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Background. Rising levels of hypertension and the associated non-communicable diseases (NCDs) are of global public health concern.
Evidence is emerging regarding the crucial role of sodium in regulating blood pressure in children. Processed foods high in fat, sugar or
sodium have been identified as a key contributing factor to childhood obesity and diet-related NCDs.

Objectives. To determine the true sodium content of processed foods frequently consumed by children aged 2 - 5 years in Tlokwe
Municipality in North-West Province, South Africa, and to determine whether the current sodium regulation (R214) includes high-
sodium foods frequently consumed by young children.

Methods. Frequently counsumed processed foods were identified using an unquantified food frequency questionnaire. Atomic absorption
spectrometry was used to determine the true sodium content of identified foods following microwave digestion.

Results. True sodium content was identified in 45 food products from 15 food categories. The majority of the products (86.7%) were
included in R214. The measured sodium content of products differed from what was reported on the nutrition information labels, with
differences ranging from 4.1% to 40.7%.

Conclusion. The majority of the food products consumed by children in this study are included in R214. These findings provide valuable

information to support future studies on a larger set of processed foods frequently consumed by young children.
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Globally, 41 million children under the age of 5 years were classified as
overweight or obese in 2016." Recent data show that 18.1% of South
African (SA) children aged 2 - 5 years are overweight.”! Overweight
and obesity significantly increase the risk of developing a number
of non-communicable diseases (NCDs), including hypertension.**

Hypertension in younger children used to be rare,”! but recent
research indicates an increase in the prevalence of childhood
hypertension.” Childhood hypertension significantly influences
end-organ damage,” which, in turn, can result in serious
cardiovascular illness or death.®! With rising hypertension levels,
this disease and its related NCDs are of global public health concern.
Recent research suggests that prehypertension and hypertension
rates among SA boys (6 - 8 years) are alarmingly high, especially
among the black population.®

Evidence increasingly points to the role of sodium in the regulation
of blood pressure in children.">!"! Blood pressure in childhood also
appears to be significantly associated with levels later in life.") The
increased accessibility, availability and affordability of processed
foods in SA are of concern, as these foods are generally considered
to be high in fat, sugar or salt.[!>!

The increase in hypertension among the SA population and
the risk associated with a high-sodium diet motivated the SA
Department of Health to introduce Regulation 214 (R214) of the
Foodstuffs, Cosmetics and Disinfectants Act No. 54 of 1972 in
2013. This regulation aims to reduce the sodium content of certain
processed foods and has been implemented in two phases, of which
the target dates for implementation were 30 June 2016 and 30 June
2019, respectively.!'”!

Limited information is available regarding the consumption of
processed foods by SA children between the ages of 2 and 5 years
and the sodium content of such foods, and it is unclear whether
R214 includes these foods. This study therefore aimed to identify the
processed foods frequently consumed by children between the ages
of 2 and 5 years, with specific focus on the sodium content of these
foods and the inclusion of the foods in the regulation.

Methods

Identifying frequently consumed processed foods

This cross-sectional study was conducted among children aged
2 - 5 years from Tlokwe Municipality, SA. As set out in the research
protocol, 24-hour dietary recall (24HDR) was used to compile a
population-specific electronic food frequency questionnaire (FFQ)
to determine which processed foods are frequently consumed by
the target population. A list of all the registered early childhood
development centres within the municipal region was compiled
and then mapped to ensure representation across the various
suburbs. A random sample of 40 facilities was subsequently selected,
representing all the suburbs. A convenience sample of parents or
caregivers who volunteered to take part in the study was drawn from
these facilities.

Dietary recall interviews (24 hours) were subsequently conducted
among parents and caregivers of the target age group in eight
facilities, randomly selected from the full complement of 40.
Dietitians and nutritionists from North-West University used
the 24HDR data to develop an electronic FFQ. Foods identified
from relevant literature!*'® were also included. Pretesting of the
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questionnaire involved interviewing 20
employees of North-West University
who represented the respondents of the
target population. This step was included
to determine whether participants would
understand the questionnaire and whether
relevant information would be collected.
The electronic FFQ was distributed to the
remaining 32 facilities for targeted data
collection. The development and testing of
the FFQ are discussed further elsewhere.['”
Frequently consumed foods were
classified as foods consumed at least three
times per week.!"® The identified food items
were entered into an electronic spreadsheet.

Identifying true sodium content of
processed foods

From the 24HDR data, three brands
(manufacturers) of a specified food product
were identified per food category. For each
brand in the identified food category, three
similar food products were purchased from
various supermarkets in Potchefstroom.
To ensure equivalence, products with
identical batch numbers and expiry dates
were chosen. The following food products
were excluded, as the study specifically
focused on the sodium content of processed
foods: composite meals (e.g. convenience
meals), baby food (e.g. feeding formula),
beverages (e.g. soft drinks), food products
without nutritional information listed on
the packaging (e.g. meat) and packaged
fresh produce (e.g. vegetables).

As the study focused on sodium-
contributing processed foods, only food
products for which the sodium content
was listed as >120 mg/100 g were analysed.
Foods with a sodium content <120 mg/100 g
are generally fresh produce rather than
processed foods, and were therefore
excluded.

Samples and preparation
Atomic absorption spectrometry (AAS) was
used to analyse the true sodium content of
the top quartile (top 25%) of the identified
frequently consumed processed foods.
Samples were prepared according to the
method of Greenfield and Southgate,!"
after which the foodstuffs were subjected
to microwave digestion (ETHOS EASY;
Milestone, Italy). The ETHOS EASY is
equipped with two 950 W magnetrons (for a
total power output of 1 900 W) and was used
to digest all food products according to the
appropriate protocol for each food matrix.!"”!
To ensure homogeneity of each composite
sample, all primary samples were first
blended separately and then together for
at least 3 minutes. Each composite product

sample was divided into three analytical
samples of ~0.5 g each (Fig. 1).

Certified standard reference material (peanut
butter (SRM2387) and typical diet (SRM1548a))
from the National Institute of Standards
and Technology (NIST, USA) was used as a
comparative control sample in the analysis of
each food sample. The average sodium content
(and associated standard deviation (SD)) of the
peanut butter reference was given as 4 890
(140) mg/kg. The average (SD) sodium content
of the typical diet reference material was stated
as 6 970 (125) mg/kg.

Sodium analysis and spectrometry
parameters

Sodium content was analysed using the
AAS technique as previously described
by Swanepoel et al,* in line with R214.
AAS signals were measured as absorbance
using a standard curve (absorbance
against concentration) based on standard
sodium solutions (concentration range:
1.0 - 5.0 mg/L). Standard solutions were
prepared each day before measurements.
Measurements of each analytical sample were
performed in triplicate. The linear equation
of the sodium calibration curve was unique
for each curve and formed part of the system
suitability test. The wavelength and slit width
were set at 330.3 nm and 0.5 nm, respectively.
An air/acetylene oxidising flame was used,
with an air flow of 13.5 L/min and an
acetylene flow of 2.0 L/min. The current
of the sodium lamp was set at 5.0 mA.
A deuterium lamp (D2) was used for
background corrections. The detection limit
of the method was calculated as 0.008 ppm,
determined by analysing seven replicates
of a low-sodium standard (0.5 mg/L) and
multiplying the SD of the seven replicates
by three. As mentioned, the sodium content
of all the food samples was estimated to be
between 1 and 5 ppm, which is well above the
detection limit; the limit of quantification
was determined to be 1 ppm.

Statistical analysis

All statistical analyses were performed in
Microsoft Excel (2016). The mean sodium
content and coefficient of variance (CV)
was calculated for each of the identified
food products. This calculation was

based on nine samples (triplicate AAS
measurements from three analytical samples
taken from the composite sample). The
mean sodium content and associated CV
were subsequently calculated for each food
category. The measured sodium content was
compared with the target sodium contents
stipulated by R214 for both the 2016 and
2019 implementation dates, and described
as a percentage of the total number of food
products analysed. The relative difference (%)
between the measured sodium content and
the sodium content stated on the packaging
was calculated.

Ethical considerations

Ethical approval for the study was granted
by the Health Research Ethics Committee
of the North-West University, SA (ref. no.
NWU-00033-17-A1-02).

Results

A total of 119 FFQs were received. Three
questionnaires were excluded, as the
children were older than 5 years. At the time
of data collection, the average age of the
children was 4 years and the majority of the
children were female (60.3%).

Data from the FFQs revealed 66 food
categories as being frequently consumed,
of which 44 met the inclusion criteria for
analysis. Only products in the top quartile
of the identified food categories (n=15) were
analysed (Table 1).

Two NIST samples (peanut butter; typical
diet) were included in each round of AAS.
Each of the NIST samples was analysed nine
times (before measuring a new food category
and freshly prepared each day) on different
days, with an (average) accuracy and
coefficient of analytical variation of 110.1%
and 85.3%, respectively. The percentage
relative SDs for the peanut butter (2.8%)
and typical diet (2.7%) samples indicate a
small variation in the means of the different
samples and precision in the AAS analysis.
Reagent blanks, which were measured with
each of the food categories, returned a zero
value with each analysed batch.

Three specific processed food brands
were identified in each food category based
on 24HDR data. In total, 135 readings of
true sodium content were recorded. Except

Branded food product 1
(Primary sample)

Analytical sample 1

Branded food product 1
(Primary sample)

Composite sample of
branded food product 1

A 4

Analytical sample 1

Branded food product 1
(Primary sample)

Analytical sample 1

Fig. 1. Sampling protocol for preparing analytical samples for sodium analysis.
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Savoury crackers
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Breakfast cereals
Soft-tub margarine
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Cured meat - polony
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60 — 58

71
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30 — 26
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10 —

Compliance level (%)

2016 2019

Target dates

Fig. 3. Compliance with sodium targets stipulated for the respective
implementation dates in Regulation 214.

of total energy was provided by nuts and seed oils. Some peanut butters
and tomato sauces can be classified as highly processed foods as a result
of added salt, preservatives and colourants.™!

Peanut butter and tomato sauce are consumed in fairly small
quantities. Larger national studies to quantify food intake are therefore
required to evaluate the need for including these foods in R214.

Among the five foods consumed most frequently, only bread
met both the 2016 and 2019 sodium targets. (However, 76.0%
and 49.0% of the set of 15 analysed food products met the 2016
and 2019 targets, respectively.) Brown bread was identified as the
processed food most frequently consumed by children in this study,
highlighting the importance of the inclusion of bread products in the
regulations relating to the fortification of certain foodstuffs (R2003)
and the reduction of sodium in certain foodstuffs (R214). Brown
bread is also exempted from value-added tax in SA, which makes it

Fig. 2. Comparison of sodium content stated on nutrition information panel of each brand and the actual product measurements.

an affordable starchy food product.

The nutrition information panel displayed on the packaging over-
reported sodium content in most of the food products analysed
(individual brands) (Fig. 2). In food categories for which sodium
content was under-reported, the variation between the measured
sodium content and that reported on the nutrition information
panel ranged from 4.1% (cured meat — viennas) to 50.7% (tomato
sauce) (Fig. 2). Swanepoel et al.? reported similar findings, with the
highest variation seen in the categories ‘Raw processed meat sausages’
(31.8%) and ‘All fat and butter spread’ (20.4%). The differences may
be due to the food product not being perfectly homogenous, despite
measures to ensure homogeneous composite samples. Homogenous
sample preparation remains one of the biggest challenges in analyses
of the kind reported here.

AAS results indicated that 26.0% of the processed food products
did not comply with the 2016 sodium targets, although 58.0% of
the products already complied with the 2019 target. This can be
considered an indication of the food industry’s efforts to comply with
the regulation. However, the findings also highlight the importance
of continued compliance monitoring to manage and decrease the
development of hypertension, as is the aim of R214.

Conclusion

SA is one of the first countries to implement mandatory sodium
reduction legislation across a wide range of processed foods. This
study analysed the sodium content of processed foods frequently
consumed by children (2 - 5 years of age) in the Tlokwe municipal
region, SA. Our findings indicate that the majority of the analysed
foods are included in the new regulation governing sodium content.
However, quantified food intake data from a larger comparable
sample are needed for comparative analysis. The small sample size
and target population were minor limitations of the study.
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