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remains a popular alternative to bovine milk 
and the volumes of soya milk produced in 
the UK has steadily increased from 76.2 to 
82.5  (million litres) from January 2010 to 
January 2014.6 This mirrors the increase 
seen in the production and popularity of 
soya milk globally. In a recent report7 from 
the United States, soya milk continues to be 
the most popular non-dairy milk with 11% of 
adults drinking soya-based beverages.

The use of soya-based products has 
some advantages as well as disadvantages. 
They are positively noted for their health 
properties, being low in saturated fat 
and containing no lactose, as well as for 
their hypocholesterolemic effect.8 With 
the increase in demand for bovine milk 
substitutes for various reasons, including 
lactose intolerance9 and a desire for 
vegetarian alternatives, soya milks have 
provided an alternative. The prevalence of 
an allergy to cows’ milk is estimated to be 
up to 7% in infants10 and 0.8% in European 
adults.11 In addition to the nutritional value 
of the soya bean, the possible protective 
effects of soya against chronic diseases 
have been demonstrated in preventing heart 
disease,12 osteoporosis,13 particular cancers14 
and regulating blood pressure.15 Moreover, 
dietary soya can relieve the symptoms 
of menopausal hot flushes.16 There are, 
however, potential drawbacks with the use of 

INTRODUCTION
The soya bean plant (Glycine max Merrill), 
originating from China, is a popular and 
important crop in many countries and 
particularly the Far East. Soya beans 
belong to the Leguminosae species,1 and are 
recognised largely due to their high quality 
protein content in comparison to other 
legumes, but also due to their beneficial 
health implications.2 They have numerous 
uses including the manufacture of the soya 
milk beverage, an aqueous extract of whole 
soya bean, which is used in preparation 
of other soya foods such as tofu skin and 
tofu.3 Depending on the growth conditions 
and variety, the composition of soya 
beans vary and this consequently affects 
the composition of the extract; chemical 
pollutants can also produce a change in the 
chemical composition of soya beans.4 Due to 
improvements in flavour and taste with the 
addition of gum and flavourings,5 soya milk 
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soya products. The soya bean itself is known 
for its ‘beany’ flavour, prolonged cooking 
time and disagreeable taste. It is also rich in 
phytate,17 which has been shown to have an 
inhibitory effect on iron, zinc, magnesium 
and calcium absorption.18 There is also 
growing evidence of an increase in the 
prevalence of food allergies to foods such as 
soya.19 The immune response develops from 
an IgE-mediated hypersensitivity reaction to 
the soya protein although, like cows’ milk 
allergy,10 the majority of individuals affected 
outgrow the allergy, which tends to present 
during childhood.20

Soya products have various additional 
consequences in the oral environment. 
Soya-based milk and formulas have the 
ability to lower plaque pH and can produce 
a drop in plaque pH to below the critical 
pH for enamel of 5.7.21–23 Soya milk has a 
lower buffering capacity than bovine milk 
with the rate of acid production by mutans 
streptococci found to be significantly higher 
than its comparator at different pH levels,24 
resulting in a group of beverages with a 
higher acidogenic and cariogenic potential. 

Conversely, limited studies have shown 
that the fluoride (F) concentration of soya-
based products is higher than bovine-based 
products.25–28 Fluorides (F) have been shown 
to have a beneficial impact on the prevention 
and decline of dental caries universally.29–31 
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•	Provides information on the fluoride 
content of soya milks, highlighting the 
wide range of fluoride concentrations 
seen in soya milks in the UK market.

•	Stresses the need for dental professionals 
to evaluate their child patients’ daily 
fluoride intake when prescribing 
appropriate preventive therapies.

•	Concludes that soya milks do not pose 
an increased risk for the development of 
dental fluorosis.
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However, the excessive ingestion of F during 
tooth development can result in structural 
changes in enamel, which may lead to 
dental fluorosis.32 If this occurs, the enamel 
is hypomineralised, porous and appears as 
opaque spots or brown and yellow stains. The 
severity of the condition depends on factors 
including the dose, duration and timing of 
F intake.32,33 If products containing a high F 
content are consistently consumed at critical 
times of tooth development, this increases the 
risk of dental fluorosis. As F is present in 
common food and drinks readily available 
on the market, it is important that the F 
content of commercially consumed food and 
drink products is determined and these data 
disseminated to enable a better understanding 
of their potential oral health impact.

Among western commercial markets, 
although there has been a sustained increase 
in production and number of soya milk 
products available for purchase, there are 
limited data on their F content. If soya 
milk products, readily available in UK 
markets, are a significant source of F, then 
it is important for health professionals and 
public to be aware of this, to help inform 
monitoring of F exposure and the provision 
of appropriate advice regarding their use, 
especially in children. Thus, the aim of this 
study was to determine the F content of 
soya milk products readily available in the 
UK market including fresh and ultra-high 
temperature (UHT) products in addition to 
sweetened and unsweetened soya milks.

MATERIALS AND METHODS

Preparation of samples

A full selection of traditional and UK 
produced soya milks (n = 52) commercially 
available in northeast England was purchased 
from nine major supermarkets, grocery stores, 
traditional Chinese and health food shops in 
August 2013. One batch number for each 
sample of ten fresh soya milks was purchased; 
five sweetened and five unsweetened, along 
with 42 UHT soya milks; 23 sweetened and 
19 unsweetened. The batch number, place of 
manufacture, ingredients and expiry date for 
each sample milk were recorded. Fresh soya 
milks were stored in the refrigerator at 4 °C 
while the UHT soya milk was stored at room 
temperature (20 °C).

Following manufacturers’ instructions, 
before opening, each sample was mixed 
thoroughly by gentle shaking. Each sample 
was then distributed into three aliquots, each 
containing 10 ml of soya milk. Two aliquots 
were stored at ‑20 °C as a reserve while a 
third aliquot was stored in the refrigerator 
overnight at 4 °C and used to measure the F 
concentration of the sample the following day.

Analysis of samples
Each sample (n  =  52) was analysed in 
triplicate (total number of individual 
samples measured = 156). Measurements of 
F concentration were made in micrograms/
ml (µg/ml) which is equivalent to parts 
per million (ppm). The analysis for F 
concentration was undertaken using a 
modified hexamethyldisiloxane (HMDS)-
facilitated diffusion method with a F‑ion-
selective electrode (Model 9,609: Orion 
Research) coupled to a potentiometer 
(Model 720A).34 To allow a full recovery 
of ionic and ionisable F, this technique 
involves acid diffusion in the presence 
of hexamethyldisiloxane (HMDS). F 
standards, ranging from 0.01  to 10  ppm 
F were used to calibrate the measurement 
of F concentration in the samples. The 
reliability of the F analytical method was 
examined by re-analysing 10% (n = 6) of 
the samples. The validity of method was 
checked by adding a known amount of F 
(0.5 µg/ml) to 10% (n = 6) of samples and 
determining F recovery from these samples. 
Descriptive analysis using Microsoft Excel 
was undertaken to report the mean, median 
and range of F concentration for all samples.

RESULTS
Figure  1 shows the distribution of F 
concentration for all 52 soya milk samples 
analysed in this study; 52% (n = 27) had 
a concentration <0.3  µg/ml (<0.3ppm 
F), and 8% of samples (n  =  4) had a F 
concentration >0.7 µg/ml (>0.7 ppm F). The 
median F concentration of all soya milks was 
0.293 µg/ml with a range from 0.015 µg/ml 
to 0.964 µg/ml.

The mean percentage recovery of a 
known concentration of F added to the 
10% of randomly selected soya milk 
samples (n = 6) was 96.1% with a range 
from 91.5% to 100.1% indicating good 
validity for the method of analysis used. 
Re-analysis of 10% of randomly selected 
samples (n = 6) was calculated to be within 
0.047 µg/ml with a mean difference (range) 
of 0.024 (0.006‑0.047) µg/ml thus showing 
acceptable reliability for the results.

The mean (SD) and median (range) 
F concentrations of the UHT and fresh 
soya milks according to sugars content 
(that is, sweetened or unsweetened) are 
presented in Table 1. The median (range) F 
concentration of UHT (n = 42) milks was 
0.272 (0.015‑0.964) µg/ml, which was lower 
than the 0.321 (0.261‑0.444) µg/ml obtained 
for fresh (n = 10) soya milks. The median 
(range) F content of the sweetened UHT soya 
milks (n = 23) was 0.300 (0.015‑0.964) µg/
ml compared with the unsweetened drinks 
(n = 19), which was 0.263 (0.040‑0.949) µg/

ml. For the fresh sweetened soya milks 
(n  =  5), the median F concentration was 
0.326 µg/ml and for unsweetened fresh milks 
(n = 5) 0.316 µg/ml. For all 28 sweetened 
soya milk products, the median (range) F 
concentration was 0.304 (0.015‑0.964) µg/
ml compared with 0.273 (0.040‑0.949) µg/
ml for the 24 unsweetened products. The 
median (range) F concentration of non-
organic soya milks was higher for both 
sweetened (0.308  [0.015‑0.964]  µg/ml) 
and unsweetened (0.263 [0.066‑0.949] µg/
ml) products in comparison to organic 
products (0.251  [0.038‑0.394]  µg/ml and 
0.250 (0.040‑0.810) µg/ml respectively). All 
12  samples marketed as organic products 
were found to be UHT; four sweetened and 
eight unsweetened soya milk products.

Table 2 shows the origin, concentration 
of soya beans (%) in the soya milk products 
and their F concentration (µg/ml) based on 
manufacturer (or brand). The four soya milk 
products from Asda had the highest soya 
bean concentration (12%) but conversely, 
one of the lowest median F concentrations 
(0.065 µg/ml). Alpro produced the highest 
number of soya milk products for any 
manufacturer, and used one of the lowest 
soya bean concentrations of 4.0‑6.5%, but 
these products had the highest median F 
concentration (0.603 µg/ml). Product labels 
identified the country of manufacture of 
the milks as either the UK, EU, Spain, Hong 
Kong, Malaysia or Korea. The majority 
(90%) of soya milk products purchased 
were produced within the EU, while 22% 
of sweetened UHT soya milks (n = 5) were 
manufactured outside the EU. The soya milk 

<0.3 µg/ml

0.3-0.7 µg/ml

>0.7 µg/ml

52%40%

8%

Fluoride concentration (µg/ml)

Fig. 1  Proportional distribution of F 
concentration (µg/ml or ppm) for all 52 soya 
milk samples
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Calsoy, manufactured in Korea, did not 
identify the soya bean concentration and 
had the lowest F concentration (0.015 µg/
ml) of all sampled products. The mean F 
concentration of the EU, Spain, Hong Kong 
and Malaysia-produced soya milks had 
similar median F concentrations of 0.328 µg/
ml (n = 44), 0.369 µg/ml (n = 3), 0.386 µg/ml 
(n = 3) and 0.381 µg/ml (n = 1) respectively.

In terms of listing of contents, the 
inclusiveness of the labelling of sweetened 
soya milk products varied and not all of the 
products purchased specified which type 
of sugars they contained. Of the sweetened 
products, all fresh milks (n = 5) and 6 UHT 
milks did not identify the sugars they 
contained, 12 UHT milks included sugars 

from apple extract, 3 UHT products contained 
fructose, 1 was identified containing sucrose 
and 1 UHT contained high fructose corn 
syrup (fructose and glucose). 

DISCUSSION
This is the first study to solely report the F 
content of UK soya milk products. A full and 
comprehensive selection of 52  traditional 
and UK produced soya milk products 
representing the majority of commonly used 
products currently available in the UK were 
analysed for their F concentration.

The indirect F analysis method used to 
determine the F concentration of the soya 
milks was developed previously as a gold 
standard method for F analysis of biological 

and non-biological samples.34 The results for 
mean F recovery and re-analysis of samples 
indicated strong validity and reliability of 
the analytical method.

The F concentration of soya milks analysed 
showed a wide variation from 0.015  to 
0.964  µg/ml. This range is considerably 
broader compared with previous studies 
where a range between 0.253‑0.702  µg/
ml35 and 0.09‑0.29  µg/ml36 was reported 
by two  individual groups of Brazilian 
researchers. However, this broader range of 
values may be due to the larger sample size 
in the current study (n = 52) compared with 
three and eight milks respectively analysed 
in the Brazil studies. Organic soya milks were 
generally found to contain less F compared 
with non-organic for both sweetened and 
unsweetened categories. The conditions of 
growth of soya beans may have influenced 
this result. Phosphatic fertilisers37 and 
pesticides often contain F, which may account 
for the additional F content in non-organic 
soya milks, as it may be possible for F, along 
with other chemicals,38 to be taken up by 
the soya bean plant. F is also more likely to 
be absorbed via the root of the plant in low 
pH or high soil F concentrations.37 All the 
organic soya milks in the current study were 
identified as products of the EU and this may 
be an additional contributing factor as the site 
and place of manufacture would influence 
the chemical composition of the soya bean4 
and F content of the water being used to 
produce the organic soya milk and therefore 
its F concentration. The F concentrations of 
bovine milk have been found to be relatively 
low,28,39,40 with ranges from 0.007‑0.068µg/
ml28 and 0.007‑0.086µg/ml40 where samples 
of 42 and 68 respectively have been tested, 
therefore most of the soya milks analysed in 
this study have a higher F concentration than 
bovine milks. Moreover, previous studies have 
indicated the F concentration of soya-based 
infant formula milks to be higher than other 
infant formula milks.25–27

There was no substantial difference in F 
concentrations between the milk categories; 
UHT sweetened, UHT unsweetened, fresh 
sweetened and fresh unsweetened soya 
milks. It was also evident that within the 
same manufacturer the F concentration 
for the majority of products was similar, 
irrespective of milk category. For example, 
samples of Tesco’s UHT sweetened, UHT 
sweetened organic, UHT unsweetened, UHT 
unsweetened organic, fresh sweetened and 
fresh unsweetened soya milks had mean F 
concentrations of 0.300 µg/ml, 0.237 µg/
ml, 0.286  µg/ml, 0.263  µg/ml, 0.261  µg/
ml and 0.314 µg/ml respectively. The milks 
containing the highest F concentrations were 
all products of the same brand (Alpro). The 

Table 1  Mean (SD) and median (range) F concentration (µg/ml or ppm) of 52 soya milk 
products according to milk category and sugars content

Category No. of samples
Fluoride concentration (µg/ml or ppm)

Mean (SD) Median (range)

UHT soya milk

Unsweetened (n = 19)
Non organic

Organic

Sweetened (n = 23)
Non organic

Organic

All UHT

11

8

19

4

42

0.319 (0.241)

0.309 (0.251)

0.332 (0.245)

0.334 (0.208)

0.355 (0.215)

0.233 (0.147)

0.327 (0.221)

0.263 (0.040‑0.949)

0.263 (0.066‑0.949)

0.250 (0.040‑0.810)

0.300 (0.015‑0.964)

0.308 (0.015‑0.964)

0.251 (0.038‑0.394)

0.272 (0.015‑0.964)

Fresh soya milk*

Unsweetened

Sweetened

All Fresh

5

5

10

0.345 (0.056)

0.312 (0.048)

0.328 (0.052)

0.316 (0.313‑0.444)

0.326 (0.261‑0.363)

0.321 (0.261‑0.444)

All soya milks 52 0.327 (0.200) 0.293 (0.015‑0.964)

*Fresh soya milk products were all non-organic

Table 2  Origin, soya bean concentration (%) and median (range) F concentration (µg/ml or 
ppm) of 52 soya milks according to manufacturer (or brand)

Manufacturer  
(or brand)

No. of 
samples

Origin1  
(production site)

Labelled soya bean  
concentration range (%)

Median (range) F  
concentration  
(µg/ml or ppm)

Asda

Alpro

Calsoy

Cooperative

Holland and Barrett

Marks and Spencer

Morrison

Provamel

Sainsbury

Soya Soleil

Tesco

Vitasoy

Vivesoy

Waitrose

Yeo

4

8

1

2

2

1

6

4

6

1

7

3

3

3

1

EU

EU

Korea

UK

EU

UK

EU

EU

UK

EU

UK

Hong Kong

Spain

UK

Malaysia

12.0

4.0‑6.5

Unavailable

6.0

6.7‑7.2

11.0

4.0‑6.6

6.4‑7.2

4.0‑7.0

5.5

4.0‑6.0

Unavailable

9.0‑13.0

6.0‑6.6

8.0

0.065 (0.038‑0.148)

0.603 (0.313‑0.964)

0.015

0.250 (0.236‑0.264)

0.231 (0.229‑0.232)

0.261

0.322 (0.247‑0.516)

0.327 (0.212‑0.586)

0.274 (0.184‑0.348)

0.066

0.279 (0.237‑0.314)

0.376 (0.357‑0.427)

0.391 (0.308‑0.409)

0.224 (0.071‑0.523)

0.381

All products 52 N/A 4.0‑13.0 0.293 (0.015‑0.964)
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similarity in F concentration would appear 
to be related to the manufacturing process 
whereby soya milk is produced by soaking 
dry soya beans followed by wet grinding 
of the rehydrated beans. The processing 
water used for products from the same 
manufacturer is likely to have the same 
F concentration resulting in end products 
with similar F concentrations. Additionally, 
some of the samples containing lower 
F concentrations contained phytate, an 
ingredient shown to reduce the absorption 
of iron, zinc, magnesium and calcium.18 It 
is unclear whether phytate has the same 
effect on F; the connection has not yet been 
investigated and further research in this area 
would be useful.

The labelling of soya milk products 
was variable; not all of the soya milks 
purchased had their F content labelled and 
percentage sugars listings completed. Health 
professionals and consumers need to be aware 
of the F content of soya milks to facilitate 
monitoring of F exposure, especially in their 
child patients. In addition, in view of the 
practice of adding sugars to some of these 
‘milks’ it is important that this information is 
clearly displayed to enable consumers to make 
informed purchasing decisions with regard to 
general and oral health. With the increase in 
demand for, and consumption of, soya milks 
for various health and lifestyle reasons, this 
need for information will increase. All the 
soya milks sampled in this study contained F 
concentrations similar to the recommended 
F concentration in community drinking 
water,41 therefore soya milks do not pose 
an increased risk for the development of 
dental fluorosis. However, there are potential 
dental implications with regard to children 
drinking large volumes of soya milk 
containing the high F concentrations and 
health professionals need to be aware of a 
child’s F intake when prescribing appropriate 
preventative therapies. Soya-based milks may 
replace bovine milks in children diagnosed 
as lactose intolerant and F intake may be 
potentially excessive if the F concentration 
of the milk is high and F supplements have 
also been provided. The sugars contents 
of soya milks may also increase the risk 
of dental caries in high consumers. More 
information on the F and sugars content of 
soya milks disseminated to and from dental 
professionals as well as from manufacturers 
is key to informed decision-making regarding 
dietary choice and oral health.

In view of the wide variation in F content 
of soya milks, further research into the 

processes of manufacture of soya products is 
necessary, which may influence the overall F 
content of the end product. Moreover, there 
is a need to review health policies on the 
recommendation of some soya milks that 
contain added sugars as an alternative to 
cow’s milk in young children.
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