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A smart era for 
food safety tests

Five experts offer insight on how the smartphone could change the face of testing 
for food allergens and pesticides in the future.

UNTIL RECENTLY, most people 
believed ensuring food safety was 
a job for governments and industry. 
However, as consumers become more 

aware about food safety and the associated risks, 
we are witnessing a rise in citizen-science-based 
tests which will allow for affordable and sensitive 
on-the-go food testing.

Two significant problems which could be 
improved with portable, easy-to-use devices 
– such as the smartphone – are the presence of 
undeclared allergens and high levels of pesticide 
residues in foods.

Who regulates these issues?
The EU has a zero-tolerance policy for allergens; 
if any of the 14 legislated allergens (Figure 1) are 
used as ingredients in a food, they must be explicitly 
stated on the packaging. There is no provision for 
allergens which may have been unintentionally 
introduced into foods by cross-contamination, and 
therefore, these present the highest risks for allergic 
consumers. Most food recalls in Europe are now 
due to this issue and recent scandals have led to an 
increased instance of company-initiated recalls.

The food supply chain is informed of any recalls 
by the Food Safety Agency (FSA) in the UK or the 
Rapid Alert System for Food and Feed (RASFF) 
in Europe. Scientific developments that make 
screening for trace allergens fool-proof, linked with 
ubiquitous technologies which allow data storage, 
interpretation and reporting, will likely further 
increase the percentage of allergen-based recalls 
as more people are empowered to test their own 
foods. Such smartphone-based tests for food 
allergens have been comprehensively reviewed 
by Ross et al.1  

By comparison, pesticides are highly regulated 
using maximum residue limits (MRLs). 
However, legislation differs internationally, 
resulting in different MRLs for the same compound 
or variances among unauthorised 
compounds. The purpose of MRLs is to legally define 
the maximum tolerated levels of different pesticides 
residues in foods, with a default level of  
0.01 mg/kg (10 parts-per-billion) for unspecified 
residues and infant food.

The latest European Food Safety Agency 
report of pesticide residues found that just under 
96 percent of tested foods were below the pesticide 
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legislative limits.2 Thus, despite current pesticide 
screening procedures, four percent of tested 
foods contain residues at levels higher than are 
legally permissible.

How are these issues currently screened?
Various testing methods have been developed 
for the detection of both allergens and pesticide 
residues; a critical review on these was also recently 
published by Tsagkaris et al.3 Portable screening 
tests have been developed based on different 
principles, for example immunoassays in the 
case of allergens and enzymatic biosensors 
for pesticide residues.

Regardless of the test principle, a colour is 
produced. This colour response can be recorded 
by a smartphone camera and correlated to 
a compound concertation in the tested sample. 
Semi-quantification of the results is feasible by 
using a smartphone app, providing one-click 
results that can be shared online using Bluetooth 
or WiFi, together with a time and location 
stamp. This allows geo-temporal mapping of any 
emerging food scandal.

Why will smartphone analysis help?
Smartphones will transform food analysis, allowing 
consumers to test food in their kitchen and 
producers to test crops in the field. It also has the 
potential to reduce laboratory costs, as high-end 
analytical instruments will be reserved for suspect 
samples which have been initially screened with 
a smartphone-based method. To perform such 
testing, all that is needed is a portable bioanalytical 
test able to detect a target compound or a specific 
class of compounds, a smartphone and, in some 
cases, lightweight auxiliary parts for optimised 
image capture.

The most overlooked part of the analysis is 
often the sample handling and preparation prior 

to measurement. Typically, sample preparation is 
lab-based, requiring equipment that non-experts 
would struggle to operate. To counter this problem, 
3D-printing technology has been employed, 
creating smart and portable prototype devices 
able to automate lab-processes. For example, 
a 3D-printed prototype able to deliver samples 
and reagents without the need of any pipette 
was recently published and used for a pesticide 
detection (Figure 2). Another example that shows 
that smartphone-based tests can be operated by 
non-experts is the successful implementation of 
smartphones in medical testing.4

Where should these tests be used?
Although screening foods in the EU is 
commonplace, some unsafe foods make it 
into the mouths of consumers. In CIP plans, 
‘clean’ work surfaces must be ensured to 
prevent cross-contamination of allergenic and 
non-allergenic ingredients. It is customary to 
use lateral flow dipsticks to swab work surfaces 
to ensure they are allergen free. Workers can 
determine the extent of the allergen contamination 
by looking at the intensity of the coloured line on 
the dipstick, with a more intense line equating to 
a more highly contaminated area. By integrating 
this testing with a smartphone, semi-quantitative 
information can be collected and provide detailed 
insight into CIP practices.

A major benefit of smartphone-based tests 
is their portability, extending testing to on-site 
at farms or borders. This could prevent a huge 
socioeconomic loss from purchasing crops 
containing unsafe pesticide levels, allowing growers 
to monitor the unintended spread of pesticides 
beyond the target field. Paradoxically, it is easy to 
imagine a scenario where a consumer purchases 
some organic fruit, tests it in store, finds it contains 
pesticide residues and records and reports this 
using their smartphone.

In practice, the next-generation of 
smartphone-based tests should be so simple, 
portable and rapid that they can be applied 
anywhere and everywhere.

Figure 1

There are 14 allergens which must be declared, in accordance 
with UK and EU law 

Figure 2

3D-printed prototype (a. sketch and b. real-life) for integrated 
sample handling. The device is able to deliver sample and 
reagent volumes on-demand for a pesticide screening. 
More information at: /doi.org/10.3390/s19245579
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Current technology
Companies that sell food safety tests are 
attempting to stay ahead of the curve by 
developing smartphone attachments and apps 
that can be used to read their established tests. 
However, the general public are unlikely to 
order test kits from scientific suppliers and will 
turn to innovative consumer-focused devices 
that can be easily purchased on sites such 
as Amazon.

A small number of independently validated 
devices are available for purchase, but more 
often these devices are only self-validated 
and leave consumers hungry for a more 
transparent approach.5 Considering pesticides, 
only one commercial device is, to the best 
of our knowledge, currently available on the 
market. This is OrganaDX,6 which can screen for 
38 different pesticides. It is worth noting that the 
limits of detection (LODs) provided in OrganaDX 
website are rather high (mostly at the part per 
million range) and there is not a clear mention 
in which food matrices testing can be applied to. 
Moreover, it does not use a smartphone for the 
actual chemical/optical sensing, but instead, as 
a user interface for displaying and sharing the 
obtained results.

Consequently, allergen and pesticide residue 
screening in food using smartphone-based 

tests is still at a very early stage. However, more 
breakthroughs are expected in the coming years.

Future perspectives
With a growth in food safety testing, it is likely 
we will see a massive influx of smartphone tests 
coming to market which have not been properly 
validated.7 More effort needs to be devoted to 
standardisation of the developed technologies 
through consistent validation requirements, image 
capturing conditions and result interpretation.

Considering that the end-user will not have 
the necessary knowledge to evaluate the results, 
non-compliant results could result in generating 
unwarranted food scares on social media 
platforms. Another significant bottleneck is the 
inter-phone variation of the results, which restricts 
the universal application of such tests since 
specific smartphone models are necessary - even 
in available commercial tests. Tests that will be 
able to detect various compounds of interest within 
one assay will further increase the usefulness of 
smartphone-based methods.

We must also consider that involving consumers 
in food testing will result in more comprehensive 
testing and further issues may become apparent. 
On a very positive note, big data science will be 
implemented, resulting in better and real-time 
monitoring of food chains. 
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