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Abstract
Objective: The present study aimed to assess the effect of different types of break-
fast cereal (BC) on portion size and the nutritional implications of potential under
or overserving.
Design: A cross-sectional analysis was performed using one BC from the seven
established BC manufacturing methods (flaking (F), gun puffed (GP), oven puffed
(OP), extruded gun puffed (EGP), shredded wholegrain (SW), biscuit formed (BF)
and granola). Participants were asked to pour cereal as if they were serving them-
selves (freepour). Difference between the freepour and recommended serving size
(RSS) was calculated (DFR). The Friedman test followed by Dunn’s multiple com-
parison test was used to test for a significant differences between cereal categories.
Setting: City of Chester, North West of the UK.
Participants: Adults (n 169; n 110 female, 32 (SD 18) years).
Results: Freepour values were greater than RSS for all categories of BC. Median val-
ues for denser cereals such as SW, granola and oats were significantly (P< 0·001)
greater than all other categories with granola having the highest median freepour
value of 95 g. Median (and range of) DFR weight values for granola were signifi-
cantly higher than other BC (50·0 g (−24·0 to 267·0 g), P < 0·001). BC with the low-
est median DFR were F1 (7·0 g (−20 to 63·0 g)), GP (6·0 g (−26·0 to 69·0 g)), EGP
(6·0 g (−26·0 to 56·0 g)), OP (5·0 g (−27·0 to 53·0 g)) and BF (0·0 g (−28·2 to 56·4 g)).
Conclusions: The degree of overserving may be related to the type of BC with
denser cereals more readily overserved. Encouraging manufacturers to reformu-
late cereals and improving their nutritional properties may have benefit in reducing
excess energy intake.
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Breakfast has traditionally been recommended as being
one of the most important meals of the day. Inverse asso-
ciations exist between consumption of breakfast and many
health outcomes such as improvements in weight, risk of
diabetes and cardiovascular health to name a few(1–4).
However, some of these relationships have been ques-
tioned, with findings suggesting important study design,
age, sex and meal composition effects(5–8).

Dietary recommendations in the UK suggest that break-
fast should contribute approximately 20–25 % of total
energy intake, with breakfast foods being taken from the
five main food groups of fruits and vegetables, milk and
dairy, protein sources, low fat spreads and oils, and starchy
foods (including cereals, pasta and bread). The fortification
of cereals provides an important source of micronutrients
for many individuals in the UK. However, the most recent
National Diet and Nutrition Survey(9) data suggest cereals

and cereal products were the main source of free sugar
in children aged 1·5–3 and 4–10 years, and in adolescents
and adults were the second main source. Subsequently,
Public Health England included breakfast cereals (BC) as
a food which manufacturers should reduce sugar content
by 20 % by 2020 in their Sugar Reduction Report(10).

BC can be categorised into ‘hot’ and ‘ready-to-eat’(11).
Hot BC, such as porridge, require further cooking.
Ready-to-eat BC can be immediately consumed without
added processing and are categorised by their processing
method, rather than the grain used(11). Different types of BC
from varying manufacturing methods include flaked, gun
puffed (GP), extruded gun puffed (EGP), oven puffed
(OP), shredded wholegrain (SW) or biscuit formation (on-
line supplementary material, Supplemental Table 1).
Therefore, it is possible to create products that vary in
shape, size, colour, density and volume of air.
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There has been an indisputable increase of portion size
in processed, energy-dense foods with little nutritional
value(12,13). There is global concern that supersizing of food
portions has altered the perception of what is healthy to
consume(14). Distorted portion perception has led to pas-
sive obesity where generations are successively heavier,
resulting in normalisation of obesity(15). Further evidence
has demonstrated this same trend of increasing portion
sizes over time in the UK(16–18) and in Europe(19). The
British Heart Foundation released a report in 2013(20) sug-
gesting that the discrepancy in recommended serving size
(RSS) across products since 1993 has led to a distorted por-
tion perception leading to consumer confusion. Indeed,
when participants were asked to serve flaked BC (corn-
flakes) into a bowl, 88 % portioned more than the RSS(20).
RSS of a product is determined bymanufacturers and differs
to portion size which is the amount of food chosen to
eat(18). Evidence suggests that RSS can be exploited as a
marketing strategy, with some products appearing more
nutritious than a realistic portion(21). Nevertheless, the
European Breakfast Cereal Association(22) provides guid-
ance for British BC brands on the RSS depending on prod-
uct density, as well as considering the history of RSS for the
BC and actual consumption data.

Research studying the typical portion sizes of flaked BC
selected by young adults showed that the average portion
exceeded recommendations by over 25 %(23). Additionally,
rising obesity levels justify the importance of improved
understanding of how physical food properties can affect
portion size and energy intake. Literature has demonstrated
the role of visual cues influencing portion size, including
the image shown on packaging of BC, to the bowl size
used(24), in addition to important properties such as density,
volume and colour(25–27). Rolls et al.(28) used the same type
of flaked BC which was modified to decrease volume to
40 %. As flake size reduced, volume of the serving
decreased, and there was a significant increase in the
weight of the flakes poured and the energy content of
the portion. Therefore, the denser the BC, the more energy
was consumed. However, a limitation of these types of
study is the cereals used are relatively homogenous and fail
to consider how different types of BC with varying appear-
ances and properties may influence portion size. The pur-
pose of the present study was to determine whether
different types of BC influence portion size and as a result,
energy and macronutrient content per serving.

Methods

Recruitment
Participants were recruited through randomised conven-
ience and snowball sampling. A total of eight recruitment
sessions were conducted from 20 November 2019 to 26
February 2020 around Chester city centre. Subjects were

told the purpose of the study was to investigate the portion
size awareness of BC.

Participants were excluded if they met any of the exclu-
sion criteria or did not meet the inclusion criteria. All eli-
gible participants signed an informed consent form
before taking part in the study.

Eligibility and screening
Participants were eligible to complete the study if theywere
older than 18 years and regularly consumed BC.
Participants were not eligible if they had completed a
Nutrition or Dietetics degree, were taking any medication
known to have appetite-suppressing effects, were preg-
nant or lactating, were intentionally trying to lose weight,
had any severe allergies or had a previously diagnosed eat-
ing disorder. These factors were likely to influence an indi-
viduals’ perception of portion size.

Anthropometric measurements
All participant’s height and weight were measured in light
clothing, without shoes. Upright height (m) was measured
using a portable stadiometer (SECA, Leicester Height
Measure) and recorded in m to the nearest 0·01 m.
Weight (kg) wasmeasured using a portable electronic scale
(SECA, 877) and recorded to the nearest 0·1 kg. BMI was
calculated as weight divided by height squared (kg/m2).

Procedure
Participants were asked by the researchers to pour a serv-
ing of each BC as if they were to consume it at home. This
was reported as the freepour measure. A white, porcelain
650 ml bowl (15 cm × 7 cm (diameter and depth, respec-
tively)) was used through the testing and each participant
used the same bowl for each measurement. The research-
ers identified ten different types of BC (Table 1). The nutri-
tional information for each product was obtained from the
back of pack labelling and is displayed in Table 2. The BC
were presented in the same order for each participant and
stored in a transparent 3-l Tupperware® container. All
bowls of BC were discretely weighed on an electronic
kitchen scale (HoMedics Groups Ltd, Salter) and recorded
to the nearest 1 g. Neutral phrases were used throughout
the process including words such as ‘thank you’ or ‘next’
to avoid the participant detecting verbal cues, which may
have influenced portion size.

Statistical analysis
Analysis was carried out using GraphPad Prism (version
8.0.1). The difference between the freepour measure and
the RSSwas calculated. RSSwas taken from the cereal pack-
aging. The difference between the RSS and freepour value
is referred to as the DFR. The DFR value was used to assess
the impact the participants freepour measure would have
on differences in energy, macronutrient, salt and fibre
intake. Data were assessed for normality using the
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D’Agostino–Pearson omnibus K2 test. All data violated the
assumption of normal distribution; therefore, a non-
parametric approach was adopted. All measured parame-
ters in the study (freepour, DFR, energy, macronutrients,
salt, fibre) were compared across cereal categories using
the Friedman test followed by Dunn’s multiple comparison
to test for significance.

Results

Participant characteristics
Participant characteristics are shown in Table 3. A total of
222 participants were screened, of which 169 were eligible
and completed the study (Fig. 1). This was similar to pre-
vious research in this area(23).

Overall, 110 (65 %) participants were female. The mean
age (SD) of participants was 32 (SD 18) years old. The mean
BMI was 24·4 (SD 4·4) kg/m2. The majority of participants
were ofWhite European Ethnicity (89 %). Fifty-three partic-
ipants were excluded (Fig. 1).

Portion sizes of the freepour serving
Data for freepour values are shown in Fig. 2(a). The
striking finding of our analysis is the substantial variation
in freepour measures based on BC type. All categories
measured were above the median RSS value of 30 g.
Median (and range of) freepour values for BC categories
were 37·0 g (10·0–93·0), 48·0 g (9·0–102·0), 36·0 g
(4·0–99·0), 36·0 g (4·0–86·0), 64·0 g (9·0–140·0), 41·0 g
(5·0–108·0), 35·0 g (3·0–83·0), 95·0 g (21·0–312·0), 63·0
g (20·0–214·00) and 37·6 g (9·4–94·0) for F1, F2, GP,
EGP, SW, OPC, OP, granola, oats and BF, respectively.
Median values for SW, granola and oats were
significantly greater than all other categories with
granola having the highest median freepour value of
95 g (Fig. 2(a)).

Difference between the recommended serving size
and freepour value for differing breakfast cereal
categories
Due to differences in freepour values between cereal
types, we calculated the difference (DFR) between the
freepour weight and the RSS (Fig. 2(b)). A similar pattern
in DFR weight was observed to that of the freepour mea-
sures. Median (and range of) values for DFR weight were
7·0 g (−20·0 to 63·0), 18·0 g (−21·0 to 72·0), 6·0 g (−26·0 to
69·0), 6·0 g (−26·0 to 56·0), 24·0 g (−31·0 to 100·0), 11·0 g
(−25·0 to 83·0), 5·0 g (−27·0 to 53·0), 50·0 g (−24·0 to
267·0), 23·0 g (−20·0 to 174·0) and 0·0 g (−28·2 to 56·4)
for F1, F2, GP, EGP, SW, OPC, OP, granola, oats and
BF, respectively. The DFR for granola was significantly
greater than all other categories (Fig. (2b)). This indicates
that the granola cereal category was overserved to a
greater extent when compared with all other categories.
Median values for SW and oats were significantly higher
than other cereal categories (Fig. 2(b)). Similar to
Fig. 2(a), differences were observed between F1 and F2
categories. Collectively, these data indicate that all types
of BC analysed (apart from BF) were overserved by our
participants.

Table 1 BC products with corresponding brand, manufacturing
method and RSS*

Abbreviated name
of BC

Manufacturing method
of BC Brand

RSS
(g)

F1 Flaked Kellogg’s 30·0
F2 Flaked and frosted Kellogg’s 30·0
GP Gun puffed Honey

Monster
30·0

EGP Extruded gun puffed Kellogg’s 30·0
SW Shredded wholegrain Nestle 40·0
OPC Oven puffed Nestle 30·0
OP Oven puffed Nestle 30·0
Granola Granola Dorset

Cereal
45·0

Oats Rolled Sainsbury’s 40·0
BF Biscuit formation Weetabix 37·5

RSS, recommended serving size; BC, breakfast cereal; F1 flaked 1; F2, flaked 2;
GP, gun puffed; EGP, extruded gun puffed; SW, shredded wholegrain; OPC,
oven-puffed coloured; OP, oven puffed; BF, biscuit formation.
*Weight shown in g.

Table 2 Nutritional information for the BC*

BC
Energy

(kJ/100 g)
Fat

(g/100 g)
SFA

(g/100 g)
CHO

(g/100 g)
Sugar

(g/100 g)
Fibre

(g/100 g)
Protein
(g/100 g)

Salt
(g/100 g)

F1 1582 0·9 0·2 84·0 8 3 7 1·12
F2 1569 0·6 0·1 87·0 37 2 4·5 0·83
GP 1494 1·8 0·3 74·0 22 8·4 7·1 <0·01
EGP 1598 4·7 0·9 71·0 18 8·9 9·4 0·84
SW 1523 1·8 0·3 70·0 13 13 11 0·72
OPC 1598 1·9 0·9 84·0 17·0 3·0 6·3 0·65
OP 1619 1·2 0·4 86·0 7·9 2·0 7·0 1·00
Granola 2155 30·3 3·3 45·0 14·3 7 12·3 0·03
Oats 1519 7·0 1·0 60·5 1·1 8·3 10·3 <0·01
BF 1515 2·0 0·6 69·0 4·2 10·0 12·0 0·28

BC, breakfast cereal; CHO, carbohydrates; F1, flaked 1; F2, flaked 2; GP, gun puffed; EGP, extruded gun puffed; SW, shredded wholegrain; OPC, oven-puffed coloured; OP,
oven puffed; BF, biscuit formation.
*Data shown in kJ and g/100 g.
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Consequences on energy and macronutrient
intake
Due to the significant differences seen between different
cereals in freepour and DFR measures, we sought to deter-
mine the impact this theoretically would have on the differ-
ence in energy and macronutrient content per serving.
Figure 3 shows the difference in energy or specific macro-
nutrients as a consequence of DFR. Positive values indicate
higher amounts than what would be consumed if using
the RSS.

For total energy intake (Fig. 3(a)), the pattern between
cereals was similar to that observed in Fig 2 with all cereal
categories showing a positive median DFR in energy, apart
from BF (Fig. 3(a)). Importantly, total energy content of the
cereals is dependent on their nutrient content (shown in
Table 2). Median (and range of) DFR values for energy
were 110·9 kJ (−313·8 to 966·9), 282·4 kJ (−329·7 to
1129·7), 89·5 kJ (−388·3 to 1030·5), 95·8 kJ (−415·5
to 895·0), 365·7 kJ (−472·0 to 1326·8), 175·7 kJ (−399·6
to 1326·7), 81·2 kJ (−437·2 to 858·1), 1077·4 kJ (−517·1
to 5753·0), 349·4 kJ (−303·8 to 2642·6) and 0·0 (−427·2
to 854·4) for F1, F2, GP, EGP, SW, OPC, OP, granola, oats
and BF, respectively. The difference in energy for granola
was significantly greater than all other cereal categories in
the study (Fig. 3(a)). As the majority of cereals’ types were
overserved, this led to higher than recommended servings
of energy.

Different patterns were observed when considering the
DFR in total carbohydrate (Fig. 3(b)). Median (and range

of) DFR values for total carbohydrate were 5·9 g (−16·8
to 52·9), 15·7 g (−18·3 to 62·8), 4·4 g (−19·2 to 51·1), 4·3
g (−18·5 to 39·8), 16·8 g (−21·7 to 70·0), 9·2 g (−21·0 to
69·7), 4·3 g (−23·2 to 45·6), 22·5 g (−10·8 to 120·2), 13·9
g (−12·1 to 105·3) and 0·0 g (−19·5 to 38·9) for F1, F2,
GP, EGP, SW, OPC, OP, granola, oats and BF, respectively.
There was no significant difference between F1, GP, EGP,
OPC, OP and BF categories. F2, SW and oats were signifi-
cantly different to other categories. Granola had the highest
median difference in total carbohydrate (22·5 (−10·8 to
120·2)) and was significantly greater than all other cereal
categories (Fig. (3b)).

Cereals have been identified by Public Health England
as a food group to reduce the sugar content of(10).
Considering the sugar content of the DFR is important,
especially if wanting to achieve the 5 % target for free sugar
intake. Median (and range of) DFR values for sugar were
0·6 g (−1·6 to 5·0), 6·7 g (−7·8 to 26·4), 1·3 g (−5·7 to
15·2), 1·1 g (−4·7 to 10·1), 3·1 g (−4·0 to 13·0), 1·9 g

Table 3 Participant characteristics*,†

Characteristics

Participants (n 169)

Mean SD

Age (years) 31·7 17·52
Weight (kg) 69·5 15·3
Height (m) 1·68 0·86
BMI (kg/m2) 24·4 4·4

n %
Highest qualification achieved
None 2 1·2
GCSE or equivalent 12 7·1
A level or equivalent 85 50·3
Higher apprenticeship or equivalent 3 1·8
Foundation degree or equivalent 1 0·6
Degree with honours or equivalent 17 10·1
Master’s degree or equivalent 17 10·1
Doctorate or equivalent 3 1·8

Occupation
Student 114 67·5
Employed 43 25·4
Unemployed/retired 12 7·1

Ethnicity
White 151 89·3
Mixed/multiple groups 2 1·2
Asian/Asian British 8 4·7
Black/African/Caribbean/Black British 4 2·4
Other 4 2·4

*Data shown as mean ± SD for age, weight, height and BMI.
†Highest qualification achieved, occupation and ethnicity shown as number (n)
and %.

Particpants recruited
and screened

(n 222)

Excluded participants
(n 53)

Did not complete
questionnaire

(n 3)

Did not consume
breakfast cereal

(n 6)

Breast-feeding
(n 1)

Nutrition degree
(n 1)

Takign medication known
to suppress appetite

(n 2)

Actively trying to lose
weight
(n 37)

Previously diagnosed
eating disorder

(n 3)
Particpants eligible for

study
(n 169)

Fig. 1 Paricipant flow through study
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(−4·3 to 14·1), 0·4 g (−2·1 to 4·2), 7·2 g (−3·4 to 38·2), 0·3 g
(−0·2 to 1·9) and 0·0 g (−1·2 to 2·4) for F1, F2, GP, EGP, SW,
OPC, OP, granola, oats and BF, respectively. Median DFR
values for sugar in F2 and granola were significantly greater
than other categories of cereal (Fig. 3(c)). F2 and OPC val-
ues for sugar were significantly higher than their counter-
parts F1 and OP, respectively.

Median DFR values for fat were broadly consistent
across all cereal categories, apart from granola
(Fig. 3(d)). Total fat DFR did not differ significantly
between F1, F2, OP and BF groups (Fig. 3(d)). Median
(and range of) values were 0·1 g (−0·2 to 0·6), 0·1 g
(−0·1 to 0·4), 0·1 g (−0·5 to 1·2), 0·3 g (−1·2 to 2·6), 0·4 g
(0·6 to 1·8), 0·2 g (−0·5 to 1·6), 0·1 g (−0·3 to 0·6), 15·2 g
(−7·2 to 80·9), 1·6 g (−1·4 to 12·18) and 0·0 g (−0·6 to
1·1) for F1, F2, GP, EGP, SW, OPC, OP, granola, oats and
BF, respectively. Granola showed the largest range of val-
ues for DFR for total fat, with the median value being sig-
nificantly higher than all other categories (Fig. 3(d)).

Saturated fat DFR did not differ significantly between F1,
F2, GP, OP and BF groups (Fig. 3(e)). Median (and range
of) DFR values for saturated fat were 0·0 g (0·0 to 0·1), 0·0 g
(0·0 to 0·1), 0·0 g (−0·1 to 0·2), 0·1 g (−0·2 to 0·5), 0·1 g (−0·1
to 0·3), 0·1 g (−0·2 to 0·8), 0·0 g (−0·1 to 0·2), 0·2 g (−0·1 to
0·8), 0·2 g (−0·2 to 1·7) and 0·0 g (−1·2 to 0·3) for F1, F2, GP,
EGP, SW,OPC, OP, granola, oats and BF, respectively. Oats
and granola had the highest median DFR values for satu-
rated fat, and while there was no significant difference
between these groups, both were significantly higher than
the other cereal categories (Fig. 3(e)).

Similar to other categories, granola had the highest DFR
for protein with a median (and range of values) of 6·2 g
(−0·2 to 17·92) (Fig. 3(f)). Values for other categories were
0·5 g (−1·4 to 4·4), 0·8 g (−1·0 to 3·2), 0·4 g (−1·9 to 4·9), 0·6
g (−2·4 to 5·3), 2·6 g (−3·4 to 11·0), 0·7 g (−1·6 to 5·3), 0·4 g
(−1·9 to 3·7), 2·4 g (−2·1 to 17·9) and 0·0 g (−3·4 to 6·8) for
F1, F2, GP, EGP, SW, OPC, OP, oats and BF, respectively.
SW and oats displayed similar values and both differed sig-
nificantly to other cereal groups (Fig. 3(f)).

National Diet and Nutrition Survey highlights cereals as
being an important source of fibre for all age groups(9) and
hence consuming more than the RSS may have some
advantages, especially if this leads to increased consump-
tion of nutrients such as fibre. There was no significant dif-
ference in the DFR for fibre between F1, F2, GP, EGP and
OP (Fig. 3(g)). Median (and range of) values were 0·2 g
(−0·6 to 1·9), 0·4 g (−0·4 to 1·4), 0·5 g (−2·2 to 5·8), 0·5 g
(−2·3 to 5·0), 3·1 g (−4·0 to 13·0), 0·3 g (−0·8 to 2·5), 0·1
g (−0·5 to 1·1), 3·5 g (−1·7 to 14·4) and 0·0 g (−0·3 to
0·84) for F1, F2, GP, EGP, SW, OPC, OP, granola, oats,
and BF, respectively. Median values for SW and oats did
not differ significantly. The DFR for fibre was significantly
higher in the granola group comparedwith all other catego-
ries (Fig. 3(g)).

Salt content of cereals is an important but often over-
looked aspect of their nutritional profile. Indeed in 2019
Action on Salt revealed that out of seventy-seven cereals
analysed, one had salt content> 1·5 g/100 g, and sixty-five
contained a salt content between 0·3 and 1·5 g/100 g(29). An
increased portion size (v. the RSS) would lead to greater
consumption of salt. In our analysis, median (and range
of) values for salt DFR were 0·1 g (−0·2 to 0·7), 0·2 g
(−0·2 to 0·6), 0·0 g (0·0 to 0·0), 0·1 g (−0·2 to 0·5), 0·2 g
(−0·2 to 0·7), 0·1 g (−0·2 to 0·5), 0·1 g (−0·3 to 0·5), 0·0 g
(0·0 to 0·0), 0·0 g (0·0 to 0·0) and 0·0 g (0·0 to 0·0) for F1,
F2, GP, EGP, SW, OPC, OP, granola, oats and BF, respec-
tively. Categories F1, EGP, OPC, OP and granola did not
differ significantly from each other (Fig. 3(h)). In compari-
son with other nutrients, granola and oats had the lowest
DFR for salt. SW and F2 had the highest DFR values for salt.
Collectively, our data show that regular consumers of cer-
eal overserve, with more dense cereals such as SW, granola
and oats being the most difficult to portion accurately. As a
result of increased portion sizes, the impact on energy and

Fig. 2 (colour online) Freepour and difference between free-
pour and RSS. Freepour (a) and difference between freepour
and RSS (b). Data shown as median ± range. n 169 for 10
BC. The dashed line in Fig. 1a represents median portion size
of 30 g (based on our cereal sample). Categories with unlike let-
ters were significantly different (P< 0·001). F1, flaked 1; F2,
flaked 2; GP, gun puffed; EGP, extruded gun puffed; SW,
shredded wholegrain; OPC, oven-puffed coloured; OP, oven
puffed; BF, biscuit formation
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Fig. 3 (colour online) Differences in potential nutritional intake based on participants freepour. Data shown as median ± range. n 169
for 10 BC. Energy (a), total carbohydrate (b), sugar (c), fat (d), saturated fat (e), protein (f), fibre (g), and salt (h). F1, flaked 1; F2, flaked
2; GP, gun puffed; EGP, extruded gun puffed; SW, shredded Wholegrain; OPC, oven-puffed coloured; OP, oven puffed; BF, biscuit
formation. Categories with unlike letters were significantly different (P< 0·001)
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nutrition content is also substantial and varies depending
on the type of BC consumed.

Discussion

The present study aimed to establish if different types of BC
were associated with differing portion sizes. Our study has
demonstrated that our study population overserved the
majority of BC types tested, with denser BC being over-
served to a greater degree than less dense varieties.

Previous studies had shown that individuals had a ten-
dency to pour larger portions than the RSS(20,23). However,
limitations to these studies were that they had only com-
pared portions of flaked BC and therefore the findings could
not be applied to other types of BC. SACN(30) published that
there was a tendency for high-fibre BC to be overconsumed;
however, only two categories were compared. In our analy-
sis, the majority of BC appeared to be overserved regardless
of the type of BC. The exception to this was the pre-
portioned BF category, indicating that they were easier to
portion. However, the degree of over-portioning tended
to be associated with the physical characteristics of the
BC, consistentwith previous literature showing the influence
of physical properties of food on portion size(27,28). To
improve portion size awareness, the size of a portion should
become more prominent on packaging and there should be
standardisation across types of BC. Alternatively, CEEREAL
should consider updating the suggested RSS to reflect a
realistic portion size, which would subsequently change
the traffic light nutritional information often found on the
front of the pack. Unrealistic portion sizes may mislead
the consumer to perceive a product as nutritious, leading
to larger portion sizes(31) and although Public Health
England (10) included BC in their sugar reduction pro-
gramme, government policy should place more pressure
onmanufacturers of high-energy dense BC, such as granola,
to reformulate products to improve their nutritional value.

Differing densities of BC may explain some of the find-
ings in our study. CEEREAL(22) considers product densities
when proposing the RSS. Figure 3 showed that the smallest
median DFR in weight after BF originated from BC includ-
ing OP, OPC, GP and EGP, as well as F1, all of which were
the less dense types of BC. It appeared that the participants’
tendency to overserve had less of an impact on serving
weight with these types of cereal. In contrast, denser cer-
eals such as granola, SW and oats had a significantly larger
DFR indicating a greater degree of overserving and larger
portion sizes. Incorporation of air into products and hence
a reduction in density produces a decrease in energy con-
sumed(27). Two other studies also demonstrated how differ-
ing volumes of isoenergetic preloads influenced satiety in
men as a result of overestimating energy content(32,33).
These studies showed that there was a dissociation
between volume, weight and energy content, therefore
altering the individual’s perception of portion size. The

BC with a RSS of 30 g and a greater volume of air (GP,
EGP, OPC and OP) had a significantly smaller median
DFR suggesting a smaller difference between the manufac-
turers RSS and what the participants served themselves.
Collectively, this may suggest that reducing the density of
cereal may be an effective way to decrease energy intake.

Portion size is an important determinant of energy
intake and given that all but one types of BC tested lead
to a degree of overserving, we examined the impact this
had on energy and macronutrient intake. Previous litera-
ture has demonstrated that when portion size increases,
energy intake increases significantly and is sustained over
subsequent days, that is, no compensation(34). In our analy-
sis, granola had the largest freepour measure and was also
the most energy dense. Consequently, this led to a large
DFR of energy, supporting previous research showing that
high-energy dense foods have the largest effect on energy
intake(34). SW and oats are less energy dense and had a sig-
nificantly smaller DFR for energy than granola. The signifi-
cance of these observations can be seen when comparing
our findings to the government recommendations from the
One You campaign, specifically the advice that breakfast
should provide approximately 400 kcal(35). Our analysis
suggests that individuals regularly consuming the median
portion size for granola would be consuming approxi-
mately 490 kcal at breakfast per day, exceeding these rec-
ommendations. This does not include other food items
consumed at breakfast, such as milk on the cereal, which
would increase the energy intake further and contribute
to weight gain if this was not compensated for at other
mealtimes. Therefore, government policy should encour-
age companies manufacturing high-energy dense BC to
reformulate products to reduce energy density, as a result
of lack of portion size awareness. Research has shown that
energy density is not strongly associated with food choice;
therefore, reformulation may not influence market sales,
but increase health benefits(36).

In our study, the types of cereal F1, OP and BF were low
in fat, saturated fat and total sugar, but contained modest
amounts of protein and fibre. However, this same cannot
be said about categories such as F2, GP, EGP andOPC, espe-
cially considering sugar. As a single meal, breakfast contrib-
utes more to the daily intake of carbohydrate, total sugars
and less to total daily intake of protein, total fat, saturated
fat and fibre(37). Breakfast remains an important source of
micronutrients, especially in young children and less so in
adolescents(38). However, our finding that freepour mea-
sures were larger than the RSS is significant, and the impor-
tance of breakfast combined with the potential for a
significant source of sugar suggests that BC reformulation
should be taken seriously. For context, the median serving
for granola in our study would see an individual consumes
almost 14 g of sugar,with a similar observation seen in the F2
group (approximately 18 g/serving). If the median portion
size of granola was routinely consumed, it would likely have
negative implications on nutritional health as it may
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contribute to excess energy and sugar intake(39). There
needs to be substantial drive to reformulate breakfast prod-
ucts to improve their nutritional composition and contribu-
tion to overall nutrient intake.

Similar to sugar, salt content of cereal is also a cause for
concern and has been recently reported as such(29). Salt
intake remains an important public health nutrition target,
and as a nutrient has strong links to cardiovascular health,
specifically blood pressure(40). Indeed, the gradual reduction
of salt intake in the UK diet is speculated to be one of the
contributing factors to lower stroke and CHD mortality(41),
with salt content of BCdecreasing as part of the governments
incremental targets(42). The salt reduction targets published
in 2020(43) continue to include BC as a category, with new
targets that are lower than the previous recommendations
published in 2017. Thus, it is essential that cereal products
be reformulated to meet these new goals. In our study,
the cereals used had a wide range of salt contents, ranging
from<0·01 to 1·12 g/100 g. For children, reducing salt intake
can be a challenge, especially as previous studies have sug-
gested that while a low-salt BC can be consumed for up to 8
weeks, there is still no significant change in salt prefer-
ence(44). In contrast, low-salt interventions in adults of 5
and 12months durationdo lead to changes in salt preference
when trialled using various foodstuffs(45,46). For salt reduc-
tions to be effective in children, it would seem that improv-
ing educational awareness of the consequences of excessive
salt is more effective than simply reducing the salt content of
a product(47), and a combination of the two would have the
greatest impact on health. Combinedwith result fromAction
on Salt(29), our finding that all cereal categories were over-
served suggests there is considerable potential for consum-
ers to beunknowingly consumingmore salt at breakfast than
they are perhaps aware of.

Despite the negative consequences of overserving high-
lighted above, there is genuine potential for the overserv-
ing finding in our study to be exploited for public health
benefit. Overserving BC may contribute positively to an
individual’s health by increasing the consumption of carbo-
hydrates, fibre and protein, in addition to vitamins andmin-
erals that the cereal product was fortified with. For
example, the larger portions seen in SW, granola and oat
categories – while leading to higher amounts of energy
and sugar in the present study – could be used to increase
intake of fibre, protein and micronutrients if such products
were reformulated correctly. Considering fibre as an exam-
ple, current UK intakes are woefully inadequate with the
majority of every age group not meeting the revised target
of 30 g/d(9). Indeed, recent analyses have shown the impor-
tance of higher cereal fibre intake on markers of cardio-
vascular health such as lower waist-hip ratio(48), in
addition to being inversely associated with the prevalence
of diverticular disease(49) and inflammation(50). Thus, there
is scope to utilise the overserving effect seen in our study to
improve the population’s intake of nutrients such as fibre;
however, this requires input from manufacturers to

reformulate products accordingly, reducing energy density
of BC and simultaneously lowering salt and sugar.

There are important limitations to our study that warrant
discussion. Our study population was well-educated with
30 % of participants having achieved an undergraduate
degree or equivalent. A previous study has demonstrated
that educational level influences nutritional knowledge(51),
with additional work suggesting increased nutritional
knowledge positively influences dietary intake, usually of
fruits and vegetables(52), and is associated with a higher fre-
quency of breakfast consumption(53). Thus, further studies
should be performed in more diverse socio-economic
groups. Moreover, 68 % of participants were classified as
students. Studies have acknowledged that some students
have a less healthful lifestyle than the general popula-
tion(54). The time of day that participants completed the
study was not controlled, due to the project’s time con-
straints. This meant that the researchers could not control
the satiety and hunger of the participants, which may have
influenced portion size. Future studies are required to
determine how the portion size awareness of BC differs
in a fasted state, which is likely when individuals would
serve BC. It is also important to note that while our partici-
pants were familiar with all cereals used in the study, they
were not required to habitually consume each type of cer-
eal. Stipulating this as a requirement for the study would
have negatively impacted on recruitment and also intro-
duced more variation by removing the repeated measures
aspect of the study design. Lastly, it must be recognised that
the cereals analysed in our study do not fully represent the
variety seen within each type of BC category.

In conclusion, the present study contributes to existing
literature that consumers have a tendency to overconsume
BC. However, we show that this is not uniform across dif-
ferent cereal types and the degree of overserving varies
with the type of BC used. Granola, the most energy dense
BC, was associated with the least portion size awareness
and hence greatest degree of overserving. This lack of por-
tion size awareness may impact on nutritional health if rou-
tinely overserved, due to the high energy, fat and sugar
content. The present study supports previous work show-
ing that denser foods are associated with reduced portion
size awareness as a result of the dissociation between vol-
ume, weight and energy content. Government policy
should encourage manufacturers to update the RSS and
standardise portion size across cereals, as well as acknowl-
edge differences for adults and children. Product reformu-
lation should be encouraged to positively exploit the
overserving seen in our study.
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