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Abstract

The average reported dietary Na intake of children in Australia is high: 2694 mg/d (9–13 years). No data exist describing food sources of Na

in Australian children’s diets and potential impact of Na reduction targets for processed foods. The aim of the present study was to deter-

mine sources of dietary Na in a nationally representative sample of Australian children aged 2–16 years and to assess the impact of appli-

cation of the UK Food Standards Agency (FSA) Na reduction targets on Na intake. Na intake and use of discretionary salt (note: conversion

of salt to Na, 1 g of NaCl (salt) ¼ 390 mg Na) were assessed from 24-h dietary recall in 4487 children participating in the Australian 2007

Children’s Nutrition and Physical Activity Survey. Greatest contributors to Na intake across all ages were cereals and cereal-based products/

dishes (43 %), including bread (13 %) and breakfast cereals (4 %). Other moderate sources were meat, poultry products (16 %), including

processed meats (8 %) and sausages (3 %); milk products/dishes (11 %) and savoury sauces and condiments (7 %). Between 37 and 42 %

reported that the person who prepares their meal adds salt when cooking and between 11 and 39 % added salt at the table. Those over the

age of 9 years were more likely to report adding salt at the table (x2 199·5, df 6, P,0·001). Attainment of the UK FSA Na reduction targets,

within the present food supply, would result in a 20 % reduction in daily Na intake in children aged 2–16 years. Incremental reductions of

this magnitude over a period of years could significantly reduce the Na intake of this group and further reductions could be achieved by

reducing discretionary salt use.
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The link between high dietary Na intake and elevated

blood pressure in adults is well established(1,2). Lifetime

reduction in dietary salt intake is likely to reduce risk of

CVD(3). Recent evidence indicates that dietary Na can con-

tribute to higher levels of blood pressure during child-

hood(4). Throughout life, blood pressure follows a

tracking pattern, in which those children with elevated

blood pressure are more likely to have raised blood press-

ure as adults(5,6). These findings highlight the importance

of commencing salt reduction strategies during early life.

Furthermore, past studies have demonstrated the tracking

of dietary patterns from childhood to adolescence(7) and

adulthood(8), indicating that early exposure to highly

salted foods may increase the likelihood of these dietary

patterns continuing into adulthood.

In the most developed countries, dietary Na in adults

and children exceeds dietary recommendations(9). The

majority (75–80 %) of dietary Na is derived from salt

added to processed foods(10). To reduce population salt

intake, Na needs to be reduced in the food supply, through

the manufacture of lower-Na foods(9,11,12). The UK has

been at the forefront of this approach, wherein 2006, the

Food Standards Agency (FSA) released voluntary Na

reduction targets for food products(13). These targets

were developed to encourage food manufacturers to

reduce Na levels in a range of processed foods to aid in

the progression towards reducing population salt intake

to 6 g/d(13). This approach has been successful in the UK

where since the release of the Na reduction targets in

2006, the daily salt consumption in adults has fallen from

9·5 g in 2001 to 8·6 g in 2008(14). In Australia, in April

2010, voluntary Na reduction targets were released for

both bread and breakfast cereals(15). Unlike the UK, a com-

prehensive list of Na reduction targets for a range of pro-

cessed foods is not yet available in Australia. The

Australian Division of World Action on Salt and Health is

working towards the development of Na reduction targets

for other processed foods. An overall aim of the Australian
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Division of World Action on Salt and Health is to

reduce Australian adults’ daily salt intake to 6 g (Na

2300 mg) by 2012(16).

The most recent data available examining dietary Na

intake in Australian children are from the 2007 National

Children’s Nutrition and Physical Activity Survey

(CNPAS)(17). Findings from this survey indicate that, similar

to other developed nations such as the UK(18) and the

USA(19), Australian children are consuming high levels of

dietary Na, with average daily intakes (excluding discre-

tionary use of salt at the table or in cooking) of 1675 mg

(salt 4·2 g), 2161 mg (salt 5·4 g), 2694 mg (salt 6·7 g) and

3161 mg (salt 7·9 g) in 2–3 year olds, 4–8 year olds, 9–13

year olds and 14–16 year olds, respectively(17). In Australia,

the National Health and Medical Research Council rec-

ommends an adequate daily Na intake of 200–400 mg

(salt 0·5–1·0 g), 300–600 mg (salt 0·75–1·5 g), 400–800 mg

(salt 0·5–2·0 g) and 460–920 mg (salt 1·2–2·3 g); and an

upper limit of 1000 mg (salt 2·5 g), 1400 mg (salt 3·5 g),

2000 mg (salt 5 g) and 2300 mg (salt 5·75 g), in children

aged 2–3, 4–8, 9–13 and 14–18 years, respectively(20).

With comparison to these recommendations, it is evident

that children’s Na intake is excessively high and public

health policy to reduce dietary Na intake in children is

urgently required.

In order to reduce Na intake in children, it is necessary

to identify the major sources of Na in children’s diets. In

the present study, we utilised data from the 2007 CNPAS

to identify the major dietary sources of Na in children’s

diets, the frequency of discretionary salt use and associated

demographic characteristics in Australian children aged

2–16 years. Additionally, we applied the most recently

revised 2012 UK FSA Na reduction targets to Australian

food products to investigate the effect these targets have

on Na intake in Australian children.

Subjects and methods

2007 Australian National Children’s Nutrition and Physical
Activity Survey

The full details of the methodology used in the CNPAS

have been previously reported(21). A brief overview of

the methodology relevant to our analysis is described in

a later section. Participants were recruited using a multi-

stage quota sampling framework. The initial target quota

was 1000 participants for each of the following age

groups: 2–3, 4–8, 9–13 and 14–16 years, to which a 400

booster sample was later provided by the state of South

Australia. Postcodes were randomly selected as stratified

by state/territory and capital city/rest of state. Randomly

selected clusters of postcodes ensured an equal number

of participants in each age group, from each of the metro

and non-metro areas within each state. Random digit dial-

ling was used to invite eligible households, those with chil-

dren aged 2–16 years, within selected postcodes to

participate in the study. Only one child from each house-

hold could participate in the study. The response rate of

households was 40 %. Due to the non-proportionate

nature of the sampling framework, each participant was

assigned a population weighting which weighted for

age, sex and region. The study was approved by the

National Health and Medical Research Council registered

Ethics Committees of Commonwealth Scientific Industrial

Research Organisation and University of South Africa.

Data were collected at two time points, between February

and August 2007, the first consisting of a face-to-face inter-

view (computer-assisted personal interviewing) which was

followed by a telephone (computer-assisted telephone

interviewing) interview. A total of 4487 children completed

all the components of the survey. Only data from the

computer-assisted personal interview are included in this

analysis(22). Demographic data were collected for both the

participating child and the primary caregiver. A three-pass

24 h dietary recall was used to determine all food and bev-

erages consumed from midnight to midnight on the day

before the interview. The three-pass method includes the

following stages: (i) provide a quick list of all foods and bev-

erages, (ii) a series of probe questions relevant to each quick

list item to gather more detailed information such as portion

size and brand name and (iii) finally, a recall review to vali-

date information and make any necessary adjustments(21).

Portion sizes were estimated using a food model booklet

and standard household measures. Na intake, along with

other nutrients, was calculated using the Australian nutrient

composition database AUSNUT 2007, specifically developed

by the Food Standards Australia and New Zealand for the

CNPAS(23). Each food and beverage item recorded was

matched to an eight-digit food code, which corresponded

to a set of nutrient data. Each eight-digit food code was

derived from a five-digit food code that represented

‘minor’ food categories. Each minor food category falls

under a three-digit sub-major food category, which then

falls within a two-digit major food category. A detailed list

of the food group classification system can be found in the

CNPAS user guide(21).

In addition, the participants completed a food habits

questionnaire, which included two questions relating to

discretionary salt use: ‘Does the person who prepares

your meal add salt when they are cooking?’ and ‘Do you

add salt to your meal at the table?’ Participants could

respond yes, usually; yes, sometimes; no; or I do not

know. Both the 24 h dietary recall and food habits ques-

tionnaire were conducted with the primary caregiver of

participants aged 9 years and under, and with the study

child in those participants aged 9 years and over. The pri-

mary caregiver was encouraged to be present for all the

interviews. In the case where children under the age of

9 years were away from the home, a ‘caregiver form’ was

provided to the alternative carer to record dietary intake

over the recall period. This information was added to the

dietary recall during the interview(21).
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Data analysis

Food sources of sodium. The CNPAS food group coding

system(21) was used to calculate the contribution of Na

from major, sub-major and minor food groups. The contri-

bution of each major, sub-major and minor food group to

daily Na intake was calculated using the following formula:

% of Na from food group¼ðsum of Na from food group

ðmgÞ=total sumof Na from all foods ðmgÞÞ£100:

The food group contribution calculations were pre-

formed separately for each age group, 2–3, 4–8, 9–13

and 14–16 years, with population weightings applied.

Application of sodium reduction targets. The FSA

revised 2012 Na reduction targets(24) were used as a bench-

mark to determine the percentage reduction of Na content

required in Australian food products for them to comply

with the FSA targets. Within the UK’s FSA targets, sub-

categories have been assigned either a maximum or an

average target level of Na permitted per 100 g of food.

Where possible we have utilised the average level targets

in preference to the maximum levels set. It should be

noted that the recently set Na target for Australian bread

by the end of 2013 is identical to the target set by the

FSA for regular breads and bread rolls (i.e. 400 mg/

100 g)(15). The Australian Na reduction target for breakfast

cereals differs from the UK system, in that a 15 % reduction

in the Na content of ready-to-eat breakfast cereals has been

set, rather than a Na content level in mg/100 g. The 15 %

reduction applies only to those breakfast cereals that

exceed 400 mg of Na per 100 g(15). For consistency in this

analysis, we have utilised the FSA targets.

To calculate the average Na content (mg/100 g) of

Australian food products, the sum of Na provided by all

foods consumed within either a sub-major or a minor

food category was divided by the sum of g of food con-

sumed within that sub-major or minor food category, mul-

tiplied by 100. These calculations were preformed on the

full dataset (n 4487), with population weightings applied.

Na reduction targets were applied to those food cat-

egories which contain processed foods where reductions

in Na levels can be achieved; this accounted for eleven

of the twenty-two major food group categories. It was

not suitable to apply Na targets within the other eleven cat-

egories as these include fresh foods and those with mini-

mal levels of Na, for example, non-alcoholic beverages,

fruit products and dishes and sugar products and dishes.

The selected eleven major food categories were further

broken down into sub and minor categories to determine

if an appropriate FSA target could be matched to the

Australian food category. It was not possible to assign cer-

tain categories with an FSA target due to differences

between the Australian food group classification system

and that used by the FSA. To avoid missing these

categories, for which FSA has targets for but do not

match to the Australian categories, we applied a ‘blanket’

25 % reduction. For example, although the FSA has set a

target for a range of different types of savoury sauces,

these could not be applied to Australian food categories

as too much variation exists between the two classification

systems. As this category consists of high-Na food items

which contribute significantly to Na intake, hence we

applied a 25 % ‘blanket’ target to these categories. We

chose 25%, as it has been previously demonstrated that

at this level, no change in taste of the food products is

detected by the consumer(25). Furthermore, this is the

level recommended by Australian Division of World

Action on Salt and Health to reduce the level of salt in

food products and within the catering industry(16).

To calculate the percentage reduction required in Na

content of each food group category to meet the FSA

target, the following formula was used:

% reduction in Na content to meet FSA target

¼ ðestimated mean Na content of Australian food

category ðmg=100 gÞ 2 FSA Na reduction

target ðmg=100 gÞ=estimated mean Na content of

Australian food category ðmg=100 gÞÞ £ 100:

The percentage reduction was then applied to the mean

Na intake coming from each food group category for each

age group to calculate the new mean daily Na intake.

Assessment of under-reporting. To assess the validity

of reported energy intake (EI) at the group level, the EI:es-

timated BMR ratio was calculated for each age group, using

Schofield equations(26), and compared to the appropriate

Goldberg cut-off (1·52)(27,28). At the group level, the calcu-

lated EI:estimated BMR was 1·67, 1·77, 1·55 and 1·49 in

2–3, 4–8, 9–13 and 14–16 year olds, respectively. This

indicates a small degree of under-reporting at the group

level in 14–16-year-old participants. To assess the level

of over-reporting, we calculated the percentage of partici-

pants whose EI exceeded three standard deviations from

the mean EI for their age group. On average, only 1 % of

the participants were classified as over-reporters. In the

present analysis, no participants were excluded on the

basis of under- or over-reporting.

Statistical analysis

The frequency of participants, in each age group, reporting

discretionary salt use was calculated using descriptive stat-

istics. We used the highest level of education attained by

the primary carer as a marker for socio-economic status

(SES). Based on this, the participants were grouped into

one of the three categories of education attainment:

(i) high, includes those with a university/tertiary qualifica-

tion; (ii) mid, includes those with an advanced diploma,

diploma or certificate III/IV or trade certificate; and
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(iii) low, includes those with some or no level of high

school education. Significant relationships between categ-

orical variables were determined using x 2 analysis. A P

value of ,0·05 was considered significant. Data and stat-

istical analyses were performed with PASW version 17

(PASW, Inc., Chicago, IL, USA) and Microsoft Excel (Micro-

soft Corporation, Redmond, WA, USA).

Results

Food sources of sodium

The relative contribution of each major food group to total

daily Na intake in children by age group is shown in Fig. 1.

Across all age groups, the greatest contributor to Na intake

was cereals and cereal products, accounting for over 20 %

of intake. Other major sources, contributing to more than

10 % of intake across most age groups, are cereal-based

products and dishes; meat, poultry and game products;

and milk products and dishes. The contribution of each

major food category to Na intake was relatively similar

across all age groups. Except for cereal-based products

and dishes, which accounted for a greater contribution to

Na intake in older children; and milk products and

dishes, which accounted for a greater contribution to Na

intake of children in the younger age groups.

Table 1 lists those major, sub-major and minor food

categories that contributed to more than 2 % of daily Na

intake in any age group. Within the cereals and cereal pro-

ducts category, regular breads and bread rolls contributed

the greatest proportion to Na intake across all age groups

(12–15 %). Pastries contributed between 3 and 6 % of Na

intake across age groups and tended to increase with

age. Within the meat, poultry and game products and

dishes, processed meat made the greatest contribution to

Na intake ranging from 7 to 9 %, followed by sausages,

frankfurts and saveloys accounting for 2–3 %. Both dairy

milk (3–7 %) and cheese (4–7 %) contributed the most Na

within the milk products and dishes. Other moderate

sources of Na across all age groups were gravies and savoury

sauces (5–8 %), soup (2–3 %) and snack foods (2–4 %).

Application of Food Standards Agency sodium
reduction targets

Of the 263 minor food categories that were investigated

within the eleven major categories, an appropriate FSA

target could be applied to eighty-five of the minor food cat-

egories. The 25 % ‘blanket’ reduction was applied to an

additional eighty-one minor food categories. The remain-

ing ninety-seven minor food categories that were not

assigned a Na reduction target included fresh food items

and those with negligible Na levels. These included rice

and grains (n 6), vegetable oils (n 6), fresh fish and sea-

food (n 5), fresh meat and poultry (n 13), milk, yoghurt

and cream (n 45), vegetables (n 17), herbs, spices and

sweeteners (n 5).

Table 2 shows those Australian food categories that were

assigned either an FSA Na reduction target or a blanket

25 % reduction target. For the ease of reporting rather

than listing all (166) minor food categories, this has been

condensed, so that those minor food categories within a

sub-category that were all assigned the same target are

only presented once as the sub-category.

Six Australian food groups were found to have an esti-

mated Na content level already lower than that of the pro-

posed FSA target; these included sweet breads, buns and

scrolls; sweet breads, buns and scrolls, fortified; breakfast

cereal, hot porridge type; cheese, natural, traditional;
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Fig. 1. Sources of Na from major food groups in Australian children aged 2–16 years (n 4487). , 2–3 years, n 1071; , 4–8 years, n 1216; , 9–13 years,

n 1110; , 14–16 years, n 1090.
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potato products (e.g. potato chips wedges and hash brown)

(Table 2). Therefore, for each of these food groups, no

adjusted calculation was made, as this would have resulted

in an increase in mean Na intake from these food groups.

The percentage reduction in Na required to meet the

proposed FSA targets varied considerably among food

groups, ranging from 9 to 64 %. The majority of food

groups (75 %) require reductions of greater than 20 % in

Na to reach the proposed FSA target. Those minor food

groups that require the greatest reductions (.40 %) are

sweet pastry products, tarts and flans (49 %), sweet pastry

products, pies, slices and Danishes (42 %), sausage

(41 %), bacon (40 %), ham (57 %), processed delicatessen

meat, red (43 %), all processed and fresh cheeses

(40–64 %) and canned condensed soup (64 %). Application

of the proposed Na reduction targets results in the follow-

ing changes in mean daily Na intake (mg) to each of the

age groups: 2–3 years, 1674–1347 (salt 4·2–3·4 g); 4–8

Table 1. Main food sources of sodium from major, sub-major and minor food categories in 2–16-year-old Australian children (food group categories
that contribute . 2·0 % of sodium to daily intake across any age group are included, n 4487)

Age group (years)

Food group name 2–3 (n 1071) 4–8 (n 1216) 9–13 (n 1110) 14–16 (n 1090)

Non-alcoholic beverages 1·1 1·4 2·2 2·2
Cereals and cereal products (total %) 23·2 23·1 20·8 20·2

Regular breads and bread rolls 14·9 15·0 12·5 12·3
Breads and bread rolls, white 6·0 7·0 7·0 7·0
Breads and bread rolls, mixed grain 2·4 1·7 1·4 1·6
Breads and bread rolls, wholemeal 3·1 2·3 1·7 1·4

English style muffins, flat breads and savoury sweet biscuits 2·2 2·4 2·3 2·7
Breakfast cereals and bars, unfortified and fortified varieties 4·7 4·2 4·3 3·8

Breakfast cereal, wheat based, fortified 1·6 1·2 0·9 0·9
Cereal-based products and dishes (total %) 14·9 18·9 22·3 23·6

Sweet biscuits 1·5 1·3 1·1 1·1
Savoury biscuits 2·8 2·6 2·1 1·6
Cakes, buns, muffins, scones, cake-type desserts 2·0 2·6 2·3 2·3

Cakes, cake mixes 1·2 1·6 1·1 1·3
Pastries 3·0 4·0 5·3 5·9

Savoury pastry products, pies, rolls and envelopes 2·1 3·5 4·5 5·0
Mixed dishes where cereal is the major ingredient 4·0 6·8 9·4 11·3

Pizza 0·9 2·1 3·0 4·2
Sandwiches and filled rolls (where recipe not known) 0·3 0·6 1·5 1·9
Hamburgers 0·2 1·3 1·8 2·0
Savoury pasta or noodle and sauce dishes 1·9 1·8 1·7 1·3

Batter-based products 1·5 1·6 2·0 1·4
Fats and oils 1·9 1·6 1·1 1·1
Fish and seafood products and dishes 1·8 1·7 1·6 1·3
Meat, poultry and game products and dishes (total %) 13·8 17·1 15·2 15·4

Sausages, frankfurts and saveloys 3·1 3·1 3·2 2·0
Sausage 2·4 2·3 2·3 1·4

Processed meat 6·5 9·2 6·6 7·4
Bacon 0·8 1·6 1·6 2·2
Ham 4·1 5·0 3·0 3·2
Processed delicatessen meat, red 1·5 2·3 1·5 1·5

Mixed dishes where poultry or game is the major component 1·9 2·8 2·5 2·9
Poultry or game crumbed, battered, meatloaf or patty type 1·6 2·3 1·7 2·0

Milk products and dishes (total %) 17·2 11·8 9·4 8·9
Dairy milk 7·3 4·2 3·6 3·0

Milk, cow, fluid, regular whole, full fat 5·8 2·8 2·1 1·8
Yoghurt 1·7 0·9 0·5 0·5
Cheese 7·1 5·3 3·8 4·0

Cheese, natural, traditional 4·2 3·0 2·5 2·9
Soup (total %) 2·0 2·6 3·3 2·8

Soup (prepared, ready to eat) 1·9 2·3 3·0 2·5
Savoury sauces and condiments (total %) 6·5 5·5 8·1 8·4

Gravies and savoury sauces 5·7 4·8 7·5 7·5
Savoury sauces 3·7 3·1 4·8 5·0

Vegetable products and dishes (total %) 3·0 3·0 3·7 4·3
Potatoes 1·2 1·6 2·0 2·3

Snack foods (total %) 2·0 3·6 3·5 2·9
Potato snacks 0·8 1·6 1·9 1·8

Potato crisps 0·8 1·6 1·9 1·7
Miscellaneous (total %) 8·2 5·8 5·6 5·1

Yeast, vegetable and meat extracts 3·7 2·5 1·6 1·4
Herbs, spices, seasonings and stock cubes 4·5 3·3 4·0 3·6

Salt 3·3 2·6 3·3 2·8
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Table 2. Application of sodium reduction targets to Australian food categories

Australian food category name
Mean Na content

(mg/100 g)
FSA Na content target

(mg/100 g)
% Reduction in Na

to reach target

Cereals and cereal products
Regular breads and bread rolls (plain/unfilled/untopped varieties) 482 400 17
English-style muffins, flat breads and savoury sweet breads

English-style muffins 476 300 37
Flat breads (e.g. pita bread) 467 400 14
Savoury filled or topped breads and bread rolls 664 480 28
Savoury filled or topped breads and bread rolls 659 480 27
Sweet breads, buns and scrolls 226 300 –33
Sweet breads, buns and scrolls, fortified 273 300 –10
Tortilla, taco shells and corn bread 466 400 14
Breakfast cereals and bars, unfortified and fortified varieties 385 270 30
Breakfast cereal, hot porridge type 28 270 –859

Cereal-based products and dishes
Sweet biscuits 296 270 9
Savoury biscuits 755 550 27
Cakes, buns, muffins, scones, cake-type desserts 323 200 38
Pastries

Pastry, croissant 335 300 10
Sweet pastry products, tarts and flans 254 130 49
Sweet pastry products, pies, slices and Danishes 225 130 42
Savoury pastry products, tarts and flans 378 300 21
Savoury pastry products, pies, rolls and envelopes 538 450 16

Mixed dishes where cereal is the major ingredient 425 25 % Reduction 25
Batter-based products 489 300 39

Fats and oils
Butters 531 25 % Reduction 25
Dairy blends 434 25 % Reduction 25
Margarine and table spreads 510 25 % Reduction 25

Meat, poultry and game products and dishes
Sausages, frankfurts and saveloys

Sausage 763 450 41
Frankfurts and saveloys 758 650 14

Processed meat
Bacon 1901 1150 40
Ham 1507 650 57
Processed delicatessen meat, red 1140 650 43
Processed delicatessen meat, white 748 600 20
Canned processed meat 1055 650 38

Mixed dishes where beef, veal or lamb is the major component 193 25 % Reduction 25
Mixed dishes where pork, bacon or ham is the major component 283 25 % Reduction 25
Mixed dishes where poultry or game is the major component 354 25 % Reduction 25

Milk products and dishes
Cheese

Cheese, natural, traditional 676 720 27
Cheese, natural, reduced fat and fat modified 567 720 227

Cheese, cottage and cheese, cottage, low fat 277 220 21
Cheese, cream and cheese, cream, reduced fat 575 220 62
Cheese, processed 1331 800 40
Cheese, processed, reduced fat 1440 800 44
Cheese, processed, fortified 1368 800 42
Cheese, camembert, brie 605 220 64

Soup
Soup (prepared, ready to eat) 257 230 10
Dry soup mix 1883 25 % Reduction 25
Canned condensed soup (unprepared) 645 230 64

Savoury sauces and condiments 783 25 % Reduction 25
Vegetable products and dishes

Potatoes
Potato products (e.g. potato chips wedges and hash brown) 162 195 221

Snack foods
Potato snacks 674 550 18
Corn snacks 523 25 % Reduction 25
Extruded or reformed snacks 1038 750 28
Pretzels 1980 25 % Reduction 25
Other snacks 867 25 % Reduction 25

Miscellaneous
Yeast, vegetable and meat extracts 2958 25 % Reduction 25
Herbs, spices, seasonings and stock cubes

Salt 37 038 25 % Reduction 25
Stock cubes and seasoning 16 920 25 % Reduction 25
Stock, prepared 375 25 % Reduction 25

FSA, Food Standards Agency.
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years, 2160–1705 (salt 5·4–4·3 g); 9–13 years, 2678–2135

(salt 6·7–5·3 g); 14–16 years, 3132–2503 (salt 7·8–6·3 g).

The greatest reductions in daily Na intake would be in

those children within the older age groups, 629 mg/d

(salt 1·6 g/d) and 543 mg/d (salt 1·4 g/d) in 14–16 and 9–

13 year olds, respectively, compared to 327 mg/d (salt

0·8 g/d) and 455 mg/d (1·3 g/d) in 2–3 and 4–8 year olds,

respectively. However, as daily Na intake increases with

age this would equate to a similar percentage reduction in

mean Na intake across all age groups: 20, 21, 20 and 20 %

in 2–3, 4–8, 9–13 and 14–16 year olds, respectively. Fig. 2

displays the difference these reductions would make to the

percentage of children exceeding the recommended daily

upper limit of Na. The application of the proposed Na

reduction targets results in 15, 20, 21 and 17 % fewer children

aged 2–3, 4–8, 9–13 and 14–16 years, respectively, exceed-

ing the daily upper limit of Na for that age group.

Discretionary salt use

Approximately, 40 % of the participants from all age groups

reported that the person who prepares their meal either

usually or sometimes adds salt when cooking (Fig. 3(a)).

There was no significant difference between age group

and salt added during cooking (Pearson x 2 7·6, df 6,

P¼0·266). In contrast, there was a significant relationship

between the age group and participants’ own use of

table salt. As participants aged, they were more likely to

add salt at the table (Pearson x 2 199·5, df 6, P,0·001).

Of participants, 11, 25, 37 and 39 % aged 2–3, 4–8, 9–13

and 14–16 years, respectively, reported adding salt to

their meal at the table usually or sometimes (Fig. 3(b)).

With regards to SES, there was no association between

SES and salt added during cooking (Pearson x 2 3·87, df

4, P¼0·425) (data not shown). There was a significant

association between SES and salt added at the table (Pear-

son x 2 42·53, df 4, P,0·001). Of participants, 33, 32 and

25 % grouped as low, mid and high SES, respectively,

reported usually adding salt to their meal at the table

usually or sometimes.

Discussion

This is the first study to examine the major sources of diet-

ary Na in Australian children. We found the greatest contri-

butors to Na intake were cereals and cereal-based

products/dishes (43 %), meat poultry and game products

(16 %), milk products/dishes (11 %) and savoury sauces

and condiments (7 %). Our findings are similar to those

reported in other industrialised countries(29).

Findings from our analysis indicate that the adherence to

the 2012 FSA Na reduction targets to Australian food pro-

ducts would lower the average Na intake of 2–16 year

old Australian children by 20 %. This is a significant

reduction and if applied incrementally over the next 10
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years could result in a significant reduction in Na intake

and bring intakes closer to recommended levels. Gradual,

incremental reductions in the salt content of processed

foods can be achieved without consumers detecting the

reduction(25). Since the FSA began its salt reduction strategy

in 2003/2004, which included the release of the Na

reduction targets for food products in 2006, daily salt con-

sumption in adults has fallen from 9·5 g in 2001 to 8·6 g in

2008(14). Although adults are still consuming high levels of

salt that are exceeding dietary recommendations, this

decrease represents a positive change in the trend from

previously increasing salt intakes(11). The success of the

FSA Na reduction targets is also seen within the changing

food supply, where on average, the Na content has been

reduced by 20–30 %(11). Other countries are now taking

action with respect to salt reduction(30–32).

Based on the UK FSA model, the USA and Canada have

developed similar Na reduction targets which specify the

level of Na (mg/100 g) permitted across a range of pro-

cessed foods(30,32). In comparison, Australia is lagging

behind in the development of comprehensive Na reduction

targets. In April 2010, Australia’s Food and Health Dialogue

released targets for bread (400 mg/100 g) and breakfast

cereal(15). In contrast to the UK model, the target for break-

fast cereal is based on a percentage reduction level (i.e.

15 %), applying only to those cereals where Na levels

exceed 400 mg/100 g. In the present analysis, we have cal-

culated that for Australian breakfast cereals to comply with

the FSA target a 30 % average reduction in Na content is

needed. The range of Na levels across Australian breakfast

cereals is large, varying from 4 to 1063 mg/100 g(33). The

application of a 15 % reduction to those cereals at the top

of the range in Na levels would still promote the manufac-

ture of breakfast cereals with unacceptably high Na levels.

Thus, it is recommended that the Na reduction target for

Australian breakfast cereals be expressed in mg/100 g and

also be lowered in line with the UK target (average

270 mg/100 g; maximum 400 mg/100). Such a target will

achieve greater reductions in population Na intake and

allow for consistency in Na levels across food products,

encouraging a level playing field for food manufacturers.

Furthermore, targets set at levels in mg/100 g are more

useful for monitoring and evaluating Na levels over time.

We also found that salt is commonly added during cook-

ing and at the table and this has been estimated to contrib-

ute 15 % of total daily Na intake(10). Therefore, there is a

potential for further reductions to total Na intake if the

use of discretionary salt is reduced. Findings from the

Australian Division of World Action on Salt and Health

2008 consumer survey on parents’ attitudes to salt and chil-

dren revealed that over half (52 %) of respondents reported

that their children were consuming salty snacks, such as

chips and savoury biscuits, at least a few times a

week(34). Variation in salty taste perception and liking is

mostly caused by learned experiences rather than gen-

etics(35), exposure to salt in foods after the age of 2 years

results in a liking for salt in foods(36–38). Exposure to

foods containing salt provides a learning environment in

which children are familiarised with products that are

accepted in their specific dietary culture. As salt intake is

reduced, adults appear to prefer food with less salt(39),

and this is probably related to the adaptation of taste recep-

tors over the course of weeks to months(40). One study has

demonstrated that in children aged 12–13 years, those who

reported eating at fast food restaurants more than once a

month had a greater preference for salty foods(41). Salt

reduction campaigns targeting younger children and their

parents to reduce the use of discretionary salt could

result in a lifelong reduction in salt intake.

In the present analysis after the application of the Na

reduction targets, daily Na intake decreased by 327, 455,

543 and 629 mg (salt 0·8, 1·2, 1·4 and 1·6 g) in 2–3, 4–8,

9–13 and 14–16 year olds, respectively. These findings high-

light that incremental product reformulation of lower-Na

foods will significantly reduce children’s daily Na intake.

However, as intakes will still be above levels recommended

for health, this strategy should be combined with education

and behavioural interventions to achieve greater reductions.

Such interventions should aim to limit high-salt processed

foods, e.g. savoury snacks and processed meats, and replace

these with fresh foods which are low in salt.

The strength of the present study is that the data utilised

come from a large national survey. The complex sampling

methods employed in the CNPAS enabled the selection of

the best available sample of Australian children aged 2–16

years within eligible postcodes. However, the study also

has a number of limitations which should be considered

when interpreting the findings. First, for determining the

average Na content of Australian food products, our calcu-

lations were based on the foods that the participants had

eaten on the day of the survey and nutrient values obtained

from the nutrient composition database AUSNUT 2007(23).

No laboratory analyses were conducted to determine Na

values of food products and reported Na content was

used. In addition, in the CNPAS Na intake was determined

via 24-h dietary recall. This method fails to capture the

amount of Na coming from salt added at the table and

during cooking, and as such is likely to be an underestima-

tion of the true value of Na intake. Furthermore, we

acknowledge that there was a small degree of under-

reporting detected within the 14–16 year old age group.

However, given the aims of the present study and the

minor bias detected, it is unlikely that this would have

affected our overall results. We applied FSA Na reduction

targets to eighty-five minor Australian food categories

and a 25 % ‘blanket’ reduction on a further eighty-one

minor food categories. This method ensured that the

majority of processed foods that can be targeted in Na

reduction were included in our analysis. One exception

is canned vegetables, where due to the inclusion of both

canned and fresh varieties grouped together in the Austra-

lian food group classification system, it was not possible to
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place a Na reduction target on this category. The contri-

bution of vegetables (excluding potato) to Na intake in

this sample of Australian children was low (1·6 %). As

such it is unlikely that the omission of a target on this

food group would significantly alter our overall results.

In summary, we have demonstrated that the application

of Na reduction content targets on Australian food products

could reduce the average Na intake of Australian children

aged 2–16 years by 20 %. This would reduce the present

average Na intake, which is approximately 1·6 times the

upper daily limit to an average level that is 1·2 times the

upper level (currently 7·8 g salt for 14–16 year olds and

4·2 g salt for 1–3 year olds, excluding discretionary use

of salt at the table or during cooking) and would result

in approximately 20 % fewer children exceeding the daily

upper limit for Na. Although this 20 % may seem modest,

it is likely that with regular review and consultation with

the food industry, similar reductions could be achieved

every 2–3 years, which would result in most children fall-

ing below the upper limit. For Australia, the UK’s FSA tar-

gets provide a useful starting framework to guide

population-wide Na reductions. Our findings also indicate

that the reported frequency of discretionary salt is relatively

high among Australian children. To successfully reduce Na

intake, there is a need for salt reductions strategies to incor-

porate education campaigns that target both discretionary

salt use and consumption of high salt processed foods.

Successful implementation of these strategies will lead to

a population-wide reduction in salt intake which will ulti-

mately reduce rates of CVD.
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