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Abstract An increased intake of fruit and vegetables has been associated with decreased risk of cardiovascular
disease (CVD). However, it is currently unclear as to whether particular fruits and vegetables convey more benefit
than others, and if the form in which a particular fruit or vegetable is delivered, for example, depending on
polyphenol content or the degree of processing, affects potential health benefits. The aim of this study was to
conduct a pilot randomised placebo-controlled trial (RCT) with the ultimate aim of assessing if different apple
products differentially affect CVD risk factors. The RCT was conducted in those at elevated risk of CVD.
Participants were randomised to receive high polyphenol apples, low polyphenol apples, capsules containing apple
extract, dried apple pieces or placebo capsules to take for four weeks. A range of risk factors and biomarkers
associated with CVD were measured before and after the intervention period. A total of 55 participants were
randomised and completed the study. Change in hip circumference was significantly different across the groups after
4 weeks (P=0.02) Change in fibre intake was also statistically significant between groups, with those consuming
high polyphenol apples having a higher intake than those on the apple extract (P=0.01). There was a significant
within-group change in fasting oxidised LDL in the apple extract group (P=0.008). A significant difference in
change in volume-corrected epicatechin was observed (P=0.03), with those on apple extract having higher levels
than those on placebo capsule (P=0.002) or low polyphenol apples (P=0.01) Overall, interventions were generally
acceptable to participants. Apple products appeared to have a positive effect on some risk factors for CVD in this
pilot study, which indicated a definitive RCT is feasible. Further adequately powered studies need to be conducted to
definitively test these findings.
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1. Introduction

Abundant observational evidence suggests an
association between increased consumption of fruit and
vegetables and decreased risk of major diseases, such
CVD [1,2]. However, to date, few intervention studies
have been carried out to support this observational
evidence, although an effect of increased fruit and
vegetable consumption has been shown, for example, on
microvascular function [3] and blood pressure [4].

Whilst increased consumption of fruit and vegetables is
generally accepted as being beneficial to health, intakes
remain below the 5 portions per day recommendation [5,6].

Barriers to increasing intakes of fruit and vegetables include
cost, liking, poor nutritional knowledge, and accessibility
[7,8,9,10]. The low intake of fruit and vegetables combined
with the presence of these reported barriers to change
demonstrates the need for new approaches to increase fruit
and vegetable consumption within the general population.
Low consumption of fruit and vegetables has meant that
products which attempt to mimic the health benefits of a
diet rich in fruit and vegetables (such as extracts and dried
products) have been developed. However, it is not known
if similar health benefits can be gained from consuming
such products or whether the health benefits are specific to
the consumption of the whole food [11].

It has also yet to be established whether certain types of
fruit and/or vegetables are associated with greater health
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benefits and the likely mechanisms through which these
foods act. For example, in a recent review by Chong et al.
[12], fruit polyphenols showed some evidence of being
effective in reducing CVD risk factors in short-term
studies. Apples are an example of a polyphenol-rich food,
and are one of the most commonly consumed fruits in
Europe, and, indeed, the UK [13,14,15]. They possess the
second highest antioxidant activity of all fruits [16], which
has been attributed to their main antioxidant, epicatechin.

The aim of this study was to conduct a pilot randomised
controlled trial (RCT) to assess the feasibility of testing
whether different apple products can modify risk factors
associated with CVD.

2. Materials and Methods

The APPS (Apple/Apple Products) study was a pilot
4-week randomised placebo-controlled trial with a double
blind component. Participants at increased risk of CVD
were recruited from the general population through poster
advertisement, staff intranet postings within the university,
as well as advertisement in a local community group of
retired adults. Individuals who expressed interest in
participating in the study were sent participant information
sheets and a telephone number and email address for the
study researcher was provided if they had questions
regarding the study. Participants were eligible if they met
one of the following criteria: aged >50 years, current
smoker, elevated systolic blood pressure (120-139mmHg)
or diastolic blood pressure (80-89mmHg), total cholesterol
>5.2mmol/L. or HDL cholesterol <1.03mmol/L or BMI
>25kg/m’. Exclusion criteria were as follows: diagnosis of
diabetes mellitus, acute coronary syndrome or transient
ischaemic attack within past 3 months, special dietary
requirements or food sensitivities or on vegetarian/vegan
diet through choice, on oral anticoagulation therapy,
BMI >35kg/m’ excessive alcohol consumption (>28 U/week
for men or >21U/week for women), pregnant/lactating
taking antioxidant supplements or medial conditions/dietary
restrictions that would substantially limit ability to
complete study requirements. The study was approved by
the Research Ethics Committee of the School of Medicine
Dentistry and Biomedical Sciences, Queen’s University
Belfast. All participants gave informed written consent.

2.1. Randomisation

Participants were randomised to one of five groups at
week 0 (baseline visit), using a block design (with blocks
of n=10) and computer-generated numbers. Participants
were randomised to consume one of the following, for 4
weeks: an apple extract (encapsulated; two consumed/day),
two high polyphenol apples/day, two low polyphenol
apples/day, a low apple diet (<1 portion/day of apples or
apple products), or 9 g of freeze dried apple pieces/day. In
addition, all groups, with exception of the group receiving
the apple extract capsule, also consumed two placebo
capsules, meaning that this component of the study was
double blinded. All groups, with the exception of the low
polyphenol apple and high polyphenol apple groups, were
advised to follow a low apple diet (<1 portion/day). The
apple varieties from which the products were made were

UK-grown and were particularly rich in epicatechin. The
high polyphenol apple, apple extract and freeze dried
apple pieces groups were standardised for epicatechin
intake of approximately 80 mg/day (data supplied by
manufacturer of food products/apple producer; Coressence,
Bristol, UK). Participants were advised to keep intake of
all other polyphenol-rich foods (i.e. tea, coffee, wine,
other fruit and vegetables) constant and were told not to
start taking any vitamin/mineral supplements whilst
enrolled on the study. Apples were delivered by the
researchers on a weekly basis to participants in the apple
groups, whilst all apple products (i.e. dried apple pieces,
apple extract) and placebo capsules were given to the
participants at the baseline visit.

To encourage compliance with the study, participants
were given written advice at the baseline visit on how to
incorporate the apples and apple products into their diet,
as well as advice on storage. Participants were informed
not to cook the apples to preserve their epicatechin content.
Information booklets also contained advice on how to
collect urine samples, as well as reminders not to change
diet or lifestyle habits and to fast before the study visits.
All participants were given a chart to log consumption of
study products. Participants were telephoned weekly to
ensure they were consuming study products and also to
monitor body weight. A payment of £30 was given to
participants after successful completion of the study,
which covered travel to and from study visits. Compliance
was assessed using self-reported dietary intake collected
using 4-day diet diaries; these were completed at baseline
(habitual diet) and week 4 (incorporation of apples).

2.2. Procedures

Two urine samples were collected prior to each study
visit (description below). During study visits, a spot
urine sample, fasted and 2-hour post prandial blood
samples, anthropometric data (weight, height and waist
circumference) were collected and blood pressure was
measured

2.2.1. Anthropometric Data

Height was measured using a Leicester portable height
measure. Participants removed their footwear and stood
upright with their feet together and shoulder blades
touching the vertical backboard. The moveable headboard
was lowered to the crown of the head, which was in the
Frankfort horizontal plane. Measurements were recorded
to the nearest 0.1cm. Weight was measured using calibrated
digital weight scales (Seca 876, SECA, Birmingham, UK).
Participants removed any heavy articles of clothing and
shoes. Measurements were recorded to the nearest 0.1kg.
Waist and hip circumference were assessed using a flexible
measuring tape. Participants were asked to remove any
outer garments (i.e. coats) and stand upright, with their
arms by their sides, feet together while relaxing their
abdominal muscles. Waist circumference was measured at
the midpoint between the ribcage and iliac crest, and
where this point could not be located (i.e. in cases of
extreme obesity), the widest point was measured. Hip
circumference was then measured, with the participant
being asked to remain in the standing position and
the widest point around the buttocks measured to the
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nearest 0.1 cm. Waist-hip ratio was calculated as waist
circumference (cm)/hip circumference (cm).

2.2.2. Urine Sampling

Participants collected an overnight urine sample, which
was to be collected between after their evening meal until
midnight prior to each visit.

2.2.3. Blood Sampling

Fasted blood samples and a 2-hour postprandial
blood samples were collected at baseline and the end of
the study. For postprandial blood samples, participants
received a standardised breakfast (cornflakes with
semi-skimmed milk) along with their study product for
that day prior to sampling. Serum samples were placed in
the dark at room temperature, whereas plasma samples
were inverted immediately after being drawn and kept at
4°C for 30 minutes before centrifugation of both samples
at 3000 rpm for 15 minutes at 4°C. All samples were then
stored at -80°C until analysis.

2.2.4. Blood Pressure Measurement

Blood pressure was measured using an Omron MS5-1
automatic blood pressure monitor (Omron Healthcare, The
Netherlands). Three consecutive readings were taken and
an average of the 2™ and 3™ readings was recorded

2.2.5. Dietary Assessment

Dietary intake was assessed using a 4-day estimated
diet diary. Participants were instructed to complete the
diet diary as per normal consumption, over a consecutive
4-day period before attending for the assessment visits.
Completed diet diaries were analysed using the dietary
analysis programme WISPv3.0 (Weighed Intake Software
Program; Tinuviel Software, Warrington, U.K.).

2.2.6. Biochemical Analysis

Oxidised LDL was determined in both fasting and
postprandial plasma samples by ELISA (Mercodia, Uppsala,
Sweden). ICAM-1 was determined in fasting and
postprandial serum samples by ELISA (Quantikine, R&D
systems Inc., Minneapolis, USA). VCAM-1 was determined
in fasting and postprandial samples by ELISA (Quantikine,
R&D systems Inc., Minneapolis, USA). E-Selectin was
determined in fasting and postprandial samples by ELISA
(Quantikine, R&D systems Inc., Minneapolis, USA). CRP
was determined in fasting serum using an I-Lab 600
automated analyser. Carotenoids (lutein, zeaxanthin,
B- cryptoxanthin, a-carotene, B-carotene) were extracted
from serum using the method of Craft et al. [17]. Vitamin
C (ascorbic acid) was determined by fluorometric method
[18] in plasma treated with 5% metaphosphoric acid.
Epicatechin content was determined in serum samples and
non-fasting urine samples (e.g. collected from participant
after evening meal until midnight) by HPLC-MS/MS
(Supplementary material). This in-house method is
based on a number of published techniques and measures
a range of polyphenols. The enzymatic extraction and
chromatographic-mass spectrophotometer conditions are
based on those described by Ito et al. (2005). Urine
samples were dried based on the method of Nielsen et al
[19]. Sample preparation (except for the solid phase

extraction step after hydrolysis), was similar to that
described by Rein et al. [20] and Richelle et al. [21].

2.2.7. Urinary Creatinine Standardisation of
Epicatechin Concentrations

Creatinine was measured by a colorimetric method
using a commercially available kit (Randox Laboratories
Ltd, Crumlin, UK) modified for the Ilab 600 (Instrumentation
Laboratory, Warrington, UK). These were run in several
batches (in consecutive numerical order, containing baseline
and week 4 samples simultaneously for each participant).
The mean CV for intra-batch and inter-batch urine
controls were both 2.3%. Results are presented as nmol
epicatechin per mg creatinine (nmol/mg creatinine).

2.2.8. Urinary Volume Standardisation of Epicatechin
Concentrations

Volume of urine samples was measured in the laboratory
using a measuring cylinder (to the nearest 10 ml).
Epicatechin data presented in nmol/mL were multiplied by
volume and results are presented as nmol epicatechin per
sample (nmol/sample).

2.2.9. Study Questionnaires

Participants were asked to complete three questionnaires: a
medical history and lifestyle questionnaire, a levels of
liking questionnaire and a tolerability questionnaire. Study
questionnaires were in electronic format, using the online
survey software Qualtrics. Participants completed the
questionnaires whilst attending study visits (weeks 0 and
4). In addition to this, the levels of liking questionnaire
was emailed to participants at week 2 of the intervention.

2.2.10. Medical History & Lifestyle Questionnaire

Data were collected on each participant’s medical
history and lifestyle habits via questionnaire at each visit.
The questionnaire assessed vitamin, mineral and food
supplement use, smoking and drinking habits, years spent
in full-time education, occupational status and current
medication use.

2.2.11. Levels of Liking Questionnaire

Liking of 70 different foods was assessed based on the
structure of the EPIC food frequency questionnaire (FFQ)
[22]. This FFQ had food frequencies replaced with a
9-point hedonic scale (like extremely, like very much, like
moderately, like slightly, neither like nor dislike, dislike
slightly, dislike moderately, dislike very much, dislike
extremely), which was then used to assess how much or
how little participants liked or disliked the foods listed.
An option was also given for items which the participant
had never tried. The foods were broken down into sections:
sweets and snacks (e.g. cakes, biscuits, chocolate), fruit
(e.g. apples, pears, bananas), vegetables (e.g. carrots,
broccoli, brussel sprouts), bread and savoury biscuits (e.g.
white bread and rolls, cheese biscuits) and cereals (e.g.
breakfast cereals, porridge). The participants were asked
about each food individually and could only give one
answer about how much or how little they liked each food.
The scale was scored from 1= dislike extremely to
9=likely extremely, while an option was also given if
participants had never tried the food, and this was given a
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score of 0. Total fruit and vegetable scores were calculated
by summing together the individual fruit/vegetable scores
for each participant. Apple liking scores were also
considered separately.

2.2.12. Tolerability Questionnaire

At the end of the intervention, participants’ tolerability
of study products they had consumed was assessed.
Questions surrounded any side effects, ease of
consumption, acceptability, willingness to continue taking
study product post-intervention and willingness to
purchase study product. The questionnaire was amended
from one used in a similar study [23]. Questionnaires were
obtained from the study authors.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS v21.0
(IBM Corp., Armonk, NY). Quantitative analyses were
conducted, but, as this was a pilot study, the main aim was
to explore feasibility, to develop hypotheses and to
generate data to allow future power calculations. Baseline
values and change values (calculated as week 4 — week 0)
were compared between groups using one way analysis of
variance (ANOVA) with Student Newman Keuls (SNK)
post-hoc tests, while comparisons between low and high
epicatechin containing groups, and between the placebo
capsule and apple extract groups (double-blinded
component) were made using student independent samples
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t-tests. Associations between continuous variables were
examined using Pearson correlation coefficients. P values
of <0.05 were considered significant.

3. Results

3.1. Summary of APPS Study Recruitment

Figure 1 shows flow of participants through the study.
Screening and recruitment for the APPS study took place
between April 2012 and May 2013. In total, 86 individuals
were screened, of which 30 (34.8%) were not eligible to
take part due to: blood pressure readings being greater
than specified (i.e. Systolic BP > 140mmHg and/or
Diastolic BP > 90mmHg) (11.6%, n=10); BMI being >35
kg/m® (3.8% n=3); individuals not having a CVD risk
factor (5.8%, n=5); individuals already taking part in
another intervention study (2.3%, n=2); individuals taking
regular vitamin C supplements (3.8%, n=3); individuals
who changed their mind about taking part in the study
during screening (2.3%, n=2); those currently reporting
problematic angina (2.3%, n=2); individuals who were
vegetarian (1.2%, n=1) and those unable to find time to
take part (1.2%, n=1). One further person was eligible but
dropped out at the beginning of the study due to personal
reasons. Therefore, 55 participants were recruited and
commenced the 4 week study. All 55 participants
completed all study requirements.
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56 eligible study
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BP too high (n=10)
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Individuals without CWVD risk (n=35)
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Figure 1. Figure illustrating APPS study numbers



Journal of Food and Nutrition Research

3.2. Baseline Characteristics

Baseline characteristics for study participants are shown
in Table 1. The study was made up of 53% males and 47%
females, with a mean age of 40.6 years. Three of the four
intervention groups (apple extract, low polyphenol apple,
and apple pieces) and the placebo control group had 12
participants, whilst the high polyphenol group had 7
participants (only 7 participants could be randomised to
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this group due to availability of study apples). In total,
18% of participants took micronutrient or other supplements
whilst participating in the study (however, no participants
were taking supplements which would have interfered
with study outcomes such as nutritional biomarkers
measured), 20% were current smokers (with 9% being
past smokers), 47% were alcohol consumers and 35%
were currently using medication. No significant differences
between baseline characteristics were observed.

Table 1. Baseline characteristics of APPS study participants, according to intervention group

Total Placebo Capsule  Apple Extract  High Polyphenol Apple Low Polyphenol Apple Apple Pieces

(N=12) (N=12) (N=7) (N=12) (N=12)
Females 26 (47.3) 4(33.3) 5(41.7) 4(57.1) 6 (50) 7 (58.4)
Age, years 40.6 (17.0) 42.2 (18.1) 43.9(17.8) 34.7 (18.1) 38.8 (13.7) 41.0 (19.3)
BMI (kg/m’) 26.5(4.1) 25.9(3.0) 26.2 (3.5) 272 (4.2) 25.5(4.3) 27.9 (5.4)
Waist (cm) 90.8 (12.6) 88.1 (8.8) 91.2 (12.0) 89.1 (13.3) 88.5(11.2) 98.4 (17.0)
Hip (cm) 104.5 (6.2) 104.4 (5.4) 103.5(3.4) 105.8 (6.9) 102.3 (5.7) 107.1 (8.6)
Waist to hip ratio 0.87 (0.1) 0.84 (0.06) 0.88 (0.10) 0.84 (0.09) 0.86 (0.09) 0.90 (0.10)
SBP (mmHg) 123.8 (10.6) 118.4 (9.5) 126.8 (8.7) 121.6 (13.2) 125.3 (9.7) 126.8 (8.7)
DBP(mmHg) 79.2 (8.0) 75.3(5.7) 79.0 (10.4) 77.0 (8.4) 91.3(7.1) 82.5(6.8)
Vitamin Use 10 (18.2) 3 (25 3(33.3) 0 1(8.3) 2 (16.7)
Current Smoker 11 (20.0) 4(33.3) 2 (16.7) 1(14.3) 4(33.3) 0
Alcohol Consumers 25 (47.3) 6 (50) 8 (66.7) 1(11.1) 7(58.3) 4(33.3)
Using Medication 19 (34.5) 3(25) 6 (50) 1(14.3) 5(41.7) 4(33.3)

Data presented as mean (SD) or n (%).

Table 2. Change in anthropometric measurements and blood pressure after 4-week intervention with apples and apple products, according to

intervention group

N= Week 0 Week 4 Change at week 4
Placebo Capsule 12 80.3 (3.38) 80.5 (3.35) 0.19 (-0.58, 0.96)
Weight APple Extract 12 80.4 (4.37) 80.6 (4.42) 0.22 (-0.31, 0.74)
(kg) High Polyphenol Apple 7 76.7 (5.13) 77.1(4.88) 0.47 (-0.22, 1.16)
Low Polyphenol Apple 12 72.4 (4.26) 75.0 (4.49) 0.08 (-0.59, 0.74)
Apple Pieces 12 82.2 (6.03) 82.7(6.17) 0.77 (-0.06, 1.59)

Between group P Value 0.58 0.79 0.54
Placebo Capsule 12 25.9(0.85) 25.9 (0.80) 0.06 (-0.19, 0.30)
BMI Apple Extract 12 26.2 (1.00) 26.3 (1.02) 0.08 (-0.12, 0.27)
(ke/nt’) High Polyphenol Apple 7 27.2(1.58) 27.4 (1.54) 0.19 (-0.05, 0.42)
Low Polyphenol Apple 12 25.5(1.23) 25.6 (1.23) 0.05 (-0.21, 0.31)
Apple Pieces 12 27.9 (1.57) 28.1 (1.61) 0.17 (-0.00, 0.33)

Between group P Value 0.63 0.58 0.83
Placebo Capsule 12 88.1(2.53) 87.6 (2.19) -0.47 (-1.61, 0.68)
Waist Circumference APple Extract 12 91.2 (3.46) 91.3 (3.51) 0.13 (-0.31, 0.56)
(cm) High Polyphenol Apple 7 89.1 (5.03) 89.0 (4.95) -0.07 (-0.63, 0.49)
Low Polyphenol Apple 12 88.5(3.22) 88.5(3.18) 0.04 (-0.67, 0.75)
Apple Pieces 12 96.4 (4.90) 96.7 (5.11) 0.33 (-0.46, 1.13)

Between group P Value 0.50 0.43 0.59
Placebo Capsule 12 104 (1.55) 104 (1.49) -0.21 (-1.00, 0.59)
Apple Extract 12 104 (0.99) 104 (1.03) 0.53 (-0.04, 1.09)
Hip Circumference High Polyphenol Apple 7 106 (2.62) 105 (2.64) -1.11 (-2.35, 0.12)
(cm) Low Polyphenol Apple 12 102 (1.66) 101 (1.72) -0.92 (-1.86, 0.03)
Apple Pieces 12 107 (2.50) 107 (2.50) -0.35 (-0.94, 0.24)

Between group P Value 0.38 0.35 0.02
Placebo Capsule 12 118 (2.75) 117 (2.51) -1.25 (-5.50, 3.00)
Apple Extract 12 126 (3.50) 122 (3.90) -4.50 (-9.33,0.33)
Systolic Blood High Polyphenol Apple 7 152 (4.97) 122 (7.52) 0.14 (-8.94, 9.23)
Pressure (mmHg) Low Polyphenol Apple 12 125 (2.81) 122 (1.93) -3.25(-8.71,2.21)
Apple Pieces 12 127 (2.51) 121 (3.15) -5.33 (-10.9, 0.22)

Between group P Value 0.27 0.84 0.57
Placebo Capsule 12 75.3 (1.65) 75.3 (1.64) 0.00 (-3.44, 3.44)
Apple Extract 12 79.0 (2.99) 78.2 (2.89) -0.83 (-4.70, 3.04)
Diastolic Blood High Polyphenol Apple 7 77.0 (3.17) 75.7 (4.41) -1.29 (-6.80, 4.23)
Pressure (mmHg) Low Polyphenol Apple 12 81.3 (2.04) 79.3 (1.36) -2.08 (-5.63, 1.46)
Apple Pieces 12 82.5(1.96) 80.7 (3.00) -1.83 (-5.37,1.71)

Between group P Value 0.17 0.54 0.91

Absolute variables are presented as mean (SD), change at week 4 presented as mean (95% CI). Baseline values and changes were compared between
groups using one way ANOVA with SNK post-hoc tests. Presentation of mean change (95% CI) allows examination of any statistically significant
within group changes (i.e. any confidence intervals that do not cross 1.0).
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3.3. Change in Anthropometric
Measurements/Blood Pressure
during the Intervention

Data for anthropometric measurements is presented in
Table 2. No significant differences in change in weight,
BMI, waist circumference, systolic blood pressure and
diastolic blood pressure over the course of the intervention
were shown between groups, however, there was a
significant difference between groups in change in hip
circumference over the 4-week intervention (p=0.02), with
those in the high polyphenol apple group having a
significantly larger change than those in the apple extract
group. No significant within group changes were
identified over the course of the intervention.

3.4. Change in Dietary Intake during the
Intervention

There were no significant differences between groups at
week 0 for any of the macro- and micronutrient intakes
analysed (data not shown). Differences between groups, in
change at week 4, were not statistically significant for the
majority of macro- and micronutrients intakes with the
exception of change at week-4 for dietary fibre intake
between groups (p=0.01), with those in the high
polyphenol apple group having a significantly larger
change in fibre intake than those in the apple extract group
(data not shown).

3.5. Biomarkers of CVD Risk

Biomarkers that were measured as part of the study are
presented in Table 3.

3.5.1. Lipid Biomarkers

There was no significant difference for change in lipids
at week-4 between groups. Similarly, there was no between
group difference for change in the primary endpoint,
fasting oxidised LDL or post-prandial oxidised LDL.
However, there was a significant within-group change in
fasting oxidised LDL in the apple extract group (p=0.008).

3.5.2. Inflammatory Biomarkers

There was no significant difference for change in
inflammatory biomarkers at week-4, although the
difference in change at week-4 in CRP did tend towards
significance between groups (p=0.091).

3.5.3. Vitamins C, E, Carotenoids and Epicatechin
Concentrations

Vitamins C, E, carotenoid concentrations and epicatechin
concentrations in urine as uncorrected, creatinine corrected
and volume corrected are presented in Table 4. No significant
differences in change between groups were found for
vitamins C, E or the five carotenoids measured. Epicatechin
was not detected in serum samples. For epicatechin detected
in urine, there were no significant differences between the
groups at week-0. Change in volume-corrected epicatechin
was statistically significant between groups (p=0.03), and
this approached significance for uncorrected epicatechin
and creatinine-corrected epicatechin values (p=0.08 and

p=0.06, respectively). Post-hoc SNK tests indicated that
the change in volume-adjusted epicatechin for the apple
extract group was significantly larger than for the placebo
and the low polyphenol apple groups (p=0.002 and p=0.01
respectively).

Post-hoc, unplanned analyses explored the main endpoints
(oxidised LDL and inflammatory markers) further and
ignored original group allocation, but examined these data
according to whether a participant had been allocated to a
high (high polyphenol apple, epicatechin capsule or freeze
dried apple product) or low (low polyphenol apple or
control/placebo) epicatechin containing food or product.
The reduction in oxidised LDL (week 4 — baseline) was
significantly higher in those on the high epicatechin foods
or products, compared to those on the low epicatechin
containing foods or products (mean (SD) change high
epicatechin -7.0 (11.8); low epicatechin 2.5 (15.5);
p=0.010). No significant differences were observed
for post prandial oxidised LDL, ICAM-1, VCAM-I,
E-selectin or CRP. Change in epicatechin excretion was
significantly larger in the high epicatechin groups,
compared with the low epicatechin groups, whether
unadjusted, creatinine-adjusted or volume adjusted data
were used (p=0.02, 0.009 and 0.005, respectively). An
alternative approach was to examine the association
between the change in epicatechin excretion and the
change in endpoint — the change in epicatechin tended to
be associated with the change in oxidised LDL, depending
on what urine standardisation method was used (change in
unstandardized epicatechin r=-0.231, p=0.094; change in
creatinine-corrected  epicatechin r=-0.218, p=0.114;
change in volume-corrected epicatechin r=-0.255, p=0.063;
Pearson  correlation  coefficients). No  significant
associations were demonstrated for E-selectin, ICAM-1,
VCAM-1, hsCRP or post-prandial oxidised LDL.

3.6. Levels of Liking Questionnaire

Participants were asked to rate their liking of various
foods at weeks 0, 2 and 4 according to a 9-point hedonic scale,
which ranged from 1= dislike extremely to 9= like extremely.
Average fruit and vegetable scores and apple scores ranged
between 6 and 8, meaning participants liked these foods
slightly, moderately or very much. There were no obvious
changes over the duration of the intervention in levels of
liking of overall fruit and vegetables or apples (data not shown),
although formal statistical analysis was not conducted.

3.7. Tolerability Questionnaire Results

A total of 5 participants reported side effects: 1
participant taking the high polyphenol apples, the low
polyphenol apples and the apple pieces reported side
effects, whilst 2 participants taking the placebo capsule
reported side effects. The participant taking the low
polyphenol apple reported having stomach cramps, whilst
the participant taking the apple pieces reported diarrhoea
in addition to stomach cramps. The two participants taking
the placebo capsule reported different side effects: one
noted that their hay fever worsened however, the
symptoms subsided approximately an hour after consumption,
whilst the other participant complained of needing to use
the toilet more frequently.
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Table 3. Change in lipid biomarkers after 4 week intervention with apples and apple products, according to intervention group

Intervention Group N= Week 0 Week 4 Change at Week 4
Placebo Capsule 12 1.31 (0.09) 1.31 (0.08) -0.002 (-0.06, 0.05)
Apple Extract 12 1.43 (0.11) 1.44 (0.11) 0.02 (-0.05, 0.09)
HDL High Polyphenol Apple 7 1.32(0.08) 1.37(0.11) 0.05 (-0.08, 0.18)
(mmol/L) Low Polyphenol Apple 12 1.26 (0.08) 1.30 (0.07) 0.04 (-0.02, 0.11)
Apple Pieces 12 1.34 (0.11) 1.34(0.11) -0.001 (-0.05, 0.05)
Between Groups P value 0.79 0.83 0.68
Placebo Capsule 12 1.07 (0.17) 1.13 (0.16) 0.06 (-0.11, 0.23)
Apple Extract 12 1.23(0.23) 1.18 (0.19) -0.05 (-0.20, 0.10)
Triglycerides High Polyphenol Apple 7 1.04 (0.16) 1.35(0.34) 0.31 (-0.24, 0.86)
(mmol/L) Low Polyphenol Apple 12 1.26 (0.20) 1.14 (2.00) -0.11 (-0.29, 0.06)
Apple Pieces 12 1.33 (0.16) 1.36 (0.16) 0.03 (-0.25, 0.30)
Between Groups P value 0.80 0.86 0.16
Placebo Capsule 12 4.75 (0.26) 4.808 (0.256) 0.06 (-0.25, 0.37)
Apple Extract 12 4.84 (0.28) 4.754 (0.284) -0.09 (-0.41, 0.23)
Cholesterol High Polyphenol Apple 7 4.49 (0.32) 4.736 (0.288) 0.25 (-0.24, 0.74)
(mmol/L) Low Polyphenol Apple 12 4.32(0.23) 4.491 (0.270) 0.17 (-0.16, 0.49)
Apple Pieces 12 5.51(0.41) 5.578 (0.338) 0.07 (-0.23, 0.38)
Between Groups P value 0.07 0.09 0.64
Placebo Capsule 12 35.0 (1.73) 34.97 (4.962) 0.01 (-9.92,9.94)
Apple Extract 12 40.2 (4.11) 30.60 (2.361) -9.62 (-16.2, -3.00)
Oxidised LDL High Polyphenol Apple 7 35.8 (4.64) 30.54 (2.487) -5.28 (-15.1,4.5)
(U/L) Low Polyphenol Apple 12 31.0 (2.64) 35.89 (5.885) 4.93 (-5.01, 14.9)
Apple Pieces 12 45.6 (5.25) 39.15 (4.357) -5.22(-14.8,4.31)
Between Groups P value 0.07 0.64 0.12
Placebo Capsule 12 34.6 (4.48) 29.6 (3.48) -5.03 (-16.3, 6.25)
Apple Extract 12 30.1 (2.02) 28.9 (3.00) -1.39 (-6.68,3.91)
%g%gﬂi%l) High Polyphenol Apple 7 38.2(12.9) 24.8 (3.11) -16.9 (-74.2, 40.5)
(U/L) Low Polyphenol Apple 12 22.6 (2.75) 25.1(2.69) 2.25(-1.57,6.10)
Apple Pieces 12 32.7 (4.81) 40.6 (10.6) 6.13 (-22.0, 34.3)
Between Groups P value 0.32 0.26 0.40
Placebo capsule 12 114 (46.1) 129 (41.7) 15.5(-30.9, 61.3)
Apple Extract 12 103 (24.0) 135 (42.2) 31.8(-34.9,98.4)
hsCRP High Polyphenol Apple 7 224 (124) 242 (112) -21.5 (-73.0, 30.0)
(ug/dL) Low Polyphenol Apple 12 246 (65.0) 168 (65.4) -77.2 (-185, 30.3)
Apple Pieces 12 197 (34.3) 237 (56.1) 40.1 (-28.2, 109)
Between Groups P value 0.26 0.66 0.09
Placebo capsule 12 44.4 (4.05) 44.9 (4.58) 0.55(-2.27,3.37)
Apple Extract 12 41.8 (4.05) 42.1 (3.02) 0.33 (-2.73, 3.38)
E Selectin High Polyphenol Apple 7 36.3 (3.87) 36.4 (3.30) 0.07 (-3.14, 3.28)
(ng/mL) Low Polyphenol Apple 12 43.4(5.79) 45.4(5.22) 2.01 (-1.64, 5.66)
Apple Pieces 12 444 (3.17) 48.4 (3.43) 3.15(0.18,6.11)
Between Groups P value 0.82 0.45 0.53
Placebo capsule 12 241 (17.2) 245 (17.3) 4.17 (-22.6, 30.9)
Apple Extract 12 213 (16.6) 223 (21.6) 9.97 (-21.8,41.8)
ICAM-1 High Polyphenol Apple 7 230 (19.9) 232 (24.7) 2.14 (-17.2,21.5)
(ng/mL) Low Polyphenol Apple 12 245 (21.1) 242 (25.4) -2.33(-20.7, 16.1)
Apple Pieces 12 260 (14.5) 231 (26.1) -26.1(-95.4,43.2)
Between Groups P value 0.43 0.96 0.64
Placebo capsule 12 662 (24.9) 709 (47.0) 47.3 (-33.6, 128)
Apple Extract 12 626 (21.8) 616 (18.3) -9.75 (-28.3, 8.81)
VCAM-1 High Polyphenol Apple 7 671 (31.7) 655 (35.1) -15.3(-62.4,31.9)
(ng/mL) Low Polyphenol Apple 12 622 (33.2) 601 (36.9) -21.0 (-62.5, 20.5)
Apple Pieces 12 679 (38.3) 707 (30.9) 30.5 (2.88, 58.0)
Between Groups P value 0.56 0.06 0.12

Absolute variables are presented as mean (SD), change at week 4 presented as mean (95% CI). Baseline values and changes were compared between
groups using one way ANOVA with SNK post-hoc tests. Presentation of mean change (95% CI) allows examination of any statistically significant
within group changes (i.e. any confidence intervals that do not cross 1.0).
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Table 4. Change in serum and urine antioxidant status after 4 week intervention with apples and apple products, according to intervention

group
Intervention Group N= Week 0 Week 4 Change at Week 4
Placebo Capsule 12 0.192 (0.07) 0.207 (0.07) 0.016 (0.001, 0.031)
Apple Extract 12 0.180 (0.05) 0.190 (0.04) 0.010 (-0.006, 0.026)
Lutein High Polyphenol Apple 7 0.215 (0.08) 0.227 (0.12) 0.012 (-0.017, 0.041)
(umol’L) Low Polyphenol Apple 12 0.151 (0.08) 0.139 (0.06) -0.012 (-0.053, 0.029)
Apple Pieces 12 0.205 (0.10) 0.189 (0.07) -0.016 (-0.067, 0.035)
Between Groups P value 0.39 0.07 0.47
Placebo Capsule 12 0.051 (0.02) 0.056 (0.02) 0.005 (0.00, 0.009)
Apple Extract 12 0.048 (0.02) 0.055 (0.03) 0.007 (0.00, 0.013)
Zeaxanthin High Polyphenol Apple 7 0.049 (0.02) 0.053(0.03) 0.004 (-0.006, 0.013)
(umol’L) Low Polyphenol Apple 12 0.039(0.01) 0.039 (0.02) 0.000 (-0.005, 0.005)
Apple Pieces 12 0.049(0.02) 0.048 (0.02) 0.000 (-0.012, 0.011)
Between Groups P value 0.54 0.39 0.47
Placebo Capsule 12 0.116 (0.09) 0.129 (0.09) 0.013 (-0.017, 0.042)
Apple Extract 12 0.188 (0.26) 0.156 (0.15) -0.031 (-0.126, 0.063)
B-Cryptoxanthin High Polyphenol Apple 7 0.064(0.03) 0.062 (0.03) -0.003 (-0.019, 0.014)
(umol/L) Low Polyphenol Apple 12 0.072(0.06) 0.050 (0.02) -0.023 (-0.059, 0.013)
Apple Pieces 12 0.093 (0.07) 0.090(0.07) -0.003 (-0.016, 0.01)
Between Groups P value 0.24 0.04 0.67
Placebo Capsule 12 0.245 (0.20) 0.275 (0.23) 29.9 (-44.0, 64.2)
Apple Extract 12 0.149 (0.06) 0.170 (0.06) 21.3(-9.02,51.7)
a-Carotene High Polyphenol Apple 7 0.126 (0.05) 0.119 (0.04) -7.13 (-47.3,33.1)
(umol/L) Low Polyphenol Apple 12 0.112 (0.06) 0.124 (0.05) 11.2 (-28.0, 50.4)
Apple Pieces 12 0.151 (0.09) 0.153 (0.07) 2.00 (-43.4, 47.4)
Between Groups P value 0.06 0.02 0.63
Placebo Capsule 12 0.638 (0.54) 0.668 (0.64) 0.030 (-0.111, 0.017)
Apple Extract 12 0.478 (0.27) 0.509 (0.26) 0.031 (-0.072, 0.133)
p-Carotene High Polyphenol Apple 7 0.504 (0.33) 0.415 (0.21) -0.089 (-0.240, 0.061)
(umol/L) Low Polyphenol Apple 12 0.316 (0.18) 0.340 (0.17) 0.024 (-0.036, 0.083)
Apple Pieces 12 0.385 (0.26) 0.389 (0.20) 0.003 (-0.118, 0.124)
Between Groups P value 0.20 0.19 0.61
Placebo Capsule 12 592 (215) 418 (119) -175 (-659, 310)
Apple Extract 12 614 (128) 3482 (1058) 2868 (489, 5247)
High Polyphenol Apple 7 425 (103) 2191 (648) 1766 (195, 3337)
Epicatechin (umol/L) Low Polyphenol Apple 12 689 (188) 1253 (339) 563 (-456, 1582)
Apple Pieces 12 1116 (413) 2422 (912) 1305 (-1043, 3654)
Between Groups P value 0.42 0.04 0.08
Placebo Capsule 12 15.6 (6.32) 10.8 (5.48) -4.81 (-21.7,12.1)
Creatinine Corrocted Apple Extract 12 10.9 (2.81) 77.8 (27.4) 66.6 (9.43, 124)
Epicatechin High Polyphenol Apple 7 6.44 (2.21) 31.5(12.9) 25.0 (-3.83,53.9)
(nmoles/mgcreat) Low Polyphenol Apple 12 14.6 (4.30) 13.8 (3.53) 1.23(-10.9, 13.4)
Apple Pieces 12 13.9 (5.00) 50.2 (27.0) 36.3 (-23.8, 96.4)
Between Groups P value 0.78 0.08 0.06
Placebo Capsule 12 497 (254) 255 (116) -242 (-799, 315)
Apple Extract 12 371 (115) 2025 (595) 1655 (299, 3010)
Volume Corrected High Polyphenol Apple 7 190 (65.3) 804 (185) 614 (195, 1032)
‘(Erf’;fo”lf:/:’:”n ol Low Poliyphenol Apple 12 253 (73.1) 358 (123) 106 (202, 413)
Apple Pieces 12 373 (160) 1156 (527) 783 (-459, 2025)
Between Groups P value 0.75 0.01 0.03

Absolute variables are presented as mean (SD), change at week 4 presented as mean (95% CI).

In relation to ease of consumption, the majority of the
participants rated the study products very easy, easy or
sometimes hard and sometimes easy to consume. However,
57% of participants found it hard to consume the high
polyphenol apples. Participants commented that they were
dry, strong in flavour and extra foods were required to eat
along with the apples to ease consumption. One
participant also reported a feeling of fullness and found
that, on occasions, heartburn developed after eating the
apples in the evening. One participant in the apple pieces
group found consumption hard, as it was difficult to

remember to take the apple pieces routinely and also
difficult to incorporate into the diet.

The majority of participants (n=51 across all groups)
rated acceptability of study products as very acceptable or
acceptable if it were to improve their heart health.
However, three participants taking the high polyphenol
apples and one participant taking the low polyphenol
apples rated acceptability as unsure.

Responses for willingness to continue post intervention
varied, however, only one participant taking the high
polyphenol apples stated they strongly agreed. Between 4



Journal of Food and Nutrition Research 890

and 5 participants strongly agreed across all other study
groups. At least one participant in each group was unsure
if they would be willing to consume the products
post-intervention. From participants who were unwilling
to continue consumption of the study products, reasons
included: prefer to improve their overall diet and lifestyle
as opposed to taking capsules; those on apple pieces or 2
apples per day said that they were “fed up” consuming the
apples by the end of the intervention period (low
polyphenol apples), and they didn’t like the taste/texture
(apple pieces). Results varied similarly for willingness to
purchase study products. The majority of participants
would be willing to consume/purchase the products post
intervention and either strongly agreed or agreed with the
statement. At least one participant in each of the intervention
groups was unsure if or disagreed that they would be willing
to purchase the products post-intervention; with two participants
in the high polyphenol apple group (56%) saying they
were unsure or disagreed. Additionally, one participant
receiving the encapsulated apple extract strongly disagreed
that they would purchase the product post-intervention, as
did one participant receiving the apple pieces.

4. Discussion

The APPS study examined the feasibility of conducting
a study to test the effect of polyphenol-rich apples, apple
extract and freeze dried apple pieces (with similar
epicatechin content) on risk factors and biomarkers for
CVD, in a pilot intervention study of participants at
elevated risk of CVD.

There was no significant effect of the intervention on
weight, BMI, waist and hip circumference or systolic and
diastolic blood pressure, although this pilot study phase
was unlikely to be appropriately powered. No other studies
have directly examined the effect of apples or isolated
epicatechin on blood pressure or other CVD risk factors.
Weichselbaum et al. [15] reviewed three studies, which
had examined the effect of polyphenols, including those
found in apples, on blood pressure. Two studies examined
quercetin capsules (150mg/day [24] and 730mg/day [25]),
and one study examined a milk chocolate drink (150mg/day
flavanols [26]), containing epicatechin, and each found
beneficial effects on blood pressure measurements. The
combination of polyphenols in these studies is not directly
comparable with the current study. However, it may also
be that the dose of epicatechin given in the current study
(80mg/day) was not high enough to cause a beneficial
effect, and this would need further examination in
appropriately powered and designed studies.

The effect of apple consumption and epicatechin/polyphenol
levels on oxLDL have previously been investigated by a
small number of studies. In a study by Serra et al [27], rats
were given one of three varieties of apple, a cholesterol
enriched diet or a controlled diet. All three types of apple
were found to significantly reduce levels of oxLDL when
compared to either of the diets. The study also concluded
that a number of phytochemicals, included epicatechin,
were responsible for the cholesterol lowering effect
observed. Following on from this, Zhao et al [28]
conducted a randomised controlled trial in 41 participants,
who received either whole apple, a polyphenol capsule or

a placebo capsule. The study reported that apples and the
polyphenol capsule significantly reduced concentrations of
oxidised low-density lipoprotein/beta,-glycoprotein complex
(OxLDL-B,GPI), which is involved in arthrosclerosis.

In relation to inflammatory markers, evidence is
conflicting. Codner-Franch et al [29] found that hs-CRP
was significantly reduced in 41 obese children who
consumed dried apple pieces enriched with mandarin juice.
In a crossover study by Ravn-Haren et al [30] the effect of
whole apple, apple pomace, clear and cloudy juices was
investigated in 23 healthy participants. No significant
differences in CRP were reported. Other inflammatory
markers have also been investigated in relation to
consumption of cocoa, which is high in polyphenols, with
similarly mixed results [31]. The current study did not
find a significant difference in inflammatory markers
following the intervention. It is unclear as to why results
are conflicting, but, again, this pilot study was not
powered for these outcomes.

In relation to dietary intakes, there were no significant
differences at baseline between the intervention groups,
and the only nutrient where the change was statistically
significant between groups was dietary fibre. In a 6-week
intervention trial by Hyson et al. [32], where participants
(n=25) consumed 340g of whole apple daily, similarly to
the current study, the only nutrient to change was dietary
fibre, which was increased The lack of significant change
in nutrient intakes (apart from dietary fibre), may be
expected, as eating two apples or following a low apple
diet whilst consuming a capsule or freeze-dried apple
pieces is unlikely to have made a major difference to other
parts of the participants’ normal diet.

No epicatechin was detected in serum samples. This
may be explained by the dose of epicatechin given in the
current study (80mg/day) not being high enough to cause
an increase, however, this would need further examination,
as the same apple extract increased plasma epicatechin
concentrations in another study when provided at 70mg
and 140mg as a single dose [33]. Epicatechin was detected
in participants’ urine, and showed between group
differences in change in excretion that were significant or
approached significance, when corrected for urinary
volume or creatinine content. It has been recommended
that urinary polyphenol excretion should be expressed as
volume corrected, as well as creatinine corrected, as
volume-corrected results may be a better biomarker for
polyphenol dietary intake, in the absence of covariate
adjustment [34]. All groups receiving an apple product in
the study showed increased epicatechin concentrations in
urine after 4 weeks, with those receiving the apple extract
seeing the greatest increase, indicating good compliance in
terms of consumption of the apple products.

However, with respect to tolerability, some of the
participants in both of the apple groups (i.e. low and high
polyphenol) commented post intervention that they were
happy not to have to eat any more apples. Furthermore,
57% of the high polyphenol apple group found it hard to
consume the 2 apples per day for the 4 week intervention
period. Generally in the other intervention groups,
consumption of the products was found to be very easy or
easy. It may be that the participants did not consider the
high polyphenol apples, as the intervention study product,
to be representative of the “apples” food group in general,
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when completing the level of liking questionnaire, which
rated the level of liking of apples as being relatively high.

The majority of participants in each group (both
intervention groups and control), with the exception of
those receiving the high polyphenol apples, strongly agreed
or agreed that they would be willing to continue consumption
of apples/apple products if it improved their heart health.
A small number disagreed or strongly disagreed in each
group, with the remaining participants stating they were
unsure. Some participants indicated that they would prefer
to improve their diet/lifestyle as opposed to taking apples
or apple products. Although participants have stated that
they would prefer to improve their general lifestyle, it is
recognised that populations as a whole are not meeting
lifestyle targets (e.g. fruit and vegetable targets), according to
recent NDNS data [6], and therefore, there still remains a
major public health challenge in targeting messages in
effective ways to change behaviour.

4.1. Strengths and Limitations of the APPS
Study

There were a number of strengths to the APPS study.
Firstly, general strengths were: it was a randomised controlled
intervention; apples were supplied to participants to
ensure limited costs were incurred by the participants;
advice and support was given at the beginning and
throughout the study to ensure participants understood
fully the requirements for involvement. Secondly, multiple
methods were used to encourage good participant compliance
and to monitor compliance and minimise dropouts over
the course of the study: for example, participants were
contacted by telephone on a weekly basis; 4-day diet
diaries were collected at the start and end of the study;
participants received a weekly delivery of apples to a
place of convenience; a telephone number for the study
researcher was provided to participants; £30 was given to
participants on successful completion of the study to cover
travel expenses to the study visits, ensuring no participant
was out of pocket during the course of the study. Thirdly,
participants had limited restrictions placed on them
throughout the study (apart from those who had to
consume a low apple diet); therefore, requirements for the
study were not intensive so it would have been relatively
easy for participants to stick to the diet. Finally, the
epicatechin content of study products was standardised for
all intervention groups and the study was placebo-controlled
and double blinded in terms of the apple extract versus
placebo comparison, while for the postprandial element of
the study, participants were given a standardised breakfast.

However, the APPS study also had limitations: firstly,
establishing accurate dietary intake data from intervention
studies is difficult, as participants tend to under-report
foods which are high in fat and over-report foods, such as
fruit and vegetables. Although 4-day diet diaries were
collected at the start and end of the study to ascertain
participants’ dietary intakes, misreporting was likely to
have occurred. Furthermore, participants may have
changed their intake of foods whilst completing the diet
diaries, for example, to ease recording of foods consumed
or to make their diet seem healthier.

For future studies, there are a number of considerations.
The availability of the high polyphenol apples was limited,

and their storage without deterioration challenging, which
may be a problem in a larger scale definitive study.
Additionally, a high proportion of participants were
unsure if they would continue eating the high polyphenol
apples in comparison to the other intervention groups.
This was in part due to the taste and texture. Apple extract
capsules fared best in terms of acceptability and
willingness to continue/purchase items post-intervention,
although some participants also felt that improving overall
diet and lifestyle would be more beneficial than taking
capsules or apple products.

5. Conclusions

In conclusion, the APPS study explored the feasibility
of conducting an intervention study using different apples
and apple products on CVD risk factors. In terms of
exploring likely risk factors modifiable by apple consumption,
this pilot study found no statistically significant effect on
oxidised LDL levels after consumption of epicatechin-rich
apples, apple extract, or freeze-dried apple pieces, in
participants at elevated risk of CVD. However, the change
in epicatechin excretion tended to be associated with
change in oxidised LDL, while a comparison of the high
versus low epicatechin containing foods also appeared to
show a possible benefit on fasting oxidised LDL, therefore
a larger study powered to demonstrate such an effect
would be of interest. Due to the low sample size and pilot
design of the study, a retrospective power calculation
based on this study could inform the design of a larger
intervention study, which would be required to examine if
apples and apple products have an effect on oxidised LDL
cholesterol and indeed CVD risk, as evidence from current
studies is extremely limited. In addition, the study has
provided information on tolerability and willingness to
consume/purchase the various study products. Given the
low fruit and vegetable intake of the UK population,
products which remove barriers to consumption could
well have an impact on population consumption levels,
but their health benefits still require further exploration.
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Supplementary

HPLC-MS/MS detection and quantification of epicatcechin in urine and serum

Sample preparation

For each serum and urine, samples were run in three batches, in consecutive numerical order (containing baseline and
week 4 samples simultaneously for each participant), the analyst was blinded to study group. Serum samples were
analysed in duplicate, while urine samples were analysed singly, all samples were spiked with 100 ng/ml of fisetin for use
as internal standard. 100 ul of each sample underwent enzymatic hydrolysis by adding ~100 units of sulphatase and
~4,000 units of B-glucuronidase (both from Helix pomatia, type H-1) suspended in 0.1 mol/L acetate buffer (pH 5.0) and
incubating (45 minutes; 37°C). After incubation, 20 pul of fisetin in methanol (MeOH) was spiked into serum samples,
which were then de-proteinised with 280 pl acetonitrile (ACN) containing 3 g/L fert-butylhydroquinone (TBHQ). Urine
samples after incubation, underwent a 3 hour freeze at -80°C, and were freeze dried overnight for ~19 hours on a Thermo
Savant ModulyoD-230 (Thermo Scientific, West Sussex, UK) and reconstituted with 400 ul MeOH containing fisetin. All
samples were vortexed (1 min) and centrifuged (16,000 x g; 20 min). Serum samples underwent an additional 1: 2
dilution with ACN (3 g/L TBHQ) to minimise matrix effects and were vortexed (1 min) and centrifuged (16,000 x g; 20
min) for a second time. Resulting supernatants were injected directly onto the HPLC.

Quantification by HPLC-MS/MS

5 ul injections were performed on an Agilent Technologies 1100 series HPLC (Agilent Technologies, Stockport, UK)
directly linked to a Waters Micromass Quattro Ultima Platinum API triple quadrupole mass spectrometer (Waters, Dublin,
Ireland). The HPLC was a binary system, with a 100 well auto sampler held at room temperature (21°C).
Chromatographic peaks were identified using a Synergi Max-RP C12 (150 x 2mm x 4um) column, with guard column (4
x 2.0mm) (Phenomenex, Cheshire, UK) attached. The mass spectrometer was fitted with an electrospray ion source,
which was operated in negative ion mode. Optimal MS operating parameters were as follows; capillary voltage 2.75 kV;
source temperature 120°C; cone gas flow rate 64 L/h; desolvation gas flow rate 506 L/h; desolvation temperature 350°C.
Mobile phase consisted of 95% ACN, 5% water and 0.1% formic acid in channel A and 95% water, 5% ACN and 0.1%
formic acid in channel B, at a flow rate of 0.2 ml/min. Run time for each sample was 38.2 min. The HPLC system was
scheduled to hold 95% channel B for 1 min, ramping to 5% channel B over a period of 8 min. This 5% channel B was
held for 7 min, followed by an increase in gradient back to 95 % channel B over 2 min, which was held for 20.2 min to
equilibrate the system, prior to the next injection. Limit of quantification (LOQ) for the assay was 11.1 ng/ml.

Serum

For the serum-QC, mean inter-assay CV was 18.0% whilst the intra-assay CV was 16.3 %. A low epicatechin lithium
heparin plasma sample was used as the matrix into which epicatechin was spiked in order to produce a calibration curve
ranging from 0 — 400 ng/ml. Three serum samples per batch were randomly selected and spiked with 300 ng/ml of
epicatechin to assess recovery (recovery = 84.2%).

Quality control, calibration curves and recovery

Matrix-matched QC, standards and samples spiked to assess percent recovery underwent appropriate sample
preparation (as described above) for serum and urine. For each batch a fresh calibration curve was prepared and run at the
beginning and end of each run.

Urine

For the urine-QC, mean inter-assay CV was 11.4%, whilst the intra-assay CV was 4.9%. A low epicatechin urine
sample was used as the matrix into which epicatechin was spiked in order to produce a calibration curve ranging from 0 —
1000 ng/ml. Two urine samples per batch were randomly selected and spiked with 200 ng/ml of epicatechin to assess
recovery (recovery= 115.9%).



