulou, semi and tomato) and wine iii) Flavanones: 27 mg/day
2010 quantitative iv) Flavones: 7 mg/day
FFQ v)  Anthocyanidins: 10 mg/day
vi) Isoflavones: <0.1 mg/day
vii) Proanthocyanidins: 7mg/day
viii) Total flavonoids: 92 mg/day (median tots
intake)
China (Li et |Adults 76-item Focus on flavonoids in fruitand  [Flavonoid content in fruit [Total flavonoids| i)  Flavonols: 124 mg/day
al. 2013) (N=1393) |validated |vegetables consumed by the and vegetables in China i) Flavones: 11 mg/day
Men: 446, | quantitative| participants. Among the main published from 2008 to iii) Anthocyanidins: 28 mg/day
\Women: FFQ contributors e apple, plum, pear [2010 iv) Isoflavones: 4 mg/day
947 Chinese kale and broccoli, citrus v) Stilbenes: 0.3 mg/day
fruits, banana and cabbage vi) Total flavonoids: 166 mg/day
Iran (Sohrab |Adults 168item No specific foods mentioned PhenolExplorer databaseTotal Total polyphenol intake of 1780 mg/day
etal. 2013) |(N=2618) |validated | however, a positive significant polyphenols
Men: 1162, | semi correlation was found Iween total
\Women: quantitative| polyphenol intake and vegetables,
1456 FFQ fruits and legumes food group
Spain Adults 137-item Coffee, fruit (oranges and apple), [PhenolExplorer database(Total Total polyphenol intake of 820 mg/day
(Tresserra  |(N=7200) | validated |vegetables (potato and spinach) ar polyphenols
Rimbau et al. quantitative| red wine
2013 FFQ
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Women: 3529

selected foods

Country & | Sample size ang _Method(s) fpr Major food sources Database used Polyphgnol(s) Amount consumed (estimated per day)
authors type dietary reporting of polyphenols studied
Australia Sample of 24-hour dietary recall| Black tea, apple, United States Departmen(Total flavonoids| i)  Flavanols: 423 mg/day
(Johannot and |National apricot, grape, wine |of Agriculture (USDA) i)  Flavonols: 20 mg/day
Somerset, Nutrition Survey flavonoid database iii) Flavanones: 7 mg/day
2009 from aged 2 garg iv) Flavones: 0.5 mg/da
and over v) Anthocyanidins: 3 mg/day
(N=13858) vi) Total flavonoids: 225 mg/day (whole
samples) and 454 mg/day (age 19 yearq
and over)
United States |Adults (N=8809)| 24-hour dietary recall | Black tea, citrus fruit |[United State®epartment [Total flavonoids| i)  Flavanols: 157 mg/day
(Chun et al., juices, wine and citrusof Agriculture (USDA) i) Flavonols: 13 mg/day
2007) fruits flavonoid database iii) Flavanones: 14 mg/day
iv) Flavones: 2 mg/day
v) Anthocyanidins: 3 mg/day
vi) Isoflavones: 1 mg/day
vii) Total flavonoids: 190 mg/day
Finland Adults (N=2007)| 48-hours dietary recal Coffee and cereal Self-developed database [Total i)  Total phenolic content: 653 mg/day
(Ovaskainen et andHPLC products polyphenol content of  |polyphenols i) Total flavonoids: 209 mg/day
al. 2008) selected foods iii) Lignans: 0.9 mg/day
iv) Total polyphenols: 863 mg/day
France(Perez |Adults (N=4942)| 24-hour dietary recorq Non-alcoholic PhenolExplorer database(Total i)  Total phenolic content: 640 mg/day
Jimenez et al.,[Men: 2596, completed every two | beverages (such as polyphenols i) Total flavonoids: 512 mg/day
2011). Women: 2346 | months for a period o coffee, black tea and iii) Other polyphenols: 41 mg/day
two years (1995 to | orang juice and iv) Total polyphenols: 1193 mg/day
1996) pummelo juice) and
fruits
Poland(Zujko |Adults (N=6661)| 24-hour dietary recall| Tea, coffee, potatoes |Self-developed database [Total Total polyphenol intake of 1172 GAE mg/day
et al., 2012). |Men:3132, and apples total phenolic content of |polyphenold (men) & 1031 GAE mg/day (women)
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Country & Sample size 'Method(s) fgr Major food sources of Database used Polyphgnol(s) Amount consumed (estimated per day)
authors and type | dietary reporting polyphenols studied

European Adults 24-hour dietary i)  Flavonols: leafy United States Specific amount i)  Flavonols: 29 mg/day
countries (N=36037) | recall using vegetables, onion, garlic,[Department of of flavonoids i) Flavanones: 35 mg/day
(EPIC study) computerised tea, wine Agriculture (USDA) iii) Flavones: 5 mg/day
(ZzamoraRos et interview i) Flavanones: citrus fruit [flavonoid database iv) Combhnation of flavonoids (flavonols,
al., 2011 software” and citrudfruit juice andPhenolExplorer flavanones, flavones): (men: 67 mg/day,

iiiy Flavones: herbal tea, windatabase women: 70 mg/day

fruits and vegetables

European Adults Same as above™ |i) Anthocyanidins: fruits, [Same as above” Specific amount Anthocyanidins: (men: 20 mg/day, women: 1
countries (N=36994) wine, nonalcoholic of flavonoids mg/day)
(EPIC study) beverages and vegetable
(ZzamoraRos et
al., 2011p
European Adults Same as above”™ | Vegetables, fruit (apple and [Same as above™  [Total flavonoids| Mediterranearcountries: 370 mg/day
countries (N=35628) pear), tea, wines, chocolate Non-Mediterranean countries: 374 mg/day
(EPIC study) products, fruit juices
(ZamoraRos et
al., 2013b
Japan(Otaki et al.,|Women 24-hour weighed | Green tea, oniormolokhia Functional Food Specific amount i)  Flavanols: 289 mg/day
2009). (N=516) dietary record (nalta jute) Japanese radish |Factor Database, |of flavonoids i) Flavonols: 14 mg/day

leaves, grapefruit and citrus |Japan iii) Flavanones: 7 mg/day

fruit juices, and tsurumurasak iv) Flavones: 3 mg/day

(malabar spinach) and green v) Isoflavones: 48 mg/day

pepper
United Kingdom [Not availabl¢ Data from FAO* | Not available United States Total flavonoid8| i)  Flavanols: 50 mg/day
and Ireland Food Balance Department of i)  Flavonols: 32 mg/day
(Beking and Sheet for UK and Agriculture (USDA) iii) Flavanones: 28 mg/day
Vieira, 2012 Ireland population flavonoid database iv) Flavones: 5 mg/day

v) Anthocyanidins: 65 mg/da
vi) Total flavonoids: 182 mg/day for UK and

177 mg/day for Ireland

*Food and Agriculture Organization, World Health Organizatialue in mg gallic acid equivalefvalue in mg/day/person
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The second methodology used for polyphenol intake estimatioretaryl
recall. In Australia, data from 2dour dietary recall derived frorthe National
Nutrition Survey was used to estimate the flavonoid intake of a large sample as a
representative of the populati@@ohannot and Somers2f)06. Black tea, fruits and
wine wereidentified as the major sources of flavonoids. A study in the United States
has usedhe 24-hour dietary recall method to estimate the flavonoid intake as it
provided a satisfactory estimate of the flavonoid int@keun et al., 2007 Tea was
the major flavonoid source of tleamplestudied. In addition, the same food intake
reporting method was adapted inement studyf Polishaduls which reported tea,
coffee, potatoes and applesthe main polyphenol food soustef this population
(Zujko et al., 2012 In this studythe total polyphenol intake was expresssdotal
phenolic contenfTPC)of the food consumed by the populatidihe TPC vwhich was
estimatedfrom the Folin-Cioclateu assapasyielded a higher value of polyphenol
contentas compared to HPLC as tkemmonl used methodo estimatespecific

polyphenol

Some studies have compared data from food intake with the existing
available polyphenol database (see Section 1.3.2). For example, a cohort study of
French adults usettie PhenolExploref® database as the maimarch engine to assess
thepopulatod s pol yphenol i nt aHow dietafyhrdcad as theu d y L
means for food recording every two months over a period of two YParez
Jimenez et al., 20)1In this study, noralcoholic beverages (such as coffee, tea,
orange juice and pummelo juice) and fruit were the main contributors to polyphenol
intake. A large cohortstudy involving ten European countrieSThe European

Prospective Investig@n into Cancer and Nutrition, EPIStudy) applied 24-hour
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dietary recall compterised interview softare to standardize the proceda@&oss

the countries participatingZamoraRos et al., 2013aIn this cohort (EPIC), a
databasevasdeveloped and used to establish a database such as US[Phemd
Exploref’. Different types of polyphenols and their food sources were estimated in
this cohort including flavonols, flavanones and flavo(sese Chapter Zlable 2-1).

The major polyphenol food sources reported in this study include fruits, vegetables,
tea, fruit juices and wine.

In Finland, a combination of methods wapplied to achieve the objective of
estimating the polyphenol intake of Finistuits (Ovaskainen et al., 20D8Dietary
intake data was assessed fromhé8r dietary recalls and analysed for nutrient
conposition using Fineli, the national food composition database for Finland.
Samples of the main polyphenol food sources were collected and analysed using
reversegphase HPLC. An approximation using recipes and ingredients was applied
for mixed dishes. Thistudy found coffee and cereal products to be the main
polyphenol food sources. The low polyphenol content of vegetables resulted in the
smallest contribution to total polyphenol intake of this food groups in this population.

The weighed dietary recordvas suggestedto be the gold standard in
assessing the dietary intake of an indivigudiich allowsa preciseguantification of
food intake. However, a comparative study between a few dietary estimation
methods and weighed food record has reported that ébalts of food intake
estimated from 24hour recall was well compared to the results from weighed food
record (Bingham et al., 1994 This method was applied in @osssectionalstudy
performedn 516 Japanese women to estimatertimtakeof flavonoids(Otaki et al.,

2009. Green tea, fruit and vegetables were identified as the major polyphenol

sources of this sample. Although the method used in this study might increase the
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possibility for accurate polyphenol estimation, there are some isghies arise
from it. This includesthe tendency for the participants to selectively chaose
consumethe type of foodswvhich are easy to be weighebh addition, thelonger
period of recording can caushbfficulty for the participantgo bring along thie
weighing scale.

In gereral, beverages such as coffee, tea, wine and fruit juices are the major
contributors to polyphenol food sources in the populatistoslied. In addition,
vegetables such as onion, potato, tomato and leafy vegetables are as@ntnp
polyphenol food soues. Different methods used for polyphenol estimation has
made a direct comparison between studjage difficult. However, information

obtained fronthese studiess important to facilitate in designing future siesl

1.5 Major contributors to polyphenol in take

1.5.1 Tea and coffee

Tea is derived fromthe shoot section ofthe flowering plant Camellia
sinensis The tiree main types of tea consumed worldwide include black, green and
oolong witha percentage consumption of 78, 20 and 2 % respect(@igve and
Lambert, 2019 The difference betweethesethree teas is the degree of oxidation
(fermentation) involved in processing tiiesh leavesOxidation, by the endogenous
enzyme polyphenol oxidase, is responsible for converting the flavonoids in fresh
leaves to theaflavins and thearubugiftdo and Zhu, 2000 The degree of
fermentation will affect the polyphenol content present in different varieties of tea
(Song et al., 2012 andhasa profound effect on the colour and flavour of the final
tea infusion. In addition, the astringency and bitterness of teariged fromthe

catechinsand caffeine. Green tea processing involves inactivapinotyphenol
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oxidase soon after plucking via a preseof steaming or pafnying. Thus the main
flavonoids in green tea afe)-epicatechin, {)-epigallocatechin,-{-epicatechir3-O-

gallate and +)-epigallocatechi¥r8-O-gallate (EGCG), along witltaffeine naturally
present inCamellia sinensigBohn et al.,2012. The btal flavonoids in on

fermentedgreen teaconsised of 80 to 90 %catechinsand10 % offlavanols(Deka
and Mta, 201).

The history of the Chinese drinking green tea goes back to around 3000 years
ago. Tea was introduced into the UK durithg seventeenth centur§Hara, 200L
However, due to the long sea voyage the green tea leaves had undergone pxidation
which contained few flavaols, resulting in black teawith the more complex
polyphenos such as theaflavins and thearubugins (70 % of flavonols in tea)
(Kuhnert, 201], along with the flavonols glycosides and caffeine.

Coffee genusCoffeaand familyRubiaceagconsiss of more than 90 species.

This plantoriginatedin Africa with Coffea arabicaand Coffea canephorahe two

main types commonly traded around the wddllson, 1999. Coffeeis processed

from the sea (bean) and requireseparation of coffee beans from the fruit body
before it can be further processd (Segall, 200DR Different stage of coffee
processing such as be&rmentation, roasting, decaffeination, blending, freeze or
spray drying can affect the content of chlorogenic acids (CGA), the main phenolic
acid in coffee(Mills et al., 2013. These compounds are lost dgrithe roasting
process of the coffee beans, with a medium roast typically resulting in about 60 %
decomposition of these compoun@arlliment, 200D High temperatures in coffee
processing are responsible for the breakdown of sugars through the caramelisation
process which produces aromatic oil caffeol which contributésettypical odour of

coffee(Segall, 200D
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CGA present in coffee are phenolic acids esteriftequinic acid. 5Caffeoyl
quinic acid is one of the most widely present chlorogenic acids in qitde et al.,
2012. The amount of CGAs estimated to range from 20 675 mg in a serving of
coffee(Stalmach et al., 2006In a recentstudy byMills et al. (2013, various typs
of preground coffee with different rea grade were used anthe CGA contentvas
27 to 121 mg/ 200 ml of coffee.

Apart from water, tea is the most widely consumed beverage worldwide
(Yuan et al.,, 201)1 The daily intake and tygeof tea consumed are differefdr
different ®untries. In Asian countries, tea consumption is more prominent than
coffee. A study irSingapore identified that most of the populatsbundiedconsumed
black tea (4.4 cups per week) followed by Chinese and gree(R&dzello et al.,
2017). An epideniological study amongst adults in Taiwan has identified that 96 %
of the habitual tea drinkers consumed nearly 450 ml of green or oolong tea daily and
another 4 % drank black t€&/u et al., 2008 A large cohort study in Japdaund
that green tea was the most highly consumed (3 to 5 cups per day) followed by black
tea (Mineharu et al., 2001 An inter countries study (Seven Coungri&tudy)
reported that teavas the major contributoof flavonoidsfor both Japan and the
NetherlandHertog et al., 1995 A longitudinal study amongst men in South Wales,
UK has reported 5.4 cups of tea intalkaly amongst the habitual tea drinkers (94 %)
(Hertog et al., 1997 In addition, a study amongst a ssdmple of Scottish adults
reported thathis population drank more than 5 cups dglyoodward and Tunstall

Pedoe, 1999
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Coffee drinking is more common in Western countries compared to Asian or
Eastern countries. For examapla study in Finland found the majority (45.6%) of
their middle aged adults consumed 3 to 5 cups of coffee pefEs&glinen et al.,
2009. A studyin the United States has reported a less frequent coffee consumption
(43.1%) of 5 or more times per week among the elderly who participated in the study
(Arab et al.,, 2011 Finally, astudy amongst Scottish adults has reported a large
range of daily coffee consumption (0 to 20 cups) amongst the popuitidied
(Woodward and TunstaPedoe, 1999 Types of coffee consumed by the population

were not specified in atheabove studies.
1.5.2 Other sources

Apart from coffee and tea, fruit ancegetablesare important source of
polyphenaos in daily diet. Several studies have used population intake data to assess
the majorpolyphenol food soursefor the populationstudied A study in Spain
estimated the population intake of plant foods fromamati consumption data from
households and institutions based on intake and food purcha&#&iA, 200). In
this study, vegetables and fruit were found to be the most commonly consumed plant
foods in the daily diet with potatoes andanges being the major sour(®aura
Calixto et al., 200) In another study population data from daily per capita intake of
selected fruit and vetgbles was usedto estimate the polyphenol intake a
Brazilian populationThis study proposed thaitake offruit and vegetablefacilitate
the increasng availability of polyphend in the daily food consumptionof the

population(Faller and Fialho, 2009
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A long term cohort study (Seven Countries Study) which determined the
flavonoid intake in associatiowith the risk of coronary heart diase and cancer
reported that flavonoid intake for the United States, Greece, the former Yugoslavia
and Finlandound thatonions and apple were the main food sourcéldertog et al.,
1995. This study, howeverponly included two subclasses, théavonols and
flavones in the estimation of flavonoid intakend thus greatly underestimattue
potential main flavonoid food sources.

A study amongst Japanese women has estihtateflavonols and flavones
intake of tke studiedpopulation(Arai et al., 200D In this population, vegetables
(onion and molokhia) are the major contributors (72.3%) to the intake of these
flavonoids,with tofu and natto the main providers of isoflavones.

Non-alcoholic beverages such as apple, pearamds fruit juicesare also
one of the main polyphenol food sources in certain populationsesictihe United
StategChun et al., 200Maras et al., 20)Jand Franc€PerezJimenez et al., 20)1
Other flavonoid food sources for & populationgnclude chocolate another types
of fruit such as peaches, plums and grapes.

Alcoholic beverage like wine are an important flavonoid sourae certain
population. Data fromthe EPIC study in Spain has reported wine as the second
contributors (21%) to total flavonoid intaketef apples (23%}§ZamoraRos et al.,
2010. A study in Greecdound that wine waan important contributor to flavanol
and proanthocyanidimtake of the ppulation(Dilis and Trichopoulou, 20)0Wine
consumption was reportedgaeater contributor to flavonoidtake inMediterranean
countries (16.7 %) than neéviediterranean countries 8.%) (ZamoraRos et al.,

20138.
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Olives and olive oilwhich are widely usedifoodpreparationarethe fourth
main polyphenol food source represegtl1% ofthe total intake of the population

in Spain(TresserreRimbau et al., 2013

1.6  Polyphenokand cognitive function

1.6.1 Cognitive functions

Any mentl processes or functions which are mediated by the brain can be
defined as cognitive functionsSeveral domains are associateth cognitive
function including: executive function or problem solving, memory, attention,
perception, psychomotor and langaadunction (Schmitt et al., 2005 Other
cognitive skills and filities include arousal, information processing, speed of
movement and accura¢iellisle et al., 1998 Assessment of cognitive performance
using a range of cognitive tests involved the measurements of speed represented by
reaction time and the acaay of responses given by the participafistelevance to
this thesis, memory and its divisions and exeeutiunction will be discussed.

Memory is one of the most commonly studied cognitive domains in relation
to the effects of nutrition. The processamnsolidation of information, (converting
immediate into longerm memories), occurs in the hippocammfsthe brain
(Benjafield, 200y. Memory can be differentiated in terms of duration of storage (i.e.
shortterm and longerm memory) and in terms of processes (i.e. encoding, storage
and retrieval). The type of information processed, stored and retrieved by ithe bra
can include visual, spatial, verbal, auditory and procedi@ehmitt et al., 2006
Tulving described memory as procedural memory, perceptual representation system,
working memory, semantic memory and episodic menfdwving, 1987 Tulving,

1991). (1) Procedural memory is involved with the gaining of multiple skills and
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behavioural ability which happens unconsciously for example as in walking and
running. (2) Semantic memory specifically refers to memory which enableansum

to relate words, concepts and symbols with their properties and associations. (3)
Working memory represents the usage of existing or past information in currently
active information processingvorking memory consists of three major components,
namely central executive, phonological loops, and visuospatial sketchpad. Central
executive acts as a control system while the other two are the storage systems for this
model (Baddeley, 2008 The phonological loops facilitaten ithe storing of
information in the form of sound and language, while the visuospatial sketchpad
facilitate in the processing of visuospatial information which play an important role
in visual imagery(Baddeley, 1986Baddeley, 200) (4) Episodic memory denotes

the process of storage and conscioustgalling the past temporally dated
experiences of events, episodes or information.

The information retrieval can be in the form of valf spatial and visual
format. Verbal and visual memory relate to encoding, processing and retrieving
information showrverbally or in the form of an image respectively. Spatial memory
involves storage and recall of information on the spatial orientation of the
environmen{de Ager et al., 2003

Memory tests conducted to study the association between food intake and
cognitive function have normally involved short term and working memory.
Generally, for word recall of twenty to thirty words the total number of words
successfily recalled by the participants are between seven plus and minU®H®o
and Blundell, 2002 A higher number of words successfully recalled can be

observed among certain grauguch as studemtwho are likely to be more
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intelligent. Recognition tests which involve the identification of stimuli that were
presented earlier may also be included as a means to assess memory.

Another classification of memory includes declarative or explicit memory
and nondeclarative or implicit m@ory (Rendeiro et al., 20)2Declarative memory
is defined as the relationship between certain objects or events in their external
environment while an-declarative memory is associated with thought, perception,
skills and habits. Declarative memory differs from fu@tlarative memory such that
it involves conscious attention while the other can be recollected unconsciously
(Squire and Zola, 1996

Executive functions or problem solving involves processing whih
associatedwith obtaining certain goals including planning, monitoring and
regulating, maintenance of goals and cognitive flexibi(tycCabe et al., 2030
Executive function is a cognitive control that requires avoiding interference or
response from former habit when doing certain astiofhe control works by
keeping the desired aim in mind and automatically previtrg interference from
occurring(Reisberg, 2013

Recently, interest imssessinghe beneficial effect of nutrients on cognitive
performancéhas grown by the increase in the number of publications on this subject.
Nutrition may affect cognition throughout the life spdfurthermore, Here are
several factors whichcan affect humancogntive performance and need to be
consideredn the evaluation fothe dfect of nutritional intake or interventions on
cognitive functions. Age is one of the important parameter which can affect cognitive
performance. Along term cohort study reportexd reduction in performance oéll
cognitive testadministeredvera ten year periogxcept for vocabulary whiclvas

less influenced by agéSinghhrManoux et al. 2012. Other factors include mood,
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motivation, attention, sleep, vigilance, effort and intellige(\d&stenhoefer et al.,
20049). In addition, here are many confounders that can affect cognitive performance
and which may or may not have been controlled or coresidar the design and
analysis of studies of dietary intake and cognitive functibn some studies
confounders such age, education, intelligee and socieeconomic statusnay be
included in regression modeto identify if the variables moderate or nagdi the
relationship between cognitive performance and nutrient expoBareexample, a
large followrup birth cohort in Scotlanéxamined the role of flavonoid intake in
cognitive decline anthcluded these factoia the assessme(Butchart et al., 2011
Although flavonoid intake was not associated with a reduction in cognitive decline
after adjusting for the confounding factors, this finding indicates thp®itance of
controlling factors associated with cognitive performance. This step can prevent
misinterpretation of the possible health benefits of certain nutrients tdtigegn

performance.

1.6.2 Polyphenolintake and cognitive performance

1.6.2.1Cross-sectional studes

The Mini-Mental State Examination test (MMSHS often used as the
partici pant s éspesialy ie @& largenpgpulationostudg it measure
global cognition of individualgFolstein et al., 1975 Several studies have used this
test for the cognitive assessment (Sedble 1-4). A crosssectionalstudy in Spain
used MMSE to measure cognitive capacity argported better cogfive

performancaevasassociatedavith ahigher intake of frui{Ortega et al., 1997
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Combining severalcognitive testsas well adMMSE, havealso been used
for example with the Hordaland Health Study whereby episodic memory, executive
function, semantic memory and visapatial skills were also determing¢durk et
al., 2010. Thisstudy reported a dosiependent association of flavonoid intake to be
associated with better cognitive performance in several domains. For example,
executive function, global cognition and semantic memory show strong relationships
with total vegetable imtke, while total fruit intake was associated with vispatial
skills, episodic and semantic memory. A study from Spalrnich used a set of
cognitive batteries haillentified better cognitive performance amongst participants

who consumed more olive oilpffee, wine and walnut®/alls-Pedret et al., 20}2
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Table 1-4 A summary of crosssectionalstudies examining theassociation between polyphenol intake and cognitive performance

Study design and Method of
Authors setting, sample size, dietary Cognitive tests Key findings Comments
age and gender assessment
Ortega et | Maleand female Assessment of SpanisHanguaye version | Healthy diet with higher intake of totg Intake of polyphenetontaining
al. (1997 | elderly fromSpain food intake of MMSE, Pf ei f|food, fruit, carbohydrate, thiamine, | foods fran fruit was associated t
(N=260) aged65-90 using7 day Mental Status folate and vitamin C associated with | lower incidence of cognitive
years weighed QuestionnairdPMSQ) adequat e MMSE s c (deficit. However, no causafffect
dietary record relationship can be drawn becau
the positive result was obtained
from a mixed diet contained of
several nutrients not just
polyphenols.
Kuriyama | Male and female Assessmentf | Japanesknguage version | The prevalence of cognitive No quantificdion was made base
et al. elderly from Japan green tea of MMSE impairment decreased with increasin| on the volume (ml) of green tea
(2006) (N=1003) a|consumption consumption of green tea. consumed which maybe differed
years using sé- individually thus may affect the
administered association with MMSE results
guestionnaire
Nurk et al. | Maleand female Assessment of, Kendrick Object Learning | § Association between the food Better cognitive performanceas
(2009H elderly from Norway | wine, tea and | test (KOLT)Trail Making intake and cognitive performance| reportedrom the @mbinations of

(N=2031) aged 704
years

chocolate
consumption
using FFQ

Test, part A (TMTA),
Digit Symbol test (FDST)
Block Design, sha form
(m-BD), MMSE and
Controlled OraWord
Association test ($ask)

1 Thestrongeseffect on cognitive

are dose dependent.

performance was shown in specif
intake for wine and chocolate but
linear association for tea.

severakognitive testsvas
associated to the intake of speci
polyphenolcontaining foods.
However, food intake estimation
from FFQ can cause under or o\
estimation of polyphenol intake.
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Study design and Method of
Authors setting, sample size, dietary Cognitive tests Key findings Comments
age and gender assessment
Nurk et al. | Same participants as | Assessment off Same as Nurk et al. (2009 § Participantsn the highest (greater| The use of portion size in the
(2010 Nurk et al. (2009) plant foods tharlL0" percentilg intake of plant | form of household measures
intake using foods intake performed better i | enables better quantification of
FFQ cognitive tests. the food intake of the population
Associatiors between the
combination of fruit and vegetablg
intake and cognitive performance
are dose dependent (up to
500g/day) and reach plateau for
grain products and potato (100 to
150 g/day).
Valls- Male and female Assessment of MMSE, Rey Auditory Better cognitive performance Measurement of urinary
Pedret et | elderly from Spain Mediterranean| Verbal Learning Test, associatedvith the intake of specific | polyphena$ as biomarker and
al. (2013 | (N=447) aged 55 to 80 foods intake Wechger Memory Scale, | foods (olive oil, coffee, walnut and | other measures such as physica

years

using FFQ and
validated by
faceto-face
interview with
trained
dietitian

Digit span test of the
Wechsler Adult
Intelligence Scale (WAIS)
and Colour Trail Test (part
I and I1)

wine).

activity and apolipoprotein E
genotype enabled comparison tc
be made with many factors
associated with cognitive
performance.
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1.6.2.2Epidemiological studies

There are several studies which adapted 3Hvas an outcome measure to
determine cognitive changes of thepulationstudied (se@ able 1-5). For example,
a study amonghe elderly in France has used this test as the measure of global
mental status(Letenneur et al., 2007 Elderly people with a higher intake of
flavonoids have lost fewer MMSE scer@as compared to the lowest flavonoid
consumersaftera 10 year follow upA large cohort study in the United Statess
used MMSE to identify thassociation between coffee and tea consumption with the
variation in cognitive performance during nine years of follgn(Arab et al., 201}
This study reportedess cognitive decline with increased consumption of these
beverages among women, without a dasponse effectdiowever,findings from
the studies aboveloes not imply direct association @blyphenol intake and
cognitive performance as MMSkas used as a measure toegn outan individual
with demenia or having mild cognitive impairmentloreover, this test is unlikely to
detect small changes in cognitive performance over a period of time, thuagrtak
inappropriate to infer the protective effect of polyphemml cognitive performance.
MMSE was reporteds showng a ceiling effect in the scores in a follow up study
amongst thecognitively normalelderly in Germany(Hensel et al., 20Q7 This
problem was suggestdd be due to a practice effect. In addition, MMSE does not
have different versions which can be used in a study with repeated measurements or
follow up.

Polyphenolrich foods mayimprove cognitive functionor redue the risk of
cognitive decline.A prospetive study among middiaged adults reportedthat

frequent coffee drinkerfiad a lower risk of cognitive decline after 21 years of
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follow-up (Eskelinen et al.2009. In addition, frequenttea drinking habitshave
shown abeneficial effect in reducing the risk of cognitive impairmaitér two years
of follow-up, in a population oflderly Chinesg/Ng et al., 2008

It can be summarized thatudieswhich evaluae the association between
polyphenolintake and cognitive performancevere mostly performed amonipe
elderly (Ortega etal., 1997 Kuriyama et al., 2006Nurk et al., 2009pNurk et al.,
201Q Valls-Pedret et al., 20)2This approachs subjectto some weaknesses as the
dietary reporting or recording can potentially be affectectdiynitive declne as a
part d the ageing process. Moreoven generalizton can be made from the results
of epidemiological studies becaustthe chances of sample bilsampot et al.,
2012. The aproachof assessing thentake of polyphenal from the whole diet
rather than specific polyphenol compounsisuggested in identifying the possible
health benefitdor humars. A large cohort study hasuggested thatlooking at
overall flavonoid intake rather than its subclass or at flavonoid containing éaods
providea better explanationféhe potential effect of flavonoids on heafibevore et
al., 2012. This was supported by the increase in the effectiveness of nutrients on
health by the synergistic interaart of the complex matrix in a healthy di@arletta

et al., 2013
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Table 1-5 A summary of epidemiological studies examining the association between polyphemibke and cognitive performance

Study design and

Polyphenol food

setting, sample size, ag¢ Duration | sources and method . -
Authors at the beginning of the (years) of dietary Cognitive tests Key findings Comments
study and gender assessment
Kang et Female nurses from US4 17 years Assessment of it Telephone Interview fol § No association Dietary intake was self
al. (2005 | (N=15,080) aged prospective| and vegetable Cognitive Status (TICS between total fruit | reporedwhich maybe
betweer30 to 55 years | study consumptiorusing and East Boston intake and cognitive| subject to alteration of
food frequency Memory Test category decline food intake as a part of
qusstionnaire(FFQ) | fluency (naming 1 High vegetable ageing procesahich may
animals) consumption was | be caused changing in
associaté with food preference
lower cognitive Cognitive decline was
decline amonghe assesseasnly overa
elderly. period of 2 years
Letenneur| Malesand femals 10 years Assessment of Mini-Mental State Higher flavonoid intake | A subsample of detailed
et al. elderly from France prospective| flavonoid intake Examination (MMSE), | associated with a better dietary survey using 3 da
(2007 (N=1640) a g|study usingFFQ Bent onds Vi cognitive performance | record enables the

RetentionTest (BVRT)
66l saacsodb
(ISsT),Zazzo6b6s

cancellation test and

We c h s ligitr 6 s
Symbol Test

over a 16year period.

conversion of food
consumed from frequenc
(FFQ) to quantity for
better atimation of
flavonoid intake.
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Study design and
setting, sample size,

Polyphenol food

Authors | age at the beginning Duration | sources ‘tind method Cognitive tests Key findings Comments
of the study and (years) of dietary
assessment
gender
(van Male adults from 10 years Assessment of coffe{ MMSE Inverse association MMSE is not a sensitive test to
Gelder et | Finland, Italy and the| prospective| consumption using between numbers of deted cognitive changes that
al., 2007 | Netherlands who wer| study standardizedelf cups of coffee consume occuroverperiod of the study. N¢
born between 1900 tqg administered with cognitive decline. | quantification was made based (¢
1920 (N=676) questionnaire and the volume (ml) of coffee
crosscheckwith consumed.
dietary history
method
(Ng et al., | Maleand female 2 yeas Assessment ofea Chinese version of| Regular tea The approach of excluding
2008 adultsfrom Singapore| prospective| consumptiorusing the MMSE consumption associateq paticipants detected with
(N=1438) 4 study guestionnaire on with lower risk of cognitive impairment at the
years habitual intake of cognitive impairment | baselindfrom MMSE data
common types of teg and decline. enables better understanding on
the effect of tea drinking to
cognitive performance assessed
after 2 years.
(Eskelinen | Male and female 21 years Assessment of usual MMSE Individual who drank Selfreported data on coffee and
etal., elderlyfrom Finland | prospective| dietary intake using coffee 3 to 5 cups daily| tea consumption might introduce
2009 (N=1409) aged 65 to| study FFQ and quantitative was associated with thg under or over reporting ohé

79 years

measurement of
coffee and tea intake
at the midife

examination

lowest riskor decrease
risk of having dementia
or Alzheimer disease.

drinking habit.
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Study design and
setting, sample size,

Duration

Polyphenol food
sources and method

Authors | age at the beginning (years) of dietary Cognitive tests Key findings Comments
of the study and
assessment
gender
Arab et al. | Male and female 9years Assessment of usual MMSE Tea or coffee No quantification was made bas
(201) elderlyfrom USA prospective| dietary intake using consumptiorreduce the | on the volume (ml) of coffee
( N=4809)5 4 study FFQ rate of cognitive decling consumed.
years in women with no dose
response relation was
detected.
Kesse Male and female 15 yeas Assessment ofotal | RI-48cued recall | § High total No baseline data for cognitive
Guyot et | adultsfrom France prospedive | and specific test,Semantic polyphenol intake | performance available én
al. (2013 |(N=12,741) aged study polyphenol intake fluency task was associated with| assumption was made that the
betweer35 to 60 using24-hour dietary | Phonemic fluency better language and| participants do not experience
years records task Forward and verbal memory but | cognitive impairment at the

Backward Digit
SpanandDelis-
Kaplan Trail
Making Test

not with executive
functioning

1 A negative
association was
foundbetween

scores on executive

functioning andhe
intake of some
polyphenas.

baseline
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1.6.2.3Intervention studies

Nutritional interventions weréypothesizedas having a potential beneficial
effect in slowing the cognitive declinA.recent relew by Lamport et al. (2012has
summarized the association of polyphenol intake and tegrperformance from
epidemiological and intervention studies. Foods and polyphenols whichusestan
interventionstudiesinclude berry juice, cocoa, soy milk, resveratrol, isoflavone and
flavonoid supplementsnd intervention studies rardygom acue or from 5 days up
to 12 monthsThe authors summarized that ghelyphenol consumption has shown
beneficial effects onlyn acertain cognitive domain and these effects were simall.
addition, there was no dose response effect of polyphatake on caynition as
demonstrated in the intervention studies included in the rekewthe purpose of
this chapter, onlywo of these intervention studies will be discusg¢eéndrickson
and Mattes, 20Q&ennedy et al., 20)(QseeTable1-6). These studies were selected
becausehe acute nature of the study administratioraddition,three recent studies
(Cropley et al., 201,2Bookheimer et al., 2013ase et al., 20)3vhich werenot
included in the review bizamport et & (2012 are added to extend the review.

In anacute polyphenol intervention study usigr@gpe juice participants were
instructed to avoid eneregontaining beverageand avoiding polyphenol containing
foodsthree hourdefore the start of the studiendrickson and Mattes, 2008 his
study showed no acute effect of the dietamyervention on memory for the
intervention group, as assessedalword fragnent completion task. A study among
healthy adults using two doses (250 and 500 mg) of-tesweratrol instructed the
volunteersto fast overnighwith only waterbeingallowed tobe drunk before the

first visit (Kennedy et al., 2090This study reported an improvement in biological
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measures with the increase in cerebral blood flow assessed tfrentotal
concentration of haemoglobin. However, cognitive funrctassessed frorSerial
Subtractionand Rapid Visual Information Processingas not affectedoy the
intervention.

A recentdoubleblind, placebecontrolled crosscer study with four acute
treatments of coffee with various amosiof caffeine (5 to 167 mgn 6 g coffee
powder) anchlorogenic acid$224 to 521 mg in 6 g coffee powder) was performed
among healthy elderlpeople(Cropley et al., 2012 Severd cognitive testswere
administeredat baseline and 40 minutes after the consummutfaoffee productsA
positive behavioural effect of neraffeine compounds such as chlorogenic acid
present in coffee was found amongst the participants such as icaéardeess and
decrease mental fatigue and headache. However, no treatment effects were found in
the results of cognitive performance between treatment groups.

A recentplacebecontrolled randomized tri@lave8 0z of pomegranate juice
for 4 weeks to th intervention groupBookheimer et al., 2033This study involved
28 elderlysubjectswith memory complaints screened by using MMSE. Performance
in the memory test, as assessmihg theBuschkeFuld seledve reminding task,
showed a significant improvement compared to the placebo group at the end of the
intervention. In addition, increase in functional brain activation during verbal and
visual memory task was witnessedin the intervention groups as measlirby
functional magnetic resonance imaging (fMRI). Anotbarrentinterventionstudy
using a chocolate drink mix with three different dosages was performed among
healthy middleaged participant¢Pase et al., 20)3This study did not find any
improvement in cognitive function as assessed fraonaputerized cognitive battery

from any dosage given to the participants.
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There were some difficulties in determining the association between
polyphenols and cognitive functiofhis includes the variety of the compounds
present in foods, and the intetian between various bioactive compounds in
polyphenol containing food¢Spencer et al., 2008which may affect cognitive
function. In addition, the application of various cognitive tests within the same
cognitive domain or the focus on different cognitive domains has cw@dparison
between studiedlifficult. In conclusion, therevas little evidence © the effects of
polyphenol intake on cognitive function and theffects weresmall and only shown

on specific cognitive domain tested in the intervention studies.
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Table 1-6 A summary on the effect of polyenol intake and cognitive performance inntervention studies

Authors Study de§|gn Study design and plyphenol Cognitive tests Key findings Comments
and setting food sources
Hendrickson| Male and femalg Acute, dubleblind, within Word Fragment Completion | No acute effect of the dietar] The approach of giving
and Mattes | adultsfrom USA | subject and placebmntrolled | task intervention on memory for | the quantity of the juice
(2008 (N=35) aged study usind0 mi/kg body the intervention group based on ddy weight is a
betweenl8 to50 | weight of a placebbeverage good way to ensure the
years or 100%Concord grape juice standardization of the
containing 2,100 mgfbtal amount of drinks receive
phenolics as gallic acid by all participants in the
equivalents intervention group.
Kennedy et | Mae and femalg Acute, mndomized, dable- Serial Subtaction, Rapid No acute effect of the dietar] Due to the acute nature
al. (2010 adultsfrom UK | blind, placebecontrolled, Visual Information Processing intervention on memory for | the study, assessment o
(N=22) aged crossover studyTwo doses (RVIP) the intervention group the bioavailability of the
betweer2l to 29| (250 and 500 mg) of trans supplements in human
years resveratrol and placebo and il body is an essential gte
counterbalanced order on to understand the effect
separate days. of the supplementation t
cognitive performance.
(Cropley et | Male and femalg Acute, dubleblind, placebe | Visual Verbal Learning Test | Positive behavioural effect o Shortterm wash out
al., 2013 elderly (N=39) | controlled crossover study (VVLT), Rapid Visual noncaffeine compounds period (by at least 1

agedbetweerb3
to 79 yars

with four treatments of coffee
with various amount of
caffeine and chlorogenic acid
CGA (regulardecaffeinated
coffeewith low CGA, regular
decaffeinated coffewith high
CGA, caffeinated coffeavith

low CGA and placebo)

Information Processing
(RVIP), Mismatch negativity
(MMN), VVLT verbal delayed
recall, VVLT delayed
recognition, Emotional face
recognitiontask (EFRT),
Inspection time (IT), Stroop

Color-Word Test(SCWT)

such agchlorogenic acid in
coffee on behaviour such as
increase alertness and
decrease mental fatigue anc
headache. Ntreatment
effect was foundh cognitive
performanceestsbetween

treatmengroups

week) can possibly caus
learning effects on the
cognitive test
administered in the study
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Authors Study de§|gn Study design and plyphenol Cognitive tests Key findings Comments
and setting food sources
Bookheimer | Male and femal¢ Placebacontrolled randomize( BuschkeFuld selective A significant improvemenin | Combination of cognitive
et al. (2013 | elderly from trial for 4 weeks involved the | remindingtask unrelated memory task was shown in | testing and fMRI enables
USA (N=28) consumption o8B ounces of | word-pair associates learning| intervention groums identification of possible
aged O6 ( either pomegranate juice or a| visualmemorytask comparedo the placebo cognitive domain
flavour-matched placebo drinl group improved from the
supplementation.
Pase et al. | Male and femal¢ Randomized, doubiblind Immediate Word Recall Cognitive performance was| The cognitive tests
(2013 elderly from study for 30 days using three| Simple Reaction Time, Digit | not affected by the administered in the study
USA (N=72) different dosage of chocolate| Vigilance, Choice Reaction | intervention at any doses have covered various
aged 4665 yearg drink mix containecdb00 mg, | Time, Tracking, Spatial given. cognitive functions. This

250 mg or 0 mg of
polyphenols (placebo)

Working Memory, Numed
Working Memory, Delayed
Word Recall, Delayed Word
Recognition and Delayed
Picture Recognition

approach enables bett
understanding on the
potential effect of the
intervention on various
cognitive domains.
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1.6.3 Mechanisms

There are several ways diet can influence brain function which irglude
neurogenesigStangl and Thuret, 20p9 facilitating neurotransmitter regulation,
affecting membrane fluidity, synaptic transmission and involvement in signal
transduction pathway8GomezPinilla, 200§. The metabolic procssin the active
brain regionss mediated by brain-derived neurotrophic factor (BDNFa growth
factor which is responsible forthe stimulation of synaptic plasticity, enhasce
learning ability and formation of memofomezPinilla and Nguyen, 20)2The
hippocampus and hypothalamus are the main brain sites where these factors are
present in large amounts and responsible for cognitive functions such as memory
(hippocampus) and mood and metabolic control (hygdathus)Nawa et al., 19956

Polyphends have been linked teseveralbeneficial effects on healtbut one
area gaining interest is cognitive functioRolyphenols have been proposed to
possess a neuroprotective effect and to have the ability to improve cognitive
performance. There are three mpwssible sites where polyphenols can have direct
action on brain function which include (i) outside the central nervous system (CNS),
(ii) inside the CNS and (iii) at the blood brain barrf®oudim et al., 2004Ghosh
and Scheepens, 20pencer, 2009a

The Hood brain barrier (BBB) creates a block whialil allow selected
molecules to pass through the blood circulation to the brain. The properties of this
barrier include controlling the traffic across the endothelium and control of the
composition of br ai(Voulisn etead.t 208Yc Favdnaid a r
properties such as the charged state and lipophilicity can affect the transportation of

the compounds acroske BBB by means of transcellular diffusion. In one animal
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study, flavanol {) epicatechin supplementation (100 mg/kg body weight) was given
daily to male Wistar ratin three different duratianof 1, 5 and 10 day§Abd El
Mohsen et al., 2002 This study reported the production of metabolites epicatechin
glucr o ni d e-O-meaihglated épicatechin glucuronide in the plasma and brain
tissue of the animal. Howeveamincrease in the polarity of the glucoronides reduced
the abilty to partition; thus, decreasirtlge possibility for the compounds to cross the
BBB. Another study has administered epicatestsnpplemented diet to mice and
has tested the spatial learning of the animal by ufiedMorris water mazegvan
Praag et al., 200)/ This test was used to assess the ability of the test animal to find
direction and can be manipulated using certain condisoh as food deprivation.
This study has reported that epicatechin metabolites were detected in the huain tiss
of the supplemertianimal.

Polyphenolswere proposed to act upon the modulation of memory and
learning by their interaction with several neuron signalling pathways. A review has
suggested a few mechanisms associaidtthis interaction which includgl) direct
modul ati on o factivity hsach #&simitogegsaetvaied protein kinase
(MAPKSs) as responses to different stimuli, (2) attachment to enzymes and receptors
on theadenosine triphosphat@TP) sites, (3) maintaining the regulation of ta
thus preventing the activation of €alependent kinases in neurons, (4) influence the
function of phosphatases, enzymes which removes the phosphate group from its
substratéoy which the role is opposifeom kinases, and (5) modulation of signalling
cascads associated witthe kinase¢Spencer, 2009a

Flavonoids can potentially exert effeadtn neuroprotectionpy which the
interaction with a few signalling cascades including MARMEs proposed as the

means of actionKobuchi et al., 1999Kong et al., 200D Flavonoids act by



41

influencing the modification afhe expression heel of targeted molecules within the
pathways and phosphorylation moggrahimi and Schluesener, 201Zhree main
MAPK pathways whichare involved in the action of flavonoids in the nervous
system include; mitogenic ERK 1/2, JNK and p38 cascades. JNK and ERK 1/2 act
oppositely, one iniites neuronal apoptosis while the other mediates neuronal
survival and growth.

Polyphenolcontaining foods can potentially show beneficial eBeotCNS
by increasing the ceredd blood flow(CBF). Increase in CBRvassuggestedo show
a promisingeffecton brain functiof(Ghosh and Scheepens, 2R0® previous study
among sixteen healthy adults evaluated theffect of an acute dose of 450 mg
flavanolsgiven onCBF during cognitive task(Francis et al., 20061n this study,
CBF wasassessed from kdo oxygenation level dependent (BOLD) which was
measured usinfunctional magnetic resonance imaging (fMMRn increase in CBF
after the acute dose of flavanols given to the participaats reportedsuggesting
changes in cognitivéunction including adatation and effort during the task
Another study gavethree single dose treatmenof placebo or twodoses of
epigallocatechhin gallate (EGC@&35 mg and 270 mgpn separate g to assess
the effect of the compounoh CBF (Wightman et al., 2012 The changes in CBF
during cognitivetestingwereassessed using neafrared spectroscopy measured by
oxygenated and deoxygenated haemoglobhis study reportedlecrease in the
concentration obxygenatechaemoglobirand total haemoglobiim the frontal cortex
during the task periodfter theintake of135 mg of EGCG.Although therewasa
lack of evidence on the potential effeain cognitive performance, thisusly has

shownthe potential beneficial effeadf flavanols to brain function by increasing the
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CBF. As a conclusion, polyphenols can potentially affect cognitive function through
direct or indirect effect on the braivhich can bdacilitated by several nohanisms.

The dramatic increasef many lifestyle related diseases such asesity,
metabolicsyndrome, diabetes and cardiovascular desass initiated many studies
to investigatehe role of foodsn disease preventioandtreatment Polyphenols are
suggested to have beneficial effects on a number of hisaliks Of relevance to this
thesis are the potential mechanisms by which polyphenols may positively affect
cognitive function. The association between polyphenol intake and health can be
evaluated through several approaches, including short term and long term
intervention studies, cell studies, cohort or epidemiological studies, and cross
sectional studies.

Obesity, as determined from body mass index (BMI) or waist circumference,
was associated witimcreased risk of many chronic diseases and also poor cognitive
performance. Some examples include a esessional study among Canadian adults
which reported an increased risk of lower cognitive performance among obese
participants specifically on exetive function assessed using the Trail Making Test
(TMT) (Fergenbaum et al., 20p9n another study of healthy adults aged 20 to 82
years taken from the BraiResource International Database, an increase in BMI was
related to poor cognitive performance specifically in the executive function domain
(Gunstad et al., 2007

As obesity can lead to an increased risk of chronic disease and poor cognitive
health, then weight reduction and weight management may help to improve long
term health. Polyphenols hapotential berfecial effects m weightregulation For
example, in astudy of overweight participanta reduction ofwaist circumference

and body weight was observed by an average of 4.5 % and 4.6 % respeftaraly
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three monthinterventionof green tea extragiven in the form of capsuld€hantre

and Lairon, 200 However, no control group or placebo arm was included in the
study, so it is not possible to estimate whether this effect was significantly better than
chance.

A review of short term effects of tea catechin consumption reported mixed
results on energy expendituf@/estertergPlantenga, 2090 Some studies found an
increase in energy expenditure of 4 to 4.6% measurdt@rs after treatment with
EGCG (doses betwed&® to 94 mg)m combination with caffeine (doses betwesh
to 100 mg)(Dulloo et al., 1999Rudelle et al., 2007 A non-significant result was
reported by another study which showed an increase of 2.3% in energy expenditure
after treatment with green té@regersen et al., 26D A long term study (12 weeks)
among healthy Japanese men given eithieaw dose of catechins (77.7 mg) ar
high dose (592.9 mg)f tea catechins, showed an increase in energy expenditure in
thehigh dose group from 51 kcal to 90 kcal by weekHarada et al., 2005

A studyusingNational Health and Nutrition Examination SuyM&NHANES)
datain the United Stées examinedthe asociation between frequency of tea and
coffeeconsumptiorwith the use of additions to the beverages including roréam,
sugar or honeyand artificial sweetenen relation toBMI and abdominal obesity
(Bouchard et al., 2030The datasuggestd that frequency of tea consumptioras
associated witla lower BMI and waist circumference in menhile coffee showed
no association with obesityUnexpectedly, tea and coffee consumption with the
addition of artificial sweeteners was associated with higher BMI.

Fruit and vegetables which are high in fibre and polyphenols have been
studied in association with weight reductiddavis et al. (2006 observedthat

normal weight individuals consumed more fibre and fruit than their age and-height
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matched overweight or obese counterpdrtss finding suggestedhat fibre intake as
one of the polyphenol sourcessviaversely associated with body fat.

A study performed in Brazil which assessed habitual diet at baseline and after
six months reported that amcreasedntake of fruit,vegetablegnd dietary fibravas
asseiated with significant weight losa overweight adult¢Sartorelli et al., 2008

A review d the potential association between fruit intake and body weight
identified an inverse assodmt in some of the intervention, prospective
observatnal and crossectional studiegAlinia, 2009. Three intervention studies
wereincludedin this review withdurations rangingrom 8 to 12 week$Rodriguez
et al., 2005Fujioka et al., 2006de Oliveira et al., 2008 Ovexll, the incorporation
of high fruit intake in the dik significantly reduced body weighby 1 to 6 kg
However, no generalization can be mddem the positive resultseported in the
reviewas theapproachaken in these intervention studi@asdifferentin each case.

In addition, thesamplein each studyliffered in theirdietary patterawhich, in turn,
could affect overall energy intake.

In conclusion, high BMI is associated with lower cognitive performance. The
intake of polyphenetontaining foods such as tea, fruit and vegetables was
associated witla reduction in weight, thus may potentially reduce the risk of chronic
disease.

Diabetes is a condition of impaired glucose tolerance (IGT) and has been
associated witha reduction in cognitive performance. A review hgmport et al.
(2009 suggested that IGT and poor glucose tolerance was related specifically to
impairment in verbal memory. The authors suggested that IGT impaireprd of
glucose across the blood brain barrier, thffectedthe uptake of glucose by the

brain. Reducg brain glucose is associated with poor cognitive performance.
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Previous crossectional studies have reported cognitive decline amongst patients
with type 2 diabeteéStewart and Liolitsa, 199%wad et al., 2004 Compared to the
control group (without diadtes), thedecline was specifically shown iearning and
memory skills and executive function.

Coffee, a polyphendlich beverage, has been associated with a lower risk of
diabetes. For example, the EPIC study reported that coffee consumption as assessed
from FFQ, showed an inverse association with type 2 diabetes risk (HR: 0.77 for
caffeinated coffee and HR: 0.70 for decaffeinated coffe®egel et al., 2012 In a
sub-sample of rural Japanese adults, a lower rate of diabetes mellitus among men
consuming coffee was reported after adjusting for (hgai et al., 2002 Another
study in Japan has found a modest decrease in risk of diabetes among a cohort of
community dwelling individuals who consumed coff@ba et al., 2010

An inverse association was found between coffee consumption and
inflammatory markers including tumour necrosis fadior ( TUN P receptor
C-reactive protein (CRP) among diabetic patients who participated in a cohort study
performed in the United S&s (Williams etal., 20083 In addition, regular coffee
consumption was also associated with a reduction in both insulin resistance and the
incidence of type 2 diabetes.

Polyphenols from fruit have also been associated with a reduction in risk of
type 2 diabetes. A ¢wrt study conducted in Finland found a strong inverse
association of diabetes risk with berries and apffeskt et al., 2002 Another
large prospective cohort study on American adults reported a lower risk of type 2
diabetes among participants with higher intakes of anthocyanins and specifically
from blueberries, apple and pe&vgedick et al., 2012 As a conclusion, polyphenol

food sources such coffee and fruit are associated with a lower risk of diabetes.
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The metabolic syndrome (MetS) is a term assediatith a combination of
risk factos connected toardiovascular disease (CVIBahn et al., 2006 The risk
factors include: (L abdominal obesity measured by istacircumference, (2)
hypertriglyceridemia, (3) low level dfigh density lipoprotein cholester@iDL), (4)
high blood pressure and (5) high fasting blood gluc€EP, 200L MetS is
associatedvith poorer cognitive performancas found bya lower sore in global
cognition test, verbal learning and semantic memory waitlincreasd number of
MetS criteria fulfilled by the participan{&atto et al., 2003

An initiative was made to determine the long term association of several
health factors associated with cardiovascular health and cognitive perfor(Raice
et al., 2013 These factorsveredefined by the American Heart Association which
include blood pressure, physical actyyihealthy diet, healthy weight, cholesterol
level, smoking status and blood gluco§@o et al., 201B This study has
prospectively followed the participants with the initial age of 18 to 30 years for 7 to
25 years. Authors suggested that health and behavioural factors at a younger age may
contribute to cardiovascular health, shun turn related to better cognitive
performance at a later stage of life. A longitudinal study conducted in London has
found the same trend of poorer cognitive performance among individuals with long
standing CVD(Singh-Manoux et al., 2008 This study suggested the importance of
preventive measures at an early age to reduce the risk of CVD, as failure to do so
lead to impairment iognitive functionin old age.

Diet is a modifiable factor for reducing the risk of CVD, and increasing
evidence suggests polyphenols agaake animportant contribution to a healthy
heart. A recent study in Iran examined the association between dietary polyphenols

and metabolic syndrome among a sub sample of the adult popyatbmab et al.,
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2013. This study assessed measurements associated with metabolic syndrome
including anthropometric, blood pressure, fasting blood glucose, triglycerides and
HDL cholesterol. High consumption of flavonoids was associated with lower
incidence of metabolic syndrome. Another study in China found an association
between higher anthocyanidin intake and increased HDL cholesterol in females, and
higher total flavonoids were associated with lower plasma triglycefidest al.,

2013).

Polyphenols may have a protective effect in other CVD risk factor such as
hypertension. A cohort study has proposed a reduction in risk of hypertension in
participants in the highest quintile of anthocyanin intéRassidy et al., 2031 An
intervention was performed among participants with metabolic syndrome by ahich
daily dose of 50 gram freeziried blueberries was given for 8 weeks while the
control groups consumed the same volume of fluid intake. The supplementation
which wa high in anthocyaninshowed a significant decrease in systolic and
diastolic blood presure as comparedith the control group(Basu et al., 2010
Another study among a group of adults at high risk of CVD reported a significant
increase in HDL cholesterol and reduction in low density lipoprotein (LDL) after
four weeks intervention using a combination of cocoa powder kintheged milk
(Khan et al., 2012 A randomized, placeboontrolled, doubléeblind crossover study
over 8 weeks in diabetic patients used polypheimdi chocolate as the active
product and chocolate with cocoa butterd without cocoa solids as placebo. A
signficant improvement in HDL cholesterol level and reduction in the ratio of LDL
to HDL was reported after the interventighlellor et al., 201D Furthermore, a
metaanalysis showed a doesependent reduction in blood cholesterol after short

term (8 to 12 weeks) supplementation of cocoa products in participants with
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cardiovascular riskJia et al., 2010 However, no positive effects on HDL or LDL
following cocoa polyphenols have been shown in healthy participants.

In conclusion, higher polyphenol intake was negatively associaitbdthe
criteria of MetS, thust may reduce the risk of CVD incidence. The summaryhen
potential indirect effect of polyphenol to health is showrFigure 1-3. Intake of
polyphenolcontaining foods can potentially reduce thek of several chronic

diseases whichreassociated with poorer cognitive performance.

e Obesity

e Diabetes Associated with Poorer cognitive

e Metabolic syndrome and > performance
cardiovascular disease

Reduce the risk

Intake of polyphenol-containing
foods

Figure 1-3 Summary of potential indirect effect of polyphenolon health

1.7  Summary of the relationship between polypknol intake and

cognitive performance

This chapter has summarized previous studies which édaus polyphenol
intake in associatiorwith cognitive performanceCrosssectional studies have
reported that intake of specific polyphenetontaining foods genally produce

better results in cognitive tests. Although no caes$fact conclusion can be made,
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the crosssectional studies can give an insigiib the major polyphenol food sources

of the populationstudied Several prospective studies have reporteditiye
associations between polyphenol intake and the reducing risk of cognitive decline or
better cognitive performance. However, the variation of dietary intake throughout the
length of the studgan affect the polyphenol intake of thepulationstudiead, thus
thisneed to be evaluated carefully. Intervention studies using polypkasdhining

foods have reported mixed results in the effectiveness of the intervention in

improving cognitive performanaa reducing cognitive decline.
1.8 Aims and objectives

Only a few studies have reported the likely polyphenol intake of the UK
population. There is limited research on the association of pahygd and cognitive
performanceon the UK population Taken together, this thesis aims to address some
of the gaps imresearch by assessing both the polyphenol intake and the cognitive
performance, using selected cognitive tests,the UK female population. The
hypothesis is that a high consumption of polyphenol containing foods will be
associated with better cognitiygerformance amongst the study population. The
objectives of this thesis are:

1. To estimate the polyphenol intake and major contributing polyphenol
food or beverage sources in a sub sample of UK women.

2. To determine the total phenolic content and specificofiaid content
of selected foods and beverages using the fiilcalteu assay and
HPLC respectively.

3. To examinethe associatiorbetween polyphenol intakend cognitive

performancen a sample of UK women
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Chapter 2

Habitual polyphenol intake of UK women

2.1  Abstract

In this study an estimation of polyphenol intake was performed arvemg
sub sample of UK womenone overweight and/or obese and normal weidhie
polyphenol intake of the studigmbpulationwas 1089 + 814 mg/day. Tea and coffee
were the major polyphenasource of the studiedpopulation Apart from these
beverages, fruit and vegetables and confectionar@e® amongsthe important
source of polyphenol. This study has moved a step in analysing a few quantitative
variables for their association with pphenol intake. A predictive equation was
derived from the variables with significant association with polyphenol intage.
was consistently associatedth total polyphenol intake and two major polyphenol
groups; flavonoids and phenolic acids. Coffee & drinking habitsncreased
concomitanlly with increasing age and can be associated to this finding. Employment
status can directly affect the food choices, whereby students have shown a lower
macronutrient intake as compared to the participants wherapboyed. The socio
economic status ldaan impact a the food selection of the studigdpulation The
limitation of this study is that the existence of two distinct groups of population from
Leeds Womendés Wellbeing Study DOHLWIK) and

different age rangd-inally, the informationobtainedon the polyphenol intake by the
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participants has showthe important to promote healthy eating amongst all age

groups to enrich the polyphenol food source in the daily diet.

2.2 Introduction

The vastdevelopmerg in agricultureand food processing have shiftdee
dietary pattern of h e wpopulatbd By changing tirefood sources, selection,
and preference#\ wide range of foods are now available and affordable to people i
the Western wod. Polyphenolcontaining foods have been associated with some
health benefits (see Chapter 3ection 16); hence, interest in estimating polyphenol
intake and dietary sources of polyphenols has groiiferent sources of
information can be used to estit@golyphenol intake either at a population level for
example by using Food Balance Sheet or based on samples of individuals who report
their food intake. The analysis of these food intake reports relies on the availability
of comprehensive databases whigtovide details of the polyphenol content of
foods.

The Food Balance Sheet represents a
(Food and Agricultural Organization, 201Be. the food that is purchased in the
country but not necessarily consumed. An assessment of flavonoid intake of the
population of the United Kingdom and Ireland was performed based on data from the
Food and Agricultural Or g a reet fBaking and 6 s ( F
Vieira, 201). The esults were presented in grams per capita per day. The flavonoid
intake of the population estimated from five flavonoids (anthocyanins, flavanols,
flavanones, flavones and flavonols) were 182.2 and 176.8 mg/day/person for the UK

and Ireland respectively. ifortunately this study did not estimate intake of other
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polyphenols and estimation was based on raw food purchases rather than actual
consumption.

Two polyphenol databases that are widely used in the estimation of
polyphenol intake and satisfactorily filled most of the criteria of an ideal food
composition database adtmited States Department of AgriculttdSDA) database
and PhenolExploref’. USDA has developed a few databases on the phytochemical
content of food. The latest database is on the flamts content of selected foods
where the data was collated from refereed journals and unpublished (W&Rg\,

2011). Phenol-Exploref® database contains data on polyphenol content in foods and
was assembled and critically evaluated from original diiveu et al., 2010b
Methods used to quantify polypheradntent in foods in order to be included in the
database were discussed in Chaptef~dr. the estimation of polyphenol intake
reported in this chapter, data from HPLC was selected as the first preference. Data
from theFolin Ciocalteu assay was only usetien HPLC data was not available.
Morever, analysis of total phenolic content using Folin Ciocalteu assay is subjected
to interference such as ascorbic acid (see Chapter 3 for further explan&iiotier

details on these databases are explained in &hapt

There have been a few studies performed which aimed to estimate the
polyphenol intake and their association to health benefitecantstudy identified
the association betweedaily flavonoids and stilbenes intake and lipid profiles
amongst Chinesadults (Li et al., 2013. Emphasis in this study was on fruit,
vegetables and nuts which are commonly consumed by the respective populations. A
study oflranian adults examined dietary polyphenol intake using PhERrploref®
and theassociated health benef({fSohrab et al., 20)33Anotherstudy performed in

Mexico specifically measured the contribution of beverages to the intake of
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polyphenos in obese wmen using 24-hour food recall (HervertHernandez and
Goni, 201). The methods used to estimatyphenol intake and a summary of the
intakes estimated in various populationshewn in Table B (Chapter 1).

The recent, large European Prospective Investigation into Cancer and
Nutrition (EPIC) study(ZamoraRos et al.,, 2011a2011h estimated intake of
particular flavonoids includingflavonols, flavanones and flavongshytoestrogens
and anthocyains in ten European countries usi2g-hour dietary recallmethods
The objective ofthe EPIC study was to discover food source of selected
polyphenao$ and in additionto assess confounders relht® intake such as soecio
demographic, anthropometric aliféstyle factos. Of particular relevance to the data
presented in thishapterare the studies which assasg®lyphenol intake in the UK.

As summarized iTable2-1, a UK health conscious sample consumed higher
amounts of cedin flavonoidsubclasseas compred to the general populatiobhe
healthconscious grougonsists of egetarias, vegansand other healtgonscious
individuals (Riboli et al., 2002 However, no comparison can be made for total
flavonoid intake because no data are available forhbalth conscious sample. In
the EPIC study, tea and fruit were the major flavonoid contributors for the UK

sample(ZamoraRos et al., 2013b
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Table 2-1 Flavonoids intake of UK general and healthconscious samples in the

EPIC study
Flavonoid groups UK general population UK health-consdous
sample (N=403) (mg/day) sample (N=113) (mg/day)

Phytoestrogeris 4 21
Anthocyanidin$ 22 28

Flavonols, flavones and 98 131
flavanone3

Total flavonoid$ 502 Not available

1ZamoraRos et al. (2012 “ZamoraRos et al. (2011b°ZamoraRos et al. (201)a
“ZamoraRos et al. (2013b

The studies presented in this chapter focus on the habitual polyphenol intake
of women in the UK. Womegenerally undertake most of the feassociated tasks
in the family, which includes purchasing groceries, cooking and serving food to other
family members. This highlights the important role of women in food selection and
determining foods consumed withihe family (Johnson et al., 2011In addition,
women reportedly perceived themselves to be more conscious about food, more
likely to read nutritional labels, practi$ealthy eating and be more knowledgeable

about health and nutrition as compared to f@skes and Slotterback, 2001
2.2.1 Study objectives

Previous studies performed among UK samples have mainly focused on
flavonoid intake and have not included otpetyphenol groups in the estimation of
polyphenol intake.However, 1 is importantto estimate the intake of other
polyphenols grougor a comprehensivapproximationof total polyphenol intake of
the population studiedIn addition, too little attentionhas been paid to assess
polyphenol consumption frorthe daily diet of the UK population especially from
processed food$-urthermorethe quantitative variables associate to the polyphenol

intakeis also importanto beidentifiedfor a future promotion ofiealthy food intake.
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These variables can be used as justifications in the development of future research.
Therefore, this study intendedl fill theseresearch gagp
The objectives of this study are:
1 To estimate the polyphenol intake in a sub samplekof\dmen.
1 To identify the main polyphenol food or beverage sources consumed
by UK women.
1 To identify quantitative variables associated with polyphenol intake in

UK women.

2.3 Methodology

2.3.1 Study design

This study employed a cross sectional design wherédhb#ual polyphenol
intake was assessed using food diaries. The diaries were collected from two different

studies (see Secti¢h3.2.
2.3.2 Study samples

There are two groups of participants included in the study. These include
partich ant s from the Leeds Wo me (NES ethdge | | b e |
reference number: 10/H1305/8hd the Diet and Health Study (DH: study code D)

(Ref No:12-0020. Both studies wereonductedin the Human Appetite Research

Unit (HARU) at the Institute of Psyhological Sciencg University of LeedsData

taken from this studf. WW) were only from soci@lemographic information and 7

day food diaries collected during the screening phase of the study. Women who took
part in this 12 week intervention study were Iblare consumers (LF: study code R)

whereas those excluded from the intervention but included in the current study were
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high fibre consumers (HF: study code S). Low and high fibre consumers defined as
fibre intake less than 15 and more than 15 g/day résphbc The intervention was
focused on facilitating weight loss through two approaches; healthy eating advice
alone or healthy eating with extra advice to increase fibre intake to a minimum of 25
g/day. The selection of participants into the LWW interimntvas made based on a
combination of three parameters; low scores results for the Dietary Instrument for
Nutrition Education (DINE) for fiborRoe et al., 1994 an adaptedmeasure, the
Leeds Womenbdés Well being DINE (LWW DI NE)
data from a 7 day food diary. The DINE score for fibre is categorized as low fibre
intake (less than 30), medium fibre intake-@W) and high fibre intake (more than

40). The LWWDINE and fibre intake score were estimated from fiboataining

foods consumed by the participants and were presented as gram of fibre intake per
day. Hence, those with a fibre intake of more than 15 g per day were excluded from
the interventionFigure 2-1 shows the source of participants for the estimation of
polyphenol intake of the samples. All of these participants were included as the diary
data was collected prior to the LWW study intervention, thus, repregpital diets

of women. Data of food intake from the Diet and Health study (DH) was obtained
from dietary reporting by using a 3 day food diary. Inclusion criteria for this study
include women aged 18 to 50 years, not pregnantsnwker, having normal body
mass iné x and abov® and GaviBg. Englisk @d the first language.

Further details of this studyill be described in Chapter 4.
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Source of
participants

—
Leeds Women’s
Wellbeing Study

(LWW)
(7 day diary)
Diet & Helalth Study
LWW Low Fibre LWW High Fibre (DH)
(CF) (EY (3 day diary)
N=71 N=72 N= 103

Figure 2-1 Source of participants for the habitual polyphenol intake stug and
type of food diary used to estimate polyphenol intake (LF: low fibre
consumers, HF: high fibre consumers)

2.3.3 Measurement ofhabitual food intake

In this study, daily diaries werselected as the methodology to assess
habitualfood intake. Food intakewas assessed using a sginmpleted food diary. 7
day food diaries were collected from LWérticipants during the screening phase
For the DH study, a 3 day food diary in which all food consumed feeekdays and
1 weekend dayvas recordedParticipants rom both studies were asked to fill in the
diary and bring the completed diarp their next visit at HARU. They were
encouraged toecord their food intakéy using household measurasd toinclude
the food packagingvithin the diarywhere possibleThe participants were informed
about how to fill in the food diary and were shown exangple good dietary
recordingfrom other participants. In the DH studyfigure showingusual household
measurswas given to all participants to assist them in estiméatieg food intake.
This figure wasadaptedrom a food atlas developed liye Food Standard Agency

(Nelson et al., 2002
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2.3.4 Estimation of nutrients intake

Food intakedata from the food diaies were analysed using WinDiéts
software.This software comprised of two food databases; namely UK Food Tables
2008 and USA Foodables 2008. Food intake was assessed for all food consumed
during the day which include; breakfast, morning snack, lunch, afternoon snack,
evening meal and evening snack. The data were inputted in gram (g) of foods
consumed by the participants. The weighteach food referred to the UK food
portion size available in the database. To facilitate the approximation of portion size,
the latest food portion guideline book for selected UK foods was used in the study
(Cheyette and Balolia, 2010

The macronutrient content of processed food i.e. carbohydrate, protein, fat
and dietary fibre was sourced from the packaging provided by participants.
Alternatively, some of the values were obtained by browaing® r mar ket sd We
such as Tesco, ASDA and Sainsburyos. Th
using conversion factor; 3.75, 4 and 9 for carbohydrate, protein and fat, respectively.
Values for fibrecontaining foods such as fruit and vegetables vexteacted in
WinDiets® using USA Food Tables 2008 because UK data did not follow the
Association of Analytical Communitig®\OAC) method to estimate fibre content of
foods. Rirticipants have reported coffee and tea consumption using household
measures siicas a cup or a mug and some in a specific amount (millilitre). Data
from one cup was assumed as equal to 190 ml while 260 ml was used for one mug.
These portions were suggested from WiaDiets® software and were used data
entering The output for fod intake of each day was exported iMzrosoft Excel®

for further analysis.
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2.3.5 Estimation of polyphenol intake

2.3.5.1Estimation from databases

A list of foods consumed by the participants was developed for reference
purposes(see Appendix 12)It contained foodsvhich include raw or processed
foods, brand and participant study code. This list was used to assess the polyphenol
containing ingredients which were present in the food products. It also enabled a
standardization process whenever the same food prodecesoconsumed by other
participants. Processes involved in the
shown inFigure 2-2. Foods which do not contain any polyphenols such as-meat
based products were omittedorfin the analysis of polyphenols. Ingredients of
processed foods such as supermarket brand pasta meals were checked for
polyphenoicontaining ingredients. Foods that contained more than 1 mg per portion
of any polyphenol were identified using the PheErplorer® database when
possible, and in combination with the USDA database on selected flavonoids to
enable examination of the polyphenol content of as many foods as possible. The cut
off used for foods to be included in the polyphenol estimation was based on
previous study which referred to foods that contributed less than 1 mg/day as minor
contributors to polyphenol intakéPerezJimenez et al., 20)1 Thus foods that
contained less than 1 mg of polyphenols as consumed in a usual portion were

removed from the analysis



Food intake data from
food diary completed by
the participants

Total polyphenol intake
for three or seven days
calculated

Foods that contributed most
to total polyphenol intake
were identified:

coffee and tea

60

Foods that contain more than

1 mg per portion of any
polyphenols based on
Phenol-Explorer database
were identified

Foods that contain less than
1 mg of polyphenols were

removed

Summary of polyphenol
intake and sources of UK
women

Figure 2-2 Flow chart of food diary analysis to estimate polyphenol intake

Table2-2 shows the list of foods for which the USDA database was used for
the estimation of flavonoids content of food consumed by the participants. Data for
thearubugins from the USDA database was added to the existing data in-Phenol
Explorer® because this compound is a major contributor to the flavanol content of tea
(Kuhnert, 201]. Data for all other foods were taken from Phewploref as it is

more comprehensive database than USDA and comprised of various polyphenol

.

Four databases were created:

1. Total polyphenol intake: Total

2. Intake without coffee: NoC
3. Intake without tea: NoT
4. Intake without both: NoCorT

e

7

Statistical analysis

contents of foods, not only flavonoids.
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Table 2-2 List of foods for which the USDA database was used to estimate
flavonoid intake

No. Foods
1. Okra
2. Onions, spring or scallies (includes tops and bulb)
3. Sweet ptato
4. Cranberry jlice
5. Beans, snap, green, cooked, boiled, drained, without :
6. Cabbage, chinese (p&koi)
7. Sour cherryjuice concentrate
8. Blackberry juice concentrate
9. Blackcurranjuice
10. Strawberry juice
11. Tangerinesmandarin oranges

Using these two databasdstal polyphenol intake for threer sevendays
was calculatedand foods that contributednost to total polyphenol intakeere
identified. Intake was then analysed by number of diary days to find the estimated
daily polyphenol intak. Figure2-3 shows the polyphenol compounds included in the
estimation of the sampl es 6 pRdure?d3wera ol i n
selected on the basis that these compounds are commaosiypire foods consumed
by the sample studied. All compounds listed below were derived from HPLC
methods in both databasé®theid polyphenols do not belong to a specific class as
defined within PheneExploref’. Examples of compounds within this category

include catechol, phlorin and pyrogallol.
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Major polyphenol groups and the subgroups

|
[ | ]

Flavonoids Phenolic acids All other polyphenols
Anthocyanins Alkylmethoxyphenols
Flavanols Hydroxybenzoic acids Alkylphenols
Flavanones Hydroxycinnamic acids Lignans
4 Flavones . Hydroxycoumarins | Methoxyphenols
Flavonols Hydroxyphenylacetic acids Stilbenes
Diliyiochalconss Hydroxyphenylpropanoic acids Tyrosols .
: Furanocoumarins
Isoflavonoids % I
Other” polyphenols

Figure 2-3 Compounds included in the analysis of polyphenol intake

2.3.5.2Estimation from substitution of similar polyphenol content

Missing data from fruits, such astrus fruits and sultanas, were estimated
based on tangerine and raisin data from USDA RhenolExploref’ respectively
(seeTable 2-3). For other food groups which are mainly comprised of processed
foods, the estimation was nedccording to the percentages of ingredients in the
food productsOnl y i ngredients with a polypheno

were included in the calculation of polyphenol intake.
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Table 2-3 Strategy used to estimate polyphenol content in selected foods*

Strategy used to estimate polyphenol

Food groups Foods
content
Fruits Satsuma Referred to tangerine data from USDA anc
Clementine raisin data in PhendExploref®
Mandarin
Sultana

Cereals, wheat
and seed

Cereal bar (fruit)

Muesli (mixed
cereals)

Oat flapjack

Cereal bar

Hummus

Mustard, whole
grain

Referred to percentage ofiredients from
productlabelling

Fruit based
products

Fruit smoothies

Mixed fruit
juices

Fruit yoghurts

Fruit
concentrates

Referred to percentage of ingredients fron
productlabelling

Soup and sauceg

Instant soups

Tomato ketchup

Apple sauce

Curry sauces

Pasta sauces

Referred to percentagé ingredients from
productlabelling

Beverages Earl Grey tea Use data from black tea
Red tea
Herbal tea Use data from camomile tea
Fruit tea

*Data not directly available iRhenolExploref’ and USDA.

Table 2-4 shows the list of foods where the polyphenol intake was made

based on total phenolic content by uskain Ciocalteau methadHowever, for the

purpose of estimation of the polyphenol, these foods were not included in the

sunmary of the polyphenol intake.
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Table 2-4 Foods reported as total phenolic content ifPhenotExplorer®
Total phenolic content

Food (s) (in GAE mg/100 g or mg/100 mb
Squash 34.2
Pineapple juice 35.8
Turnip root 54.5
Pine nut 58.2
Honeydew 59.3
Green beets 61.1
Garlic 87
Fig 95.7
Cantaloupe 109.6
Peas 118.7
Whole oat 183.4
Tangerine 192
Ginger root 204.7
Fresh basil 231.8
Brazil nuts 244
Coriander seed 357.4
Fresh peppermint 980.4
Black pepper 1000
Adzuki beans 8970

2.3.6 Statistical analysis

Statistical aalyses were performed usitige Statistical Package for Social
Science (SPSSersion 19) All data were examined for outlietsing boxplotsand
the normalityassumptionsvere checked for each inferential analysi3ata from
continuous variables are presentednaman + standard deviatioRercentages are
used for categorical vab&es. Macronutrients and polyphenol intake data were
combined from LWW and DH samples to provide a better estimation and greater
representativity of the polyphenol intake of UK women. The total number of
participants was 246 women. The results are presentavo perspectives; namely

comparison between study groups to identify differences between 3 days and 7 days
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food recording and between beverage consumption groupsqGare test was used

to identify the association between two categorical variableependent-test and
analysis of variance (ANOVA) test were used to test differences of polyphenol
intakes by study groups and beverage consumption groups. Data which are not
normally distributed were analyzed using fmarametric tests to determine the
differences between groups; namely MaNhitney Utest for two groups and
KruskallWallis test for more than two groups. To identify the association between
variables and outcome, Spear manoés Rank
because most of the tdawere not normally distributed. Partial correlation was used

to control the potential effect of other confounding variable which allow a better
understanding on the association between two variables of infedisint, 200Y. In

this study, polyphenol intake is the dependent variable. Multiple linear regression
analysis was conducted to predict factors which were associated to polyphenol intake
of the studied samplep.values of <0.05 or <0.0Wvere considereds statistically

significant.

2.4 Results

2.4.1 Participant characteristics based on study groups

Table 2-5 presents the characteristics of participants based on study
populationseither between two study groups (LWW andH)Dor between three
studies (LWW-LF, LWW-HF and DH). From the data, there was a significant
difference in agebetween the two study groups (244) = 10.294; p<0.01] and
between the three study groyps(2, 243) = 54.641, p<0.01]. Bonferroni corrected
pod hoc testsshowedsignificant differences between LWMAF and DH (p<0.01)

and between LWWHF and DH (p<0.01), however, there was no significant
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difference between LWW.F and LWWHF. The same pattern was observed for
body mass indexbetween the two study gups|[t (244) = 12.107; p<0.01] and
between the three study groujps (2, 243) = 83.919, p<0.01] with the significant
differences observed between LWW andF Hoarticipants (p<0.01).LWW
participants were older and heavier than DH participants. This differeas to be
expected because LWW study participants were recruited specifically because they
were overweight and obese and intended to participate in a weight loss intervention
and increased weight is associated with increasing age.

More of the DH partipants performed regular exercise € 4.58; df = 1;
p<0.05) and were students’(= 62.42; df = 3; p<0.01) than the LWW participants.
The regularity of performing exercise sva s ol el y basedelfon p a
assessment and was not measured by any Raoticipants were asked to choose
from two choices; whether they perform regular exercise or not, therefore, there is
potential for participants to over report this variable. A significant difference in
smoking status was expected because being a smakean exclusioariterionfor
the DH study.

In this chapter, basal metabolic rate (BMR) was calculateihg the
Schofield prediction equationéSchofield, 198% The BMR value was used to
determine the status of dietary recording of the participants by dividing energy intake
with BMR (EI/BMR). The EI/BMR is categorized asder reporter (<1.14), normal
reporter (1.14 to 2.4) and over reporter (>Z@bldberg et al., 1991 There was a
significant difference between the three study groups in the value of ElBMR

31.28; df = 2; p<0.01)Interestingly, both LWW-HF and DH participants were



67

categorized as normal reporters, whereas L\MW\participants were under reporters

with themean of EI/BMR less than 1.14.
2.4.2 Daily intake of selected nutrientsbased on study groups

Mean daily intake of selected nutrientsthg study groups is shown Trable
2-6. The majority of the nutrients, including energy, protein, carbohydrate, fat and
alcohol showed highly significant differences between the two study groups (p<0.01)
with LWW participants havéhigher intake than DH participant¥he difference
found in energy intake between the two studies can partly be explained by the variety
of foods consumed by LWW participants as compared to DH. In addition, most of
the DH participants were students (65%b)ich might contribute to food availability
and resources to buy foods. Overall, nutrient intakes of all macronutrients, except for
carbohydrate fat and dietaryfibre exceeded the recommendation of the Reference
Nutrient Intake (RNI). In addition, the pemtages of the RNI for all macronutrients
of DH patrticipants are lower than LWW participants, exceptcisbohydrateand
vitamin C. These differences can partly be explained by the lower intake of vitamin
C by LWW-LF participants which leads to a lowerevall mean of vitamin C intake
of LWW participants. When a comparison was made between tMAMNd DH, it
was apparent that participants from LWM¥ have higher vitamin C intake than DH.
Fibre intake (in grams) as estimated from LWW DINE shows a signtfica
difference between the two study groyps= 4842.5; Z=-4.58, p<0.01)with DH
participants have higher intake of fibrEinally, score for fibre based on DINE
showed no significant difference between the two study groups. From the ANOVA
test, all macroutrients, DINE score and fibre intake estimated from LWW DINE

showed significant difference between the three study gr(agesAppendix 13).
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However, only dietary fibre and fibre intake estimated from LWW DINE show
significant dfference between the study pairs as indicated from Bonferroni corrected
post hoc tests. Dietary fibre intake shows highly significant difference between
LWW-LF and LWWHF (p<0.01); between LWW.F and DH (p<0.01) and LWW

HF and DH (p<0.01).
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LWW (LF) LWW (HF) LWW (total) DH Whole sample

(N=71) (N=72) (N=143) (N=103) (N=246)
Age (years)* 35.8 (10.1) 38.7 (8.5) 37.2 (9.4) 25.0 (9.0) 32.1(11.0)
Weight (kg)"? 85.1 (12.0) 84.2 (10.8) 84.6 (11.3) 66.5 (14.1) 77.1(15.4)
Height (cm) 164.5 (6.6) 166.2 (6.4) 165.4 (6.6) 164.4 (6.1) 164.9 (6.4)
Body mass index (kg/fi? 31.3(3.2) 30.4 (3.0) 30.8 (3.1) 24.5 (4.6) 28.2 (4.9)
Basal metabolic rate, BRI (kcal)” 1626 (200) 1569 (138) 1597 (173) 1434 (154) 1529 (183)
Ratio of energy intake to BMR 1.1 (0.3) 1.4 (0.3) 1.3(0.3) 1.2 (0.3) 1.2 (0.3)
Category of employmeht
Employed (%) 63.4 75.0 69.2 24.3 50.4
Student (%) 22.5 15.3 18.9 65.0 38.2
Doing regular exercise (%) 63.4 66.7 65.0 77.7 70.3
Units of alcohol consumed per week (ur 5.1 (5.9) 5.9 (7.0) 5.5 (6.5) 5.1(6.1) 5.3(6.3)
Volume of beverages consumed (ml/da) coffee:207.9 coffee:220.20

(266.9) (240.0 coffee:214.0 (252.8§ coffee:87.0 (197.4 coffee:160.8 (239.2

tea:381.1(397.7) tea:255.2(333.) tea: 328.4376.9
tea:345.1 (381.0) tea:416.6(413.2

Non-smoker (%] 67.6 68.1 67.8 100.0 81.3
Vegetarian (%) 2.8 13.9 8.4 12.6 10.2
Regular breakfast consumer (%) 74.6 86.1 80.4 87.4 83.3

*Data presented as mean (standard deviaworgercentageBMR: Basal metabolic ratevas calculated using the Schofield prediction equations
LWW: Leeds Women Wellbeing, LW-LF: Leeds Women Wellbeing Lowibre LWW-HF: Leeds Women Wdilking High Fibre, DH: Diet and
HealthLWW: Leeds Womends Well being St ¢@hg unit d pure albohat is eqaahtd 10kinkar B grétps@o u d y .
ANOVA test,?p<0.01 independenttest,®p<0.01 KruskaHWallis test,*p<0.01 Chisquare tst,>p<0.05 Chisquare test.
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0, AN 0,
LWW (LF)  LWW (HF) "V(VI\\I’Z 1(2035%') /|O_VI\Q/\I>I\/I (N51H03)’ %DiN' ;/Xlrr:wopllee \/X/rfg?lel
(N=71) (N=72) (total) (N=246) sample

Energy (kcal)? 1797 (353) 2158 (426) 1976 (431) 101.9 1718 (430) 88.6 1868 (448) 96.3
Protein (g}'2 742 (153) 80.2(18.0)  77.2(16.9) 1716 68.4(215) 1519  735(19.4) 163.4
Carbohydrate (g2 209.3 (48.0) 2715 (54.6)  240.6 (60.0) 45.7 219.0 (60.6)  47.8  2315(6l.1) 465
Fat (gf 2 68.0(19.0) 805(24.3)  74.3(22.6) 33.8 63.4 (21.6) 332  69.7(22.8) 336
Alcohol (g)*? 10.0(12.9) 11.0(10.8)  10.5(118) 0.5 5.4 (11.9) 0.3 8.4(121) 0.4
Dietary fibre (g} 141(22) 265(141)  20.3(1L8) 84.6 19.8 (7.3) 823  20.1(10.2) 837
Vitamin C (mg)’ 46.6 (32.7) 92.4(60.8)  69.7 (53.9) 1743 82.2(615) 2055  74.9(57.4) 187.3
DINE DFscord 26.4 (10.4)  34.0 (8.6) 30.2 (10.3) i 315 (10.8) i 308(105) -
LWW DINE (g)*>  105(35)  13.2(3.0) 11.9 (3.5) : 15.4 (6.0) : 13.4 (5.0) i

*Data presented as mean (standard deviatipg)).01 ManAWhitney test?p<0.01 KuskallWallis test."% RNI: Percentage from thireference
Nutrient Intake recommended at 50 % &dod energy,®recommended at 35 %f food energy‘should be less than 5% of total enerfpod
recorded for 7 days¥food recorded for 3 days, DINBietary Instrument for Nutrition Education for dietary fibre (DF), LWW DINE: Leeds

Women Wellbeing DINE,LWW: L e e d s

Womenos

We |

| bei

Study,

DH: Di et and

Heal t h

[¢

.
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As mentioned previouslystatus of dietary reporting was assessed by
calculating the ratio of energy intake to BMRable 2-7 displays the pattern of
dietary reporting across three BMI categories. Results frons@rare showed no
significant difference (c? = 2.78; df = 2;n9) in dietary reportingbetween BMI
categoriesFurther analysis was performed between the three studies to identify the
distribution in dietary reporting within the study groups (Febéle 2-7). From the
analysis, there is a significant difference between the three study groups in dietary
reporting(c? = 22.73; df = 2; p<0.01) by which more participants in the DH (54.9
%) and LWWHF (80.6 %) study were normal reporters as compared to EMFW

Table 2-7 Classification of dietary reporting based on body mass index (BMI)
categoriesand different studies[number (%)] *

BMI categories Under reporter Normal reporter
Normal(N=67) 28 41.8 39 (68.2
Overweight(N=84) 29(34.5 55 (65.95
ObesgN=94) 44 46.9 50 63.2
Studies Under reporter Normal reporter
LWW-LF (N=71) 41(67.7) 30 (42.3
LWW-HF (N=72) 14 (19.9 58 (80.6
LWW total (N=143) 55 38.5 88 (61.5)

DH (N=102) 46 (45.) 56 (649)
Whole sample (N=245) 101 (41.2) 144 (58.8)

*Dietary reporting wagalculated fronratio of energy intake to basal metabolic rate
calculated from Schofield equatioBMI: normal (18.5 to 24.9 kg/f), overweight
(25.0 to 29.9 kg/f obese (> 30.0 kg/fl LWW: Leeds Women Wellbrg, LWW -
HF: Leeds Women Wellbeing High Fibre, DH: DadHealth 'p<001 Chisquare
test
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2.4.3 Polyphenol food sources

Table 2-8 displays the major sources of polyphencbnsumed by the
populationstudied.Coffee and tea becantee major beverage consumed by the
participants. There were various types of tea consumed by the participants including
black, greencamomile and fruit tea.Onion and carrot became the most important
vegetable food source for the population studiedally, foods such as baked bean
and cooking sauce were identified as frequently consumed processed Theds.
determination of polyphenol food sousaelies ontwo aspectsFirstly, whether the
foods are high in polyphenol content, so even if a small amsuconsumed the
contribution to polyphenol intake is significant. Secondly, some foods are consumed
in large quantities; however, because of their low polyphenol content, their
contribution to total polyphenol intake is not significant. An example offitlse
situation is spinacandonionwhich havehigh polyphenol content, while the second
is pineappleand cabbage whicthave lowpolyphenol content. Conversely, coffee
and tea fulfil both gsects whereby these beverages eonsumed in high amount
(milli litre) andhave highpolyphenol content. In summary, the most vital aspects to
determine the polyphenol source in population is the quantity of foods consumed

and the polyphenols content of the food products.

Table 2-8 Major polyphenol food sources of the studied population

Food groups Foods
Beverages Tea, coffee, hot chocolate, fruit concentrates
Vegetables Onion, potato, tomato, lettuce, carrot
Fruits Banana, apple
Others Milk chocolate
Processed fads Baked beans, hummus, cooking sauce, soups (variou
type and method of preparation)
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2.4.4 Dally intake of polyphenols based on study groups

A comparison was made for a specific polyphenol intake between the LWW
and the DH study (s€Eable2-9). Overall, the intake of polyphendisr LWW was
higher than for women in DH except for dihydrochalcones digthans. The
differences mighbedue to the higher coffee and tea consumption and the diversity
of food sources consumed by the LWpA&frticipants. The daily intake @l major
polyphenol groups wasignificantly different between the two studies (p<0.01),
whereby LWW participants?o i ntakes wer e
polyphenol intake alsshowed a significant differefitetwea the two studiefU =
4724; Z =-4.80, p<0.01jwith the mean intake of 1292°0843.5 and 807.6 680.0
mg/day for LWW and DH participants respectively.

Participants were further categorized into high (> 1 g/day) and low
polyphenol intake (< 1 g/day).his category was based on the suggestion that total
polyphenol intake can be up to 1 g/day for individuals with daily consumption of
several serving of fruit and vegetabldsanach et al., 2004 Thee is a significant
difference between the two study grop$= 10.60; df = 1; p<0.01)y which the
LWW participants have higher percentage of participants who consumed more than

1 g of polyphenol daily (56 %) than DH (35 %).
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Table 2-9 Daily polyphenol intake of the population based owlifferent study populationsin mg per day*

LWW (N=143)

DH (N=103)

Whole sample
(N=246)

Foods with highest content of the

compoundg

Anthocyanins

19.9 (24.3)

18.6 (34.0)

19.1 (28.6)

Black elderberry, blackberry, blackcurrar

Flavanols$ 588.9 (600.0) 391.5 (480.2) 505.8 (559.1) Cocoa powder, dark chocolate, plum juic
Flavanonebs 24.8 (31.6) 16.8 (25.8) 21.4 (29.3) _O,regano (herb), peppermint (herb), oran
juice
Flavones' 3.1(4.4) 2.4 (3.8) 2.8 (4.1) Artichoke, sage (herb), peppermint (herk
Flavonols 60.7 (39.5) 55.2 (42.5) 58.3 (40.7) Spinach, capers (spices), black chokebe
Dihydrochalcones 1.5(2.2) 2.4 (3.1) 1.9 (2.7) Apple, plum juice, apple puree
Isoflavonods 3.2 (12.7) 1.2 (5.0) 2.4 (10.3) Soybean, tofu, soy paste (cheonggukan(
Total flavonoids® 700.7 (638.4) 487.9 (525.1) 611.6 (601.8)
Hydroxybenzoic acids 66.8 (64.2) 45.8 (53.3) 58.0 (60.6) Chestnut, blackberry, black raspberry
Hydroxycinnamic acid's 477.9 (516.6) 235.7 (416.9) 376.3 (491.2) Plum, coffee, black chokeberry
Hydroxycoumarin 0.2 (0.3) 0.1 (0.3) 0.2 (0.3) Chinese cinnamon, white wine, beer
Hydroxyphenylacetic acids 0.2 (0.3) 0.1 (0.2) 0.1 (0.2) Green olive, black olive, red wine
Hydroxyphenylpropanoic acids 0.1 (0.2) 0.1 (0.1) 0.1 (0.2) Green olive, black olive

Total phenolic acids

544.8 (516.0)

281.7 (415.7)

434.6 (493.1)

*Data presented as mean (standard deviation)g/day "Datataken fromPhenolExplore® version 2.0 (Neveet al., 2010),
1p<001 with MannWhitneytest,’p<0.05 withMannWhitneytest, LWW: Leeds Women Wellbeing, LWWF: Leeds Women
Wellbeing High Fibre, DH: Diet and Health
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Whole sample

Foods with highes content of the

LWW (N=143) DH (N=103) (N=246) compounds
Alkylmethoxyphenol$ 2.2 (2.7) 0.9 (2.2 1.7 (2.5) Rape seed oll, coffee, beer
Alkylphenols 27.4 (36.1) 24.3 (31.1) 26.1 (33.9) Cereal bran, rye bread, whole grain flot
Lignans 4.6 (9.2) 6.5 (18.4) 5.4 (13.8) Flaxseed, sesaseed, olive oil
Methoxyphenols 0.3 (0.4) 0.1 (0.3) 0.2 (0.4) Sesame seed olil, coffee
Stilbene$ 0.8 (1.2) 0.5(1.2) 0.7 (1.2) Muscandine grape wine, lingonberry,

European cranberry

Tyrosols 7.4 (18.1) 3.8 (8.8) 5.9 (15.0) Black olive, green olive,live oll
Furanocoumarins 0.1(0.1) 0.1 (0.1) 0.1(0.1) Dried parsley, fresh parsley, celery stal
fOtheo polyphenol$ 3.8(3.3) 2.0(3.1) 3.1(3.3) Coffee, pummelo juice, grapefruit juice
Total all other 46.5 (44.0) 38.1 (40.5) 43.0 (42.7

polyphenols
Total polyphenols®

1292.0 (843.5)

807.6 (680.0)

1089.2 (813.7)

*Data presented as mean (standard deviationng/day “Data taken from PhenolExplore® version 2.0 (Neveu et al., 2010),
1p<001 with MannWhitney test, p<0.05 with Mann-Whitney test, LWW: Leeds Women Wbking, LWW-HF: Leeds Women
Wellbeing High Fibre, DH: Diet and HealtfThe addition ototal flavonoids total phenolic acidand totalotherpolyphenols
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Further analysis was performed to compare the total polyphenol intake based
on the major polyphenajroups between under and normal repsr{eee Table
2-10). Result shows that underreporting in food intake does contribute to the
differences in two major polyphenol groups namely flavongidls= 5852; Z =-
2.60, p<0.01]and otler polyphenolqU = 5999; Z =-2.33, p<0.05] In addition,
daily total polyphend showed a significant difference betweethe two dietary
reporting categorieg) = 5877; Z =-2.56, p<0.05]Theintake of major polyphenol

groups wasigher amongst norma¢porters.

Table 2-10 Daily polyphenol intake categorized by dietary reporting based on
main polyphenol groups in mg per day

Under reporter (N=101) Normal reporter (N=144)

Total flavonoids$ 54117 (637.35) 664.03 (577.16)
Total phenolic acids 37538 (436.07) 478.91 627.37)
Total other polyphenafs 35.64 (35.77) 4839 (46.31)

Total polyphenols? 952.19 (197.43) 1191.32 814.87)

1p<001 with MannWhitneytest,’p<0.05 withMannWhitneyteg. *Data presersd
as mean (standard deviatiodjotal polyphenols defined ake addition of total
flavonoids total phenolic acidsind totalothers polyphenolsCategories of dietary
reporting based on the ration of basal metabolic rate to energy intake inoldele
reporter (<1.14), normal reporter (1.14 to 2.4) and over reporter (>2.4).
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2.4.5 Participant characteristics based on beverage consumption
groups

From the diaryanalysis, itwas evident thatoffee and teavere the major
sources of polyphenol intake in thesermem and, therefore, majoontributos to
total polyphenol intakef the studied samples. In ordercompare theamount and
type of total polyphenointakeswith and withoutthe contribution of coffee and tea,
thewhole datasetvas partitioned into fourubsetdor analysis These subsets were:

1. Total polyphenol intake: Total
2. Intake without coffee: NoC
3. Intake without tea: NoT

4. Intake without coffe®r tea: NoCorT

Table 2-11 displays the distribution of beverage consumers. It st
that most of the participants consumed both coffee and tea (39%) followed by
consumed tea only (32.5%). In addition, more of LWW participants were consumers
of bothcoffee and teavhile more of DH participants were tea consumers. There is a
significant difference between three studig$ = 38.83; df = 6; p<0.01)and
between LWW and DH studfc® = 36.31; df = 3; p<0.01jn the consumption of

beverages.
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Table 2-11 Grouping of participants from studies based on beverage
consumption groupg*

LWW LWW o Whole
(LF) LWW (total) N=10 sample
N=71) (HF)(N=72) (N=143) (NT109 o)
Coffeeonly 10 (14.1) 8(1L1) 18(126) 11(10.7) 29 (1..8)
Tea only 17 (23.9) 20(27.8) 37(25.9) 43(417) 80 (32.5)

Consume both  35(49.3) 41(56.9) 76(53.1) 20(19.4) 96 (39.0)
coffee and tea
Non-consumer 9 (12.7) 3(4.2) 12 (8.4) 29(28.2) 41 (16.7)

of coffee or tea

*Data preserdd as number (%)p<0.0L Chi-square test

Table 2-12 shows tle demographic data of the population based on the
beverage consumption groups. There is a significant differenceddfFa@, 242) =
20.69, p<0.01petween the four groupBonferroni corrected post hoc tests showed
significant differences betwearonconsumes of coffee or tea with all three other
groups (consumsiof both coffee and tea: p<0.01, coffee only: p<0.01 and tea only:
p<0.05)in age with the norconsumers of coffee or tea are youngemthermore, a
significant difference in age was also foubetween consuneeof both coffee and
tea and tea consunsgp<0.01)with tea consumers are younger

BMI differed significantly between beverage consumption groups [F (3, 242)
= 6.08, p<0.01]specifically between consunseof both coffee and tea with tw
other groups (nowonsumes of coffee or tea p<0.01 and tea only: p<0.05).
Consumers of both coffee and tea have higher BMI than the two other gfbeps.
is a tendency of participants with higher BMI and older age to consume both

beverages and youngearticipants to not consume eitloaffee or tea
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There were more employed participants consuming taffiee and teavhile
the majority of those consuming neither drink were studg@fts 30.89; df = 9;
p<0.01) Results from ratio of energy intake basal metabolic rate shed that
participants from all beverage consumption groups were categorized as normal
reporters which arelifferent from previous findingreported in this chaptexhen
comparison was made between the study groups (see seeif)nThis difference
might due toa better distribution of participania term of age (in yearnywhen the
categorization was made based on beverage consumption groups.

There wa a significant difference in the volume of the dentonsumed
daily [coffee: (c? = 207.94; df = 3; p<0.01)tea: (c? = 153.44; df = 3; p<0.0])
between the fourstudy populations The disparity is expected because the
comparison was made with the roonsumes of coffee or teaNo significant
difference wa found in performing regular exercige’? = 5.39 df = 3; n9),
consumed regular breakfgst = 5.22 df = 3;ns and being vegetariafc® = 1.69

df = 3;n9).
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Table 2-12 Participant characteristicsbetweenbeverage consumption groups*

Non-consumer of

Cczfl\fle:e2 g)nly Tea only (N=80) Consut[r:;1 E)Not:rg:g)ffee and co?s:;lr)tea
Age (years) 338(104) 295 (10.4) 37.3(10.2) 23.8 (74)
Body mass index (kg/ft 28.6 (5.0) 27.4 (5.4) 296 (4.1 261 (4.8)
Basal metabolic ratf8BMR (kcal)* 1544 (137) 1530 (200) 1538 (169) 1497 (212)
Ratio energy intake tBMR 1.2 (0.4) 1.2(0.3) 1.3(0.3) 1.2 (0.3)
Category of employmeht
Employed (%) 58.6 46.2 62.5 24.4
Student (%) 34.5 41.2 25.0 659
Doing regular exercisges)(%) 65.5 67.5 67.7 85.4
Units of alcohol consumed per week (uni 3.5 (4.3) 4.9 (5.6) 6.4 (7.8) 4.98 (4.21)
Volume of beverages consumed (ml/day’ coffee: 434.3 (317.5) tea: 4674 (365.2) coffee: 280.9 (217.9) -

tea: 452.0378.8)

Vegetarian(yes)(%) 6.9 11.2 8.3 14.6
Regular breakfast consumges) (%) 75.9 85.0 83.3 85.4

*Data presented as mean (standard deviatorpercentageBMR: Basal metabolic ratevas calculated using the Schofield prediction equations

AOneunit of pure alcohol is equal to 10 ml or 8 grafps;001 ANOVA test,?p<0.01 KruskaHWallis test,>p<0.01 Chisquare test.
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2.4.6 Daily intake of selected nutrientsbased on beverage

consumption groups

Table2-13 displays the distibution of BMI based on beverage consumption
groups. There is a significant difference between study groups in BMI categdries
= 30.10; df = 6; p<0.01) with more tea consusnesitegorized as having normal
BMI and more participants who consumed botififee and tea having a BMI more

than 30 kg/rh (obesg.

Table 2-13 Relation of body mass index (BMI) to beverage consumptidn

BMI categories Normal Overweight Obese
Coffeeconsumer (N=29) 7(24.1) 10(34.5) 12(41.4)
Teaconsumer (N=80) 30(37.5) 23(28.7) 27(33.8)
Consumeébothcoffee and te@N=96) 10(10.4) 40(41.7) 46 (47.9)
Non-consumenf both drinks (N=41) 21 (51.2) 11(26.8) 9 (22.0)

*Data presergd as number (%)p<001 with Chisquare test

Table 2-14 shows the daily nutrient intake based on beverage consumption
groups. Thee was only ssignificant difference in nutrient intake for ener@y =
9.0; df = 3; p<0.05)protein(c? = 17.93; df = 3; p<0.014nd alcoholc? = 20.22; df
= 3; p<0.0l1)intake. Further ManAWhitney test showed significant differences in
daily energy intake between naonsumes of coffee or tea and consurseasf both
coffee and tea (p<0.05) and between conssaroérmoth coffee and tea and tea
consume (p<0.01).Consumers of both coffee and tea have the higher intake of

energy than the other two groups.
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Protein inake was significantly differendeetween consumeof both coffee
and tea with three other groups (raonsumes of coffee or tea: p<0.0lcoffee
consumes. p<0.05 and tea consunsep<0.01).Consumers of both coffee and tea
have the higher intake of protein than the other three groups.

Daily alcohol intake was significantly different between toomsumes of
coffee or tea with three otherayps (consumerof both coffee and tea: p<0.01,
coffee consumear p<0.01 and tea consumsemp<0.01). Alcohol intake was also
significantly different between consumer of both coffee and tea and tea consumer
(p<0.05).Non-consumer®f coffee or tea hee the lower intake of alcohol than the
other three groups.

DINE DF score showed slight differencés® = 7.95; df = 3; p<0.05)
between beverage consumption groupke different was significantly different
between nortonsumes of coffee or tea and consurseof both coffee and tea
(p<0.01). Nonconsumers of coffee or tea have the lower intake of fibre than
consumers of both coffee and teéehe lack of significant differences in other
variables can be partly explained by the distribution of participants fromusgario

age, BMI and employment status in the beverage consumption groups.
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Table 2-14 Selected nutrients intake in different beverage consumption groups*

Non-consumer of

:
oy wRN g RN ey sorw  cofeeandiea T
Energy (kcal) 1845 (525) 95.1 1797 (426) 92.6 1965 (430) 101.3 1797 (500) 92.6
Protein (g} 696 (208) 154.6 708 (199) 157.3 794 (183) 176.4 679 (174) 150.9
Carbohydrate (g)  226.5 (66.2) 46.0 2228 (545) 46.5 238.0(60.4)  45.4 237.0(703) 49.5
Fat (gf 69.4 (26.2) 33.9 671 (231) 33.6 738(218) 33.8 65.6 (21.2) 32.9
Alcohol (g)'*2 101 (12.1) 4.9 8.1(12.7) 4.0 104 (127) 4.8 3.1(7.3) 16
Dietary fibre (g) 18.7 (9.4) 77.9 197 (12.1) 81.9 208(9.2) 86.5 203(8.7) 84.5
Vitamin C (mg) 74.0 (56.2) 123.4 72.8 (54.0) 121.4 774 (529) 128.9 73.9 (745)  123.2
DINE DF scoré 28.6 (9.9) i 31.7 (12.1) ; 32.1(9.0) ; 272(9.8) i
LWW DINE (g) 126 (5.9) . 14.1 (5.6) - 133 (4.3) - 12.7 (4.5) i

*Data presented as meanagtiard deviation) or percentagp<0.05 KruskaHlWallis test,p<0.01KruskalFWallis test.*% RNI: Percentage from
the Reference Nutrient Intakéceecommaded at 50 % of food energirecommended at 35 %f food energy)should be less than 5% of total
energy; DINE:Dietary Instrument for Nutrition Education for dietary fibre (DF); LWW DINE: Leeds Women-déatig DINE.
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2.4.7 Daily intake of polyphenolwith and without the contribution

from coffee and tea

In order to identify the contribution of polyphenol sources other than coffee
and tea, a comparison was made between total polyphenol intake (Total dataset) and
intake excluding coffee and tea (NoCodataset (seeTable 2-15). The average
intakes of total polyphenolsere1089° 814 and213 ° 129 mg/dayfor Total and
NoCorT dataset respectively. From the data, clearly some polyphenols are only
present in coffee or tear in fruit andvegetables, but othelarepresent in all these
foodsfor example thdlavonols. The percentages of NoCorTTiotal dataset were
calculated to identify the contribution obffee and tea polyphenols pmlyphenol
intake. 100 % indicates that all polyphé&nare derived from fruit and vegetable
sources, whered® % shows that the beverages provide all the polyphenols in these
categories Alkylmethoxyphenols and flavanols which mainly contained in coffee
and tea are among polyphenol with the highest conioibito the Total dataset.

This is evident by the low percentages of difference found in alkylmethoxyphenols
(5.9 %) and flavonols (6.5 %) between the two datasets. Other polyphenols which
also contributed to Total dataset inclutigdroxybenzoic acids (18. %) and
hydroxycinnamic acids (14.7 %)rhe differencesbetween Total and NoCorT
datasetsin total flavonoids and total phenoliacids are expected because the
majority of the compoundsare present in coffee and tea&inally, the total
polyphenol intake féer the addition of total flavonoids, total phenolic acids and total
all other polyphenols were five times greater for the Total dataset as compared to

NoCorT dataset.
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Table 2-15 Impact of coffee and tea tdotal polyphenol intake based onTotal and No Coffee and Tea NoCorT) datasetin mg per day*

Total polyphenol intake® Total polyphenol intake excluding coffee Percentage of
[mean (SD)] and tea intaké’ [mean (SD)] NoCorT to All (%)

Anthocyanins 19.1(286) 19.1(28.6) 100
Flavanols 505.8 (559.1) 32.8 (358) 6.5
Flavanones 21.4 (29.3) 21.4 (29.3) 100
Flavones 2.8 (4.0 28(4.1) 100
Flavonols 58.3 (407) 297 (225) 50.9
Dihydrochalcones 1.9 (2.3 1.9 (2. 100
Isoflavonoids 2.4(103) 24(103) 100
Total flavonoids 611.6 (601.8 110.3(79.6) 18

Hydroxybenzoic acids 58.0(606) 8.1(11.3) 13.9
Hydroxycinnamic acids 376.3 (491.2) 55.3 (51.0) 14.7
Hydroxycoumarins 0.2(0.3) 0.2(0.3) 100
Hydroxyphenylacetic acids 0.1 (0.2) 0.1(0.2) 100
Hydroxyprenylpropanoic acids 0.1(0.2) 0.1(0.2) 100
Total phenolic acids 434.6 (493.1 63.8(545) 14.7
Alkylmethoxyphenols 1.7(2.5) 0.1(0.2) 5.9
Alkylphenols 26.1(33.9) 25.7(33.9) 98.5
Lignans 5.4(138) 5.4(138) 100
Methoxyphenols 0.2(0.4) 0.1 (0.0 50

Stilbenes 0.7(1.2) 0.7(1.2) 100
Tyrosols 5.9(15.1) 5.9 (151) 100
Furanocoumarin 0.1(0.1) 0.1(0.1) 100
fiOthed polyphenols 3.1(3.3) 15(2.5) 48.9
Total all other polyphenols 43.0 (42.7) 392 (42.0) 911

Total polyphenol

1088.7 (813.6)

2127 (129.4)

19.5

*Data presented as mean (standard deviatiomyg/dayor percentagéData from Total datasétpata from NoCorT dataset
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Percentageontribution of each polyphenol waalculated for each beverage
consumption group (sda@gure2-4). The contribution ohydroxycinnamicacidsto
total polyphenol intake of coffee consumevashigher (86%) than flavanols for tea
consumers (71%). The disparity may be caused by the higher polyphenol content in
coffee as compared to tealthough tea was consumed by more participants with
higher daily consumption. Similar twoffee consumer hydroxycinnamicacidsis
the major polyphenols for nesonsumerof coffee or teg30%) too, although this
time derived only from fruit and vegetasl Interestngly, there wee no big
differences in the contribution of flavanols angidfoxycinnamicacids for the
consumes of coffee and teawith percentages of 45% and 39% respectively.
Alkylphenols and lignans are two main sources of all other polgplse
Alkylphenolsare commonly present in wheat products such as wholemeal bread and
pasta while lignans afeundin olive-based productand cerealsThe contributions
of these compounds are highest in4tonsumers of both drinks (14.4%).

A comparisorwas made between beverage consumption grioughe daily
polyphenol intake, where grouping was made based on(imgre 1 g/day)or low
(less than B/day)polyphenol intakeTherewas a significant difference betwe#re
four groups(c® = 61.26; df = 3 p<0.01). There are more of tea consumers with
intake of less than 1 g polyphenol per day (36.2 %) whileenaonsumersf both

coffee and teaonsumed more than 1 g polyphenol daily (59.5 %).
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Figure 2-4 Contribution of polyphenols compound to daily polyphenol intake (%)from Total dataset
(*Others include flavones, dihydrochalcones, isoflavonoids, alkylmethoxyphenols, methoxyphenols, stilbenes, tyrosalypitbeols)
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2.4.8 Comparison between daily polyenol intake from Total

dataset and No Coffe®mr Tea dataset

Figure 2-5 compares daily polyphenol intake betwettre Total and the
NoCorT datasetspresented according to beverage consumption groups. The
polyphenol intake for Totaand NoCorT dataset are shown on the left and right axis
respectively. For example, polyphenol intake for Total and NoCorT dataset for
participant (1) shown in coffee consumers (graph A) are 2492.6 and 69.1 mg/day
respectively. It can be deduced that eefis the major polyphenol food source for
the participant because of the reduction up to 36 times in polyphenol intake after the
contribution of coffee was eliminated in the estimation. The other example is shown
for participant (2) on the same graph. fléhes only a small difference between the
two datasets with the value of 251.5 and 232.8 mg/day fteenTotal and the
NoCorT dataset respectively.

Overall, daily polyphenol intake from all beverage groups except for non
consumers of both drinks are reddcafter polyphenol content from coffee and tea
were excluded. Interestingly, there is a participant who had high value of polyphenol
intake for both datasets. Participant (3) with the second highest value in NoCorT
dataset (shown ifrigure 2-5, graph A) had the highest total polyphenol in Total
dataset. Specifically, polyphenol intake for this participant was contributed by high

consumption of fruits and vegetable in her daily diet.
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Figure 2-5 Comparison of total polyphenol intake per day (mg/day) betweeiiotal and No Coffee and TeaNoCorT) dataset[A: Coffee
consumer(N=29), B: Tea consumer(N=80), C: Consume coffee and te@N=96), D: Non-consumerof coffee or tea(N=41)]

*(1), (2), (3)71 individuals discussed in text Section 2.4.8
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2.5 Variables associatedvith polyphenol intake

Table2-16 displays the correlations betweeontinuousvariables associated
with the polyphenol intake of the participants. Therrelation analysis was
performed using the Total and NoCorT dataset. Partial correlation analysis was
performed controlling for daily energy intake (kcal). For the Total dataset,
demographic variables that were significantly correlated (p<0.01) witly ttztehl
polyphenol intake were age, BMI and ratio of energy intake to BMR. The correlation
coefficient(R value)between total polyphenol intake in the NoCorT dataset and age
was lower than in the Total dataset. InterestinglyRwalues are higher faheratio
energy intake to BMR, LWW DINE and DINE DF score in NoCorT as compared to
Total dataset. The differences in fibre intake from these two datasets as assessed by
LWW DINE and DINE DF can partly be explained by the contribution of fibre
containing f@ds (i.e. fruit and vegetables) to total polyphenol intake.

Daily volume of coffee and tea consumed were highly correlated (p<0.01)
with total polyphenol intake witlan R value of 0.561 and 0.719 respectively. The
same association was found between tleguency of coffee and tea consumption
and total polyphenol intake. This finding is expected because frequent coffee and tea
drinking can contribute to a higher polyphenol intake.

No strong correlation was found betwebgr variables and polyphenol intake
from NoCorT dataset except for carbohydrate, dietary fibre and vitamihhiS.
finding is expected because other polyphenol food sources such as fruit and
vegetables have high content of these nutrievitgiables with high correlation
coefficient values wre selected for further analysis by using multiple linear

regression to predict factors associated to polyphenol intake.
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Table 2-16 Correlation between variables associated to daily total polyphenol
intake (Total and NoCorT dataset) with and without adjusting for
daily energy intake (R value, correlation coefficient value)

Total polyphenol intake per day
(Total datase)
R value adjusted

. R value for daily energy
Variables :
intake
Age 0.622* 0.589*
BMI 0.249+* 0.181*
Ratioof energy intakéo BMR 0.2** NS
LWW DINE 0.130* NS
DINE Dietary fibre score 0.219* 0.14%
Volume of coffee consumed per day 0.561** 0.537**
Volume of tea consumed per day 0.719** 0.771**
Frequency of coffee consumption paryd 0.556* 0.522*
Frequency of teaonsumption per day 0.702* 0.735*
Energy intake per day (kcal) 0.237* -
Proteinintake per day 0.304* 0.175**
Carbohydraténtake per day - -0.147*
Fatintake per day 0.218* NS
Alcohol intake per day 0.330* 0.146*
Dietary fibreintake per day 0.160r NS
Total polyphenol intake per day
(NoCorT dataset)
R value R valu_e adjusted
Variables for d?‘"y energy
intake
Age 0.16¥ NS
Ratioenergy intakéo BMR 0.352* NS
LWW DINE 0.289* 0.260*
DINE Dietary fibre score 0.324* 0.234*
Energy intake per day (kcal) 0.352* -
Proteinintake per day 0.16%& NS
Carbohydraténtake per day 0.402* NS
Fatintake per day 0.156 -0.196*
Alcohol intake per day 0.315* 0.185*
Dietary fibreintake per day 0.583* 0.348*
Vitamin Cintake per day 0.497* 0.45*

** Correlation is significant at the 0.01 levettdled), *Correlation is significant at

the 0.05 level (2ailled) Spear mands Rank coefficient
significant. DINE: Dietary Instrument folNutrition Education for dietary fibre (DF)

LWW DINE: Leeds Women Welbeing DINE
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Table 2-17 displays the correlations between variables associatedbwith
flavonoid and phenolic acid intake of the participants. The correladioalysis was
performed using the Total deet. For both polyphenol grasjpdemographic
variables that were significantly correlated (p<0.01) with daily total polyphenol
intake were age, BMI and ratio of energy intake to BMR. The correlation coefficient
between both polyphenol groups and age are almost the same. The association
betweenBMI and flavonoids wa diminished while the association between BMI
andphenolic acids waseduced after controllinfpr the energy intakeThe intake of
macronutrients wa associatedwith phenolic acids intakewith some of the
associationsbeing reduced or diminished after adjusting for the energy intake
Interestingly, carbohydrate tianegative association with phenolic acids intake only
after contrding for energy int&e. In addition, associationetweenthe intake of
phenolic acid with protein and alcohol intakeaveshown areduction inthe R value
andthe significance level after controlling for egg intake. As expected, frequency
of tea and coffee consumption wdnighly correlated with intake of flavonoids and

phenolic acids.
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Table 2-17 Correlation between variables assoated to daily total flavonoid and
phenolic acid intake (Total dataset) with and withoutadjusting for
daily energy intake (R value, correlation coefficient value)

Total flavonoid intake per day
(Total dataset)
R value adjusted

R value ; :
Variables or dfsuly energy
intake
Age 0.44** 0.431*
BMI 0.131* NS
Ratioenergy intakéo BMR 0.139* NS
LWW DINE 0.17%6** 0.174*
DINE Dietary fibre score 0.196+* 0.181*
Frequency of tea consumption per day 0.947** 0.947**
Energy intake per day (kcal) 0.12% NS
Protein intake per day 0.166 NS
Dietary fibre intake per day 0.132 NS
Total phenolic acidintake per day
(Total dataset)
R value R valu_e adjusted
. for daily ener
Variables ally 9y
intake
Age 0.448** 0.421*
BMI 0.208** 0.164
Ratio El to BMR 0.198* NS
Frequency of coffee consumption per day 0.962** 0.960**
Energy intake peday (kcal) 0.221* NS
Protein intake per day 0.265* 0.158*
Fat intake per day 0.186* NS
Alcohol intake per day 0.174* 0.130
Carbohydrate intake per day - -0.14¥

** Correlation is significant at the 0.01 levettgled), *Correlation is signiftant at

the 0.05 level (2ailed) Spear manads Rank coefficient
significant. DINE: Dietary Instrument for Nutrition Education for dietary fibre (DF)

LWW DINE: Leeds Women Welbeing DINE
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2.6  Prediction of polyphenol intake of UK women

Variables which were associated with daily polyphenol intake from the Total
dataset were selected for regression analysis to predict the factors associated with
polyphenol intake (se€able2-16). Using the backward method, a femodels were
developedhoweve, because of multicollinearitthese models were revisdd. the
regression analysisnulticollinearity is said tobe present whetwo independent
variablesare highly correlated to eacbther (Kachigan, 1991 The examples of
multicollinearity include the volume and frequency of coffee and tea consumptio
daily.

Table 2-18 Dependent variables to predict polyphenol intake from Total dataset

Predictor variables Beta Pearson r p value

Dependent variables to predict polyphenol intake from Total dataset

Age (years) 0.496 0.601 p <0.01
Body mass index (kg/fh -0.126 0.230 p =0.020
Protein intake per day (g) 0.110 0.292 p =0.022
Volume of coffee consumed per day (n 0.364 0.561 p <0.01
Dependent variables to predict polyphenol intake from NoCorT dataset

Fa intake per day (g) 0.115 0.227 p =0.029
Alcohol intake per day (g) 0.250 0.314 p <0.01
Dietary fibre intake per day (g) 0.266 0.442 p <0.01
Vitamin C intake per day (mg) 0.393 0.495 p <0.01
Dependent variables to predict flavonoids intake from Tadthset

Age (years) 0.058 0.418 p =0.013
Dietary fibre intake per day (Q) 0.078 0.172 p <0.01
Frequency of tea consumed daily 0.909 0.940 p <0.01
Dependent variables to predict phenolic acids intake from Total dataset
Age (years) 0.115 0.240 p <0.aL
Alcohol intake per day (g) 0.074 0.219 p <0.01

Frequency of coffee consumed daily 0.899 0.942 p <0.01
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Table 2-18 shows variables associated to total polyphenol, flavonoids and
phenolic acids. Faihe Total dataset,liree odliers fromparticipants with the highest
polyphenol intake from were excluded, thus, leaving 243 cases for ana@lysinal
model retained four of the eight initial predictofBhe model was statistically
significant[F (4, 238) = 60.78, p<0.01], and@unted for approximately 50.5 % (R
value = 0.505) of the variance in total polyphenol intake in the Total dataset. Total
polyphenol intake was primarily predicted by older age and higher volume of coffee
consumed daily, and to a lesser extent by lowel BMI increaseéh daily protein
intake. Information obtained from the analysis was used to derive a predictive

equation for total polyphenol intake as shown below:

Total polyphenol intake = 2.289 (constant) + 0.496*(age, year6)126*(BMI) +

0.110*(praein intake per day, g) + 0.364*(woine of coffee consumed per day)

Further regression analysis was performed to predict variables which were
associated with daily polyphenol intake from the NoCorT. Five outliers from
participants with the highest polypia intake were excluded before the analysis.
The final model retained four of the nine initial predictoi$ie model was
statistically significanfF (5, 234) = 36.30, p<0.01], and accounted for approximately
43.7 % (R value = 0.437) of the variance itatgolyphenol intake in the NoCorT
dataset. Total polyphenol intake without the contribution from coffee and tea was
primarily predicted by an increase in fat, alcohol, dietary fibre and vitamin C intake
per day. The predictive equation for total polyptieimtake from NoCorT dataset

using the significant predictors is shown below:
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Total polyphenol intake =1.158 (constant) + 0.565(fat intake per day, g+
2.290(alcohol intake per day, g¥ 2.947(dietary fibre intake per day, g) +

0.804(vitamin C intale per day, mg)

The same regression analysis was performed on the NoC and NoT dataset. By
using the backward method and excluding outliers from the analysis, the problems of
multicollinearity still remain. This situation was indicated by the value of nega
inflation factor (VIF) of more than 1QPallant, 200y. The multicollinearity was
found between frequency and volume of coffee and tea consumed daily for NoC and
NoT datasets respectively. Therefore, no predictive equation can be accepted to
predict the total polyphenol intake inthalatasets.

The regression analysis was performed to predict factors associated to
flavonoids intake from the Total dataset. After removing the outliers, the final model
retained three of the eight initial predictofsie model was statistically sigreént[F
(3, 233) = 643.78, p<0.01], and accounted for approximately 89.2 % (R value =
0.892) of the variance in flavonoids intake. The flavonoid intake can be predicted by
higher frequency of tea consumed, increase in dietary fibre intake and to a lesser
extent by increase of age. The predictive equation for flavonoid intake is shown
below:

Flavonoid intake = -43.13 (constant) + 2.65&Qe, yeas) + 3.76*(dietary fibre

intake per day, g+ 370.20%frequency of tea consumed daily)
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Phenolic acid intake wagsredicted by using three variables. The model was
statistically significant [F (4, 233) = 548.23, p<0.01], and accounted for
approximately 90.4 % (R value = 0.904) of the variance in phenolic acid intake. The
phenolic acid intake can be predicted by moegjdient of coffee consumed, increase
of age and to a lesser extent by increase in daily alcohol intake. The predictive
equation fophenolic acidntake is shown below:

Phenolic acidintake= 77.29 (constant) + 4.09¥ge, yeas) + 2.37*(alcoholintake

perday, 9 + 464.75Xfrequency otoffeeconsumed daily)

2.7 Discussion

The work presented in Chapter 2 describes the estimation of polyphenol
intake of UK women from food diary recording and predicted the variables
associated to the intakén this study, coffe and tea werelentified as the major
polyphenol food sourcegsruits, vegetablesmilk chocolate and processed foods
prepared with polyphendaontaining ingredientswvere the important source of
polyphenol intake.

Generally, he intake of total polyphemn®lwa higher amongst LWW
participants and the consumers of both coffee andDigaparticipants had 37.5 %
lower total polyphenols intake than the LWW participarits.addition, 56 % of
LWW participants had achieved the intake of polyphenol more than ylglsla
compared to DH witi36 % Both LWW participants and the osumers of both
coffee and tea we older, heavier as assessed from BMI arditha highest energy
intake than theother comparison groupsthe intake of dtal plyphenos from the

Total datasewas five times higher than thietake fromtheNoCorT dataset.
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With respect to food intakescording, @erall there are more normal reporters
(58.8 %) than under reportefsr the whole sampleThe higher number of under
reporters in DH study was becausg®y are youngerand maypossibly practise
certain dietary restriction for weight maintenano®. previous study among
university studersthassuggestedhattrying to lose weighbecome the norm among
women and thesffort to lose weight were higher amatgstudents with low body
weight(Wardle et al., 2006

Comparison was made in the polyphenol intakéwveen under and normal
reporter and no significant difference was found between these groupd ébée
2-10). This finding can partly be explained by the perception that coffee and tea
drinking are not considered as unhealthy saliiterefore, participants have reported
the consumption honestly. Furthermore, flavonoids and phendlis adich are
widely present in fruit and vegetables would be less likely to be under reported by
the participants because these foods are categorized as healthy Mooesver,
participants from DH study were informedboutthe objective of the study ad the
major sources of polyphersolvere briefly explained in the participant information
sheet (referto Appendix 2, thus become one of the limitations of this study.
Knowing the purpose of a study can lead participants into making socially desirable
respnses. In relation to food intakidis is often reflected by over reporting of foods
perceived to be healthy and underreporting of foods perceived to be unhgalthy.
previous study which reportethat the studied participants believed that the
consumptioroff oods perceived as 6good6 in | ar g
gain than consuming small a (Dakes) 200po f f o
Surreptitious recording of food intake or disguising the purpose of the study can be

applied so that emphasis is drawn away from the particular food groups under study.
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From the regression analysis, ag@as the major predictor of polypheho
intake (sedlable2-18). Interestingly, age wasot a predictor after excluding tea and
coffeeconsumptioras shown in the prediction of total polyphenol from the NoCorT
dataset. It can be inferred that increase of age wasiagsbavitha prominent tea
and coffee drinking habit among oldée participants.The finding reported in this
chapter is consistent with a cohort dstuwhich assessed the flavonartake in
association to risk of breast cand@amoraRos et al., 2013a Results from the
cohort suggested that womenthwihe highest total flavonoid intakeere older and
had aower BMI. However,n this chapteBMI appeareds a weak igdictor oftotal
polyphenol intaken the regression analysis.

Alcohol intakewas apredictor for total polyphenahtake from theNoCorT
dataset anth the prediction of phenolic acid intake from Total datalsgerestingly,
no difference s found between the study groups in the unit of alcohol consumed
per week (seeTable 2-5), by which this information was solely based on
par ti ci jassessmerd and bak the tendency of underestimatiprevious
review on the alcohol drinking habit amongst UK undergraduate students has
suggested thahere was a tendency of underestimating the alcohol intake when the
estimation was based from size of UK standards dii@k§ 2002). To confirm this
hypothesis, a conversion was made fribra questionnaire of how marnits of
alcoholwere consumed weekly (refer to Appendix 4) to geny multiplying the
value by 8(BDA, 2012 and the results then dividéy seven or three to determine
the daily alcohol intakeThese data werethen compared to the daily alcohol intake
(in gram) assessed by food diary. The correlation (R value) between the two datasets
is nea to 0.3 (R = 0.295, p<0.01) which indicated a weak relationship, suggesting

that the alcohol intake which was sedported from the questionnaire was not



100

reflecting the common amount consumed by the participants. Further analysis has
showedthat LWW paricipants have the tendency to under estimate their alcohol
intake in unit from the questionnaire while DH participants showed the opposite. The
contribution of alcohol intake in the prediction of phenolic acids intake can partly be
explained by the substaal amount of phenolic acids presents in alcoholic drinks
such as beer (1.2 to 2.6 mg/100 ml) and wines (value range from 6.2 to 17.2 mg/100
ml).

In this chapter, it is apparent that there are more particighats who
consumed both coffee and tea (39 &d consumed tea only (32.5 %). The average
of coffee and tea consumed by the studied samples were 289 and 328 377
mi/day respectively. A higher daily tea consumption (81450 mi/day) was
reported from a longitudinal study among UK men in SoM#les (Hertog et al.,
1997. The men were oldeaind were mainly working clasa the industrial town
whereby teawould be routine part of their daily lives thus they became a very
different group to average population and to the population in our.dtuoyn our
data n this chater, consumers of both coffee and w&zreshown to drink more tea
than coffee in term volume consumed daily. A similanverse associationvas
reported n a study among Scottish aduldjereby a high coffee consumers tend to
consumed less tea and vigarsa(Woodward and TunstaPedoe, 1999

The detemination of major polyphenol food sources can be made by
assessing themount of polyphenols present in foahd the quantity of food
consumedCi e S| i k )eln thismdhapter,h€ a6 polyphenol food sources
consumed by the studigmpulationincluded tea, coffee, potatoes and appldsich

aresimilar to thosereportedirom previous studiegPerezJimenez et al., 201 Zujko
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et al., 2012 A study from Australia also identified black and greea as the major
flavonoid food sourcealong withwine, apples and orangé&Somerset and Johannot,
2008. A recentstudy has estimated the total flavonoidake amongstthe non
Mediterranean countries in Europacluding Germany, the Netherlands, UK,
Sweden and NorwayZamoraRos et al., 2013b This study repaed two major
contributors to flavonoid intakef the nonMediterranean countriazamely tea and
fruits, with UK populationshowng the highest intake dbtal flavonoids (average of
549 mg/d in men and 502 mg/d in womeilea was also become the major
cortributor for flavonoids intake in our study.

Correlation analysewere performed betweeseveral quantitative variables
and total polyphenol intake from all foods fratime Total dataset andlso when
excludingcoffeeandtea(i.e. theNoCorT datas@t(seeSection2.5). Daily intake of
dietary fibre and vitamin @re included in th@redictive equatiorfor the intake of
polyphenol not from coffee and t¢seeTable 2-18). This finding suggests thahe
consumption of polyphenalontaining foods which high in dietary fibre and vitamin
C can contributeo the total polyphenol iteke not derived fronmcoffee and teaAn
implication of this is the possibility thélhe health promotion to increase the serving
size of fruit and vegetables can also include the point that thesmodsourcesre

also significant contributors to polyphenol intake.
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2.7.1 Polyphenol intake in comparison to the intake from other

countries

Table2-19 shows thecomparison in polyphenol intake between countries and
the intake reported in this chaptdihe favonoid intake reported ithis chapte{612
mg/day) is higher than theesults reported from othestudies (see Table 2-19).
Studies performed in China and Greece which has used FFQ in the estimation of
flavonoids reported lower value of total flavonoids as compared tointiaée
reported in this chapte(Dilis and Trichopoulou, 2010Li et al., 2013. The
contribution of flavanols to total flavonoid intake (82.7%) in this chaptesiandar
to the United States (83.5%hun et al., 200Avith teaasthe major food sourcir
thesepopulations In comparison, the study in Chir{ai et al., 2013 had only
assesseflavonoid intake from fuit, vegetables and nuts which migtticount foithe
low value in the flavonoid intake.

There are two studies that have previously estimated the flavonoid intake of
the UK populationBeking and Vieira (20)lestimated the flavonoid intake using
food balance sheet¥he authos claimed this approach has the advantage of normal
distribution of the data despite of owepresentation of tea drinkers in the UK
population. The lower flavonoid intake estimated from this study as compared to data
from this chapter might be associatedh the limited number of food items (105
foods) from specific food groups which were included in the estimation. In addition,
only fresh planbased foods were counted in while polyphenols contained in

processed foods such reathyade pastaauces werseot added.
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ZamoraRos et al. (2013breported a slightly lower flavonoid intake (501.7
mg/day) in the UK general population compared to data from thistethé&fil6.6
mg/day). Flavanols were the major flavonoid class for both of these two studies, with
the contribution of 82.7% (current study) and 75% (EBK) respectively to the
total flavonoid intake.The EPIC study has not includedhdarubiging the major
group ofcompound found in tea in the estimation of flavanols, thus can leaahto
underestimation of flavanol intake. In this chapter, data for thearubigins content in
tea was obtained from USDA datab@3d&DA, 201).

The total polyphenol intake as reported from other studies ranges from 800 to
1200 mg/day. The value of total polyphenols estimated in this chapter by sagimat
20 polyphenols is within a reasonable range when compared to the other studies. The
main polyphenol food sources for the studies with total polyphenol intake above 1 g
per day are beverages such as coffee, tea and fruit juices as reported by study from
France and Polan@Perezlimenez et al., 2011Zujko et al., 201 The other
polyphenol food soues include fruit, vegetables, legumes and cereal prodiings.
disparity between all these studies in the estimation of total polyphenols can partly be
explained by the different number of polyphenols included in the estimation in work
for this thesis mor@olyphenol (20 compounds) were used in the estimation of total
polyphenols. The different database used to estimate polyphenol intake also can

contribute to the differences in total polyphenol estimation between countries.
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Table 2-19 Polyphenol intake in different countries as comparison to the value obtained in the chapter

Country(s) & authors Method(s) for dietary reporting Polyphenol studied Amount consumed Amount
(number of compounds) (per day) consumed in
database used this chapter

(per day)

United Kingdom and Ireland| Data from FAO* Food Balance Sheet {Total flavonoids(5), USDA 182 mg/day for UK and 177 mg/day fol612 mg/day

(Beking and Vieira, 2011

UK and Ireland population

Ireland

European counes
(EPIC study)XZamoraRos et
al., 2013p

24-hour dietary recall using computerise(
interview software”

Total lavonoids(NA), USDA and
PhenolExplorer®

Mediterranean countries: 370 mg/day
Non- Mediterranean countries: 374
mg/day

(estimated from
7 flavonoids)

Australia(Johannot and
Somerset, 2006

Faceto-face 24hour recallfood frequency
questionnaire (FFQ)

Total flavonoidg5), USDA

225 mdday of flavonoids for the whole
population,454 mg/day of flavonoids fo
population age 19 years and over

United States (Chun et al.,
2007)

24-hour dietary recall

Total lavonoids(6), USDA

190 mg/day

Greece Dilis and 190item validated semi quantitative FF(Total flavonoids (7), selfleveloped 92 mg/day
Trichopoulou, 201p database
China (Li et al. 2013) 76-item validated quantitative FFQ Total flavonoidg5), selfdeveloped 166 mg/Gy
database
Finland (Ovaskainen et al. | 48-hours dietary recall & HPLC Total polyphenolg§NA), selfdeveloped | 863 mg/day 1089 mg/day

2008)

database

France(PerezJimenez et al.,
2011).

24-hour dietary record as the means for
food recording every two months leten
the periods of two years

Total polyphenol¢NA), Phenol
Exploref®

1193 mg/day

Poland(Zujko et al., 2012).

24-hourrecall method

Total polyphenofs(NA), seltdeveloped
database

men:1172 mg/daywomen:1031
mg/day

Iran (Sohrab et al. 2013)

168-item validated semi quantitative FFQ

Total polyphenol§NA), Phenol
Exploref®

1780 mg/day

Spain(TresserreRimbau et
al., 2013

137-item validated quantitative FFQ

Total polyphenol¢NA), Phenol
Exploref®

820 mg/day

'Median total intake of flavonoidsEstimated from total phenolic content of foods using Folin Ciocalteu asapd and Agriculture Organigian, World Health
OrganizationNA: the totalnumbercompounds was not available
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2.8 Conclusions

The study in tls chapter intended to estimate the total polyphenol irtake
population of UK women. Based predominantly ofhenolExplorer® data, the
estimation of polyphenol intake from food diary analysis wW#&89 mg/day.
Flavonoids and phenolic acidsntributed55.3% and 39.9% respectively to the total
polyphenol intake of the samples. Specifically, flavanols whichpegdominantn
tea, and hydroxycinnamic acidqgedominanin coffee, are the highest in polyphenol
classesconsumedby the population This finding is expecteddue to the high
representation of tea and coffee drinkers in the study {abée 2-11), with only
16.7% of thepopulationnonrconsumers of both drink#fter the exclusion of coffee
and teafrom the estimation of pggphenol intake (NoCorT dataset), the main
polyphenols which contributed total intakewere flavanols, hydroxycinnamic acids
and flavonolsderived fronfruit, vegetables and chocolates (Sedble2-8).

Furthermore, the data ithis chapter were analysed to predict factors
associated with polyphenol intake in the UK women studi@dm the regression
analysis, agavas themajor predictor of polyphenol intakend to thetwo major
polyphenol groups; flavonoids and phenolic aciélhigher socieeconomic statys
shown by employment and the accessibility to buy fpodsy alsoaffect the food

choices of the studied sample.
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Chapter 3

PolyphenolsContent in Food

3.1 Abstract

In this study an estimation of polyphenol content was perforimeelected
foods. These foods were commonly consumed by the participants (see Chapter 2)
with no data on polyphenol content present RhenolExplorer® or USDA
polyphenol databasdn the screening phasé&olin-Ciocalteu assayas used to
estimate total polyhenol content in these foods. Blackcurrant concentrates were
selected for further analysis on speciigthocyaninsand ascorbic acidontent by
using high performance liquid chromatography (HPLO)e adjusted values were
used for theassociation of polghenol intake and cognitive performance (see Chapter
4). The intake blackcurrant concentratdsas played a vitatontributionto daily
anthocyanin intakef the participants. Howeverhé currentstudy was limited by
only assessing the contribution of tkaarrant concentrates consumption to daily
total anthocyanins and total polyphenol intakais highlights the need for further
analysis on other processed fooddich were commonly consumelby the

populationfor a better estimation of the polyphenol ireak
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3.2 Introduction

In recent years, there has been an increasing intered¢t@rmining the
polypherl content of processed foodshere have been a few studies carried out in
the United Kingdom that have analysed some processed foods such as commercial
fruit and vegetable juices and dmtsed breakfast ceregMullen et al., 2007Ryan
et al.,, 2011 WoottonBeard et al., 2001 However, far too little attention has been
paid toanalysing processed foods based on foods that are commonly consumed by
the UK population.

In Chapter 2, an estimation of tpelyphenol intake of the study population
was determined from the food intake reported using day food diay. The
polyphenol content of the food was assessed using two main databases namely:
PhenolExplorer® (Neveu et al., 201Qkand USDA(USDA, 201). However, there
is missing data for the polyphenol ¢ent of some foodsonsumed by thetudy
sample,but for which no data is present in these two databasesTéde 3-1).
Folin-Ciocalteu assay wassed in order to screen foods with a potentially high

phenolic content that couttien be assessed more specifically using HPLC analysis



108

Table 3-1 Commonly consumed food§ without polyphenol composition data in

PhenolExplorer®
No. Food groups Foods
1.  Fruits Satsuma*
Clementne*
Mandarin*
Sultand

2. Cereals, wheandseed Cereal bar (fruity
Muesli (mixed cereals)
Oatflapjack-
Cereal bar~
Hummus~

Mustard, whole grat

3.  Fruitbased products Fruit smoothie*
Mixed fruit juices*
Fruit concentrags*"
Fruit yoghurs~

4, Soup and sauces Instant soups~
Tomato ketchup
Apple sauce
Curry saucs~

Pasta sauces*

*Commonly consumed foods based on analysis of food diaries in Chatffends
analysed by FoliCiocalteu assay in this chap; *Foods analysed by HPLC in this
chapter, ~Foods which were not analysed

The Folin-Ciocalteu assayvas widely used to measure the total phenolic
content in food products and supplementswés suggested as the standasdi
method for routine qual control in food analysiéPrior et &, 2009. The principle
of this assays based on the oxidatioor reductiornreaction,from a few compounds

in foods including phenols, other nphenolic reducing agents and possibly metal

chelatord{Medina, 2011
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Further analysis using high performance liquid chromatography (HPLC) was
performed on seléed blackcurrant concentratdstuit concentrates were selected
because 36% of the participants consurean as partof their habitual diet. Two
anthocyanins;cyanidin3-O-rutinoside (CY3RUT) and delphinidin3-O-rutinoside
(DP3RUT) were selected for quantification by HPLOhesecompoundswere
selected based on results from previous studies and are well known as dhe maj
anthocyanins preseit blackcurrantgMatsumoto et al., 200 BermudezSoto and
TomasBarberan 2009.

This study is therefore intended to address missing data from some
commonly consumed processéabds to improve the estimation of polyphenol

intake of the study population.
3.2.1 Study objectives

The objectives of this study were:
1 To determine the tat phenolic content of selected foods and
beverages using the Foliocalteu assay.
1 To identify some specific compounds of selected foods and beverages

using HPLC.

3.3 Materials and Methods

3.3.1 Materials

Caffeic acid, catechin, gallic acid, sucrose, fructosacage and sodium
metabisulfite were purchased from RigAldrich (Poole, Dorset, UK)Ascorbic

acid, muyricitrin, cyanidin3-O-rutinoside and delphinidin3-O-rutinoside were
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purchased fronExtrasynthese (Genay, Franc&he terns ascorbic acid and vitamin
C areused interchangeably.

HPLC grade ethanol, methanol and acetonitrile were purchased from Fisher
Scientific (Loudnborough, Leicestershire, UK)-olin-Ciocalteu phenol eagent
formic acid andsodium carbonateavere purchasedrom Sigme-Aldrich (Poole,

Dorset, UK). Distilled water was used for the Foltiocalteu assay whil#illi -Q
purified waer was used for HPLC analysi¥he water source was from Merck
Millipore lab water systems (Massachusetts, USA).

All food samples were purchas&dm local commer@il outlets.Citrus fruits
(mandarins, clementines and satsumas), clementine juice, pineapple juices, mustards,
mar mal ades, Britvic J20O mixed fruit juic
Sun Exotic Tropical fruit juice were purchased from Morrisdareeds, UK Sultanas,

l nnocent 6s fruit smoot hi es, Ri bena juic
samples were yrchased from ASDA, Leeds, UKthe Ceoper ati veds cCr
blackberry and raspberry smoothie was bought from Leeds eksily Union
conwenience shogOr ange squash samples were bough
Waitrose, LeedsUK. Super mar ket own brandos bl ac|
blackcurrant concentrate samples were bought from a few stores (ASDA, Morrisons,
Marks & Spencer and Tescajound Leeds, UK. All foods were bought betwee
November 2011 to March 201Eresh samples were weighed (40 g) while other

foods were aliquoted (2 ml) and storatd20°C for a maximum of one montprior

to analgis.
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3.3.2 Methods

3.3.2.1Food sample preparation

Food smples were extracted using 80% methaaol different ratios
depending on the nature of food sampleesh food was extracted at 1:12 (v:¥yit
juice with bits and thick fruit juices and smoothigere extracted at 1.6 (v:v) and
(1:6 vv); and fnally, pasta sauce samples were homogensedl:1 ratio andhen
further extractedwith 15 ml of solvent centrifuged and the pellet extracted twice
more with 15 mlof solvent The food samples were extracted using different
methodsbased on the structureditexture of the food: ifruit juice concentra®
and fruit juices without bits were extracted with methanol (80 %, 1:1, v:v); (ii)
samples were centrifuged (3000 G, 15 minutes, 4uB)g a centrifuge (Centrifuge
5810R, Eppendorff, Hamburg, Germany) dhd pellet extracted 3 times to ensure
maximum extraction; (iii)lick textureor solid foodsverehomogenisedirst usinga
food homogenisefior 1 minute 30 seconds to 2 minutes and if further refinement was
neededthen a fine bladéood homogenisefPOLYTRON 16008 was usedo refine
the food productsFor eachoriginal sample two extractionsere performedFor
each extraction, it was then divided into two replicates; therefore there were four
replicates irtotal for each original samplén this study Heidi Lai has contributetb
the preparation and sample analysis for some of-dti@-Ciocalteu assagnd data

analysis using HPLC
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3.3.2.2Folin-Ciocalteu assay

The FolinCiocalteu assay was adapted framethoddescribed by Singleton
and Rossi (19%) and Singleton et al. (1999The mechanismnvolves electron
transfer in alkaline medium from phenolic compounds to phospomolybdic or
photdungstic acid complexes ithe Folin-Ciocalteureagent. This reaction foln
blue complexesndthe optical densitgan bedetermined using spectrophotometer
(CECIL CE7200 Cambridge, United Kingdomat 765 nm(Singleton and Rossi,
1965. The supernaint fromthe sample extraction (1 ml) was added to 5 ml of
freshly prepared-olini Ciocalteu eagent (1:10, v:v with water)lhe mixture was
vortexed(Vortex Genie2, New York, USA)and then mixed with 4 mdf NaCoz
solution (75 g/L, 0.71 nmol/Lyithin 3 to 8 minutesafter the addition of-olini
Ciocalteu reageniThe samples were incubatada water bath set &6°C for 2 h,
and then the absorbance of the mixture was read at 765 nm using distilled water used
as the blank.

Gallic acid is typically used dhe reference compound due to its availability,
price, reproducibility and solubilityGallic acid (0.1 g)was weighed and dissolved
in 100 ml of distilled water to make a stock solution at a concentration of 1 mg/ml.
Galllic acid (0 to 200 pg/ml) was poared in distilled water and the safain assay
procedure was followed. Results for samples are expressed as mg of gallic acid
equivalent (GAE) per 100 ml or per serving size of samples.

A trial was performed t@omparegallic acid as reference with cai€ acid,
catechin, and two major anthocyanins in blackcurrant concentrate neyaeiylin

3-O-rutinoside (CY3RUT) and delphinidig-O-rutinoside (DP3RUT)The samples
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for the standard curveangedfrom 0 to 200 pg/ml and the assay procedure was
performedn the same way as for gallic acid.

The Folin assay can be affecteddgytain interferences such as ascorbic acid,
fructose, protein and some inorganic substar{Besx, 1983 Prior et al., 200p
Compounds that are commonly present or are added to processed foods were
selectedfor testing for interferenceThese compounds includte ascorbic acid,
fructose, sodiunmetabisulfite (added as a preservative in food samples in food
processing), glucose and sucroséll compounds were tested attasdard

corcentrations from 0 to 300 pg/ml and assessed in the Folin assay.
3.3.2.3Vitamin C correction methods

Vitamin C, present in trit and vegetables and derived products, interferes
with the Folin assay and therefore needs to be accounted for. Food samples were
extracted as in Sectio®.3.2.1 and then a ml extract was added to 4 ml Folin
reagent and #l distilled water (instead of N@o3) to be measured in the Folin

assay(Perla et al., 2012
3.3.2.4Validation of Folin-Ciocalteu assay

Pineapple juicevas useds a positive control to compare with dataaial
phenolic contenin pineapple juicerecorded in PhenolExploref’. Two types of
pineapple juice (Morrisons and Tropicana brand) were used for this purpose and
samples were prepared duplicate from the same batch.ml of each pineapple
juice was dded to 2 ml of 80 % methandlhis mixture wasentrifuged(3000 G, 15
minutes, 4 °Cland the pellet extracted 3 timesth methanbto ensure maximum

extraction. Samples were prepared in double duplicaimilar to food sample
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preparation and yielded four replicatesd followed the same Folin asgapcedure
described in Sectio8.3.2.2

The accuracyf measuremerfbr total phenoliccontentusing the Folin assay
was determinedThis was done by spiking a blackcurrant concentrate sample
(Tesco's Blackcurrant High Juice 36: BHJ) with a known concentration (100
pg/ml) of ascorbic acid and gallic acidhe preparation of stock solution of ascorbic
acid and gallic acid followed the same procedure as described in S8@&i@rR
TheFolin assaywas performed tdive different groups in the validation experiment:
(1) assay for gallic acid standard curves (from 0 to 150 pug/ml); (2) assay for known
concentration of ascorbic acid and gallic acid (100 pg/ml); (3) assay for food sample
(BHJ) by mixing50 pL undiluted concentrate with 950 uL 80% methanol; (4) assay
for the mixture of 72 pL of undiluted BHJ, 160 uL of standard from stock solution of
gallic acid (end concentration of 100 pug/ml) and top up the balance to 1600 pL with
80% methanol and (5saay for the mixture similar to (4) but using 160 pL of stock
from stock solution of ascorbic acidn@ concentration of 100 pg/mlYitamin C
correction assay was peried to (2), (3), (4) and (5%amples were prepared in
duplicate from the same batchdaassessed in the Folin assay and corrected vitamin

C assay as mentioned above.
3.3.2.5HPLC-DAD analyses

In this study, selected fruit concentrates with Higgial phenoliccontentwere
selected for HPLC analysiReverseephase HPLC with a photdiode array detctor
wasused to analyse these sampkesimple dilution step using 80% methanol was
applied prior to analysisand samples werghen filtered through a 0.2 pm

polytetrafluorethylene(PTFE) membrane filter(Chromacol Hertfordshire, United
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Kingdom). The g/stem used was an Agilent 1200 Series HPLC consisting of a
solvent degassing unit, binary pump, asé&mpler, thermostatic columwven and
diode array detectoiThe column used was an Agilent Zorbax Eclipse XDB&C

(4.6 x 50 mmand 1.8 um internal diameaje Solvent A used was MiHQ purified

water with 0.1% formic acid and solvent B was acetonitrile with 0.1 % formic acid.
The solvents were placed in the sonicator bath 30 mins. prior to analysis. The
solvent flow rate and column temperature were fixed0.5 ml/min and 30°C
respectively.A 33-min gradient was used, starting from 5% solvent £ (@in),
increasing to 10% solvent B-& min), 40% solvent B (25 min), 90% solvent B
(25-29 min) and finally 5% solvent B (283 min). In this analysis, migitrin-3-O-
rhamnoside, also known as nojtrin (MY3RNS), was chosen as the internal
standard. Chromatograms were recorded at 350 and 520 nm for myricitrin and

anthocyanins respectively (segure3-1).

OH

myricitrin

Figure 3-1 Chemical structures of two main anthocyanins in blackcurrant
(cyanidin-3-O-rutinoside and delphinidin-3-O-rutinoside) and
myricitrin used as an internal standard
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The same HPLC system was used to determine ascoriicwéth some
modifications. A puBondapak @8 column 8.9 x 300 mm Water, UK) was used.
The column used for the analysis was fidfmters(uBondapak €18 3.9 x 300 mm)
Solvent A wad.2% formic acid irMilli -Q purified water while solvent B w&s2%
formic acid in acetonitrilewvith a solvent flow rate ofi mL/min. Chromatograms

were recorded at 245 nm.
3.3.3 Statistical analysis

Samples were prepared in duplicate for the validation analysis and the results
are presented as mean. All results from the Foliayassid HPLC analysis are

presented in medhstandard deviation.

3.4 Results and Discussion
3.4.1 Folin assay

3.4.1.1Validation and interferences in theFolin assay

Table 3-2 shows thetotal phenolic contentin two pineapple juices as
compared talata inPhenolExploref’. It can be seen that thetal phenoliccontent
obtained from sample 2 is fairly close to the one from the datablasecver the
differencein values from thedatabase was expected because of various factors such
as the differenprocessing of juice, the variety of pineapple used and the different
methodsapplied in respective studies. Nevertheless, the similarityhig result
confirmed that the method usedsvalid andthuscould be applied throughout the

study.
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Table 3-2 Comparison oftotal phenolic contentof pineapple juice between
PhenolExplorer and Folin assay adapted in the study*

Phenol Pineapple juice 1  Pineapple juice 2
Exploref’ (Morrisons)(n =2) (Tropicana)n = 2)
Total polyphenol conten 35.8 16.3° 0.1 30.9° 0.1

(GAE mg/100 ml)

*Samples were prepared in duplicate fribmasame batch

Ascorbic acid reacts in the Folin assay, as demonstrated by the similarity in
standard curves shown for gallic acid and ascoduid inFigure 3-2 (a and b).
However, sodium carbonat¢Na,CQO;s) is essential for ascorbic acid to react, thus
leading to a much weaker responshen this alkaline medium was replaced by

distilled water(d compared to b).

2.5 -

kS 5

Absorbance (765 nm)

0.5 -

0 0.2 04 0.6 0.8 1 1:2 1.4
Concentration (umol/L)

Figure 3-2 Response in the Folin assay to various compounds [gallic acid ),
ascorbic acid (I3 ), corrected gallic acid, without Na,CO3 (I ) and
corrected ascorbic acid without Na,COg3 (P )]
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Table 3-3 represents the results for the spiking trial using known
concentrations ofjallic and ascorbic acidhis trial was performed to ensure that the
absorbance from the assay canfi®m eitherthe sample orthe known gandards
spiked to the santp. Theoretically, the absorbance amdal phenoliccontentof the
mixture of BHJ and known concentration of standards should be higher than

absorbance arndtal phenoliccontentof BHJ alone.

Table 3-3 Spiking trial with sample (BHJ) added with known concentration
(100 pg/ml) of ascorbic acid and gallic acid

Folin-Ciocalteu assay (1)
Total phenolic  Total phenoliccontentafter

Sampls conten{GAE subtraction from mixture

(g/mi)] [GAE pg/ml)]

(1) BHJ without ascorbic
BHJ* 135.3 acid: 120.4
(i) BHJ without gallic acid:

Ascorbic acid (00 pg/mlf 70.2 114.8
Gallic acid (DO pg/mly 125.7
BHJ + Ascorbic acid @0 pg/mlyf 190.6
BHJ +Gallic acid(100 ug/mlf 240.5

Vitamin C correction assay (2
Total phenolic  Total phenoliacontentafter

Sampls conten{GAE subtraction from mixture
(g/ml)] [GAE pg/ml)]
(1) BHJ without ascorbic

BHJ 29.6 acid: 23.4

(i) BHJ without gallic acid:
Ascorbic acid (00 pg/mlf 22.2 20.7
Gallic acid (DO pg/mly 50.8
BHJ +Ascorbic acid100 pg/mly 45.6
BHJ +Gallic acid (DO pg/ml)’ 71.5

*Tesco's Blackcurrant High Juice 50%alue ¢ minus a, ~Value d minus B/alue
g minus eValue h minus f

Percentage differences tital phenolic contentof BHJ only and theotal
phenoliccontentof BHJ after subtraction from the mixture were calculated for both

Folin and vitamin C correction assayResults for the Folin assay (1) yielded 11.1%
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and 15.2% difference from the BHJ withoutlspg for ascorbic aciénd gallic acid
respectively.On the other hand, 20.9% and 29.8% differences were shown for
ascorbic acid and gallic acid in théamin C correction assay (Zyhe percentage
difference obtained in this trial is satisfactory and #higgested that the assays were
able to show an increment in absorbance with the addition of compound with a
known concentration.

Figure 3-3 displays the standard curves for gallic acid, caffeic acid and
catechin,CY3RUT and DP3RUT. From the figure, it shows that gallic acid and
catechin were able to read the absorbance upattd2vould make a good reference
compoundsCatechin was not selectedtas reference fothe Folin assay because it
is light sensitive (SigmaAldrich, 2013 and nore expensive than gallic acid.
CY3RUT and DP3RUIso gave excellent response in the Folin assay, but these are
deemedhot suitable as these compounds are expenstvaffeic acid was weak and

serves no advantage over gallic acid.



120

- N
4] N 4]

Absorbance (765 nm)

-

0.5 -

0 0.2 0.4 0.6 0.8 1 1.2
Concentration (umol/L)

Figure 3-3 Response in the Folin assay to various compoundesyanidin-3-O-
rutinoside (P ), delphinidin-3-O-rutinoside (; ), catechin (+), gallic
acid (3 ), caffeic acid(! )]

Result from the Folin assay, which ag performed on several interfering
compounds, is shown iRigure 3-4. It can be summarized that the absorbance for
thee compounds is very low and did not follow a linear increment as the
concentratio of these compounds increased.

None of the compounds tested reacted in the Folin agsan at high
concentrationslt can be deduced that these compounds will not significaffect
the assay of food prodtgccontaining these compoundis.summary, only ascorbic

acid was therefore corrected in further Folin assay tests.
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Figure 3-4 Response in the Folin assay to various cgraunds [sucrose { ),
sodium metabisulfite (3 ) and fructose (P ), glucose(i )]
Table 3-4 displays the relative response factor (RRF) of several compounds
which were tested in the Folin assay (Begure3-3 andFigure3-4). RRF is the ratio
of response factor of individual compoundsthe standardwhich was gallic acid
RRF was calculated by dividinthe gradient value (m value) from equation of
standard curve of these compouysthe m value of gallic acidcrom the table, it

shows anthocyanins and catechin have high RRF while other compounds have a

lower valuewith the potential interfering compounds having a negligible effect.



122

Table 3-4 Relative response factors of several compounds

Compounds Relative response factor
Fructose 0.0007
Sucrose 0.001
Glucose 0.001
Sodium metabisulfite 0.006
Caffeic acid 0.38
Ascorbic acid 0.50
Catechin 1.34
Delphinidin-3-O-rutinoside 1.47
Cyanidin3-O-rutinoside 1.74

3.4.1.2Analysis of foods by the Folin assay

(@) Sultanas, citrus fruits, mustards and marmalades

Figure 3-5 showstotal phenoliccontentfor mustards (A), marmalades (B),
citrus fruits (C) andsultanas (D)There were three processed mustards in the form of
a condiment and one mustard seed sarapbdysed in the current studyrom the
results, thetotal phenoliccontentof the mustard seed was higher than processed
mustard when copared on a GE mg/100 g basis, but little difference was found
between samples on a serving size basis (average value of 41.6 GAE4
mg/serving size)Not much difference was found in thetal phenoliccontent
between different mustard varieties (wholegrain, Dgod English mustards).

Two samples of marmalades were analysed in the current study. The average
total phenoliccontent for marmalade was 95.2 + 5.3 mg/100g or 14.3 £+ 7.1
mg/serving size but a large variation was observed between the samples. A previous
study found a lower total phenolicontent(43.7 mg GAE/100g) of orange jam

prepared in the laboratofiRababah et al., 20L1A recent study compared the edible
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part and the peel of sour oranges extracted using high pressure extraction using a
syringepump(Wang et al., 2011 The total phenolicontentreported for dible fruit

is 53.9 GAE/100g while the peel is 112.2 mg GAE/100g. In this thesis the total
phenolic contento f mar mal ade with orange peel (N
Marmalade) is double that of marmalade without peel. This finding is supported by
higher total phenoliccontentfound in the orange peel as reported by Wang et al.
(2011).

Three different sources of sultanas and citrus fruits were analysed in the
current study. Sultanas showed no major difference between samples with a mean
value of 200.5 ¥23.8 mg/100 g or 50.1 + 6.0 mg/serving size. In comparison, a
highertotal phenoliccontentfor raisins (1065.0 + 1.6 GAE mg/100g) was obtained
by a previous study in the United Sta{®8u et al., 2001 Furthermore, a recent
study on sultana samples also reported higbtd phentic content(363.5 + 4.4
GAE mg/100g)Kountouri et al., 2018 One possible reason for these discrepancies

is the differenwarieties of grapes used in sultana production.

The results for citrus fruits showed no big differenceotal phenoliccontent
between sample¥he mean valuef citrus fruits was 106.2 + 3.6 mg/100g84.9 +
2.9 mg/serving sizeA study in Iran reported a value of 55.8 GAE mg/100ml for
satsuma juice (QunshiuM.) (Hashempour et al., 20L3Another study reported a
value of 80 GAE mg/100ml mandarin juic€.(reticulata) (80 GAE mg/100ml)
(Rekha et al., 2032 The lower value of citrus juice as compatedresults from

fresh fruits is expected and may be due to processing of the food product.
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Figure 3-5 Total phenolic contentin mustards (A), marmalades (B), citrus fruits (C) andsultanas(D) measured byFolin assay [GAE
mg/100 g | ) and GAE mg/serving sizelf )]

Serving size: 59 (+), 159 (#), 809 ("), 25y (*
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(b)  Fruit smoothies

Figure 3-6 displays results from the Folin assay for fruit smoothie samples.
Innocent Strawberry anBanana had the highest GAE value (208.9 + 3.4 mg/serving
size) whilstlnnocent Orange, Mangand Pineapple had the loweg®@5.0 + 1.2
mg/serving size)ln the current study, no comparison can be made between eight
samples because they differed significanti the mixture and the percentage of

fruits used in the production.
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Figure 3-6 Total phenolic contentin fruit smoothiesmeasured bythe Folin
assay[GAE mg/100 g ( ) and GAE mg/serving sizelp )]

Serving size: 200 ml (*), 180 ml (»)Samples:A: Innocent Pineapple, Banana &
Coconut*, B: Innocent Mango & Passion fruit*, C: Innocent Orange, Mango &
Pineapple®, D: Innocent Kiwi, Apple & Lime* E: Gaperative Cranberry,
Blackberry & Raspberry*, F. InnocenApple & Blackcurrant®, G: Innocent
Strawberry & Banana*, H: Innocent Strawberry, Blackberry & Raspberry”®
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(c) Fruit juices and orange concentrates

Figure 3-7 shows the range of total phenolics for diferent mixed fruit
juices. Tropicana Pomegranate, Grape and Apple juifd had the highestotal
phenolic content (179.6 + 2.4GAE mag/serving size), while ASDA's Apple &
Blackberry juice drinA) had the lowest7.6+ 0.7 GAE mg/serving sizeverall,
it can be proposed that juiceritks have a lower GAE value (less than 100

mg/serving size) as compared to fruit juices.

Total phenolic content (GAE

A*B=C" D E* FFGrH I J* KL M NYO? P
Samples

Figure 3-7 Total phenolic contentin mixed fruit juices measured by the Folin
assay [GAE mg/100 g { ) and GAE mg/srving size p )]

JD: juice drink; Serving size: 200 ml (*), 150 ml (*); Samples: A: ASDA's Apple &
Blackberry JD, B: J20 Apple & Mango, C: J20 Apple & Raspberry*, D: Sun Exotic
Tropical Fruit*, E: J20 Orange & Passion fruit*, F: ASDA's Grape, Apple &
Rasgerry JD*, G: ASDA's Citrus JD*, H: J20 Apple & Blackberry*, I. ASDA's
Forest Fruits JD*, J: Innocent Tropical Juice”, K: Tropicana Ruby Breakfast*, L.
Morrison's Tropical Juice*, M: Tropicana Mango, Peach & Papaya*, N: Morrison's
Orange & Cranberry*, O:nnocent Apple & Raspberry Juice”, P: Tropicana
Pomegranate, Grape & Apple*
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Figure 3-8 displays theotal phenoliccontentof 5 orange concentrates after
vitamin C correctio measured by the Folin assayhe graphs represerbtal
phenoliccontentbefore (the whole bar) and after the correctibwitamin C (light
grey area)There is a trend in increment of vitamin C content astated phenolic
contentincreasesOrange high juice cordials have highetal phenoliccontentand

vitamin C than ordinary cordial or squash.
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Figure 3-8 Total phenolic level of orange concentratedgtal phenolic content
after correction for vitamin C content () and estimated vitamin C
level from the Folin assay P )]

Cor: Cordial, HJ: High juice, DS: Double strength, Serving size: 1 to 4 dilution (*), 1
to 9 dilution (»)
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(d) Tomato based pasta sauces

Nineteen tomato based pasta sauces were assessed using the Folin assay. The
main ingredients are alys tomato and onion (s@able 3-5) with a mean of 65%
and 8% respectively, although for some samples, no percentage was @hdire
label for onion.Sauces may contain other ingredients such as herbs, peppers, beef,

olive oil and red wine.

Table 3-5 Main ingredients of tomato based pasta sauce (by percentage, %)

Total Onion
Samples Code tomato~ (%)
(%)
Dolmio Italian Chili Microwaveable A 88 NA
Morrisons Bolognese* B 13 10
Dolmio Tomato & Basil Micowaveable C 89 NA
Dolmio Meatball Bolognese D 87 NA
Morrisons Tomato Pasta Sauce E 75 NA
Marks & Spencer Bolognese F 63 NA
Morrisons Tomatd?asta Sauc@gong shelf life) G 67 2
Dolmio Minced Beef Bolognese H 67 NA
Sacla Bolgnese I 63 NA
Seeds of BGange Bolognese J 92 NA
Dolmio Smoked Bacon & Tomats$tir in Sauce K 68 12
Dolmio Sweet Pepper L 52 8
Loyd Grossman Bolognese* M 44 NA
Dolmio Ovenroasted Vegetabl8tir in Sauce N 67 7
Napolina Bolognese” O 47 8
Dolmio Slowroasted Garlic & Tomat8tir in Sauce P 70 NA
Dolmio Sundried TomatdStir in Sauc€Light) Q 72 8
Dolmio Sundried Tomato Stir in Sauce R 66 9
Meenas Bolognese* S 45 NA

~total tomato refers to addition of tomato and tomato puree contained in the sampl
*contains red wine, * contains red wine vinedagntains meat, NA: not available
on the label
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The results for théotal phenoliccontentfor all tomatebased pasta sauces are
shown inFigure 3-9. Dolmio Italian Chili (A) has the lowestotal phenoliccontent
(43 GAE mg/100 g) whileMeenas Bolognese (S) sauce has the higl8&siGAE
mg/100 g) Interestingly, although the total tomato contenDaimio Italian Chilli
(A) is third highest, it does natffect thetotal phenolt contentof the samplesTo
confirm, a correlation analysis was performed betwesal tomato and onion
content andotal phenoliccontentof the sampledNo correlation was found between
total phenoliccontentand bothtotal tomato (R =-0.248, p>0.05N=19) and onion
content (R = 0.176, p>0.05, N=8)\o clear pattern of increment in GAE value with
reduction in total tomatcontent in pasta saude.addition, increase itotal phenolic

contentwas not associated with percentage of onion content oathees.
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Figure 3-9 Total phenolic contentof tomato based pasta saucesmeasured by
the Folin assay fotal phenolic content after correction for vitamin C
content (- ) and estimated vitamin C level from Folh assay P )]
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(d) Blackcurrant concentrates

Blackcurrant Ribes nigrumL.) is a type of currant with a very dark purple
colour known for its high content of anthocyanins and vitami(HGllands et al.,
2008. This crop is commonly processed into juice concentrate, cordial, jellies,
frozen fuits and othefood productsBlackcurrant concentrat@asconsumed by 14
% of the paitipants in the current studyased on the food diary analysis (see
Chapter 2) Thirty blackcurrant concentrate drinks were purchased and assessed for
their total phenoliccontent The results are presented tasal phenoliccontentper
serving size of 50 ml of neat concentrate diluted to 250 ml of water (1 to 4 ratio of
concentrate to water).

Figure 3-10 (A) displays the total phenolic content for blackcurran
concentrates with a serving suggestion of dilution at a rati 1 to 4. Mixed
concentrates tended to have a lowetal phenolic content as compared to
blackcurrantonly concentratesin addition, the mixed concentrates had a lowe
estimated vitamin Cantent.ASDA Blackcurrant Juice Drink No added sugar (A16)
had the highest vitamin C ctamt (39 GAE mg/serving sizelhe mean oftotal
phenolic contentand estimated vitamin C content in these samples are 83 GAE
mg/serving size and 21 GAMRg/serving sizeespectivelyMarks & Spencer British
Blackcurrant Cordial (A17) had the highesital phenolic content (144 GAE
mg/serving size)Morrisons Apple Blackcurrant Cordial (A1) had the lowtshl
phenoliccontentand the vitamin C content contributed to tb&al phenoliccontent
of the sampleThis finding might be due to the high amount of ascorbic acid

purposely added to the product by the manufacturer.
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Figure 3-10 Total phenolic level of undiluted blaclcurrant concentrates (A)
with 1 to 4 dilution and (B) with 1 to 9 dilution [total phenolic
content after correction for vitamin C content () and estimated
vitamin C level from Folin assay P )]

Con: Concentrate, Cor: Cordial, JD: Juice drink, HJ: HigleguiNS: No added
sugar, DS: Double strength, BC: Blackcurraserving size is 50 ml of neat
concentrate diluted to 250 ml of water

Samples (A) Al: Morrisons Apple BC Cor NS, A2: Schweppes BC Cor, A3:
Robinson's Apple BC NS, A4: Robinson's Apple BC, ASDA HJ Apple BC NS,

A6: Marks & Spencer BC HJ NS, A7: Morrisons BC HJ, A8: Sainsbury's BC HJ,
A9: M&S BC HJ NS, A10: Ribena Con, A11: Ribena Plus Immunity Support, A12:
Tesco BC HJ, A13: ASDA BC JD, Al4: Tesco BC Cor, Al5: Ribena NS, Al6:
ASDA BC JD NS, A7: Marks & Spencer British BC Cord

Samples (B)B1: Morrisons DS Apple BC Cor NS, B2: ASDA Smart Price Apple
BC DS NS, B3: Sainsbury's Basics DS Apple BC Cor, B4: Tesco Value Apple BC
DS NS, B5: Sainsbury's Apple BC Cor, B6: Tesco Apple BC DS, B7: M&Blé\p

BC Cor NS, B8: ASDA Apple BC DS NS, B9: ASDA Apple BC DS, B10:
Sainsbury's BC Cor, B11: Tesco BC Squash DS, B12: Tesco Apple BC DS NS, B13:
ASDA BC DS NS
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Total phenolic content for blackcurrant concentrates with a serving
suggestion of dilution at eatio of 1 to 9 is shown ifigure3-10 (B), as most of the
concentrates in this group areegfor i zed as fAThemdan o totalt r e n ¢
phenolic contentand estimated vitamin C content in these samples is 15 GAE
mg/servingsize and 4 GAEmg/serving size respectivelyrthe sample with the
highest total phenolicontentis ASDA Blackcurrant Double Strength added sugar
Concentrate (B13) (33 GAE mg/serving size). The same value was obtained for total
phenolic content and estimat d vitamin C content for
Blackcurrant Double Strength added sugar Concentrate (B1). It can be deduced that
the phenolic content in this sample came mainly from interfere from vitamin C.

Association betweertotal phenolic content (GAE mg/serving size)and
vitamin C (GAE mg/serving sizepbtained from all blackcurrant concentraiss
presented inFigure 3-11. The correlation analysis was performed witA: (
Correlation 1, N=30) and without outlief8:(Correlation2, N=28). In Correlation 2
(B), two outliers with very lowtotal phenoliccontent(Al and B1) are removed from
the analysisThe coefficient correlatior{r value)was improved from 0.88{{<0.01)
to 0.951 (p<0.01) between these two variables when thiersutere removed from
the analysis.The result shows that there is a directly proportional association

betweertotal phenoliccontentand vitamin C content of the concentrates.
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Figure 3-11 Association béween corrected total phenolic content with estimated
vitamin C level measured by the Folin assay of blackcurrant

concentrates [A: correlation 1 with outliers, N=30 (i ) and B:
correlation 2 without outliers, N=27 (| )]

3.4.1.3Discussionof Folin data

Vitamin C ndurally presents in foods, reacts with the Folin reagent and
therefore is a source of interference in determinatgl phenoliccontent This was
demonstrated in the marked reductiontatal phenoliccontentof commercially
available fruit juice sampleafter correction of vitamin C conteiiBorges et al.,
2010. Because most samples selectedtfa Folin-Ciocalteu assay in the current
study containe@ substatial amount of vitamin C, correction for this compound was

performed to remove the interference
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There is a wide range itotal phenolic content of selected foods and
beverages analysed in this study, ranging from 53.7 to 277.2 GAE mg/100g with
fresh food have highetotal phenoliccontentthan processed foods (s€able 3-6).

It is probable that food processing can affeatl phenoliccontent This is in
accordance with a recent study grape juice concentrate which suggesteat
processing can lead to degradation in anthocyanins, thus, modibfaigohenolic
content(Capanoglu et al., 20)1.3Blackcurrant concentrates were selected for further
analysis by using HPL(Section3.3.2.5 based ondod diary analysis (Chapter 2);
from the 36% of participants who consw@a fruit concentrates 39% consumed

blackcurrant concentrates as a part of their habitual diet.

Table 3-6 Summary of total phenolic contentof selected food samples
Mean total phendic Mean total phenolic

content content

Sample(number of samples) (GAE mg/100 ml)  (GAE mg/serving size)
Mixed fruit juices (N=16) 53.7+2.8 102.8 £ 3.0

Fruit smoothies (N=8) 70.8+1.0 154.1+2.1
Orange concentrates (N=5) 74.2+ 0.8 37.1+£04
Marmalades (N=2) 95.2+45 14.3+ 0.7

Citrus fruits (N=3) 106.2+ 3.6 84929
Blackcurrant concentrates (N=3C 120.0+ 8.2 53.6+ 3.3
Sultana (N=3) 200.5+245 50.1+6.1
Mustards (N=3) 277.2+ 8.9 416+1.3

There are certain difficultieie making a comparison édtal prenoliccontent
values between studie€ertain studies presented thetal phenoliccontent as
GAE/mg of dry weight, ths making results incomparabl€he different typs of
reference used in the Folin assay otien gallic acid has led to a variatiomithe
amount of detected phenols in foods, thus, a standardization step is indispensable

(Prior et al., 200p
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A comparison was made betwe#rntal phenoliccontent of blackcurrant
concentrates obtained in this study &otl phenoliccontentof raw blackcurrant as
reported fromPhenolExplorer (820.6 GAE mg/100 g of fresh weight) (s€able
3-7). The percentage dtal phenoliccontentobtained from the current analysis
accounted for an average of 20.2% framtal phenoliccontentof raw fruit. This
finding is as epected since processing can lead to a reductiototal phenolic

content

Table 3-7 Total phenolic contentof blackcurrant concentrate compared tototal
phenolic contentof raw blackcurrant reported from Phenol
Explorer

% of total phenolic

Blackcurrant concentratesr  Mean total phenolic after 1
content™ to total

[brand and number of correction for vitamin C phenolic contentof
sample(s)] (assay) GAE mg/100 ml) raw blackcurrant 2
Sainsbury (N=2) 136.6 166
Ribena (N=3) 229 27.9
Marks & Spencer (N=3) 212.7 25.9
ASDA (N=3) 212.1 25.8
Tesco (N=3) 186.6 22.7
Schweppes (N=1) 15.3 1.9
Morrisons (N=1) 168.2 20.5
Blackcurrant concentrates

(all) (N=16) 186 22.7
Mean® SD 165.8° 73.3 20.2° 8.9

"Blackcurrant only concentrates

'After correction of vitamin C interference

“Total phenoliccontentof fresh fruits (blackcurrast from PhenolExplorer 820.6
GAE mg/100 g of fresh weight
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3.4.2 HPLC analysisof blackcurrant concentrates and dscussion

Selected blackcurrant concentrates with htgtal phenoliccontent were
analysed by HPLC to quantify the two major anthocyanins, naoyagidin3-O-
rutinoside (CY3RUT) and delphinidig-O-rutinoside (DP3RUT.) An example
HPLC chroméogram forRibena No Added SugdRNAS) is shown irFigure3-12.
Chromatograml represents nmgitrin as internal standardBoth CY3RUT and
DP3RUT Chromatogran?) were identified based on their retention time and UV
spectra compared to authentic standardsll blackcurrant samples contained both
anthocyanins.

Total anthocyanins for the selected blackcurrant samples ranged from 9 to
71mg/100 ml sample with mean a value of 25 mg/100ml of undiluted concentrate
(seeFigure3-13). Previous findings have identified two main anthocyanidorshe
aglycone}in blackcurrantcyanidin and delphinidinwhile key anthocyaninarethe
3-rutinoside and Qjlucoside(Hollands et al., 2008 Profiling of polyphenol content
in blackcurrant juice concentrate hstown delphinidin3-rutinoside as an explicit
characteristic of blackcurrant fr(©bén et al., 2011

Two main anthocyanins analysed in this studyY3RUT and DP3RUT have
a range from 3.1 to 21.1 and 6.0 to 49/100 ml of undiluted concentrates
respectively. These values are low when compared to a recent study which reported
values of 34.9 and 35.0 mg/100 ml for CYSRUT and DP3RUT respectively
(Torronen et al., 20)2 One possible reason for this discrepancy is that the juice
prepared in the study by Torronen et al. was prepared by diluting the juice

concentrate at 1:10 dilution.
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Figure 3-12 Representative HPLC chromatogram of (1) muyricitrin and (2)
anthocyanins [A: cyanidin-3-O- rutinoside and B: delphinidin-3-O-
rutinoside] in Ribena No Added Sugar Inserts show the UV
absorption spectra of the main peaks from corrgsonding

chromatograms.
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Figure 3-13 Two major anthocyanins in blackcurrant drinks [cyanidin-3-O-

rutinoside (P) and delphinidin-3-O-rutinoside (P )] measured by
HPLC

Con: Concentrate, Cor: Cordial, JD: Juidenk, HJ: High Juice, NS: No Added
Sugar serving size is 50 ml of neat concentrate diluted to 250 ml of water

Samples: A: Ribena Plus, B: ASDA JD NSC: Tesco CoyD: ASDA JD,
E: Ribena ConF: Marks & Spencer Cor, G: Tesco HJ, H: Marks & SpenckENB,
I: Ribena Con NS, J: Morrisons HJ, K: Marks & Spencer HJ

A recent study that examined polyphenol content in commercial blackcurrant
juice products from four European countries including Finland, Germany, Poland
and the United Kingdom identified #& major anthocyanins present in all samples
analysed (Mattila et al., 201). The compoundsfound include the main one,
delphinidin3-O-rutinoside followed bycyanidin3-O-rutinosideanda lower amount
of cyanidin3-glucoside. Authors reportabat products from the UK (N=3) have low

anthocyanins content as compared to otteemtries with a mean value frorhrée

samples of 7.5 mg/250 ml.
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In our study, cyanidin3-glucosides were nateterminedn the blackcurrant
concentrates, although it is possible that the shoulder on peBklgérd 3-12, 2) is
cyanidin-3-glucosides, no quantification wa performed The average total
anthocyanin obtained from the current study is ®2g5250 ml, 800% higher than
the value obtaed by Mattila et al. (2011)The possible reason for the large
difference between thestudies is that the current studies had analysed various types
of blackcurrant concentra{®l = 11)such as higluice, cordial and juice drink, and a
wide range of values were found, with four samples at similar values to the ones

reported byMattila et & (2011).
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Figure 3-14 Representative HPLC chromatogram of vitamin C inRibena No
Added Sugar(at 245nm). Inserts show the UVfabsorption spectra
of ascorbic acid.
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Figure 3-14 shows a example of a chromatogram from the RNAS
blackcurrant concentratanalysed for vitamin CThe vitamin C content of the
blackcurrant concentrates samples showed a large variation ranging from 40 mg to
517 mg/ serving size of undiluted concentrgseeFigure 3-15). The mean value of
vitamin C of the samples is 261 mg/serving size. Based on the results, a serving of all
blackcurrant concentrates are able to fulfil Reference Nutrient Intak@RNI) for
vitamin C, which is40 mg (Department of Health, 1991 The company that
produced Ribena concentrate has claimed a serving of the concentrate (250 ml)
specifically Ribena Plus (sample G) can fulfil the recomneenaimounts of vitamin

C (GlaxoSmithKline, 2012h
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Figure 3-15 Ascorbic acid content of selectetdlackcurrant concentrate samples
measured by HPLC

Con: Concentrate, Cor: Cordial, JD: Juice Drink, HJ: High Juice, NS: No Added
Sugar serving size is 50 ml of neat concentrate diluted to 250 ml of water

Samples: A: Marks & Spencer HJ, B: Marks & Spencer HJ NS, C: Marks & Spencer
Cor, D: Morrisons HJ, E: Tesco HJ, F: Ribena Con NS, G: Ribena Plus, H: Ribena
Con, I: ASDA JD NS, J: ASDAID, K: Tesco Cor
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The association between total anthocyanins (CY3RUT and DP3RUT) and
ascorbic acid is displayed irigure 3-16. The correlation analysis was performed
with (A: Correlation } and without outliersg: Correlation 2). In Correlation 2, an
outlier with hightotal anthocyaningMarks & Spencer cordidlwasremoved fom
the analysisThis sample contained 50% blackcurrant juice (not fromcentrate) as
the ingredientinverseassociation was shown betweetal anthocyains (CY3RUT
and DP3RUT) and ascorbic acith an increase irtorrelationcoefficient from-

0.685 (p<0.05, N=11) teD.754 (p<0.05, N=10)T'he inverse associatiaa supported
by thefinding of low vitamin C content oftte blackcurrant concentrate sampfi¢h
the highest (Marks & Spencer high juice) and second highest (Morrisons high juice)

anthocyanins content (s€egure3-13).
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Figure 3-16 Association between ascorbic acidwith total anthocyanins
(CY3RUT and DP3RUT) content of selected blackcurrant
concentratesmeasured by HPLC [correlation 1 with outliers, N=11
(i ) and correlation 1 without outliers, N=10 { )]
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3.4.2.1Summary

The vitamin C content of selected blackcurrant concentrates the
percentage RNI provided per serving is shownTable 3-8. Consumption of a
standard serving @ll eleven blackcurrant concentrates would achieve more than the
daily vitamin C recommendations (40 mg) for the UK. Thesdirigs should be
interpreted carefully because the consumption of standard serving of blackcurrant
drinks can contribute to a very high vitamin C intake, thus might lead to several
adverse effect to human urinary excretion including renal stones, oxaldrieeal
tubular diseaséFood Standal Agency, 2008 In addition, high intake of vitamin C
at 2 to 6 g per day can leads to gastrointestinal disturbances or diginoesason
et al., 1997Johnston, 1999 However, high dose of vitamin C given intravenous in
complimentary medicine has shown to be safe to huifpadayatty et al., 20]1@nd
reducing the itake of the vitamin can reversed the potential side effects of high dose

(Naidu, 2003.
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Table 3-8 Vitamin C content of selected blackcurrant samples*compared to
daily vitamin C intake as recommended by Reference Nutrient Intake

Vitamin C
Vitamin C (% from
Blackcurrant concentrates . .
(mg/serving size) RNI for
vitamin C¥)
Marks & Spencer high juice 39.7 99.3
Marks & Spencer high juice no added suga 48.0 120.0
Marks & Spencercordial 61.7 154.3
Morrisons high juice 75.6 189.0
Tescohigh juice 184.2 460.5
RibenaConcentrate no added sugar 323.0 807.5
Ribena Plus 360.6 901.5
RibenaConcentrate 374.8 937.0
ASDA juice drink no added sugar 381.0 952.5
ASDA juice diink 504.4 1261.0
Tescocordial 517.3 1293.3
Mean (N=11) 260.9 652.3

“Vitamin C was measured by HPLCGYitamin C presented as per serving size
(dilution in a ratio of 1 part of concentrate to 4 part of watd@®gference Nutrient
Intakefor vitamin C is40 mg per day

3.5 Overall Discussion

3.5.1 Contribution of blackcurrant concentrates to vitamin C intake

to womends cohort

The food diary analysis in Chapterfaund that blackcurrant concentrates
including the Ribena branevere cosumed by many of the subjectdowever, the
vitamin C content of the concentrates was not included in the estimait total
vitamin C intake.The vitamin C content for blackcurrant concentrates consumed per
day was calculated frotthe HPLC data by using the mean value ofl 26g/serving

size (seeTable 3-8). A specific analysis was performed among high Ribena
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consumers to identify the contribution of the consumption of blackcurrant

concentrate to vitamin C intake (s€able 3-9). The suggestion can be made that the

estimation of vitamin C was improved after addition of data on blackcudreukiers

Table3-9Vi t amin C intake of Ribenads co0onsume
and after improved data fromHPLC analysis
Total
Intake of volume  Vitamin Total
Ribena consumed C intake Vitamin C of vitamin C
Participants' concentrate perday (mg per concentrates intake per
code (times/day) (ml) day) (mg)® day (mg)*
D140 1 190.0 75.4 39.7 115.1
D004 2 576.7 75.5 120.4 195.9
RO79 1.9 211.0 10.5 44.0 54.5
S228 1.7 794.3 52.6 165.8 218.4

'Code D:DH: Diet and HealthCode RLWW: Leeds Women WellbeingCode S:
Leeds Women Wellbeing High Fihr&Estimatedfrom food diary, Estimated from
HPLC, “After additionof value from food diary estimation aktPLC.

3.5.2 Contribution of blackcurrant concentrates to polyphenol

intake

Table 3-10 showsthe total anthocyanins quantified from HPLC as compared

to weight of raw blackcurrant fituin a serving of blackcurrant concentrat®

comparison was made with the weight afportion size oblueberries(40 g) as

reported from a recent portion size guide b@Gkeyette and Balolia, 201 Data

from PhenolExplore® reported that theéotal anthocyanin of raw blackcurrant is

237 mg/serving size. When this value is compardtidosalue obtheranthocyanin

rich foods (se@able3-10), the total anthocyanins d¢iiese foods can be considered

low, thus show the importance of blackcurrantreshigh anthocyanifood source



145

From Table 3-10, a serving of blackcurrant concentrate can proiue
average of 7 % of a portion of rawackcurrat Although the value is small, the
consumption of more than one serviofythe blackcurrant drinks can increase the
anthocyanins intakeln this study, most of the women consumed more than one
serving of fruit concentrate in a dayt can be suggested thdlackcurrant
concentrates can provide a sufficient amount of anthocyanin source in human diet.
Moreover, blackcurrant was not normally consumed raw, so consumption as drink
can become a good alternative of anthocyanins source

A comparison was made orhe estimation of total anthocyanins of
blackcurrant concentrates basedfood diary analysis and HPLThe anthocyanins
value of the blackcurrant concentrates wased on the assumptitirata serving of
the drink contained5 % of Backcurrant juice(GlaxoSmithKline, 2012a Data for
blackcurant juicewastaken from USDA databast a serving size of 250 ml, the
total anthocyanin estimated from food diaries is 3.1 @g.the other hand, the
average of total anthocyanins from HPLC analysis in a serving of blackcurrant drinks
is 12.5 mg(seeTable 3-10). This value isfour times higher than the estimated
amount from the food diaryhis finding shows that thetal anthocyanins estimated

from food diaries aréower than he estimation from HPLC analysis, thus show the

important to correct the anthocyanin inte
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Table 3-10 Total anthocyanins quantified from HPLC as compared to the weight of raw blackcurrant fruit (g) ina servingof
blackcurrant concentrate

Total Weight of raw Percentage of Total anthocyaninsof
anthocyanins blackcurrantsbased on portion size  other anthocyanin-rich
from HPLC total anthocyanins’ from (%)* foods (mg/serving siz¢*

Blackcurrant concentrates(N=11) (mg/serving sizé* PhenolExplorer® (g)

Ribena Plus 4.5 1.0 2.5 Highbush blueberry: 54
ASDA juice drink no added sugar 5.3 1.1 2.8 Blackberry, raw: 69
Tesco cordial 6.1 1.3 3.3 Sweet cherry: 69
ASDA juice drink 6.3 1.4 35 Red wine: 39
Ribena oncentate 10.3 2.2 5.5 Strawberry: 29
Marks & Spencer cordial 11.4 2.4 6.0

Tesco high juice 12.7 2.7 6.8

Marks & Spencer high juice no added suga 13.8 3.0 7.5

Ribena oncentrate no added sugar 14.6 3.1 7.8

Morrison high juice 17.4 3.7 9.3

Marks & Spencer high juice 35.3 7.6 19.0

Mean® SD 12.5° 87 2.7° 1.9 6.7° 4.7

Serving size of 50 ml of neat concentrate diluted to 250 ml of w&Fetal anthocyanins (CY3RUT and DP3RUT) reportedPimenol
Explore® is 465.7 mg/100 g of raw blackcurrafiyeight of raw blackcurrant iBO ml of undiluted concentrate®ata taken from HPLC
analysis using’henolExplore®, Assuming prtion size is 40 g (as estimated for blueberti8Sgrving size is 175 ml
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Specific analysis was performed among high Réeonsumers to identify
the contribution of the consumption of blackcurrant concentrabettoanthocyanin
and polyphenol intake (se@able 3-11). The average contribution of total
anthocyanis from blackcurrant concentrate consed by these participants toilga
total anthocyanins is 75%he comparison was made with daily polyphenol intake
from No Coffee or Tea (NoCorT) dataset (see Chapter 2) where the contribution of
tea and coffee as a major polyphenol source to total patgbieasexcluded in the
estimation of polyphenol int@. The percentage contribution to daily total
polyphenol itake ranges from 2.9 to 30.7%he suggestion can be made that the
consumption of fruit concentratean makean important contriktion to dail total
anthocyanirbut not to total polyphenol intaké. possible explanation for this might
be thatother anthocyanin food sousceonsumed by these participants largted to
white wine and olives.The only participant who acquired anthocyanins from
different sources suclas fruits is participant D0O04This participant consumed
substantial amount of strawberries, blueberries and cranberries which contributed to

77% of daily total anthocyanin intake.
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Table 3-11 Contribution of Ribena consumption to daily anthocyanins and total polyphenol intake estimated from food diary analysis

Daily total % contribution of total
Participants' Total anthocyanins Daily total polyphenol anthocyanin< to daily total % contribution of total
code(see of concentrates anthocyanins intake anthocyanins intake (from anthocyanin< to daily

Chapter 2) (mg/day)* intake (mg/day)t (mg/day)* food diary) total polyphenol intake®

D140 7.1 7.2 245.9 99.5 2.9

D004 21.7 105.5 409.0 20.6 5.3

S228 29.3 30.1 142.2 97.5 20.6

RO79 39.6 47.8 128.7 82.9 30.7

'Estimated from food diary analysi8/alue obtained from blackcurrant concentrate intakstimated fronNo Coffee or Tea (NoCorT) dataset
which exclude the contribution of tea and coffée total polyphenol intake
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3.6 Conclusions

The results from th€olin assayshow that theotal phenoliccontentis higher
in fresh foodssuch as citrus fruiand mustard seeds, compared to processed,foods
such as fruit smoothies, mixed fruit juices)if concentrates and tomato based pasta
sauces. Most of the processed samples added withascorlc acid purposely by
the manufacturersh specific analysis on anthocyanintake was performed among
high blackcurrant consumers and a higher value wasedefrom the food diary
estimationas compared tapdatedresultsbased on analysis bMPLC analysis.
Therefore, there v&a need for adjustment of estinthtétamin C and anthocyanin
intake specifically consumers of lackcurrant concentrates. The newusted data
are usedor the next chapter on the association of polyphenol intake and cognitive
performance (see Chapter Zhe currentstudywas limited by only assessing the
contribution of blackcurrant concentrates consumption to daily total anthasyani
and total polyphenol intakdout this highlights theeed for further analysisnather
processedoods(such as more in the list ifable 3-1) for a better estimation of the

popul ati onds polpygpplitienrgmp. i nt ake i n any
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Chapter 4
The Association betweerHabitual Polyphenol Intake

and Cognitive Performance in Women

4.1 Abstract

In this study, the association between polyphenol inégkienated from food
diary and cognitive performance assessed from severatitogy tests has den
analysedIt was onlyresults for spatial memory from VSLT test showed a significant
difference between polyphenol consumption quartiles and beverage consumption
groups.No other differences associated with polyphenol intakee foundfor other
cogniive domains.In general there is a trend for increases in test scores and
decreasedh meanreaction time as polyphenol intake decreas&ayphenol intake
was determined by age, by whiclffee and tea drinking habitsere prominent
amongst the older pEcipants. No generalization can be made about the polyphenol
intake of UK womerbecause thistudyparticipated bymainly younger adults (aged
20 to 30 years old)n summary, better performanoa spatial memory washown
by nonconsumers of coffee or deand the very low polyphenol consumption
guartiles thus the hypothesis for this study is reject€de minor contribution of
coffee andteaasthe two major polyphenol sourcés cognitive performance can

partly be explained by the age factor.
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4.2 Introducti on

Although there have been a number of randomised controlled intervention
studies to examine the acute or medium term effects of polyphenols on cognitive
function (see Chapteril Section 1.7.2.3), these do not tell us very much about the
impact of reguhr consumption of polyphenols on cognitive function. Studies on the
effects of polyphenol consumption on cognitive performance are usually acute or
shortterm interventions (less than 12 weeks) with the dose of polyphenol compared
to a placebo treatmentoFexample intervention studies have included examination
of the effects of cocoa flavanalScholey et al., 2010Pase et al., 20)3resveratrol
(Kennedy et al., 20)0and soy isoflavoneéFile et al., 2001Islam et al., 2008
Some of these studies have reported improven{&atsoley et al., 2010ile et al.,

20071, Islam et al., 200Band some have shown no significant effect on cognitive
performance following the interméon (Kennedy et al., 201®Pase et al., 20).3

There have been limited epidemiological studies assessitake of
polyphenols and the associations with cognitive performance (see review in Section
1.7.2.2). These studies tend to consider whether there is evidetess cbgnitive
decline in individuals who have a higher intake of either total polyphermdsifie
polyphenols, or certain polyphernath foods (e.g. total fruit and vegetables; coffee
and tea). Some of the studies report a lower risk of cognitive decline with high intake
of polyphenoicontaining foodgLetenneur et al.,, 200 KesseGuyot et al., 201
However, the positive finding from one studitesseGuyot et al., 201 was
guestionable because as baseline cognitive performance data was not available, this
could not be taken into account in the analysis of subsequent cognitive performance

of the participantsLongitudinal studies which involve elderly participants are open
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to flaws of interpretation because as people age, the quality and reliability of the
recording of food intake performed by this population may also be questionable due
to declines in memory which can affect their ability to properly recall or record their
food intake.Letenneur et al. (20Q07/as addressed this issue and has suggested that
these flaws could be due toariges in dietary reporting or dietary habits of the
elderly througout the study period.

There is still a lack of studies amongst raderly individuals which focus
on the association between polyphenols consumed in the habitual diet and their
cognitive peformance. A study performed amongst nurses recruited at the age of 30
to 55 years old estimated flavonoid intake and measured cognitive performance at
baseline and after 4 year follemp (Devore et al., 2002 This study reported a
slower cognitive decline amongst individuals with higlatalt flavonoid intake. The
limitation of this study is that only flavonoids were estimated, while other
polyphenol groups such as phenolic acids were not included. Therefore, the current
study sought to consider the association with a larger range ofheolgpgroups by
performing a crossectional study among adult women with the majority aged 18 to
30 years. This study employed a battery comprising several cognitive tests which
reflect specific cognitive domains. This approach enables identificatiomnyf a
possible association between the different cognitive domains and polyphenol intake
which might shed light on the possible mechanisms of action of polyphenols on
cognitive function.

Results from Chapter 2 indicated that coffee and tea are the major
polyphenol food sources for the women studied in this investigation. To date, several
studies have found an inverse association between the high consumption of these

beverages and cognitive decli@n Gelder et al., 200RNg et al., 2008Eskelinen



153

et al., 2009 (see Table b). This chapter aims to exame whether total polyphenols,
or polyphenols specifically from coffee and tea (as the major contributors to
polyphenol intake), are associated with better cognition and in which cognitive
domains. In addition, the results of cognitive tests were also a@upbetween

groupsformed on the basis of their absolute polyphenol consumption.
4.2.1 Study hypothesis andobjectives

The hypothesis of this studyiigdividuals with higher polyphenol intake will
have better cognitive performanag tested in several cogwé tests
The objectives of this study are:

1  To examinetherelationship between polyphenol intake and cognitive
performance and to determine for which cognitive domains
relationships are present

1  To identify demographic variables associated with polyphen

consumption and cognitive performance of UK women.

43 Method
4.3.1 Participants

4.3.1.1Recruitment

Personal emaslprovided in relation t@ previous intervention study.eeds
Wo me Melkbeingstudy) for which some of these women volunteenedre used
for recruitment if the women had consented to be contacted about future stirdies
addition, posters were placed at several locations around university and local area to
promote participation fromother women. Furthermore, emails were sent via

university distributionlists to staff across the universityhe study advertisements



154

askedfor womeninterested in participating iabrief cognitive tesbatteryand food
intake assessment study.

Characteristics of the study participants have been described previously (see
Chater 2, Sectior2.3.2. The inclusion criteriawere that participants wenere-
meropausal women aged 18 to 50, general good health and with body mass
index BMI) above 8.5 kg/n’. The study was conducteh the Human Appetite
Research Unit (HARU)n the Institute of Psychological Sciences, University of
Leeds. The exclusion criteria for the study were smokers, being pregnant or lactating
and experiencing or having passed menopdagetal, 103 participants participated

in the study.
4.3.2 Study design

This study employed a cross sectional desigrhealthy adult females in
which the extent to which performance eognitive functios across range of
domairs could beprediced byhabitual polyphenol intake measured using day
food diary(see Chapter 2) waasssessedrhe primary end point for this study is the
polyphenol intake estimated from 3 day food diary and cognitive performance

assessed by several cognitive tests.

4.3.3 Ethical Approval

Ethical approwal was obtained from thinstitute of PsychologicalSciences
Research Ethics Committee, University of LefRsf No:12-002Q see Appendix 1)
Information sheets were emailed to all participants to provide details of the study
(see Appendix 2) and a screening visit to the HARU provided potential participants

with an opportunity to ask questions about the study procesharevhat they were
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requested to do if they agreed to participate in the study. Participants were asked to
provide theirinformed consenform before the commencement of the study (see
Appendix 3).Upon completion of the study visparticipantgeceivel a£10Love to

Shop Voucher to thank thefor the timetheyinvested in the study

4.3.4 Measures

4.3.4.1Assessment oflietary intake

The Dietary Instrument for Nutrition Educatioquestionnaire(DINE; see
Appendix5) (Roe et al., 1994was used to assess fapantddietary fibre intake in
their usual di et which was one <criterio
Wellbeing study (see l@pter 2). This questionnaire lists 24 foods or food groups
which have been precored according to the relative amount of fibre contained in an
average portion of each of the foods on the questionnaire. The frequency of intake
reported by the participantwere weighted and summed to give a score which
reflected low, medium or high fibre intake.

Theadapted Leeds Women O sDINEesedAfpending DI N
6) was used to evaluaigar t i ci pantso fibre intake in
foods as listedn the original DINE Three major food groups were assessed in the
guestionnaire i.e. breads and rolls, breakfast cereals and fruits and vegetables. The
fibre intake in grams was calculated according to the frequency, portion size and the
fibre content othe food consumed.

Participantsdé food intake was esti ma
they were asked to recoall food consumed for 2 weekdays and 1 weekend day.

Data from the food diarywere analysed using WinDiétssoftware for the
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macronutrieh and micronutrient intake. Further descriptions on the food intake
analysis and the estimation of polyphenol intake from established databases are
provided in Chapter 2 (see Section 2.3).

Food analysis using HPLC was performed on several blackcurrant
corcentrates because the drink was frequently consumed by the studied participants.
Adjustment forthe polyphenol content of blackcurrant concentratggsorted in the
food diaries, was made according to the results of HPLC (see Chapter 3, Section
3.3.2). Intke data for anthocyanins and vitamin C from blackcurrant concentrate
consumed and reported in the food diaries were corrected according to the HPLC

adjusted content (see

Table 4-1). No significant difference watund in anthocyanin intake after
correction [z= -0.82, ns]. However, vitamin C intake was significantly different after
applying the correction to the intake data=[Z7.32, p <0.01)]The updated data was

used forthe statistical analysis presentedtis chapter

Table 4-1 Comparison of daily vitamin C and anthocyanin intake before and
after correction using HPLC

Compounds Before correction - HPLC After correction -
data HPLC data
Vitamin C' 82.2 (6L.5) 84.9 (65.1)
Anthocyanins 18.1 (34.0) 18.6 (33.8)

*Data presented as mean (standard deviation) in mgfd&9.01Wilcoxon signed
ranks test
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4.3.4.2Estimation of intelligence

The following measures were useddstimate the intelligence quotient (IQ)

of the participants:
()  National Adult Reading test (NART)

The National Adult Reading tegiNelson, 1982 is a testto estimate
premorbid general intelligenceThe NART is simpletest to administer and to
perform. The persoteking the test waasked to look at and pronounce, aloud, 50
words. None of the words fully follows the usual rules of English grapheme
phoneme corresponden¢e.g., gaoled, heir, facadedp.ar t i ci pant sdé r es

recorded on audiotape p@rmit verification of scoring.
(i)  Wechsler Adult Intelligence Scale (WAIS)

The Wechsler Adult Intelligence Scal&VAIS) (Wechsler, 198l is a
measure of general cognitive ability. In this study, two subscala¥AifS were
used, namely vocabulary and matreasoning. This short version was selected
because it can be administered relatively rapid and efficiently. In the vocabulary
subscale, the participants were asked to define a series of orally and visually
presented words. In the matrix reasoning sulesgelrticipants were presented with a
series of incomplete grid picture sequences and Wee asked to indicate which
pictures were requiredto complete the sequences from five possiblspoases.
Vocabulary and matrix reasoning subtests were categodgederbal and visual
performance subscales respectively in the scoring. This test took D5rimGtesto

completePar ti ci pant s0 r eveaimt® pesmit veefication ofe c or d
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scoring. Finally, the raw scores were converted into scaled ssemeording to

participantsd age gr oups(Weclslerdl®3®cr i bed i n
4.3.4.3Cognitive performance

Table4-2 shows the cognitive battery and the associated cognitive domains
according to the order of test administration. The battery took approximately 40
minutes to administer. Computerised versionsVasual Verbal Learning Test
(VVLT), Corsi, Tower of Hanoiand VVLT Recognition Testwere performed using
E-Primé® software. TheVisual Spatial Learning Te$VSLT) was administered in a
paper format. For two of the tests namely the VSLT and VVLT, immediate and
delayed versions we adnmnistered in this study.

Table 4-2 Summary of cognitive tests used in this studythe associated cognitive
domain and the test duration

Cognitive test Cognitive domain Test duration
(minutes)

1. Visual Spatialearning Test (VSLT) Spatial memory 6

2. Visual Verbal Learning Test Verbal memory 12
(VVLT)

3. Corsi Block Tapping Test Spatial working memory 4
(Computerised version)

4. Tower of Hanoi (TOH) Problem solving 5

(executive function)

5. Delayed Visual Spatial Learning Spatial memory 3
Test

6. Delayed Visual Verbal Learning Delayed verbal memory 3
Test

7. VVLT Recognition Test Delayed auditory and 3

verbal memory
Total time for testing 36

(@) Visual Verbal Learning Test (VVLT)

(i) Immediate

The VVLT is a visual analogue of the Rey Auditargrbal Learning Test

(RAVLT) (Rey, 1964 which measures verbatarning and memoryfFigure 4-1
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shows a screenshot of a stimulus word to be remembé&uadicipants were
presented withhree trials of 16 words (List A) in a random sequence in the middle
of a computer screen at the rate of erwd every 2 seconds.nAnterferenceword

list (List B) was presented after the three #iafl list A (Trial A1, A2 and A3) At

the end of each trial, participants were instructed to verbally rasathany of the
words as possible in 60 secongsnga digital voice recorderThe outcome variable

was the number of words correctly recalled.

CHOOSE

Figure 4-1 Screenshot of VVLT

(i)  Delayed

In the delayed version of the VVLT, participants were asked to verbally reca
as many words as possible from List A, approximately 30 minutes prior. There was a
time limit of one minute for the recall. The outcome variable was the number of

words correctly recalled.
(i)  VVLT Recognition

This test consisted of stimuli with a total48 words: 32 words (16 from List
A and 16 from List B) from the initial VVLT presentatioand a further 16 new

distractos words (List C). The words were presented in a random order visaally
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aurally viathe computer. Words presented visually reradirm the screen for 3
secondsParticipants were required to respond to the stimuli by presisend, 2, 3

keys on the computer number keypadorresponding to word lists A, B, or C.
Outcome variables of this test were number correct and reaction timerfectco

responses only.

(b) Visual Spatial Learning Test (VSLT)

()  Immediate

The Visual Spatial Learning Test (VSLTMalec et al., 199]is a test of
visuospatial memory and learning. The tesinprisesa 6x 4 grid and 15 different
nonsense black and white designs that are very difficult tbalise. Participants
wereshown all 15 designs and the empty gilitlereafter participants wereshown
seven of the desigrnwhich were placed on the grid by the researcher. They were
requiredto rememberthe designs antheir positionsand were permittedo study
these on the grifbr 10 secondsfter which they were removed by the researcher
The participarg were required to select the seven target desigms amongst the
original 15and place thenin the correctposition on the grid. The processas
repeated twice with the samelesigns and positions. Therefore each test
administration involved three identical trialsigure 4-2 shows the 15 designs and
emptygrid board used for this test.

There were three outcome variableyn{imber of correctly identified target
designs per trial (maximum 7), (i) number of correctly identified target
positions per trial (maximum 7) (iii) number of correct targets designs placed in

the correct positions per trial (masum 7).
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Figure 4-2 VSLT pattern cards and empty grid board

(i)  Delayed

In the delayed version of the VSLT, participants were askeselect the
seven target desigrand place thenm the correcipositionon the gridaccording to
the designs and positions shown during the immediate recall approximately 25

minutes prior Participants were given Hgéconds to complete the task.
(c) CorsiBlock Tapping Test (computerised version)

The Corsi Block Tapping TestCorsi, 1972 Milner, 197) is a test to
examine spatial memory. Nine whitéockswerepresented on the scredngure4-3
shows a screenshot of the Corsi test laydutiring the test, the blocks changed
colour from white to red and then back to white again at a speed of one second per
block. The number of blocks that changed colour in any one sequences ranged from
two to nine.Participants were asked to rememberdtderin whichthe whiteblocks
turn to red. Theywere then asketb click on theblocksin the orderin which the
blocksturnedred and were told to do this as quickly as possiDleécome variables
were the numbeof sequences correctly recalled, and accuracy and reaction time for

each box selected in the sequence.
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Figure 4-3 Screenshot of Corsi

(d) Tower of Hanoi (TOH)

The Tower of Hano{Simon, 197%is a test of planning abilityFigure 4-4
shows an example of ascreershot for TOH. The test consisted of a visual
representation of three rods upon which four discs of different size and colour were
placed. The number of the target formation of discs on the rods was shown on top of
the starting formati n . The 9 tmskivds toinmwe nthe &isk around the
starting formation rodso match the preletermined target formation in the fewest
possible movesThere was only one correct sequence of moves for each trial and this

was the fewest number of meveequired to match the target formation. If the

participants made any wrong moves, the screen showed a messagdisaying s wa s

notthecor ect sequence psubsageeantly the screem getreshedto
the original starting formation. Participiz were forced to apply the fewest number
of moves, whichshouldencourage problem solving rather than guessing. TWwase
one rulefor this test a disk could not be placed on a disk which was larger than
itself, such a move was not recorded as aroreas the computer would not

allow it. A disk was moved by clicking on the disk and then clicking on the desired
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rod, therefore draggingas not requiredlThe number of moves required to complete

a trial was shown on the screeavhich was updated tgr each move, hence the
participant was not required to retain in working memairghe number of moves

they had made. There was no time limit and therefore each trial had to be completed
before the test concluded. There were ten trials per test adatioistrconsisting of

two trials for each of the five levels of 4,5,6,7 or 8 movédgere were two outcome
variables: (i) the number of errors made, and (ii) the time to complete each trial (i.e.

time taken to solve the problem).

4 steps left

Figure 4-4 Screenshot

4.3.5 Procedure

The study followed a standard operating procedure which comprised two
visits to the HARU. The flow of the visits is shownkigure4-5 below. Participants
who expressdaninterest in tle study were provided with the participant information

sheet (PIS) andiereasked to read this at their leisure. If, after reading the PIS, they
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were interestedn participatingin the studyan arrangement was made for their first
visit. After providing their informed consenp ar t i ¢ eighawad nseasured
using a free standing height measuring unit (Seca, Leicester Height Measure,
Birmingham, Ltd) with participants barefoot. Body weighas measured without
shoes on a calibrated electio weighing scale to the nearest k@ (MSP200P,
Adam Equipment ColLtd.). Body mass index was calculated from the weight and
height measured.he first visit also included practise sessioaf the cognitive test
battery in ordeito minimise practise opotential learning effectsThe participants

were given a 3 day food diary which the researcher explained how to complete and
asked them to return this during the second visit.

WAIS and NART were administered during the second visit. Thereafter, the
cogntive test battery was administered with the order of tests completed as shown in
Table 4-2 above. Participants were then asked to complete the cognéste
evaluation questionnairel he parti ci pantsdé h akeiwau al
estimated from a 3 day food diamhich required them to list their entifeod and
beverageintake for 2 weekdays and one weekend dahis was returned to the
researcher when the participant attended for the test day visit. Details regarding the
methods used to estimate polyphenol intake from the food diary werebéesir

Chapter 2 (see Sectio35).
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First visit

A brief explanation about the study was given to participants along with the PIS.
A consent was signed by the participants once they agreed to participate in the study.

A recruitment information questionnaire was completed by the participants to assess
their socio-demographic status and general health information.

Height and weight were measured to calculate body mass index.

Participants completed a practise version of the cognitive tests in order to familiarise
them with the tests.

Participants were given a 3 day food diary to be completed on 2 weekdays and one
weekend day.

Second visit

The completed food diary was returned on the second visit.

National Adult Reading Test (NART) & Wechsler Adult Intelligence Scale (WASI)
administered.

Participants completed the cognitive tests battery and the cognitive test evaluation
questionnaire.

Participants received the honorarium after completion of the study

Figure 4-5 Flow chart of study visits
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4.3.6 Statistical analysis

Food diary data (fromWinDiets®, see Chapter 2), scored questionnaires
(DINE and LWWDINE), sociecdemographic data, VVLT and VSLT scores and
other outcome variables from computerized cognitive tests administered using E
Primé® software were transferred into Microsé&tcel All data wereanalysedising
Statistical Package for Social Science (SPSS, version 20). These data were examined
for outliers and assumptions checked for each inferential analysis by using boxplots.

The polyphenol data was used to group participants in two ways; (1)
acording to type of beverage consumed such that participants were grouped
according to their consumption of polyphenol containing beverages (coffee
consumers, tea consumers, consumers of both coffee and tea, asmhsomers of
coffee or tea) and (2) accand to the percentile of total polyphenol intake into
which each participant fell. Four groups were forrieg to the 28 percentile(very
low consumers), from the 28o the 58" percentile (low consumers), from the*&a
the 78" percentile (moderat consumers) and above the™7gercentile (high
consumers). Demographic, food intake data, questionnaires and cognitive data for
each of the polyphenol consumption quartiles formed using both of the approaches
above were compared.

The four polyphenol inte groups formed on the basis of beverage
consumption or intake in milligram (mg) were compared for each cognitive
dependent variable using either ANOVA with group as a between subjects factor and
trial as a within subjects factor where appropriate. Oneheawveen groups ANOVA
or the norparametric KruskalWallis when the data were not normally distributed

was employed to examine differences in demographic and questionnaire data.
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Bonferroni corrected post hoc tests were performed to identify differemtesdn

each of the beverage consumption groups or intake groups when ANOVA was used.
Whenever KruskallWallis test was used for data which was not normally
distributed, ManANhitney U tests were performed to identify which groups were
statistically differat from each othefPallant, 200Y. Correlationdetween variables
weredet er mi ned using either Pearsonds Pr o
parametric, interval data or Spear mano:
parametric ordinal data.

In this study, cognitive performaa outcome measures (e.g. number of
correct responses, reaction times, number of errors) from the various cognitive tests
administered are considered the dependent or outcome variables. Multiple linear
regression analysis was conducted to predict cogrotiveomes according to so€io
demographic factors and absolute polyphenol intake of the studied samples. In all

analyse® values of <0.05 or <0.01 were considered statistically significant.

4.4 Results

The results are presented in three sections includinchéapcteristics of the
whole sample, (b) comparisons according to polyphenol consumption quartiles for all
measures (see Sectiod.3.49, and (c) comparisons according to beverage
consumption groups for all measurEmally, results of multiple linear regressions to
predict cognitive performance from polyphenol intake of the whole sample,

controlling for various demographic characteristics is presented.
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(@) Characteristics of the whole sample

The participant characteristics for tinaole sample (N = 103) are shown in
Table 25 (see Section 2.4.1). Overall, participants in this study were young adults
with mean age of 25 + 9 years old and a normal BR4.5+ 4.6 kg/nf). Fibre
consumption assessed by LWBNNE showed that the parti@gpnt s6 aver age
intake in g was about 15 g, which is below the RNI of 24g/day. The score obtained
from the DINE measure of dietary fibre intake classified the study group as medium
fibore consumers (see Table62 Section 2.4.1). The result from DINE ght
overestimate the fibre intake and might not indicate the actual intake of fibre. The
majority of the participants were students (65 %) and a high percentage of
participants (77.7 %) reported that they practise regular exercise indicated by
answering ys in the recruitment information questionnaire (RIQ) (See Appendix 4).
In addition, the majority of the participants (87.4 %) reported that they were regular
breakfast consumers whereby they were asked if they usually consume breakfast in
the RIQ. Table 4-3 displays the distribution of participants according to beverage
consumption groups. It is clear that the distribution is dominated by tea consumers
(41.7 %) followed by nomwonsumers of coffee or tea (28.2 %), consumers of both
coffee and tea (19.4 %) with the smallest proportion of participasitsy coffee

consumers only (10.7 %)
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Table 4-3 Distribution of participants according to consumption of tea or coffee
and daily polyphenol intake

Beverage consumption Number (%)
Coffee consumers 11 (10.7)
Tea consumers 43 (41.7)
Consume both coffee and tea 20 (19.4)
Non-consumers of coffee or tea 29 (28.2)

(b) Comparison according to polyphenol consumption quartiles

The intake of polghenols for each quartile of the sample is showmahle
4-4. The aveage intake of polyphenols rangé@m 150 mg/day in the very low
(bottom quartile) polyphenol consumers to 1700 mg/day in the high polyphenol
(uppernost quartie) consumers. There waa very large variation in polyphenol

intake particularly amongst the high polyphenol consumers.

Table 4-4 Mean (s.d) daily polyphenol intake of the participants according to
guartile (mg/day)

Polyphenol consumption quartiles Mean (s.d) Minimum Maximum

(mg/day) (mg/day) (mg/day)

Lowest quartile (<25%) (N=25) 152.2 (58.6) 43.2 242.5
Low quartile (2650%) (N=26) 388.7 (115.0) 242.7 594.6
Moderate quartile (575%) (N=26) 891.1 (173.1) 629.0 1178.8

Highest quartile (>75%) (N=26)  1772.1 (500.5) 1206.5 3000
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4.4.1 Participant characteristics according to the polyphenol

consumption quartiles

Table 4-5 displays the demographic characteristics of the participants
accoding to thepolyphenolconsumption quartiles. A KruskalVallis test showed a
statistically significant difference across polyphenol consumption quartiles fiHage
(3) = 34.6; p<0.01)]body mass indefH (3) = 10.3; p<0.05)hnd basal metabolic
rate [H @) = 8.50; p<0.05)] There was a significant difference in employment status
between the polyphenol consumption quartilels(9) = 41.9; p<0.01)Jwith the
majority (68 %) of high polyphenol consumers employed whilst most of the
participants with polyphenanhtake less than the B(ercentile were students.

There were no significant differences between polyphenol consumption
guartiles in relation to frequency of regular exercise, units of alcohol consumed per
week, being vegetarian or regular breakfast soamption. Finally, there were
significant differences between the polyphenol consumption quartiles in terms of the
amount (in ml) of coffedc? = 22.1; df = 3; p<0.01pnd tea(c? = 52.7; df = 3;
p<0.01)consumed daily. Beverages consumed increased mear Ifashion from low

to high polyphenol consumption.
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Table 4-5 Participant characteristics according to quartiles of daily polyphenol consumption

Q3: Moderate

Q1: Very low Q2: Low consumers Q4: High consumers b value
consumers (N=25) consumers (N=26) (N=26) (N=26)

Age (years) 21.0 (5.7) 22.1 (6.0)) 22.5(6.1) 34.2 (10.5) <0.0T
Body mass index (kg/fh 23.6 (3.1) 24.4 (3.8) 22.7 (3.2) 27.4 (6.2) <0.05
Basal metabolic rate, BMR (kcal)® 1417 (136) 1456(168) 1369 (111) 1493 (167) <0.05
Ratio energy intake to BMR 1.19 (0.32) 1.17 (0.33) 1.27 (0.27) 1.19 (0.31) 0.586
Category of employment: <0.0F
Employed (%) 4.0 8.0 20.0 68.0
Student (%) 34.3 31.3 25.4 9.0
Doing regular exercisges)(%) 26.2 23.8 23.8 26.2 ns
Units of alcohol consumed per week 5.7 (4.5) 4.0 (4.3) 6.7 (9.1) 3.9(4.9 ns
(unip®
Volume of beverages consumed coffee: 2.6 (12.9)  coffee: 23.0 (50.5)  coffee: 92.3 (140.5)  coffee: 227.0 (323.6) <0.01
(ml/day) tea: 6.6 (22.7) tea: 103.0 (120.5) tea: 291.1 (16.1) tea: 608.4 (436.8) <0.0T
Vegetarian(yes)(%) 15.4 30.8 30.8 23.1 ns
Regular breakfast consumges)(%) 24.4 22.2 25.6 27.8 ns

*Data presenteds meangtandard deviation”BMR: Basal metabolic rateas calculatedsing the Schofield prediction equatiof):
percentage KruskalkWallis testf p<0.01 Chisquare(c? test, ns: not significant
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4.4.2 Estimation of intelligence across polyphenol consumption

guartiles

There was a significant difference between polyphenmhsemption
guartiles in NART score [F (3, 99) = 7.92, p<0.01] ($agure 4-6). Bonferroni
corrected post hoc tests showed significantly lower NART scores were found in the
very low polyphenol consumers than in the low polyphesmisumers (p<0.05),
moderate polyphenol consumers (p<0.05) and high polyphenol consumers (p<0.01)
such that very low polyphenol consumers scaigificantly lower than all other
three quartiles.

A significant difference betweepolyphenol consumption qutdes was
found in the WAIS vocabulary subtest [F (3, 99) = 4.38, p<O(®dé¢Figure 4-6).

These dferences were found between very low polyphenol consumers and two
other quartiles namely moderate polyphenol consumers (p<Ga@8d) high
polyphenol consumers (p<0.01) WAIS. Very low polyphenol consumers scored
significantly lower than the other two quartileNo significant differencéetween
thepolyphenol consumption quartiless found in WAIS matrix reasoning subscale
[F (3,99 =2.42, ns].

The WAIS total score represents the sum of scores from the vocabulary and
matrix reasoning subtests. Th#nole sample scored above 100 for the WAIS total
score, indicating that the sample as a whole was generally of above average 1Q.
There vas asignificantdifference between polyphenol consumption quartiles for the
WAIS total score [F (3, 99) = 6.07, p<0.001]. Bonferroni corrected post hoc tests
showed significantly difference in WAIS total score between very low polyphenol

consumers with te other quartiles namely moderate polyphenol consumers
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(p<0.05) and high polyphenol consumers (p<0.001). Very low polyphenol

consumers scoresignificantlylower than the other two quartiles.

Score of intelligence test

NART score WASI (vocabulary) WASI (matrix reasoning) WASI total score

Figure 4-6 Soore for intelligence testsaccording to polyphenol consumption
guartiles [(A) Q1: very low consumers (A) Q2: low consumers (A)
Q3: moderate consumers(A) Q4: high consumer§ (mean® SE)

4.4.3 Daily nutrient intake across the polyphenol consumption

quartiles

Table 4-6 represents the daily intake of major nutrients according to the
polyphenol consumption quartiles. The daily energy intakes of all the groups were
lower than the recommended intake (1940 k¢Bigpartment of Health, 1991
Protein and vitamin C intake exceeded their resped®M levels There were
significant differences in alcohol intake between the groups [H @#7, p<0.().

MannWhitney test showed asignificant difference between low and high
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polyphenol consumers (p<0.01) in the alcohol intake with higher intake in high
polyphenol consumers. Vitamin C intake alsbhowed significant differences
between groups [H (3F¥ 13.43; p<0.0l) with the intake oflow and moderate
polyphenol consumers higher than the high polyphenol consumers. Further Mann
Whitney test showed that there were significant differences in Vitamin C intake
between very low and low (p<0.001), very low and moderate (p<0.01) and very low
and high (p<0.05) polyphenol consumers. Very low polyphenol consuimsis
lower vitamin C intake than the other three groups. Carbohydrate and dietary fibre
are the nutrients which came closest to fulfilling the RNI recommendations.

There were significant dfferences between polyphenol consumption
quartilesin fibre intake assessed from DINH (3) = 18.01;p<0.0] and LWW
DINE [H (3) = 10.37;p<0.05).Further ManAWhitney test showed that there were
significant differences in DINE between high polyphenahszamers and the three
other quartiles namely very low (p<0.01), low (p<0.01) and medium (p<0.05)
polyphenol consumers. High polyphenol consumers obtained the highest DINE
score of all groups. Fibre intake assessed from LWW D#KBwed significant
differenees between high polyphenol consumers and the very low (p<0.01) and low
(p<0.05)polyphenol consumeyrsvith high polyphenol consumers having the highest

fibre intake according to this measure.
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Table 4-6 Daily nutrient intake and fibre intake classification in each quartile of polyphenol consumption and percentage of RNI achieved
in each group*

Q1: Very low Q2: Low Q3: Moderate Q4: High
consumers % RNI consumers % RNI consumers % RNI consumers % RNI
(N=25) (N=26) (N=26) (N=26)
Energy (kcal) 1666(437) 85.9 1700(480) 87.6 1738(376) 89.6 1769(439 91.2
Protein (g) 66.5(19.0 147.8 65.0(23.9 144.4 70.0(22.5 155.6 72.1(21.0) 160.2
Carbohydrate (g) 216.7(68.5 48.8 225.6(73.9 49.8 221.0(51.9 47.7 212.7(47.3 45.1
Fat (gf 60.7(21.3 32.8 61.5(22.5 32.6 61.8(21.1) 32.0 69.3(21.5 35.3
Alcohol (g)%*3 3.0(6.3 1.6 2.8(11.5 1.5 8.0(13.7) 4.1 7.9(14.0 4.0
Dietary fibre (g) 17.7(5.3 73.8 20.6(8.7) 85.8 21.1(8.6) 87.9 19.6(5.7) 81.7
Vitamin C (mg)®* 45.5(28.2) 113.8 99.3(73.9 248.3 100.0(74.1) 250.0 79.3(57.9 198.3
LWW DINE (g)*3* 13.1(4.2) - 14.4(6.6) - 15.6(5.6) - 18.4(6.1) -
DINE DF scoré=>* 26.4(8.1) - 30.9(134) - 31.2(10.5 - 37.3(8.2 -

*Data presented as mean (standard deviati@s)).01,°p<0.06 KruskalFWallis test °p<0.01, *p<0.05MannWhitney test % RNI: Percentage
from the Reference Nutrient Intakeecommended at 50 % of food enertngcomnended at 35 %f food energy'should be less than 5% of total
energy, DINEDietary Instrument for Nutrition Education for dietary fibre (DF), LWWNE!: Leeds Women Welbeing DINE.
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4.4.4 Daily polyphenol intake across the polyphenol consumption

guartiles

All the polyphenol classes in tHeable4-7 follow a linear pattern increasing
with each quartile group such that not only does total polyphenol intake increase
across the groups which we would expect because the groups wees fomnthis
basis but also this is due to a linear increase across the groups of each major
polyphenol classThe participants were split into four grougscording taheir total
daily polyphenol consumption and as expected the quartile groups formeddlifie
terms of total polyphenol consumption in a linear marisee4.3.6 [H (3) = 95.63;
df = 3; p<0.01] Nevertheless, it is possible that there are differences in consumption
of specific polyphenols which do not follow ¢hiinear pattern on which the groups
were based and hence it may be illuminating to examine differences between the
groups in terms of specific polyphenols.

There was a significant difference in polyphenol intake of each quartile for
two of the major polypenol groups. AKruskalFWallis test revealed a significant
difference between the polyphenol consumption quartiles in daily intake of
flavonoids [H (3)= 60.37; p<0.01) and phenolic acids [H (3) = 66.38; p<0.01]
MannWhitney tests showed that the lowegtartile group had significantly lower
intake of flavonoids and, phenolic acids than the other polyphenol consumption
guartiles. No significant difference was found in terms of intake of all other

polyphenols [H (3) = 6.07; ns].
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Table 4-7 Polyphenol intake of major polyphenol groups (mg per day)*

QL: Very . Q3: CHi p value
low Q2: Low Moderate Q4 High
consumers corllls_uzmers consumers Cor’lls_uzmers
(N=25) (N=26) (N=26) (N=26)

Flavonoids 65.1 (51.6) 250.4 (138.7) 5414 (260.1) 1077.2 (659.4) <0.01

Phenolic
58.3 (38.4) 103.9 (98.6) 307.0(276.8) 648.8 (627.4) <0.01

acids
All other

28.8 (31.6) 34.4 (44.7) 42.7 (49.0) 46.2 (33.7) 0.108
polyphenols
Total

152.2 (58.6) 388.7 (115.0) 891.1(173.1) 1772.1 (50.5) <0.01
polyphenos'

*Data presented as mean (standard deviatipr).01KruskalFWallis test.

4.4.5 Cognitive performance according to polyphenol consumption

quartiles
4.4.5.1Visual Verbal Learning Test

() Rate of learning (word List A)

Rate of learning over the three trialepented for word List A is shown in
Figure4-7.7For this analysis 6Trialdéd was added
with 3 levels (Trigs Al, A2, and A3, see Section244.3a). Therefore, a 3x4 (Trial*
polyphenol consuntn quartile3 ANOVA was calculated. Age, NART score, and
WAIS total score were added aseparate covariates due to significant

intercorrelations between these characteriges Appendix 13)
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Words recalled
1
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1 2 3
Trial

Figure 4-7 Rate of learning according to polyphenol consumption quartile§(A)
Q1: very low consumers (, ) Q2: low consumers (p ) Q3:
moderate consumersQ4: (g ) high consumer$ (mean® SE)

Rate of learning increased significantly from Trial 1 to Trial 3 suchttieat
main effect of trial was significan{fF (2, 198) = 192.63, p<0.001]The
Trial*polyphenol consumption quartiles interaction showed no difference in the
number of words recalled at each trial according to polypremsrdumptiorquartiles
[F (6, 198) =0.33, ns]suggesting that the groups did not differ in their memory
capacity or rate of learning. An interaction between Trial and the covariates was only
found for age[F (2, 196) = 20.60, p<0.001], while other covariates showed
significant interactioa with Trial [largest F (1, 98) = 1.73, ns)] qolyphenol

consumptiorguartilegflargest F (3, 98) = 1.21, nqdee Appendix 13).
(i)  New learning (recall of List B)

No significant difference was found between polyphenol consumption
guartiles in the new leaing which implies the recall of words from the interference

list (List B) [F (3, 99) = 0.83, ns]. None of the covariates were significant [largest F
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(Q, 95) = 3.32, ns)] and none had significant interactions watiyphenol

consumptiorguartilegflargestF (3, 95) = 2.25, ns)see Appendix 13).

(i) Retroactive interference (Trial A3-A4)

Retroactive interference refers to the effect of new learning on the recall of
old previously learned material. Retroactive interference is calculated by subtracting
the numbe of words recalled on Trial A3 from those recalled on Trial A4. The
examination of the effect of the interference is possible because the new word list
(List B) was presented after Trial AS3.
there is an in@ment in the number of words recalled from List A, thus show that
List B has not interfere the recall of
indicated the reduction in number of words recalled from List A and finally, no

changes innumberofowr ds recal l ed i s shown through

3.5+

Words recalled

Proactive interference  Retroactive interference

Figure 4-8 Number of interference according to polyphenol consumption
guartiles [(A) Q1: very low consumers (A) Q2: low consumers (A)
Q3: moderate consumers(A) Q4: high consumer$ (mean® SE)
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No significant difference in retroactive interference was found between the
polyphenol consumption quartiles [F (3, 99) = 0.55, ns] (Segere 4-8 above).
There was an intection between polyphenol consumption quartiles and age [F (3,
95) = 5.53, p<0.01] (see Appendix 15). No clear pattern is apparent from the figure
because of thaneven distribution of participants in terms of agthin polyphenol
consumption quartiles. kever, from the figure a suggestion can be madeliisat
B has interfered with the recall of words from List A in all quartiles since recall is
lower than that for list A (refer to figure for rate of learningpne of the covariates

interacted significathy with Trial [largest F (1, 95) = 1.55, nqgee Appendix 13).
(iv) Proactive interference (Trial A1-B1)

Proactive interference occurs when the remembrance of previously learned
material hinders the ability to learn new information. The interference wadateld
as the difference between recall of Trial Al (i.e. the first time List A was shown) and
recall of List B (interference list, which was shown only once after Trial A3). List A
has proactively interfered the ability to learn new material if the redlist B is
poorer than that of Trial A1. A greater degree of proactive interference indicates
poorer learning of new material. No significant difference in proactive interference
was found between the polyphenol consumption quartiles [F (3, 99) =n3]/(xee
Figure4-8 above). None of the covariates were significant [largest F (1, 95) = 0.53,
ns)] and none had significant interactions wtblyphenol consumptionquartiles

[largest F (3, 95) = 2.49, ndgee Apendix 13).
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(v) Delayed recall

Delayed recall is the delayed recall of List A about 30 minutes after the test
was first administered. No significant difference was found between the polyphenol
consumption quartileg= (3, 99) = 0.93, ns]None of the covaates were significant
[largest F (1, 95) = 3.29, ns)] and none had significant interactionspwaiyiphenol

consumptiorguartilegflargest F (3, 95) = 2.44, nqdgdee Appendix 13).
(vi) Word recognition accuracy

In the recognition test, participants were askedecognisewhich words
originated from List A and which were from B shown in VVLT. List C consisted of
new words which had not been seen previously and which were presented in this test
as a distractor listn oneanal y s i s, wastWaovithith subjectsfactdr with
three different wordists (List A, B and C)and in a further analysimodes of
presentationwas included as awithin subject factorwith two modesof word
presentation (visual and aural). Therefore, 4 @¥ord list* polyphenol consumin
quartileg and a 2x4 Mlodes of presentatidipolyphenol consumption quartiles)
ANOVA was performed Table 4-8 displays the number of correcthecognisd
words from different word lists and different method of word list prediemis.
There was a tendency for those in the lowest quartile of polyphenol intake to

recognise fewer words.
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Table 4-8 Number of words correctly recognisedfrom three different word lists
and different modes of presentation*

Very low Low Moderate High
Word list consumers consumers consumers  consumers
(N=25) (N=26) (N=26) (N=26)
List A (seen 3 times) 11.6 (4.8) 12.0 (3.8) 12.4 (4.0) 12.5(3.7)
List B (seen once) 9.8 (4.7) 11.2 (3.5) 11.0 (4.1) 11.3 (3.5)
List C (new list) 11.8 (5.1) 12.2 (3.5) 12.1 (4.0) 12.7 (3.7)
Words presented visually  16.9 (7.1) 18.1 (4.4) 17.7 (5.6) 18.6 (5.0)
Words presentedurally 16.3 (6.9) 17.4 (4.9) 17.7 (5.9) 17.8 (4.8)

Overall correctly
_ N 33.2(13.8) 35.58.9) 35.4(11.2) 36.4(9.5)
identified words

*Data presented as mean (standard deviation)

There were significant main effects of Word Ligt [2, 198) = 13.36,
p<0.001]and Modes of presentatioff (1, 99) = 4.81, p<0.05]. Fewer words from
List B and fewer words presendteaurally were correctly recognised by the
participants.There was no main effect of polyphenol consumption quartiles in the
Word list [F (6, 198) = 0.37, ns] andlodes of presentatiofF (3, 99) = 0.44, ns].
None of the covariates interacted significaniligh Word list [largest F (1, 98) =
2.37, ns)] ompolyphenolconsumptiomquartiles[largest F (3, 98) = 0.23, ns)] in the
3x4 ANOVA analysis. WAIS total score was the only predictor for the accuracy in
the number of words correctly recalled in differemdes of presentatidifr (1, 95) =
4.51, p<0.05] in 2x4 ANOVA analysis. Higher WAIS total score was associated with
better performance in the number of words correctly recognised by the participants.
Finally, none of the covariates were significantly intéed with polyphenol
consumptionquartiles[largest F (3, 95) = 1.28, nshpr the 2x4 ANOVA analysis

(see Appendix 13).
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(vii) Word recognition reaction time

Table4-9 displays the time taken (in milliseconds) to correcdlgognsethe
words from the three different lists. For this analysisvo r d | Madesbéof a n d
presentatiod  wiactu@ed as two within subject factors in the analyBigerefore, a

3x4 (Word list*polyphenol consumption quartilesand a 2x4 Nodes of

presentabn* polyphenol consumption quartileANOVA wasperformed.

Table 4-9 Mean reaction time to correctly recognise from three different word
lists and different modes of presentatios (millisecond)*

Very low Moderate High
. Low consumers
Word list consumers (N=26) consumers consumers
(N=25) - (N=26) (N=26)
List A 1225.1 (487.4) 1387.0 (344.1) 1279.2 (413.5) 1388.9 (323.8]
List B 1318.3 (537.2) 1433.0(328.4) 1368.2 (444.1) 1493.8(336.9)
List C 1356.2 (535.4) 15196 (348.2)  1430.0 (471.6) 1546.0 (358.9]

Words presented

visually

Words presented

aurally

Overall correctly

identified words

1049.0 (414.5)

1548.5 (594.0)

1293.3(497.5)

1183.6 (290.0)

1709.4 (380.0)

1439.1 (316.5)

116.9 (372.7)

1592.9 (491.6)

1355.3 (425.9)

1221.8 (293.2)

1726.5 (376.2)

1469.2 (323.2)

*Data preserdd as mean (standard deviation)

There were significant main effects of Word Ligt [2, 198) = 23.70,

p<0.001]and Modes of presentatioff (1, 99) = 607.45, p<0.001A longer time

was takerto recall correctly words from List C and words presented aurBligre

was no significant interaction was found betweéford List and polyphenol

consumption quartilegF (6, 198) = 0.24, ns]. None of the covariates interacted

significantly with Word Ligt [largest F (1, 98) = 3.20, ns)] opolyphenol

consumptiorquartiles[largest F (3, 98) = 2.47, ns)] in the 3x4 ANOVA analysise
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Appendix 13). A significant nteraction betweenModes of presentatiorand
covariates was founir age[F (1, 98) = 45.69p<0.001] and NART score [F (1, 98)

= 10.57, p<0.001] in the 2x4 ADNVA analysis (see Appendix 16). Participants who
are younger and who obtained higher NART scores showed better performance with

less time taken to correctly recognise the words.
4.4.5.2Visual Spatial Learning Test (VSLT)

VSLT immediate recall is the data obtained during the immediate recall of
the test when all seven designs and positions were introduced to the participants over
tials.For this analysis O6Tri al 0 jeotsafactoravithd e d a
3 levels (Trials Al, A2, and A3, see Section 1.2.4.3.1). Therefore, a 3x4 (Trial*
polyphenol consumption quartileANOVA was calculated. Age, NART score,

WAIS total score were addesgparatelyas covariates.
(i)  Correctly identified designs(immediate)

The main effect of trial was significant [F (2, 98) = 76.78; p<0.001] as shown
in Figure4-9 (a) and reflects the increase in correctly identified designs with each
successive trial. There is no main effect of polymh@onsumption quartiles in the
number of correctly identified designs [F (6, 198) = 0.59, ns].

A significant interaction was found between Tiaald age [F (2, 196) = 4.68,
p<0.05] and NART score [F (2, 196) = 4.99, p<0.05] (see Appendix 17 and
Appendix 18). Participants whavere younger and who obtained higher NART
scores showedbetter performance in the number of correctly identified designs.

None of the covariates were significant [[largest F (1, 98) = 1.90, ns)] and there was



185

no interaction withpolyphenolconsumptiomuartiles[largest F (3, 98) = 1.24, ns)]

(see Appendix 13).
(i)  Correctly identified positions (immediate)

There was a significant main effect of trial [F (2, 98) = 59.39, p<0.01] as
shown inFigure 4-9 (b) which rdlects the increase in correctly identified positions
with each successive trial. There is no main effect of polyphenol consumption
guartiles in the number of correctly identified positions [F (6, 198) = 0.81; ns].

There was a significant interaction ofidlrwith age [F (2, 196) = 5.54,
p<0.01] (see Appendix 19). Age [F (1, 98) = 4.95, p<0.05] and WAIS total score [F
(1, 98) = 4.15, p<0.05] were significant covariates and predicted performance on this
VSLT measure. Participants wheere younger and who obained higher WAIS
scores showedbetter performance on this VSLT measure. None of the covariates
interacted significantly wittpolyphenolconsumptionquartiles[largest F (3, 98) =

1.52, ns)|(see Appendix 13).
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Figure 4-9 Number of correctly identified designs (a), position (b) and designs and positions (c) according to polyphenol consumption
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(i)  Correctly identified target designs placed in the correct

positions (immediate)

The main effect ofrial was significant [F (2, 98) = 115.08, p<0.01] which is
shown inFigure 4-9 (c) and reflects the increase in cothgadentified designs
placed in the correct positions with each successive trial. TWeeseo main effect of
polyphenol consumption quartiles in the number of correctly identified designs
placed in the correct positions [F (6, 196) = 0.65; ns], howénan Figure4-9 (c),
high consumersf polyphenol seem tbave a poorer rate of learniag compared to
the other polyphenol consumption quartiles. There was a significant interaction of
Trial with age [F (2, 196) = 13.38, p<0.J0dnd NART score [F (2, 196) = 3.24,
p<0.05] (see Appendix 20 and Appendix 21). Participants wére younger and
who obtained higher NART scareshowed better performance on this VSLT
measure. None of the covariates were significant with Trial [largést $8) = 2.55,
ns)] or polyphenol consumptionquartiles [largest F (3, 98) = 2.00, ns)jsee

Appendix 13).
(iv) Total immediate recall per trial

Total immediate recall was calculated by the addition of correctly identified
designs, correctly identified pogitis and correctly identified designs gmakitions
for all three trials The sum of these three variables will yield a maximum score of 63
(21 score per trial). Total number of correct respomsesnot significantly different
between polyphenol consumptiquartiles[F (3, 99) = 1.24, ns] (seleigure 4-10).

None of the covariates were significant [largest F (1, 95) = 2.07, ns)] and none had
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significant interactions witlpolyphenolconsumptionquartiles[largest F (3, 95) =

2.56, 18)] (see Appendix 13).

[ w B [9)]
o o o o
1 1 1 1

Number of correctly identified items
=)
1

04

Figure 4-10 VSLT immediate total recall average per trial according to
polyphenol consumption quartiles[(A) Q1: very low consumers
(A) Q2: low consumers (A) Q3: moderate consumers,(A) Q4:
high consumer$ (mean® SE)

(v) Correctly identified designs (delayed)

Delayed recall represents the recall of designs and posaimmg 25 minutes
after the test was first administerd&there was no significant difference in correctly
identified designs in delayed recall between polyphenol consumption quaRil&s
99) = 0.60, ns] (sed-igure 4-11, first section). None of the covariates were
significant [largest F (1, 98) = 2.02, ns)] or interacted \pibhyphenolconsumption

guartileg[largest F (3, 98) = 0.67, nggee Appendix 13).
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Figure 4-11 Number of correctly identified designs and positions in the delayed
recall according to polyphenol consumption quartileg(A) Q1: very
low consumers (A) Q2: low consumers (A) Q3: moderate
consumers,(A) Q4: high consumer$ (mean® SE)

(vi) Correctly identified positions (delayed)

There was a significant difference between polyphenol consumption quartiles
in correctly identified psitions [F (3, 99) = 5.06, p<0.01] (sé&gure4-11, second
section). Bonferroni corrected post hoc tests showed significant differences between
high consumers and two other groups namely very low (p<0.01) and low consumers
(p<0.(®). High polyphenol consumers performed worse than the other two groups.
Age was a significant covariate [F (1, 95) = 5.31, p<0.05] wathnger participants
showingbetter performance on this VSLT measure (see Appendix 22). None of the
covariates interaetl significantly withpolyphenolconsumptionquartiles[largest F

(3, 95) = 0.76, ns)[see Appendix 13)
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(vii) Correctly identified target designs placed in the correct
positions (delayed)

There was a significant difference between polyphenol consumptionlegiart
in the number of correctly identified designs placed in the correct positions [F (3, 99)
= 4.13, p<0.05] (sekigure4-11, third section). Bonferroni corrected post hoc tests
showed significant differences between very low Aigh consumers (p<0.05). Very
low polyphenol consumers performed better than the high polyphenol consumers.
None of the covariates were significant [largest F (1, 95) = 2.15, ns)] and there were
no interactions of covariates wigolyphenolconsumptiorguartiles[largest F (3, 95)

= 1.06, ns)|see Appendix 13).
(vii)  Total delayed recall

There was a significant difference between the polyphenol consumption
guartiles for Total delayed recall [F (3, 99) = 4.05, p<0.01] (Segire 4-12).
Bonferroni corrected post hoc tests showed significant differences between very low
and high (p<0.05) and between low and high (p<0.05) polyphenol consumers for
total delayed recall. High polyphenol consumers performed worse than the other two
groups. Noe of the covariates were significant [largest F (1, 95) = 3.02, ns)] and
these did not interact witpolyphenolconsumptionquartiles[largest F (3, 95) =

1.14, ns)](see Appendix 13).
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Figure 4-12 Number of total correctly identified item in delayed recall[(A) Q1:
very low consumers (A) Q2: low consumers (A) Q3: moderate
consumers,(A) Q4: high consumer$ (mean® SE)

4.4.5.3Corsi Block Tapping Test

Two outcome variables were assessed from the Corsi blockngapgst,
namely accuracy and reaction time. A total of 88 responses were administered per
test administration. There were eight levels of test (consisting of 2 to 9 blocks) and
each level was repeated twice, giving a total of 16 trials per test seBsrote
analysis number of correct response and reaction time used to correctly complete the
sequence by participants in differgrdlyphenol consumption quartilegas analysed
using ANOVA models. e, NART score, and WAIS total sconeere includedas
sepaate covariates In addition,d. e v wds @dded as an additoh  wi t hi n sub
factor with 8levels (evel 2 to Level 9 Therefore, a 8x4 (Level polyphenol
consumption quartilgsANOVA was performed Age, NART score, and WAIS total
score were addesbparatelyas covariatedue to significant intercorrelations between

these characteristics
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(i)  Correct responses accuracy

No significant difference was found between the polyphenol consumption
guartiles in the number of completed sequences [F (3, 99) 5 ©s]9The mean
number of completed sequences was 66.2 = 10.0 with minimum and maximum
values of 35 and 86 respectively. There was a significant interaction between the
number of correct responses and WAIS total score [F (1, 95) = 7.48, p<0.001] (see
Apperdix 23). Participants with high WAIS total scerkave performed better o
this measure. None of the covariates interacted significantly wpatlyphenol

consumptiorguartileg[largest F (3, 95) = 2.36, ndgee Appendix 13)
(i)  Correct responses reaction time

No significant difference was found between polyphenol consumption
guartiles in the time taken to correctly complete the sequence on the Corsi test [F (3,
99) = 1.34, ns]. Age was the only significant covariate [F (1, 95) = 10.96, p<0.001],
such that eaction time increased with higher age (see Appendix 24). None of the
covariates interacted significantly wigolyphenolconsumptionquartiles[largest F

(3, 95) = 1.08, ns)|see Appendix 13)
(i) Percentage correct per level

The percentage of correct respen per level was calculated by dividing the
number of correct response by the total possible responses and multiplying by 100.
For example there were two trials at each level, so for level 2 there were 4 responses,
for level 3 there were two trials eaclithv3 responses so 6 responses in total and so
on. The main effect of level was significait (7, 693) = 101.07, p<0.001] such that

the percentage correct per level decreased from the lower to the higher level in non
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linear pattern (seeFigure 4-13). There wa no main effect of pgphenol
consumption quartilesrmothe percentage of correct responses [F (21, 693) = 1.11;
ns]. No significant inteaction was found between Level angolyphenol
consumption quartiles [largest F (21, 686)1.45, ns)]. Age F (7, 686) = 6.88,
p<0.001], NART score F (7, 686) = 4.92, p<0.001] &4IS total score F (7, 686)

= 3.80, p<0.001] all interacted significantly with Level (see Appendix 25). Younger
age, higher NART and higher WAIS total scorevere asociated with better
performance i.e. a higher percentage of correct respows&ES total score is the
only significant covariate [F (1, 98) = 8.59, p<0.01] and none of the covariates
showedsignificant interactions with polyphenobnsumptiomuartiles[largest F (3,

98) = 2.04, ns){see Appendix 13).
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Figure 4-13 Percentage of correct response in each level (%) according to
polyphenol consumption quartiles[(A) Q1: very low consumers
(, ) Q2: low consumes, (p ) Q3: moderate consumers(q ) Q4:
high consumer$ (mean® SE)
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(iv) The effect of crossing accuracy

A crossing effect in Corsi occurs where path between successive tede
remembered trials crosses overials in which crossed paths occur are enor
difficult for the participant to recallNo significant difference between polyphenol
consumption quartiles was found for responses \Wth(3, 99) = 0.48, nshnd

without crossingF (3, 99) = 0.88, ns] (s€kable 4-10).

Table 4-10 Number of correct responses without and with crossing effect
according to quartiles of daily polyphenol consumption (mean + SE)

Very low Low Moderate High

Number of correct
consumers consumers consumers consumers

responses
(N=25) (N=26) (N=26) (N=26)

Without crossing 42.2 (1.0) 41.7 (1.4) 41.7 (1.4) 39.7 (1.0)

With crossing 25.8 (1.2) 25.2 (0.9) 243 (1.0) 24.2(1.3)

With crossing, WAIS total scomasthe only significant covariate [F (1, 95)
= 7.94 p<0.01] (see Appendix 26). None of the covariates shoswgaificant
interactions with polyphenatonsumptionquartile on trials with crossing [largest F
(3, 95) = 1.91, ns)] Age showed a significant interaction witholyphenol
consumptiomguartileon tials without crossing [F (3, 95) = 3.17, p<0.05]. Younger
participants in different polyphenobnsumptiorquartileshowedbetter performance
in the numbers of correct responses without crogsieg Appendix 2). None of the
covariates showeslignificantinteractions withnumber of correct resporseithout

crossing [largest F (1, 95) = 3.57, n®é¢e Appendix 13).
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(v) The effect of crossing reaction time

No significant difference between polyphenol consumption quartiles was
foundin the time taken to cogctly complete the sequenagh [F (3, 99) = 1.00, ns]

and without crossinfF (3, 99) = 1.47, ns] (s€kable4-11).

Table 4-11 Reaction time for correct responses without and wit crossing effect
according to quartiles of daily polyphenol consumption (mean + SE)

o Very low Low Moderate High
Reaction time for
consumers  consumers —consumers consumers
correct responses

(N=25) (N=26) (N=26) (N=26)
Without crossing 926.0 (23.4) 957.4 (332) 941.6 (26.5) 1012.8 (38.6
With crossing 914.8 (26.3) 976.6 (34.4) 948.9 (28.5) 996.2 (47.1)

With crossing, none of the covariates wergnificant [largest F (1, 95) =
3.59, ns)] and there were noteractionswith polyphenol consumption quartiles
[largest F (3, 95) = 1.32, nsi$ee Appendix 13)Age was a significant covariate [F
(1, 95) = 14.58, p<0.001] on trials without crossing (see Appendix 28). None of the
covariates showesignificant interactions witlpolyphenol consumption quartiles for
trials with crossing [largest F (3, 95) = 1.32, ns)] anthout crossindlargest F (3,

95) = 1.10, ns){see Appendix 13).

4.4.5.4Tower of Hanoi

This test consisted of 5 levels (Levels 4 to Level 8), corresponding to the

numbers of moves required foreachle’ebr t he anal ysi s, 6Lev.

additional wi t hi n s« b6xd(Leset padyphenblaansumption Ther

quartile3 ANOVA was calculatedThe main effect of Level was significant for the
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number of errors made for all levels [F (4, 386)4.22, p<0.001], and indicates an

increase in errors occurred with increasing difficulty level (Sgare4-14).

2.54
2.0 1
1.5 -

1.04

Numbers of errors

0.5+

0.0 4

; r T
4 5 6 7 8
Level

Figure 4-14 TOH mean error per level according to polyphenolconsumption
quartiles [(A) Q1: very low consumers (, ) Q2: low consumers
(p ) Q3: moderate consumers(q ) Q4: high consumer$ (mean °
SE)
There wa no main effect of pgphenol consumption quartiles on the
numbers ofrrors made for all levels [F (12, 396 0.93; ns]. In addition, there was
no interaction between Level apdlyphenol consumption quartiles [largest F (12,
326) = 0.80; ns]. None of the covariates were significant [largest F (1, 98) = 2.00,

ns)] and there were no interactions of covariateth wolyphenol consumption

guartiles[largest F (3, 98) = 0.96, nggee Appendix 13).
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4.4.6 Subjective evaluation of cognitive performance according to

polyphenol consumption quartiles

Figure4-15di s pl ays t he p aavdluation optheir tognitives u b j e
performance reported after completing the cognitive test batteeyAppendix 11)
Visual analogue scales were scored in millimetres for six variables. Generally,
participantsd® ratings i ndndcoacergrationtdiriagt t h e
the test administration but time pressure was not a concern for the participants during
the test. ANOVA test ereperformed to compare polyphenol consumption quartiles
on each of the visual analogtaingscales. Therevereno spnificant differences in
visual analogueating scalesscoresbetween the polyphenol consumption quartiles

(see Appendix 13).

Frustration
Performance

Effort

Ability to concentrate
Difficulty

Time pressure

TrTrrrrrrrrrrrrrrrrrr e rre e e

0 10 20 30 40 50 60 70 80
Rating (mm)

Figure 4-15 Subjective evaluation of cognitive peArformance[(A) Q1: very low
consumers (A) Q2: low consumers (A) Q3: moderate consumers,
(A) Q4: high consumer§ (mean® SE)
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(c) Comparisonaccording tobeverage consumption groups

4.4.7 Participant characteristics according tobeverage consumption
groups

Table4-12 displays the demographic characteristics offhgicipants group
according to their consumption of polyphenol containing beverdgestable shows
sociademographic data including age, employment status and eating habits such as
breakfast consumptionlc@hol intake and dietary practises such as being vegetarian
A Kruskall-Wallis test showed a statistically significant difference across the four
beverage consumption groups in dgé= 17.35; df = 3; p<0.01)volume of coffee
consumed dailyc? = 97.97;df = 3; p<0.01)and volume of tea consumed daty =
77.25; df = 3; p<0.01)Further ManANhitney tests showed significant differences in
age between neconsumers of coffee or tea and the other two groups namely
consumers of both coffee and tea (p<(.a8hd coffee consumers (p<0.05). Non
consumers of coffee or tea were younger than the other two groups. kaerm
volume of beverage consumed daily, the consumers of both coffee and tea consumed
less tea than the tea consumers but a higher volume etdbfin coffee consumers.

No significant differences were found in other demographic data.
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Table 4-12 Participant characteristics according to beverage consumption groups*

Coffee consumers Tea COrBUMErs Consumers of Non-consumers p value
(N=11) (N=43) coffee and tea coffee or tea
(N=20) (N=29)
Age (years) 25.6(8.6) 23.1(6.4) 32.8(11.9 22.3(7.4) 0.001~
Body mass index (kg/fh 24.1(3.3 23.7(4.1) 27.1(6.6) 23.9(3.5 0.190
Basal metabolic raf@8MR (kcal) 1482(166) 1426(145 1461(185) 1409(136) 0.559
Ratio energy intake tBMR 1.3(0.3) 1.2(0.3) 1.2(0.3) 1.2(0.4) 0.967
Category of employment 0.055
Employed (%) 36.4 20.9 45.0 10.3
Student (%) 63.6 65.1 40.0 82.8
Doing regular gercise (%) 72.7 74.4 80.0 82.8 0.822
Units of alcohol consumed per 2.3(2.2) 4.9 (5.2) 6.8 (9.9) 5.2 (4.4) 0.292
week (unit)®
Volume of beverages consumed  coffee: 407.0 (379.6, tea: 408.9 (328.3) coffee: 224.3 - 0.00L~
(ml/day)* (159.7) 0.001~
tea: 435.3 (364.5)

Vegetarian (%) 9.1 9.3 15.0 17.2 0.749
Regular breakfast consumer (%) 81.8 86.0 95.0 86.2 0.690

*Data presented as mean (standard deviatopercentageBMR: Basal metabolic rateas calculated using the Schofield prediction equations
AOneunit of pure alcohol is equal to 10 ml or 8 granmss001 KruskallWallis test.
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4.4.8 Estimation of intelligence across beverage consumption groups

There was a significant difference betwdsverage consumption grouis
NART score [F (3, 99) = 4.20, p<0.dseeFigure4-16). Bonferroni corrected post
hoc tests showed significant difference between consumers of both coffee and tea
and nonconsumers of coffee or tea (p<0.05) in NART score. Lower scores were
obtained by noitonsumersf coffee or tea.

Significant differences were found between the beverage consumption groups
in the WAIS vocabulary subscale [F (3, 99) = 4.05, p<O@&E Figure 4-16).
Bonferroni corrected post hoc tests showed significafierdnces betweemon
consumers of coffee or tea and coffee consumers (p<0.05). Theonsamers of
coffee or tea scored lower than coffee consumers. No significant diffdoeheeen
the beverage consumption groypas found in WAIS matrix reasoning sehte[F
(3,99) =1.32, ns].

WAIS total score showed significant differences betwdlea beverage
consumption groups [F (3, 99) = 4.54, p<0.01]. Bonferroni corrected post hoc tests
showed significant differences betweemnconsumers of coffee or tea and
consumers of both coffee and tea (p<0.05). The-cwrsumers of coffee or tea

scored lower than consumers of both coffee and tea.
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Figure 4-16 Score for intelligence testsiccording tobeverage consumption
groups [(A) coffee consumers(A) tea consumers(A) consumers of
coffee and tea(A) non-consumers of coffee or tea(mean® SE)

4.4.9 Daily nutrient intake differences betweerbeverage

consumption groups

Table 4-13 represents the dg intake of major nutrients according to
beverage consumption groups. Protein and vitamin C intake exceeded their
respectiveRNI levels Carbohydrate and dietary fibre are the nutrients which came
nextclosest to fulfilling the RNI recommendations.

Therewere significant difference betweenbeverage consumption groups in
fibre intake assessed from DINIE (3) = 10.36; p<0.05]Further ManAWhitney test
showed significant differences in DINE between fwtonsumers of coffee or tea and
the other two groupsncluding consumers of both coffee and tea (p<0.01) and tea
consumers (p<0.01). The neonsumers of coffee or tea had lower ssare DINE

as compared to the other two groups. Interestingly, datatfrefiood diary showed
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that the norconsumers of coffeer tea met 90 % of the recommended intake for
dietary fibre, however, this group had the lowest DINE score and were categorized as
|l ow fibre intake (scor e | e sosfficienhbatween3 0) .
fibre intake assessed from food diary &#8IE score wasomputedo confirm this
finding. A significant but weak association (R = 0.29, p<0.01) was found between
DINE DF and daily dietary fibre intakeased on the diaryrhis finding can partly be
explained by a possible over reporting by thae-nonsumers of coffee or tea in fibre
containing foods as assessed uding food diary. No significant difference was
found between the beverage consumption groups in fibre intake assessed from LWW

DINE [H (3) = 4.43; ns] and alcohol intake [H (3) = 3.58].
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Table 4-13 Daily nutrient intake in each beverage consumption groups and percentage of RNI achieved in each group*

Coffee Tea Consumers of Non-
consumers "% RNI consumers % RNI coffee andtea % RNI c;cz)r]:fseuemoerrtsegf 7 RNI

(N=11) (N=43) (N=20) (N=29)
Energy (kcal) 1841(433 95.0 1672(413) 86.2 1712(404) 88.3 1746(479 90.0
Protein (g) 68.6(24.1) 152.4 68.8(23.1) 152.9 69.2(20.7 153.8 67.0(19.8 148.8
Carbohydrate (g  227.3(53.1) 46.3 210.0(51.7) 47.1 212.7(53.9) 46.6 233.6(77.4 50.2
Fat (gf 68.7(19.7 33.6 62.2(23.6 335 64.1(19.3 33.7 62.5(21.3 32.3
Alcohol (g)” 10.4(17.3 5.1 5.3(11.7 2.9 7.4(14.9 3.9 2.4(5.9 1.2
Dietary fibre (g) 18.9(5.9 78.8 18.9(6.2 78.8 19.5(6.6) 81.3 21.6(9.9 90.0
Vitamin C (mg) 98.0(78.9 245.0 80.4(48.9 201.0 99.3(61.3 248.3 76.9(82.1) 192.3
LWW DINE (g) 16.0(7.9 - 16.1(6.9 - 16.7(5.9) - 13.3(4.6) -
DINE DF scoré 31.9(5.7) - 33.8(12.4 - 34.1(9.1) - 26.1(9.2) -

*Data presented as mean (standard deviatiqpg0.01 ManrAWhitney test,’p<0.01 KruskaHWallis test."% RNI: Percentage from the
Reference Nutrient Intakeérecommended at 50 % of food enerdiecommended at 35 %f food energy'should be less than 5% of total
energy,5ood recorded for 7 day&ood recorded for 3 days, DINRietary Instrument for Nutrition Education for dietary fibre (DF), LWW

DINE: Leeds Women Webeing DINE,LWW: LeedsWore n 6 s Wel | bei ng Study, DH: Diet and Heal't
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4.4.10 Daily polyphenol intake across beverage consumption groups

Table 4-14 displays the polyphenol intake of major polyphenol groups. A
KruskallWallis test showed a significant diffnce between beverage consumption
groups in daily flavonoids [H3) = 63.75; p<0.01], phenolic acids [H (3) = 55.40;
p<0.01] all ather polyphenols [H (3) = 13.10; p<0.0dhd btal polyphenols intake
[H (3) = 56.51; p<0.01]. It is clear that the roonsumers of coffee or tea have the
lowest intakeof all major polyphenol groups except for all other polyphenols as
compared to the other three groups. The intake of all other polyphenols was highest
amongst the consumers of both coffee and tea followed figecoonsumers; the
nonrconsumers of coffee or tea and finally the lowest was tea consumers. Flavonoids
and phenolic acids become the major contributors for tea consumers and coffee
consumers respectively. Flavonoids intake was higher than phenolic acids f
consumers of both coffee and tea. This finding is coincides with a higher volume of

tea consumed by the participants in this group Tsdxe4-12).

Table 4-14 Polyphenol intake d major polyphenol groups (mg per day)*

Coffee Tea Consumers of Non-
consumess of
consumers consumers coffee and tea coffee or tea
(N=11) (N=43) (N=20) (N=29)
Flavonoids 1001 (780) 724.4(491.) 7735(625.9 86.2(73.2

Phenolic acids 8964 (832.0 1313 (89.3 573.9(3388)  69.9(42.0
All other

polyphenol$
Total polyphendl 10437 (860.§ 880.9(577.§ 1398.5(596.9 2010 (120.])

473 (353) 25.20(290) 511 (39.7) 448 (524)

*Data presented as mean (standard deviatmw#().01difference baveen beverage
consumption grups with KruskalWallis test
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4.4.11 Cognitive performance according tobeverage consumption

groups
4.4.11.1Visual Verbal Learning Test

() Rate of learning (word List A)

Rate of learning for word List A according to beverage consumption group
is shown inFigure4-1727 For t hi s analysis O0Trial 6 was
subjects factor with 3 levels (THa Al, A2, and A3, see Section 4.2.4.3 a
Therefore, a 3x4 (Trial*beverage consumption gro)pANOVA was @lculated.
Age, NART score, and WAIS total score were addedegmratecovariatesdue to
significant intercorrelations between these characteristics.

Rate of learning increased significantly from Trial 1 to TBaduch that the
main effect of Tial was ggnificant[F (2, 98) = 160.78, p<0.01There wa no main
effect ofbeverage consumption groupsthe rate of learningf (6, 98) =1.05 ng.

No interaction was found between Ttiaéverage consumption groujps(6, 196) =
1.05, nsjsuggesting that thgroups did not differ in their memory capacity or rate of
learning.None of the covariates significantly interacted with Trial [largest F (1, 98) =
1.30, ns)] orbeverage consumption grouflargest F (3, 98) = 0.77, ns)see

Appendix 14).
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Figure 4-17 Rate of learning according to beverage consumption groupgA)
coffee consumers(, ) tea consumers (p ) consumers of coffee and
tea, (g ) non-consumers of coffee or tea(mean® SE)

(i)  New learning (recall of List B)

No significant difference was found between beverage consumption groups in
the new learning which implies the recall of words from interference list (Li§E B)
(3, 99) = 0.40, ns]None of the covariates were significant [largest F (1, 95) = 2.21,
ns)] and none had significant interactions vi#verage consumption groujpergest

F (3, 95) = 1.38, ns)see Appendix 14).
(i) Retroactive interference (Trial A3-A4)

No significant difference was found between the beverage consumption groups
in retroactiveinterference[F (3, 99) = 1.43, ns]see Figure 4-18). None of the
covariates were significant [largest F (1, 95) = 0.14, ns)] and none had significant
interactions withbeverage consumption groufpargest F (3, 95) = 2.17, ns{$ee

Appendix 14).
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(iv) Proactive interference (Trial A1-B1)

No significant difference in proactive interference was found between the
beverage consumption groufs (3, 99) = 0.13, ns{seeFigure 4-18). None of the
covariates wereignificant [largest F (1, 95) = 1.38, ns)] and none had significant

interactions withbeverage consumption groufplargest F (3, 95) = 2.12, ns{$ee

Appendix 14).

3.5+

Words recalled

Proactive interference Retroactive interference

Figure 4-18 Number of interference acceding to beverage consumption groups
[(A) coffee consumers(A) tea consumers (A) consumers of coffee
and tea (A) non-consumers of coffee or tea(mean® SE)

(v) Delayed recall

Delayed recall is the recall of List A in approximately 30 minutes after the
teq first administered. No significant differen¢g (3, 99) = 0.31, nsjvas found
between beverage consumption groups in delayed rbicale of the covariates were
significant predictors ofwords recakd [largest F (1, 95) = 1.10, ns)] and none had
significant interactions witbbeverage consumption groufargest F (3, 95) = 2.00,

ns)] (see Appendix 14).
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(vi) Word recognition accuracy

For this anal y dviodes of gredentatdin Iwiesrted seen de cd
two within subject factors. There are three différ@ord (List A, B and C) with two

method of word presentations (visual and aurd@herefore, a 3% (Word list*

beverage consumption grogpsand a 2x4 Nodes of presentatidibeverage
consumption groupsANOVA was calculatedTable 4-15 displays the number of
correctlyrecognise words from different word lists and differambdesof word list

presentations.

Table 4-15 Number of correctly recognisedwords from three different word
lists and dfferent modes of presentatiog*

Non-

Coffee Tea Consumers of
. consumers of
Word list consumers consumers coffee and tea coffee or tea
(N=11) (N=43) (N=20) (N=29)
List A (seen 3times 12.3(3.1) 11.7 (4.1) 12.9 (3.6) 12.1 (4.6)
List B (seen onge 12.2(2.0) 10.9 (4.0 11.1 (3.7) 10.1 (4.6)
List C (new list) 13.5(1.7) 11.7 (4.4) 12.2 (3.5) 12.5 (4.5)
Words presented 19.3(1.9) 17.4(5.8) 18.5 (4.9) 17.5 (6.6)
visually
Words presented 18.6 (3.4) 16.9(5.8) 17.6 (5.1) 17.2 (6.4)
aurally
Overallcorrectly 37.9(4.8) 34.3(11.3) 36.1(9.7)  34.7 (12.8)

identified words

*Data presented as mean (standard deviation)

There were significant main effects of Word Ligt [2, 198) = 10.51,
p<0.001]and Modes of presentatioffF (1, 99) = 4.39, p<0.05].dwer words from
List B and fewer words presented aurally were correctly recognised by the
participants.There wa no main effect obeverage consumption groujpsthe Word

list [F (6, 198) = 1.56, ns] andlodes of presentatioff (3, 99) = 0.22, ns]. Nonef
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the covariates were significant with Worsit[largest F (1, 98) = 3.06, ns)] and none
had significant interactions witheverage consumption groupargest F (3, 98) =
0.31, ns)] in the 3x4 ANOVA analysis. Finally, none of the covariates were
significant [largest F (3, 98) = 3.06, ns)] and none had significant interactions with
beverage consumption groupargest F (3, 98) = 0.31, ns)pr the 2x3 ANOVA

analysis (see Appendix 14).
(vii) Word recognition reaction time

Table4-16 displays the time taken (in milliseconds) to correcdlgognisehe
words from the three different lists. For this analyéisNor d | i st 6 and
presentat i odas tww withia sukjectl factor§herefore, a 3% (Word
list* beverage consurtipn group$ and a 2x4 Klodes of presentatidnbeverage

consumption groupANOVA wereperformed.

Table 4-16 Mean reaction time to correctly recognis words from three different
word lists and different modesof word list presentation (millisecond)*

Coffee Tea consumere consumer  Non-consumers
Word list consumers (N=43) * coffee and tee of coffee or tea
(N=11) B (N=20) (N=29)

List A (seen 3 times) 1403.2 (168.9) 1328.3 (410.3) 1338.2 (343.0 1276.5 (474.5)
List B (seen once)  1454.1 (148.0) 1430.7 (428.7) 1454.3 (394.2 1311.3 (485.2)
List C (new list) 1506.0 (182.0) 1491.0 (449.0) 1525.7 (409.6 1365.6 (495.4)

Words presented 1172.7 (144.2) 1164.6 (352.3) 1193.7 (337.0 1067.4 (399.3)
visually
Words preseied 1746.2 (158.5) 1663.5 (485.2) 1679.4 (411.9 1556.4 (551.0)
aurally

Overall correctly
1454.1 (129.8) 1409.3 (409.0) 1430.6 (359.7 1309.7 (468.6)
identified words
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There were significant main effects of Word Ligt [2, 198) = 17.38,
p<0.001]and Modes of presentatiofF (1, 99) = 498.91, p<0.001A longer time
was taken to recall correctly words from List C and words presented aUradge
was no main effect obeverage consumption groupsthe Word ist [F (6, 198) =
0.58, ns] andModes of pressation[F (3, 99) = 0.53, ns|None of the covariates
interacted significantly withVord List [largest F (1, 98) = 3.56, ns)] dreverage
consumption groupBargest F (3, 98) = 0.43, ns)] in the 3x4 ANOVA analysise
Appendix 14).An interaction betwee Modes of presentatioand covariates was
found for age[F (1, 98) = 53.03, p<0.001] and NART score [F (1, 98) = 13.22,
p<0.001] in the 2x4 ANOVA analysis (sependix 16). Participants who wee
younger and who obtained higher NART samkowedbetter grformance with less

time taken to correctlyecogniseghe words.
4.4.11.2Visual Spatial Learning Test (VSLT)

VSLT immediate recall is the data obtained during the immediate recall of
the test when all seven designs and positions were introduced to the paditpaat
times.For this analysis 6Trialdé was added
3 levels (Trials Al, A2, and A3, see Section 1.2.4.3.1). Therefore, a 3x4 (Trial*
polyphenol consumption quartileANOVA was calculated. Age, NART score,

WAIS for verbal subscale and WAIS total score were addee parateovariates.

a
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(i)  Correctly identified designs (immediate)

The main effect of Trial was significant [F (2, 98) = 51.29; p<0.01] (see
Figure4-19, a) which reflects thencrease in correctly identified designs with each
sequential trial.This indicated that the rate of learning was significantly increased
with each repeated triallherewasno main effect obeverage consumption groups
on the number of correctly identifietesigngF (6, 198) = 0.96; ns]An interaction
was found between the Trial and age [F (2, 198) = 5.84, p<0.01] and NART score [F
(2, 196) = 5.73, p<0.01] (see Appexdi7 and 18). Participants who meeyounger
and who obtainechigher NART scores showedetber performance in terms of
correctly identified designs. None of the covariates were significant [largest F (3, 98)
= 2.85, ns)] and none had significant interactions Wwétierage consumption groups

[largest F (3, 98) = 1.30, ndgee Appendix 14).
(i) Correctly identified positions (immediate)

Figure 4-19 (b) shows the correctly identifiedositions in the immediate
recall. The main effect ofrial was significant [F (2, 198) = 41.90, p<0.001] which
reflects the increase in coctly identified positions wh each successive trial. There
was no main effect obeverage consumption groups the number of correctly
identified positions [F (6, 198) = 0.31; ns]. There was a significant interaction of
Trial with age [[F (2, 198) = 5.05p<0.05] (see Appendix 19yith younger
participants showingpetter performance on this VSLT measure. Age [F (1, 98) =
4.16, p<005] was a significant covaria@nd predicted performance on this VSLT
measure. None of the covariates interacted significawth beverage consumption

groupg[largest F (3, 98) = 1.23, ndgee Appendix 14).
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Figure 4-19 Number of correctly identified designs (a), position (b) and designs and positions (c) according to bexggaonsumption
groups[(A) coffee consumers(, ) tea consumers(p ) consumers of coffee and tedq ) non-consumers of coffee or tea
(mean® SE)
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(i)  Correctly identified target designs placed in the correct

positions (immediate)

Figure 4-19 (c) shows the correctly identifiedesigns placed in the correct
positions in the immedie recall. The main effect ofri@dl was significant [F (2, 98)
= 86.61, p<0.01] which indicates the increase in correctly identified designs placed
in the corect positions witheach successive trial. There wag main effect of
beverage consumption grouipsthe number of correctly identified designs placed in
the correct positions [F (6, 196) = 0.10; ns]. There was a significant interaction of
Trial with age[F (2, 196) = 15.29, p<0.001] and NART score [F (2, 196) = 4.57,
p<0.05] (see Appenril9 and 20). Participants who keyounger and who obtained
higherNART scores showeletter performance on this VSLT measure. There was a
significant interaction obeveage consumption groupgth NART [F (3, 98) = 3.11,
p<0.05] and WAIS total score [F (3, 98) = 3.36, p<0.05] (see Appendix 29).
Participants with higher NART and WAIS total score in all beverage consumption
groupsshowedbetter performance on this VSLT nse@e. None of the covariates

were significant with Trial [largest F (1, 98) = 2.09, nsge Appendix 14).
(iv) Total immediate recall per trial

Total immediate recall was calculated by the addition of correctly identified
designs, correctly identified pogitis and correctly identified designs gmakitions
for all three trials The sum of these three variables yseddmaximum score of 63
(21 score per trial)The btal number of correct responsess not significantly
different betweenbeverage consumptiogroups|[F (3, 99) = 1.56, ns] (seEigure

4-20). An interaction between total immediate recall and covariates was only found
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in age[F (1, 95) = 8.06, p<0.01] (see Appendix 30). There was a significant
interaction ofbeverage consnption groupsith age [F (3, 95) = 2.97, p<0.05] (see
Appendix 31). In these interactions, younger participants in all beverage

consumption groups showed better performance on this VSLT measure.

n [ B (4}
o o o o
1 1 1 1

Number of correctly identified items
E

o
|

Figure 4-20VSLT total immediate recall average per trial according to
beverage consumption group$§(A) coffee consumers(, ) tea
consumers (p ) consumers of coffee and tedq ) non-consumers
of coffee or ted (mean® SE)

(v) Correctly identified designs (delayed)

There was no significant difference in correctly identified designs in delayed
recallbetween beverage consumption groups [F (3, 99) = 0.57; nsFipaee4-21,
first section). None of the covariates were significant [largest 85)1= 2.87, ns)] or
interacted with beverage consumption groups [largest F (3, 95) = 1.56ses)]

Appendix 14).



215

VSLT delayed recall
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Figure 4-21 Number of correctly identified designs and positions in the delayed
recall according to beverage consumption groupfA) coffee
consumers (A) tea consumers(A) consumers of coffee and tea

(A) non-consumers of coffee or tea(mean® SE)
(vi) Correctly identified positions (delayed)

There was a significant difference betwdmverageconsumption groups
correctly identified positiongF (3, 99) = 4.29; p<0.01{seeFigure 4-21, second
sectior). Bonferroni corrected post hoc tests showed significant differdret@geen
consumes of both coffee and tewith the other two groups namehpnconsumes
coffee or teaand (p<0.0l)and tea consumers (p<0.0B) number ofcorrectly
identified positions. The neconsumers of coffee or tea performed better than the
other two groups. Age was a significant covariate [FOg8) = 18.20, p<0.00Mith
younger participants showingetter performance on this VSLT measure (see
Appendix 22). There was a significant interactionbefrerage consumption groups
with age [F (3, 95) = 3.59, p<0.05] (see Appendix 32). Younger panitsipa all

beverage consumption groups showed better performance on this VSLT measure.
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(vii) Correctly identified target designs placed in the correct

positions (delayed)

There was a significant difference betwdsverage consumption grouis
the number of avectly identified designs and positions in delayed recall [F (3, 99) =
4.13, p<0.01] (se€igure 4-21, third section). Bonferroni corrected post hoc tests
showed significant differences betweson-consumes coffee or teaand cosumes
of both coffee and te@<0.01) in number of correctly identified positiansdelayed
recall The nonconsumers of coffee or tea performed better tharcoimsumes of
both coffee and tea. Age was a significant covariate [F (1, 95) = 8.26, p«0th1]
younger participants showingetter performance on this VSLT measure (see
Appendix 33). None of the covariates significantly interacted va#verage

consumption groupdargest F (3, 95) = 2.62, nJgee Appendix 14).
(vii) Total delayed recall

There wasa significant difference between the beverage consumption groups
for Total delayed recall [F (3, 99) = 3.83, p<0.05] ($@gure 4-22). Bonferroni
corrected post hoc tests showed significant differences betweegonsumes
coffee or teaand consumerof both coffee and te§<0.01) consumers for total
delayed recall The nonconsumers of coffee or tea performed better than the
consumes of both coffee and tea. Age was a significant covariate F (1, 95) = 12.87,
p<0.001]. There waa significant interaction dieverage consumption groupdth
age [F (3, 95) = 3.47, p<0.05] (see Appendix 84)h younger participants showing

better performance on this VSLT measure.
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Figure 4-22VSLT total delayed recall according to beverage consumption
groups[(A) coffee consumers(A) tea consumers(A) consumers of
coffee and tea(A) non-consumers of coffee or tda(mean® SE)

4.4.11.3Corsi Block Tapping Test

For the analysis ANOVA test was performedotanalyse the number of
correct response and reaction time used to correctly complete the sequence by
participants in differentbeverage consumption groupd e v evdséadded as an
additora | wi t hi n s ub jeels tesed2 td Leveltdheefare, 88k4 8
(Levelbeverage consumption grogpSNOVA was calculated. Age, NART score,
and WAIS total score were added asparatecovariatesdue to significant

intercorrelations between these characteristics
(i)  Correct responses accuracy

No significant dference was found between thHeeverage consumption
groupsin the number of completed sequences [F (3, 99) = 2.14, ns]. Two covariates
were significant age [F (1, 95) = 6.98, p<0.01] and WAIS total score [F (1, 95) =
8.12, p<0.01]. There was a signifitainteraction betweeleverage consumption

groups and age [F (3, 95) = 3.00, p<0.05] (see Appendix 35), with younger
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participants in all beerage consumption groups showingigher number of correct

responses.
(i)  Correct responsei reaction time

No significant difference was found between beverage consumption groups in
the time taken to correctly complete the sequence for Corsi test [F (3, 99) = 1.21, ns].
Age was a significant covariate such that reaction time increased with higher age [F
(1, 95) =36.89, 0.01] (see Appendix 24There was a significant interaction of
beverage consumption groupsth age [F (3, 95) = 3.01, p<0.05] and WAIS total
score [F (3, 95) = 4.47, p<0.01] (séppendix 36). Participants who weyounger
and who obtained higher WAIStal score showedbetter performancen this

cognitive measure.
(i) Percentage correct per level

The main effect of level was significaff (7, 693) = 79.65, p<0.001] such
that the percentage correct per level was decreased from the lower to the higher level
in anonlinearmanner(seeFigure4-23). A significant difference was found between
beverage consumption groups in the percentage of correct level [F (21, 693) = 1.70,
p<0.05]. Bonferroni corrected post hoc tests showed signifidifference atlevel 8
betweernconsumers of coffee and tea and two other groups hamelgamsumers of
coffee or tea (p<0.01) and consumers of tea (p<0.05). Consumers of coffee and tea
had lower percentage of correct response than the other two gréudpghe
covariates including age F (7, 686) = 8.01, p<0.001], NART score F (7, 686) = 4.97,
p<0.001] andWAIS total score F (7, 686) = 3.84, p<0.001] interacted significantly

with Level (see Appendix 35Younger age, higher NART and higher WAIS total
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swre wereassociated with better performancetemms ofthe percentage of correct
responses. There was an interaction between Level*beverage consumption groups
and WAIS total scorgF (21, 686) = 2.02, p<0.0Xkee Appendix B). Participants

with higher WAS total score showed higher percentage of correct response across

the levels and in relation to the beverage consumption groups

100 4

[o2]
o
1 1

Percentage of correct response (%)
~
o

. . . ————7— . . .
1 2 3 4 5 6 i 8 9 10
Level

Figure 4-23 Percentage of correct response in each level (%) according to
beverage consumption group$(A) coffee consumers(, ) tea
consumers (p ) consumers of coffee and tedq ) non-consumers
of coffee or teg (mean® SE)

(iv) The effect of crossing accuracy

A crossing effect in Corsi represents crossing in the appearanad lnboks
in the test administratioM.able 4-17 displays the number of correct responses with
and without crossing effect for all beverage consumption groups. It is clear that the
numbers of correct responses are higher withcagsong. No significant difference
betweerbeverage consumption grougss found in the correct response Wih(3,

99) = 1.06, nshnd without crossinf- (3, 99) = 2.49, ns].
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Table 4-17 Number of correct regponses without and with crossing effect
according to beverage consumption groups (mean * SE)

Number of correct Coffee Tea Consumers of consl\llj?rr;sof
responses consumers consumers coffee and tea coffee or tea
(N=11) (N=43) (N=20) (N=29)
Without crossing 40.8 (2.3 42.4 (0.9 38.2(1.0) 42.1 (1.2
With crossing 24.6(2.6) 24.8(0.7) 233 (11) 26.1(1.0)

With crossing, age [F (1, 95) = 6.43, p<0.05] and WAIS total score [F (1, 95)
= 7.43, p<0.01] were significant covariates with number of correct nssif{eee
Appendix 3B). Participants who were younger and who obtained higher WAIS total
scores showed better performance on this cognitive measure. Age also had a
significant interaction with beverage consumption grdipé3, 95) = 3.79, p<0.05]
in the sguence shown with crossirfgee Appendix ). Younger participants in all
beverage consumption groupbowedbetter performance on this Corsi measure.
Without crossing, WAIS total score sheda significant interaction witthe number
of correct response[F (1, 95) = 4.53, p<0.05] (see Appendix)Z&nd beverage
consumption groupf= (3, 95) = 3.03, p<0.05] (see Appendix)4Rarticipants with
higher WAIS total scor® showedbetter performance in this Corsi measure in all

beverage consumption groups.
(v) The effect of crossingi reaction time

Table4-18 displays the reaction time for correct responses with and without
crossing effect for all beverage consumption groups. It is clear that the times taken
for correct responses al@ngerwithout crossing. No significant difference between
polyphenol consumption quartiles was foundhe time taken to correctly complete

the sequencwith [F (3, 99) = 1.32, nsgnd without crossinfF (3, 99) = 0.97, ns].
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Table 4-18 Reaction time for correct responses without and with crossing effect
according to beverage consumption groups (mean * SE)

Non-
Reaction time for Coffee Tea Consumers consumess
COMTect responses consumers  consumers of coffee and of coffee or
(N=11) (N=43) tea (N=20) tea
(N=29)
Without crossing 1034.3(78.7) 955.2(23.5 957.1(34.7 940.2(21.3
With crossing 1053.1(104.0  935.6(20.2 970.6(38.1) 951.9(28.0

With crossing, age [F (1, 95) = 20.61, p<0.001] and WAIS total sco(#, [F
95) = 7.06, p<0.01] showed significant interactions with time taken for correct
responses (see Appendix)4Participants who were younger and who obtained
higher WAIS total scores showed better performance on this cognitive measure.
Significant inteactions were also found between these covariates and beverage
consumption group&ge[F (3, 95) = 3.72, p<0.05] and WAIS total score [F (3, 95)
= 5.09, p<0.01]) (see Appendix ¥3Nithout crossing, two interactions were found
namely between age and numloércorrect responses [F (1, 95) = 41.70, p<0.001]
(see Appendix d4and WAIS total score and beverage consumption grffids,
95) = 3.31, p<0.05] (see Appendix)4¥ounger participants and participants who
obtained higher WAIS total scores showed legierformance on this cognitive

measure.

4.4.11.4Tower of Hanoli

This test consisted of 5 levels (Levels 4 to Level 8), corresponding to the
numbers of moves required for each | evel
additional wi t hi reforsau3x4 (leeecek beveragé aoosuroption T h e
groupg ANOVA was calculatedThe main effect of Level was significant for the

number of errors over all levels [F (4, 396) = 9.97, p<0.001] and indicates that an
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increase in errors occurred with increasing diffiguével (seeFigure 4-24). There

was no main effect of beverage consumption groups in the number of errors made
over different level$F (12, 396) = 0.74, ns]. None of the covariates were significant
with Level [largest F (1, 98F 2.16, ns)] or beverage consumption grojiggest F

(3, 98) = 0.89, ns)[see Appendix 14).
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Figure 4-24TOH mean error per level according to polyphenol consumption
quartiles [(A) coffee consumers(, ) tea consumers(p ) consumers
of coffee and tea(g ) non-consumers of coffee or tea(mean® SE)

4.4.12 Subjective evaluation of cognitive performance according to

beverage consumption groups

Figure4-25di spl ays t he twvaevaluaton gbtaer togritives u b j e
performance reported after completing the cognitive test batteeyAppendix 11)

Generally, participantsé ratings i ndi c

concentration during the test administration but time pressas not a concern for
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the participants during the test. ANOVAs were performed to compare polyphenol
consumption quartiles on each of the visual analogue ratalgs. There were no
significant differences in visual analogue rating scales between therage

consumption group&ee Appendix 14).

Frustration

Performance

Effort

Ability to concentrate

Difficulty

Time pressure

o 20 40 &0 80
Rating (mm)

Figure 4-25 Subjective evaluation of cognitive performance[(A) coffee

consumers (A) tea consumers (A) consumers of coffee and tegA)
non-consumers of coffe or ted (mean® SE)

4.4.13 Summary of cognitive findings

Table 4-19 summaises the results of theognitive testanalyseperformed
in this studyaccording to two approaches of data presentation namely; polyphenol
consumption quartls and beverage consumption groups (see Section.40g)
results from the cognitive tests which have shown significant differences between

guartiles and/or beverage groups are reported in the table.below
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Table 4-19 Summary of findings from cognitive tests performed in the study

Cognitive domain

Cognitive
test

Outcome variables

Different between beverage
consumption groups

Different betweenpolyphenol
consumption quartiles
(percentile)

Verbal memory immedte

VVLT

Rate of learning

New learning

Proactive interference

Retroactive interference

VVLT
Recognition

Accuracy

Reaction time

Verbal memory delayed

Delayed recall

Spatial memory immediatg

VSLT

Correctly identified ddgns

Correctly identified positions

Correctly identified target designs plac
in the correct positia

Total immediate recall

Corsi

Correct responsdoverall)

Reaction time (overall)

Correct responsgcrossed trial)

Reaction time (crossed trial)

Correct responsguncrossed trial)

Reaction time (uncrossed trial)

Spatial memory delayed

VSLT

Correctly identified designs

Correctly identified positions

* INCCT > T > C > CCT]

*VL>L>M>H]

Correctlyidentified target designs place
in the correct positiaa

*[NCCT>C >T > CCT]

*VL>L>M > H]

Total delayed recall

*[NCCT>C >T > CCT]

*»VL>L>M>H]

Executive function

TOH

Mean sum errors

Mean sum think time (overall)

*p<0.05, *p<0.01, C:coffee consumersT: tea consumer<CCT: consumers of coffee and tddCCT: nonconsumers of coffee or te®L: very low, L: low, M:

moderateH: high
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There are several cognitive measurements which showed the same effects for
both approachedo categorisation of polyphenol consumption. For example,
significant differences between polyphenol quartiles or beverage consumption
groups was found on the VSLT including correctly identified positions in delayed
recall, correctly identified designsagued in correct positions in delayed recall and
total delayed recall. Participants with very low polyphenol intake and participants
who were norconsumers of coffee or tea performed better on these cognitive
measures.

In the analyses of covariates, age antklligence frequently predicted
performance on the cognitive tests. From the analyses performed according to
polyphenol consumption quartiles, age was the main predictor of cognitive
performance. Both age and WAIS total score were the main predictoogoitive
performance in the analyses performed according to beverage consumption groups.
The findings suggest that younger participants and participants with higher WAIS
total scores showed better cognitive performance. For example, results from the
Corg test in terms of the number of correct responses (without crossing effect)
showed that younger participants in all polyphenol consumption quartiles have
scored higher than their older counterparts (see Appendix 27). The same pattern was
found in the redu presented based on beverage consumption groups for Corsi
number of correct responses (with crossing effect), such that younger participants in
all beverage consumption groups performed better (see Appendix 39). In terms of
intelligence, those participgs in all beverage consumption groups with higher
WAIS total scores took less time to make correct responses on the Corsi test (see

Appendix 36).
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Table 4-20 displays the distribution of the participants based on both

polyphenol onsumption quartiles and beverage consumption groups. From the table,

consumers of both coffee and tea were mostly categorized as the high polyphenol

consumers (60 %) while the majority (72.4 %) of the-nonsumers of coffee or tea

were categorized as th@wv polyphenol consumer3hese finding coincides with the

fact that coffee and tea are the major polyphenol food sources of the studied

populationand the regular intake of these beveragastriouted majorly to high

polyphenol intakeThe high polyphericconsumers and the consumers of both coffee

and tea were older than the other groups Tsdxe4-5 andTable4-12), which might

be the possible explanatidor the poor performance of these growpshe cognitive

tests administered.

Table4-20Par t i ci

guartiles and beverage consumption groups [number (%)]

A

pant so

di stri

buti on

accordi

Ve

ry low Low

Moderate

High

Total

polyphenol polyphenol polyphenol polypheno (number)
consumers consumers consumers consumer:

Non-consumer®sf

coffee or tegN=20) 2+ (24 74D 139
ac:g f;(nﬁfzg)f “e 0 150  7(35.0
(CNo:fffle) consumers 1(9.0 4(36.4 3273
;I'I\T;(;c;nsumers 3(7.0 14(32.6 15(34.9
Total (number) 25 26 26

0(0)
12(60.0
3(27.3

11(255)
26

29

20

11

43

n
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4.4.14 Variables associatedvith polyphenol intake

Correlatioral analysis was performed between outcome variables from each
cogntive test (seeTable 4-21) and demographic data, dietary variables and
polyphenol intakeOnly significant correlationsre reported in this chapter (see
Table4-22). Furthermore, separate correlation lgsis between cognitive outcomes
and demographic data, dietary variables and polyphenol intake was performed
controlling for energy intake was also executed. However, because not much
difference in the proportion of variance accounted fdi) (Ras found beveen the
two analyses, Rafter controlling for energy intakis not reported in this chapter. A
positive correlation implies that there is an increase in cognitive performance scores
proportionate with an increase in polyphenol intake. On the other hamelgative
correlation suggests a decrease in cognitive test scores with irsdreaséyphenol

intake.

Table 4-21 Selected outcome variables for each cognitive test

Cognitive test (s) Outcome variables

Visual Verbal Learning Test | -Total number of words correctly recalled
delayed recall

VVLT Recognition Test -Reaction time for correct response for wo
presented visually

-Reaction time for correct response for wo
presented using aurally

-Total number of correctlygecognisd words
Reaction time for all correct responses

Visual Spatial Learning Test | -Number of correctly identified designs a
positions in delayed recall

CorsiBlock Tapping Test -Total number of correct responses
Reactiontime for all correct responses
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Results from the correlation analysis shows inverse associations between age
and BMI with the outcome variable from VSLT (p<0.01) and Corsi total number of
correct responses (p<0.01) respectively. These findings suggest olter
participants with higher BMI performed worse on these cognitive measures. A
positive association was found between Corsi reaction time for all correct responses
and two other variables namely age (p<0.05) and BMI (p<0.01).

Results from WAIS vocabary subscale were positively correlated with
reaction time on the VVLT recognition test, which suggests that higher scores on the
vocabulary subscale are associated with a longer time taken to corescignise
words from the different lists. The WAISatrix reasoning subscale showed positive
associations with total number of words recall on VVLT (delayed) and the number of
correct response for words presented visually on VVLT Recognition. These findings
suggest better recall in words presented visuathongst participants with higher
scores on the matrix reasoning subscale. Performance on the Corsi test was positively
associated with NART score, such that participants with higher NART scores took
longer to make correct responses.

Nutrients and food inte were also associated with several cognitive tests.
For example dietary fibre intake assessed from DINE and volume of coffee
consumeddaily wasnegativédy associatéd with performance on th¥SLT measure.

This finding suggests that high fibre and highfeefconsumption were associated
with poorer performance on this measure. The negative finding between VSLT and
volume of coffee consumed daily is consistent with the inverse association between
VSLT and daily intake of total phenolic acid and total polyphas. Corsi task

performancewas positively associated with LWW DINE but negatively associated
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with daily coffee consumedlhese findingsare contradictory to the findings from
VSLT.

Unit of alcohol intake daily was negatively associated with VVLT
recogmtion, such that longer times were taken to correatiyognisewords aurally
and overall time taken for correct responses was longer amongst participants with
lower alcohol intakeDaily total flavonoid intake and volume of tea consumed
showed positive asociations with VVLT recognitionThese findings are to be
expected because tea is one of the major flavonoid food sodrqgesvious cross
over study performed amongst adults using several types of tea reported an
association between tea consumption amctease in alertness and performance
assessed from set of cognitive batterfHindmarch etal., 1998. Previous study
reported thafrequent tea drinking habitgas impose@ beneficial effect in reducing
the risk of cognitive impairmenin a sample of Chinese elderly after two years
follow-up (Ng et al., 208). In addition, a recenewriew byJager and Saaby (2011
has suggested that an vivo study which used selected flavonoids such as
epigallocatechin, a type of flavanfdund in tea hashe ability to pass through the

BBB andpotentiallyexhibit effects on brain function.
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Table 4-22 Independent associations of cognitive test scovath several
variables by correlation analysis (R value®)

Cognitive tests

: Independent variables R?value
(outcome variables)
VVLT (total number of words WAIS (matrix reasoning) 0.038*

recalled in delayed recdll)

VVLT Recognition (number of
correct reponse for words WAIS (matrix reasoning) 0.041**
presented visuall)

VVLT Recognition (reaction time
for correct response for words ~ Volume of tea consumed per day 0.045**
presented visually))

Total flavonoids intake per day 0.046**

VVLT Recognition (rection time
for correct response for words ~ Unit of alcohol per day -0.075*
presented aurallf)

WAIS (vocabulary) 0.058**
Carbohydrate intake per day 0.040**
VVLT Recognition (reaction time Unit of alcohol per day -0.066*

for all correct responsé’s)
Volume of tea consumed per day 0.045**
WAIS (vocabulary) 0.039**
Total flavonoids intake per day 0.040**

VSLT (number of correctly
identified designs and position in Age -0.096*
delayed recalf)

DINE Dietary fibre score -0.043**
?j/;))l/ume of coffee onsumed per -0.097*

Total phenolic acid intake per day -0.117*
Total polyphenol intake per day  -0.100*

Corsi (total number of correct

BMI -0.066*
response$)
LWW DINE 0.057**
Volume of coffee consumed per _0.062%*
day
Corsi (reaction time foall correct Age 0.056**
response$)
BMI 0.075*
NART score 0.045**

AProportion of variance accounted fd€orrelation is significant at the 0.01 leve} (2
tailed), ** Correlation is significant at the 0.05 levektélled), *Pearson coefficient
correlaion, "Spearman rho coefficient correlatid@orrected vitamin C from HPLC
analysis (refer Table-2).
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4.4.14.1Prediction of cognitive performance of UK women

Selected independent variables which were associated with cognitive test
scores were selected for reggmn analysis to predict the factors associated with
cognitive performance (sé@ble4-23). Performanc®n VSLT (delayed recallyvas
predicted by daily total phenolic acid intake and afjge model was statistically
significant[F (2,100) = 8.720, p<0.01], and accounted for approximately 13.1°% (R
value = 0.131) of the variance in the number of correctly identified designs and
positions.

The Corsi test has two outcomes which include number of correct response
and reaction timdor correct responses. THest model significantly [F (3, 99) =
8.760, p<0.01] predied the number of correct resposssith BMI, LWW DINE
and frequency of coffee consumed daily included as the predictor variables. This
model explained approximately 3% (R value = 0.186) of the variance in the
outcome variable. The second model for time taken to make correct moves included
only age in the predictioff (1, 101) = 23.213 p<0.01] This model accounted for
17.9 % (R value = 0.179) of the variance inetreaction time for the test.

Reaction time taecognisevords in VVLT recognition test was predicted by
two variables including unit of alcohol intake daily and WAIS (vocabulary). This
model explained approximately 17 %?(Ralue = 0.170) of the variande the

outcome variable.
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Table 4-23 Independent associations of cognitive test scores with food intake by multiple linear regression

Cognitive Cognitive test Independent variables Regression coeffient Model h* P value
domain (95 % confidence interval) summary
(adjusted
R?value)

Spatial memory VSLT (correctly identified Age -0.039 ¢0.080 to 0.001) 0.131 -0.200 0.053

designs and positions
delayed reca)l

Total phenolic acid -0.001 ¢0.002 to 0.000) -0.254  0.015
intake per day
Corsi(total number of BMI -0.392 ¢0.786 to 0.003) 0.186 -0.180 0.052
correct responses)
LWW DINE score 0.418 (0.119 t0 0.717) 0.249 0.007
Volume of coffee -0.015 ¢0.024 to-0.006) -0.297 0.002
consumed per day
Corsi (reaction time for Age 7.365 (4.332 to 10.397) 0.179 0.432 <0.001
correct responses)
Delayed VVLT Recognition Unit of alcohol per day -157.206 {240.103 to-74.308) 0.170 -0.342 <0.001
auditory and (reaction time for all correct
verbal memory responses)
WAIS (vocabulary) 19.454 (3.577 to 35.332) 0.221 0.017

*Standardized regression coefficient
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In the predictive models shown ifable 4-23, polyphenolintake was not
included in the final model because of the multicelriy between the compound
presentin either coffee or tea and the volume of drinks consumed. For example,
multicollinearity was found for VVLT recognition outcome between frequency and
volume of tea with total flavonoids intak&€he pedictive model fo the Corsi test
showed multicollinearity between volume and frequency of coffee consumed daily.
The only modelvhichincluded daily total phenolic acid intake the prediction wal
for VSLT.

Overall, the weak predictive power of the models reflectedntglisvalue of
adjusted R square was partly due to the small sample size of the studied population.
The adjusted R square values were presented in this chapter because in small
samples, the usage of R square value can lead to overestimation of the teuef valu

the variance accounted for in the populatibabachnickand Fidell, 200Y.

4.5 Discussion

This chapter has included results of tests of cognitive performance according
to polyphenol consumption quartiles and beverage consumption groups. There were
significant differences in age and measures of intelligenceR{NAnd WAIS total
score) between both the polyphenol consumption quartiles and beverage
consumption groups. These differences necessitaiptiolling for these variables
by including them as covariates in the analysis perforamegiach outcome variable
of the cognitive tests. From the findings, age and WAIS total score are suggested as
the predictors of the performance specifically for the tests associated with spatial

memory (VSLT and Corsi).
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Cognitive tests focusing on the spatial cognitive domain {Gord VSLT)
tended to demonstrate higher scores in the younger particisaetSectiod.4.13.
This finding can be partly be explained by the short duration of the administration of
these test. Increased age was associatddawveduction in the number of correct
responses and an increase in reaction tiReeticipants with highest polyphenol
intake obtained the lowest scores in VSLT for correctly identified designs and
locations. In addition, the total number of recalleeim$ in both immediate and
delayed recall was also lower amongst participants in the highest quartile of
polyphenol consumption. From all the cognitive tests administered, Corsi was the
test which showed greatest sensitivity to the effects of polypherutsisTsupported
by the interaction found between polyphenol consumption quartiles and one of the
outcome measures of Corsi (see Appendix 27). However, age remained a significant
predictor in the performance of this test, such that younger participambsnpea
better than the older participants in all polyphenol consumption quartiles. From this
finding, future studies on thassociation between polyphenol consumption and
cognitive performancenight usefully employ the Corsi test as one of the cognitive
measuresA recentsystematicreview byLamport et al. (2012suggested that spatial
memoryappeared to be mopbsitively affected by polyphenol intake according to
results from both intervention and epidemiological studiesyvever, our study has
found a contradictory result by which individuals with lower polyphenol intake have
performed be#r in Corsi test. This finding was confounded by the age of
participants, whergiounger participantsvith lower polyphenol intake have better

spatial memory performance assessed from Corsi test.
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VVLT requires a long term attention spatthoughrepetition of the same
word list a few timescould causeboredom. This test requires motivation and
patience to memorize the word list. The only independent variable assowittied
the number of words recalled in immediate and delayedllrés WAIS (matrix
reasormg) however, the assodian can be considered as weak.

The Tower of Hanoi test showed no significant difference between
participants in differenpolyphenol consumption quartiles beverage consumption
groups. This finding can partly be explained by fhet that no time limit was
applied for the test and the participants were allowed to take their own time to solve
the problems. This finding coincides with response given on the subjective
evaluation of cognitive performance such that participants ireaticdlhat time
pressure was not a concern for them during the(sest Sectio.4.6 and Section
4.4.19. Less time pressure as compared to other tests administered allowed the
participants to makehe correct moves in order to arrange the disks as shown by the
target formation.

Age of the participants was one of the most important determinants in the
results ofall cognitive testslt is suggested that the decline in cognitive performance
amongst hdéhy educated adults can possibly start at an early age during adulthood
before the age of 60 years of@althouse, 20Q9 Increases in age can also be
associated with an increase in intelligence and knowledge associated with verbal
material and larger vocabula Figure 4-26 displays the distribution of IQ test
according to age. There is no clear pattern on the distribution; however, higher
NART (Figure4-26, A) and WAIS f{otal scorg¢ (Figure 4-26, D) score tend to be
elevated in individuals above 30 years.dltle present finding seem to be consistent

with other research which fourtdghest scores amongst middiged adults on the
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verbal test in the WAIS whereby the neerbal test sares were highest score
amongst younger adults aged 16 to 34 yeargAudila, 2007). Another longitudinal

study has also reported that verbal ability assessed by several tests including WAIS
increased over timéLarsen et al., 2008 A contradictory finding was reported by
Crawford et al. (1988in relation to NART scorewhereby in this study, age was
suggested to have little or no effect on the score of a widetaage (17 to 88 years)

of the adult population.
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Figure 4-26 Distribution of score for 1Q tests according to age of the
participants
The current study was limited by a small sample size with the magribe
participants being younger adults. There was also a selection bias, such that the

majority of the participants in the study were students andedeitated. Although



237

age was a significant predictor of cognitive performance, older participantaeabtai
relatively high scores on the intelligence measures in line with the majority of the
younger participants. This finding suggests that the participants in this study might
not be the appropriate sample to examine the effect of different polyphenasintak
on cognitive performance. A study which includes a cognitively challenged sample
such as the elderly might potentially be better able to demonstrate an effect of
polyphenol intake on cognitive performance. This is corroborated with findings from
previows crosssectional studies amongst elderly participants in whom a high intake
of selected flavonoid containing foods was associated with better cognitive
performance in a dosgependent mannéNurk et al., 2009aNurk et al., 201p

An analysis was performed to identify the age distribution of polyphenol
intake in Total and NoCorT dataset Polyphenol intake frortalTdatasetFigure
4-27(A) shows a trend for increased intake with increases inTdys.is supported
by a significant difference in age of the participants, whereby consumers of both
drinks were generally oldeéhan other bevageconsumptiorgroups(c? = 17.35; df
=3;p<0.01)Pol yphenol intakes of O 1 g/day we
30 years and above. After the contribution of coffee and tea was removed from the
polyphenol intake estimation (NoCorT dataset), afiethe participants did not
remain the main determinant of intafseeFigure 4-27, B). It can be deduced that
polyphenol intakes are higher amongst older participants, and which were mainly
contributed by coffee and tea drinkinglits. A study amongst Australians reported
a trend for increased flavonoid intake as age increédaldannot and Somerset,
2006. The authors suggested that the difference shown in the flavonoid intake
among adults was prianily accounted for by an increase in tea drinking habits with

incremental age
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Increased age can also be associated with higher total energy, thus
contributing to higher total polyphenol intake. In the current study, energy intake was
highest amongst picipants in the highest quartile of polyphenol consumption;
although no significant difference was found between the quafsiéesTable 4-6).

This finding is supported by a previous study performed amongst adults in the
Netherands which reported higher total energy intake amongst high flavonoids
consumergHughes et al., 2008

In this study, the polyphenol intake of the participamiso were non
consumers of coffee or tea wasinly contributed by foods including fruits and
vegetables (see Section 2.4B)r example, onion and potato intake in various forms
were widely consumed by the participants in this group. In addition fruit asc
apples and bananas were consumed regularly by participants in this group. A
previous study among healthy adults in Germany reported that participants who have
fulfilled the recommended daily intake of fruit and vegetables obtained better
cognitive scoes as compared to participants with lower intake of these foods

(Polidori et al., 2009
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Figure 4-27 Distribution of polyphenol intake [from Total (A) and NoCorT (B)
dataset] according to age of the participants
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4.6 Conclusion

In this study, the association between polyphenol intake and cognitive
performance assessed from several cognitive tests has been dndllysan be
summarized that only results for spatial memory fr(M8LT test showed a
significant difference between polyphenol consumption quartied beverage
consumption groupOther domaingrefer Table 4-2) did not show anyifferences
associated with polyphenol intake. Overall, there is a trend for increases in test scores
and decreased reaction timepdyphenol intake decreased. Age was an important
determinant of polyphenol intake and this factor related to coffeeeandrinking
habits amongst the older participants. No generalization can be made about the
polyphenol intake of UK women in general as this study consisted mainly of younger
adults (aged 20 to 30 years old). A more evenly spread age range of parti@pants i
warranted for a better understanding of the possible association of polyphenol intake
with cognitive performancdn summary, better performanoa spatial memory was
shown by norconsumers of coffee or tea and the very low polyphenol consumption
guartiles thus the hypothesis for this study is rejecfBae insignificant contribution
of two major polyphenol sources namely coffee anddeagnitive performance can
partly be explained by the age factdmis finding explains in part the finding that
the contribution of polyphenol intake to the cognitive performance assessed in this

study is minor
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Chapter 5

General Discussion

5.1 Summary of thesis findings

The main aim of this thesis was to estimate the polyphenol intake (Chapter 2)
and identify any associatiowith cognitive performance im subsample of UK
women (Chapter 4)Polyphenol analysis performed in the current study covered
selected items which were commonly consumed by the participants from the food
diary analysis for whichdata was lacking (Chapte).3A summary of polyphenol

intake in the UK women studied in this thesishown inTable5-1.

Table 5-1 Summary of polyphenol intake from Total and NoCorT dataset*

Mean (S.D) Median Percentile
25 75

Total dataset
Total flavonoids 611.2 (602.0) 431.5 128.8 886.6
Total phenolic acids 434.6 (493.1) 213.3 84.7 652.6
Total other polyphenols 43.0 (42.7) 28.8 13.5 59.7
Total polyphenols 1088.7 (813.6) 940.8 388.6 1598.7
NoCorT dataset
Total flavonoids 109.8 (79.6) 90.0 52.2 148.7
Total phenolic acids 63.7 (54.5) 54.7 35.8 75.5
Total other polyphenols 39.2 (42.0) 24.9 9.3 56.1
Total polyphenols 212.7 (129.4) 188.4 110.8 276.7

*Results presented for all studies sae®l(N = 246), S.D: standard deviation,
NoCorT: no coffee or tea dataset.
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The key findings of the thesis are summarized below:

1. The average total polyphenol intake estimated from 20 polyphenols present in
commonly consumed foods exceeded 1 g per day.

2. The major polyphenol food sourcaed the women studied in this thesise tea
and coffee, thus women not consuming tea or coffee have much lower average
polyphenol intake (192 mg/day).

3. Age is the main factopredictingflavonoid, phenolic acid and total polypiod
intake.

4. The ptal phenolic content of processed foods assessed bthe Folin-
Ciocalteaumethod idower thanin fresh foods.

5. Participantsin the lowest quartile of polyphenol intake and who were-non
consumers of coffee or tea were younger and shdvetigr performance on
spatial memory assessky theVisual Spatial Learning Te$VSLT).

6. Age of the participants was one of the most impordagterminant®f the results
of cognitive tests, whereby younger participants sfbwetter cognitive
performane as compared to the older participants.

7. Dalily total phenolic acid intake was the only independent variab$®ciated
with polyphenol intakewhich wasincluded inthe model topredict spatial

memory performance
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5.2 Estimation of polyphenol intake

The totd polyphenol intake of the women gave an average of 1089 mg/day
(seeTable 5-1), similar to the finding from a previous study in Frarmfe1193
mg/day (PerezJimenez et al., 20)1In the current study, coffee and tea were the
major polyphenofood sources consumed by the participawtt) nearly 40% of the
whole sample drinking both tea and coffee, followed by 33% who combkteae
only. Flavanols were the highest flavonoid subclass to be consumed, while
hydroxycinnamic acid was thanost highly consumed phenolic acid. The
contribution of these two compounds to the total polyphenol intake iNoi@orT
dataset remained with the addition of flavonols because these compounds are widely
present in various food sources such as fruit, vegetableshandlates.

Total phenolic content of selected foods was determined by using the Folin
Ciocalteau assay. Further HPLC analysis was performed on blackcurrant
concentrates to quantify the anthocyanins and vitamin C content of this psothect
it wasconsuned by a significant proportion of the women in the study. The new data
generated was compared to the original assumptions made to calculate the data in

Chapter 2andno significant difference was found.
5.3 Polyphenol intake and cognitive performance

Severalcognitive tests were performed to assess the association between
polyphenol intake and cognie performance in the womefhe VSLT test was the
only test used that showed a significant difference between high and low polyphenol
intake. VSLT assesses thgasial memory, during which the prefrontal cortex in the
brain area is activatedThorp et al., 2000 Our study hasfound a negative

association between polyphenol intake and spatial memory performance, whereby
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individuals with lower polyphenol intake have performed better in this cognitive
domain. However, there were several animal stutieege found abetter spatial
memory performance witpolyphenolsupplementationFor example, a blueberry
supplementation study (B0Omgbay of blueberries for 12 weekamong three
different groups of rat (young, old and eddpplemented) compared spatial working
memory by using a croseaze alternation tasVilliams et al., 2008p Results
showed that more correct choices were made by thsugidlemented group than the
old group, although the number of correct choices made was lower than for the
young group. In addition, less time waskén to make correct choices by the
supplemented group as compared to their age matched counterparts. This finding was
supported by the finding of increased levels of bdenved neurotrophic factor
(BDNF) in the hippocampus of the supplemented rats. inknease in neuronal
activity has also been shown to promote the secretion of this neurotrophin
(Balaratnasingam and Janca, 2012

A recen study performed in aged rats administered blueberry and pure
flavonoidsin equal amounts present in the blueberry ttighe animals for 6 weeks
(Rendeiro et al., 2033 This study found an improvement in the foemance of
spatial memory as measured by the cimsge alternation task in the intervention
groups over the study periofinalysisof BDNF performed on the brasnof the rats
found an increased level of this protein in animals which received the iniensen
This finding suggested that flavanols and anthocyanins consumed at a dietary level
as present in blueberries may have a positive effect on spatial memory mediated by
the neurotrophin BDNF. Although no direct extrapolation can be made to humans
basel on the findings from the animal studies, new information was obtained about

the possible mechanisms of the effect of polyphenols on cognitive performance
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In order to demonstrate a beneficial effect on humans, polyphenols are
required to to pass throughe brain. The Blood Brain Barrier (BBB), which is
formed by the brain capillary endothelial cells, plays a role as a physical and
metabolic barrier to selectively allow transport of compounds into the (@@aiBoer
and Gaillard, 2007 A review by Jager and Saaby (201has suggested that @&m
vivo study which used selected flavonoids such as epigallocate@hitype of
flavanol and several flavanones have the ability to pass through the BBB and exhibit
effectson brain functionOn the contraryanin vitro studyusing several metabolites
of hydroxycinnamic acids produced after coffee consumption displayed low
permeability to the brainLardeau and Poquet, 2013However, authors have
suggested that the indirect effect of these compounds on the brain by protecting the
BBB is an immrtant role to be highlighte Taken together, polyphenols show a
promising potential benefitelevantto human cognitive performandeut more
studies are needed to provide more definitive evidemu# elucidate the exact

mechanism
5.4 Implications of the findings

The findings of this teidy have a number of important implications whic
may help in future practicéirstly, we havedetermined the polyphenol ifkia of a
subsample of UK womenThese findings enhance our understanding of the major
polyphenol food sources consumed by thdigaants.In addition, the findings from
this study suggest that age is an important factor associategalybhenol intake
There is, therefore, a definite need to promote the intake of polyphenol from food
sources other than coffee and tea to younwgemen and to make them aware of

other polyphenolcontaining food sourcesidely available in the market
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Another important practical implication is that this study has combined data
of food intake from food diaries and food analysis in the estimation lgpipenol
intake. Although only data for blackcurrant concentrate consumers was improved
after HPLC analysis, this approach can be proposed as an essential step for better
polyphenol intake estimation.

We have performed a pilot study assessing the possdseciation of
polyphenol food intake and cognitive performarioeour study, there is no evidence
of any significant positive relationship between polypheintdke and cognitive
performance. However, there is a trend of increasing polyphenol ietgeially
from coffee and tea amongst olgerticipants. Age has become a confounder in the
regression analysis performed to determine quantitative variable associated with
cognitive function. Asuggestion can be made that polyphenol sources other than
coffee and tea could offer potential benefits for cognitive performafdowever, the
positive impact will depend on the age of the participahltss is supported bg
better performance in spatial memory shown by participants who yeergger and
werenoncomnsumers of coffee or tea. The findings from the current stodyribute
new information about the association of polyphenol intake and cognitive

performance
5.5 General strengths and imitations

The current study has made a better estimation of total paigphake in
UK women as compared to previous studies performed among the UK population
(Beking and Vieira, 201, 17ZamoraRos et al., 2011£2011h 2013h. Primarily, the
improved polyphenol intake estimation is a result of including more pelyn

classes in the estimation which includes phenolic acids and other minor polyphenols.
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FurthermoreZamoraRos et al. (2011&2011h 2013) used a 2Hhour recall, whereas
Beking and Vieira (201)1was based on Food Balance Shestthods which are less
accurate and less likely to obtaincamprehensive assessment of the variety of
polyphenols consumed than the diary methods employed in this thesis. The current
thesis used data collected from food diaries (3 or 7 day), increasing the detail on food
and polyphenol servings and accuracy ¢inegtion.

In addition, the inclusion of thearubigins in the estimation of flavanals
demonstrated to ban important approach for a better estimatainpolyphenol
content in teaThe importance of this compound was reportedh®/EPIC study
which focused on thearubigin intake in several European courffsroraRos et
al., 2013¢. This study has reported that the UK general population were the highes
tea consumers, with 48 of total flavonoids beig contributed by thearubigins.

Tests of various cognitive domains including verbal memory, spatial memory
and problem solving administered to the participants in the current thesis provided an
insight intothe possible association of polyphenol intake and cognitive performance.
The selection of these domains was based on the findings reportednipprt et al.
(2012. The authors suggested that the selection of cognitive tests included in the
study must be based on specific brain regions targeted by specific polyphenols. In
addition, verbal, sgel and executive function (or problem solving) domains were
evident to potentially have an effect on human cognitive function and were
considered relevant to be included in the study.

The current study was limited by a small sample size of participartsited
for the study (N = 246 for diary analysis, N = 103 for cognitive study). The large
range in age of the participants (1850 years) might also contribute to the

identification of this variable as the one of the predicting factors of polyphenol



247

intake. There was a selection bias in the recruitment for the cognitive study as most
of the participants were students and veelucated despite significant attempts at
recruitment of women from across the Leeds region. In addition, being -health
consciougnight be a possible motivating factor for the participants to join the study,
or might influence the foods consumed by the participants during the dietary
recording. Thus, the representativeness of this sample to the general popuégtion
not be greatOur study is based on a small group of participants and has found no
potential association between polyphenol intake from various sources and better
cognitive performance whiatontradictedvith positiveeffects reported from several
studies(Nurk et al., 2009/Nurk et al., 2010Polidori et al., 2000

Food recording can possibly cause some alterations in the habitual food
intake of the participants. However, to deal with this possibility, participants were
encouraged to bring all food packaging along with them in case they had difficulties
in explaining thefood portion size. The participants were also advised to be honest
about their intake, especially with respect to the intake of foods which might be
perceived as Aunhealthyd such as chocol a

There is a substantial lack of information on tha@lyphenol content of
processed foods. Because of time constraints and the frequency with which these
were consumed in the samples studied, blackcurrant concentrates were selected for
the full HPLC analysis. Although the specific content of anthocyanitdsigamin C
in blackcurrant concentrates did not affect the overall intake estimated in Chapter 2,
this approach should be taken in future studies to provide a complete and accurate
estimation of the polyphenol content of food intake data.

Results from thecognitive association study reported null findings between

polyphenol consumption groups and results from the cognitive test battery except for
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Visual Spatial Learning TeqtVSLT) test. Participants in the lowest quartile of
polyphenol intake showed batteognitive performance as compared to the other
groups in the VSLT test (p<0.01). Younger participants obtained higher scores on
tests from the spatial domain namely Corsi and VSLT. These tests require
participants to give responses within a limited tifigese finding corroborated those
from a previous study which reported a significantly lower score on the Corsi test
amongst older adults as compared to younger aghtiguera et al., 2091 The null
finding for the other cognitive tests such as verbal memory can partly be explained
by the participantsd education | evel
performed in the United States which found #dtication can potentially benefit the
verbal fluency domain and has a smaller influence on processing $pabddne et

al., 201).

5.6 Recommendations for future research

Several suggestions can be made for future research in this field. This
includes performing a large population study among variows @@ups and
educational background. This approach will enable a better understasfdthg
association of food intake and cognitive performance in the context of the whole
population.In addition, participants at their mideége can be recruited to idén
the potential positive effect of polyphenol in this age group. A comparison in
polyphenol intake can also beerformed between persons who are vegans or
vegetarians and individuals who consumed diet from mix food sourzdstual
food intake is quitedifficult to define, as it may be affected bwany factors

including the intake of seasonal foods, food availability, and food preference. A
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longitudinal study to identify the diversity of polyphenol food sources throughout
different seasons is much nedder a better estimation of polyphenol intake.

Kyle and Duthie (200pmade some suggestionsitaprove the estimation of
flavonoids intake of a population which is also relevant to polyphenol estimation.
This study developed a flavonoid database based on the foods commonly consumed
by the population studied. These suggestions include:

(1) To perform a onstant ugdate on the flavonoids content using compositional
analysis to compensate the diversity of food consumption of the population.
(2) To consider the recipe calculation of composite dishes to increase the

accuracy of polyphenol intake estimation.
(3) To cansider the proportion of polypherobntaining ingredients of retail

products such as canned or-prepared foods in polyphenol estimation.

Suggestions (2) and (3) haveeen considered in the estimation of
polyphenols in the curretthesis There is, threfore, a definite need for analysis of
various processed foods which are commonly consumed by the population to
improve the database. With respect to the current thesis, the possible foods to be
analysed include different types of tea such as fruit yaghinstant soups and curry
sauces. The effect of food processsurh as steaming, bakiray frying on the
polyphenol content of foods can be determined by using retefgaars In the
latest version of Phendxplorer database, this factor has bésiuded, by which
the weight changes as a result frarater loss in the foods during processimgs
considered in the calculatiorlowever, the data for retention factor only available
for some of the foods in the databa$ke additionof retention factas will allow a

better estimation of the polyphenol intake of the population.
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5.7 Overall conclusions

The results from this study provide a promising approach to be taken in
estimating the popul ationds polyphenol
polyphenol content of foods should be taken into comatd® in subsequent
researchThe null finding on the effect of polyphenols on cognitive test results, apart
from negative association between polyphenol intake spatial memory, show
potential pogsility for future invedigation using different test&nd cognitive
domains and different, more varied samplegich has been applied in several
studies before. Moreovefuture research is warranted in order to develop a better
understanding of the assation between polyphenol intake and cognitive
performance, which in turn could help in the promotion of the consumption of

polyphenolcontaining foods for better health.
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Appendices

Appendix 1 Certificate of ethical approval

Certificate of ethical approval
#12-0020

Title: Effects of habitual polyphenol intake on

cognitive performance in overweight women from
Supervisor: Louise Dye

Date of approval: 17 January 2012

This certificate confirms that the named project
has received approval from the ethics committee.
This certificate can be used in student projects.
The name of the student will not be listed, but
can be requested from the ethics committee.

Ethics committee of the Institute of Psychological Sciences, Leeds University
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Appendix 2 Participant information sheet

n
UNIVERSITY OF LEED

Human Appetite Research Unit
Institute of Psychological Sciences
University of Leeds

Leeds LS2 9JT

Hanis Yahya & Faye Clancy
Email: LWWCOG@leeds.ac.uk

PARTICIPANT INFORMATION SHEET
Effects of habitual polyphenol intake on cognitive performance in women

We would like to invite you to take part in our research study. Before you decide we would
like you to understand why the research is being done and what it would involve for you.
Please take time to read the following information carefully and discuss it with others if you
wish. Please ask us if there is anything that is not clear or if you would like more information.
Please take your time to decide whether or not you wish to take part.

What is the purpose of the study?

Polyphenols are produced by plants and are found in tea, coffee, in fruits, vegetables, cocoa,
chocolate and cereals. Polyphenols have been associated with better cognitive performance
in some studies; however, habitual or usual polyphenol intake has not been investigated and
may be of greater importance. Accurate assessment of total polyphenol intake from diet is
important in order to determine the role of these compounds in health and wellbeing. This
study is looking at the association between habitual polyphenol intake and cognitive
performance among women.

The aims of this study are:

1.) To assess habitual polyphenol intake in UK women across range of body mass index
(BMI) from normal to obese.

2.) To examine relationship between polyphenol intake and cognitive performance.

3.) To examine the relationship between polyphenol intake and psychological and
behavioural characteristics

30" May 2012 (Version 5)
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Why have | been invited?
You are invited to consider participating in this study because;

a) you have already indicated (in your initial contact or recruitment information
questionnaire) that you are willing to be contacted about further research or,

b) have expressed an interest to participate in this study by responding to posters, flyers
and email advertisements that we have distributed around the University of Leeds
campus and the local area.

Do | have to take part?
It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to

take part you are still free to withdraw at any time, without giving a reason.

What will happen to me if | take part?

You will be asked to come to Human Appetite Research Unit (HARU), University of Leeds on
two occasions. During the first visit, you will be required to fill out a recruitment information
questionnaire to tell us about yourself and your general health. This first visit will also
familiarise you with the cognitive tests of memory and problem solving so that you know
what to expect on the actual cognitive test day. This practice session will take about 1 hour.
You will be required to read the participant information sheet (PIS) and sign a consent form.
During this visit you will be given a food diary to complete where you report your food intake
using household measures on 2 weekdays and 1 weekend day. Additionally, you will be
asked to complete some questionnaires. The first visit will last for about 1 hour and 30
minutes.

The second visit will need to be within 7 days of the practice session. During this visit you
will be required to perform a slightly longer version of the cognitive tests. You will be asked
to refrain from eating or drinking (except water) for 2 hours before the test session. This
battery will consist of computerised tests of both verbal and spatial memory and problem
solving (which you will have already practiced at the first visit). You will also complete the
National Adult Reading Test (NART) and the vocabulary and matrix reasoning from the
Wechsler Adult Intelligence Scale. This visit will last for about 1 hour and 30 minutes. The 3
day food diary will need to be returned during this visit.

What are the possible disadvantages and risks of taking part?

There are no health risks related to participating in this study.

What are the possible benefits of taking part?
We cannot promise that this study will help you but this research study may provide

important new information regarding habitual polyphenol intake and cognitive performance,
which in turn could help with improve dietary advice for women.

30" May 2012 (Version 5)



254

What if something goes wrong?

If you are harmed by taking part in this research project, there are no special compensation
arrangements. If you are harmed due to someone’s negligence, then you may have grounds
for a legal action but you may have to pay for it. Any complaint about the way you have been
dealt with during the study or any possible harm you might suffer will be addressed. If you
wish to complain or have any concerns about any aspect of the way you have been
approached or treated during the study you should contact the principal investigators
(Professor Louise Dye, Professor Gary Williamson or Dr Andrea Day) who will investigate
your complaint. If you remain unhappy and wish to complain formally, this can be done
through the University complaints procedure.

Will my taking part in the study be kept confidential?

Yes. We will follow ethical and legal practice and all information about you during the study
will be handled in confidence. All information that is collected from you will be treated in the
strictest of confidence at all times and will only be used for the purposes of this research. All
data will be recorded safely using the code that you were given during the recruitment
period. The link between your name (and other personal data) and your unique study identity
code will be maintained and stored securely in the HARU at the University of Leeds and will
only be accessible to the University research team. Anything that you say will be treated in
confidence and no names will be mentioned in any reports of the study. Some results from
the study will be used towards an educational qualification by members of the research
team. Individuals will not be identifiable from any details in reports, presentations or scientific
publications based on the results of the study.

What will happen to the results of the research study?

Once all participants have completed the study, the information obtained will need to be
collated and analysed before any results are published. If you would also like to know the
results of the study, the research team will be able to give this information to you when it
becomes available. Remember that your own results are confidential and that your name will
not be associated with any information published from this study.

Will | receive anything for taking part?

Upon completion of the study visit you will receive £10 to compensate you for the time that
you have invested in the study.

Who is organising and funding the research?

This research is a collaboration between School of Food Science and Nutrition, University of
Leeds and Human Appetite Research Unit (HARU), Institute of Psychological Sciences (IPS)
University of Leeds. The PhD studentship for Hanis Yahya, who is conducting the study is
funded by Ministry of Higher Education Malaysia. Faye Clancy is funded by a Wellcome
Undergraduate Research Bursary. Emily Christodoulou is an undergraduate student at IPS,
University of Leeds and some of the data will be used for her research dissertation.

30™ May 2012 (Version 5)
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Who has reviewed this study?

This study has been reviewed and given a favourable opinion by University of Leeds
Research Ethics Committee (Ref No: 12-0020).

Who do | contact for further information?

If you want further information about this study or information regarding this research or if
you need extra advice please contact one of the following researchers:

Hanis Yahya & Faye Clancy

Email: LWWCOG@)leeds.ac.uk

Mobile: 07741069434

Telephone: 0113 343 2284

This study is supervised by Professor Louise Dye (l.dye@leeds.ac.uk), Dr Andrea Day

(a.j.day@leeds.ac.uk) and Professor Gary Williamson.

Finally, thank you for taking the time to read this information.

30" May 2012 (Version 5)
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Appendix 3 Informed consent form

1

INFORMED CONSENT FORM

Effects of habitual polyphenol intake on cognitive performance in women

| confirm that | have read and understood the Participant Information Sheet
dated 30" May 2012 (Version 5) for the above study. | have had the opportunity
to consider the information, ask questions about the study and have had these
answered satisfactorily.

| understand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my medical care or legal rights
being affected. In addition, should | not wish to answer any particular question
or questions, | am free to decline.

| understand that data collected during the study, may be looked at by
individuals from the University research team, collaborators on the research
project and the University of Leeds for the purposes of research governance. All
data will be anonymised with the exception of the recruitment questionnaires
containing personal data. | give permission for these individuals to have access
to my data. | understand that my name will not be linked with the research
materials, and | will not be identified or identifiable in the report or reports that
result from the research.

| agree to take part in the above study

Participant's name Date Signature

Researcher’'s name Date Signature

30" May 2012 (Version 5)

Please
initial
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Appendix 4 Recruitment information questionnaire

RECRUITMENT INFORMATION QUESTIONNAIRE

Date of contact / / T el =]
CONTACT INFORMATION

INGITINE fovionssnensionomsnssusnngondussassasnsouonsiations nsansissions sss sss st as i uast s nedsussususdsinsissiinusa susiistNnussiasissddnumasesssuusanans

AATESS ...ttt ettt et et e s s st s s 2 et b et sa ses et e s sesses e eae as et eae sen s et e b nenbeneaeeansesansensnnnas

CONEACT PhONE ITUIMIDEE L sivassusssniveuamussionssonss s sisesssssss s i a3 s soeueds S ssSas AR S s A e i

Em@I et et st b et h et et e e et e et e e e ateeeabeeenseeenanann

Date of Birth / / R iR as R

GENERAL INFORMATION
Occupation  Employed Part time [ | Unemployed [ ] Other []

Employed Full time L] Housewife ]

Student D Retired D

Has your employment status changed within the last year?..........ccccceceieiiiieniecnieciiieecee e

If-ves; please provide details: e s G R

Do you work night shifts? Yes/No

If yes, how long have you been working night shifts?.........ccccociiiiiiininiieeee

EDUCATION
How old were you when you finished your full time education? DD years old

Do you have any of the following qualifications? Tick all applicable

CSE [] “A” Level, Highers (]
GCE “O” Level D Teaching diploma, HNS D
City & Guilds []  Degree ]
Other [ ] describe | | None of these L]
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HEALTH

How would you rate your general health?.............coouiioiieeceee ettt

Do you have or have you had any medical conditions? (i.e. heart condition, asthma,
IADBLES) 2.ttt ettt et ea e b e eae et b e ba e e e nas

Are you currently taking any medication or supplements or suffering from any illness?

Yes/No

If yes, please provide the type of medication and how long you have been taking it for........

Do you have a cardiac pacemaker fitted?

Have you started smoking since your last study visit?

Yes/No

Yes/No

IV Es; DO | OTIE R IE AR O i suicus cosssvvnsnonssnsnsoassussnsnsanss ssavsiapsssronsssoesss¥sisuessonsass st bussnassnsnsssnsesuting

PHYSICAL ACTIVITY

In a typical week during the last 12 months, how many hours did you spend on each of the

following activities? Put “0” if none
Housework, such as cleaning, washing, cooking, child care
Do-It-Yourself

Gardening In summer
In winter

Walking, including to work, shopping & leisure In summer

In winter
Cycling, including to work & leisure In summer

In winter
Other physical exercise, such as keep-fit, In summer
aerobics, jogging, tennis, swimming In winter

DD hours
DD hours

DD hours
[ ][] hours

| hours
| | hours

DD hours
DD hours

[ ][] hours
[ ][] hours

DD minutes per week

D[:’ minutes per week

DD minutes per week
[ ][] minutes per week

minutes per week
DD minutes per week

DD minutes per week
DD minutes per week

| minutes per week
minutes per week

In a normal week, do you do any of these activities vigorously enough to cause sweating or a

faster heartbeat?

If yes, for how long each week do you do such
vigorous physical activity?

DD hours

Yes/No

DD minutes per week
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EXERCISE
Do you do regular exercise? Yes / No
If yes, how many times a week do you exercise?  One to four [

More than four []
Whattyheiol eXerCiSe A0 VOMIAOD, usuunsvsissssssusimisismsnisssaveiasssosmassssnebsimnessass s TS SRE ST s
How long have'you been exerciSing for?...iiammmsmmnimisisosisioisisianieissssssssssassivaissssoss
PREGNANCY
Are you currently pregnant? Yes / No

Have you had a baby or have you been pregnant in the last 6 months?  Yes/ No
Date of delivery (if applicable) ___ / __ /

Have you breast fed in the last 6 months? Yes / No

MENOPAUSAL SYMPTOMS

Do you think you have reached the menopause (the menopause means not having had a
period TOr 1 2 mMON TS OF Y O ) ¥ s e s e B B L S S T R S

Are you taking/ have you taken hormone replacement therapy (HRT)?......cccccoevieniieiiecieceennen.
What was the date of your [ast PEriod? ..........ccceieeiiieiieiiieee e
How many periods have you had in the last 12 months?.........ccooeeiiccecece s
Are you experiencing hot flushes? Yes / No How often?.......ccccceeeveveceeeienenne
Are you experiencing night sweats? Yes / No HOW OITEN R, covnssesusssnsaumssnssussnsasssaenan
DIET

Are you vegetarian? Yes/No If yes are you Vegan? Yes / No

Do you usually consume breakfast? Yes / No

How many times per week do you consume breakfast? ..........cceeecoieiiiieciiieciieee e
What do you normally consume for breakfast?............ccoeiiieieiiecie e e
Does it differ at the weekends? Yes / No

D 1S s S e S D S G B N S S T R
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How many units of alcohol do you usually drink per week? ...

N.B. 1 small (125mls) glass of wine or half a pint of lager or 1 shot of spirits = 1 unit

Has your weight varied within the last 6 months? Yes / No

If yes, By hOW MUCNT? ...ttt st e ae
Are you currently on any form of a weight loss diet? Yes / No

DV EHATNS  esvusenos susunsnssnssseous sy cas i L aem s W Y B A O S S S SV W RS ST AU A A SR U OSSR AN A
Have you been on any weight loss diet the last year? Yes/ No

If yes, how long did you follow this diet?..........cccuiiiiiieiiieceeeeceecee e e
DBEANS e cuminns i s i s e S S SR S R e VR S A RN AN SRR SRR

OTHER INFORMATION
Can we keep this information on file and contact you about future studies? Yes / No

ADDITIONAL NOTES
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Appendix 5 Dietary Instrument for Nutrition Education (DINE)

Eating Habits Questionnaire

Purpose

The purpose of this questionnaire is to get an idea of your usual eating habits. For the listed foods,
we would like to know how many servings you eat in a typical day or week. A serving is an average
portion that would be served at a meal. If you usually eat more than one serving of the food at a
time, you should count all the servings you eat.

Instructions

For each food listed, tick the box that describes the number of servings that you usually eat. If you
never eat a particular food, tick the box under “None”. Do not leave any lines blank.

ID number

DF score

TF score

UF score
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About how many pieces or slices a day do you eat of the following types of bread, rolls, or chapattis? (Please
tick one box on each line)

Less than 1 1to2 3to4 5 or more
Breads & Rolls None
aday aday a day a day
1. | White bread or rolls
2. | Brown or granary bread or rolls
3. | Wholemeal bread or rolls

About how many servings a week do you eat of the following types of breakfast cereal or porridge? (Please
tick one box on each line)

Breakfast cereals

Less than
None
1a week

1to2

a week

3to5 6 or more
a week a week

Sugared type: Frosties, Coco Pops,
Ricicles Sugar Puffs

Rice or Corn type: Corn Flakes, Rice
Krispies, Special K

Porridge or Ready Brek

Wheat type: Shredded Wheat,
Weetabix, Fruit ‘n Fibre, Puffed Wheat,
Nutri-grain, Start

Muesli type: Alpen, Jordan’s

Bran type: All-Bran, Bran Flakes, Sultana
Bran

About how many servings a week do you eat of the following foods?
(Please tick one box on each line)

Vegetable foods None | than1l

Less
1to2

a week
a week

3to5
a week

6to7
a week

12 or
more a
week

8to11
a week

Pasta or rice

Potatoes

Peas

10.

Beans (baked, tinned, or dried) or
lentils

11.

Other vegetables (any type)

12.

Fruit (fresh, frozen, canned)
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About how many servings a week do you eat of the following foods?
(Please tick one box on each line)

None Less than 1to2 3to5 6 or more
1a week a week a week a week
13. | Cheese (any except cottage)
14. | Beef burgers or sausages
15. Beef, pork, or lamb
(for vegetarians: nuts)
16. | Bacon, meat pie, processed meat
17. | Chicken or turkey
18. | Fish (NOT fried fish)
i6. ANY fried food: fried fish, chips,
cooked breakfast, samosas
20. | Cakes, pies, puddings, pastries
21. | Biscuits, chocolate, or crisps
None Less than 1to2 3to5S 6 or more
1 a week a week a week a week

About how much of the following types of milk do you yourself use in a day,
for example in cereal, tea, or coffee? (Please tick one box on each line)

Lessthan | Abouta
Milks None a quarter | quarter
pint pint

About half | 1 pint or
a pint more

22. | Full cream (silver top) or Channel
Islands (gold top)

23. |Semi-skimmed (red striped top)

24. |Skimmed (blue checked top)
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About how many rounded teaspoons a day do you usually use of the following types of spreads, for
example on bread, sandwiches, toast, potatoes, or vegetables?

Spreads None - 2 2 : : 8 for
P aday | aday | aday | aday | aday | aday | more
Regular margarine or butter or
Reduced fat spread such as
25. sunflower or olive spread, Flora,
Vitalite, Clover, Golden Churn,
Olivio, Stork, Utterly Butterly, Pure
Low fat spread such as
6 Flora Light, St. Ivel Gold, Half-fat
" | butter, Olivite, Flora Pro-activ, Diet
Clover
What type of fat do you usually use for the following purposes?
(Please tick one box on each line)
Solid conking fat (White | =0 ¥ marine
Butter, Flora, Cookeen) (sunflower, soya) Vegetable oil or Low No fat
lard, or fat spread (Flora Light,
dripping Ha St boeee Reduced fat spread Olivite, St. Ivel Gold) used

Hard margarine (Stork)

(olive, Flora Buttery,
Olivio)

27 On bread and
" | vegetables
28. |For frying
For baking or
29. -
cooking

Thank you for completing the Eating Habits Questionnaire.

Please go back and check that you have ticked one box on every line.
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