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Food Detective

Overview

This Practical Guide introduces the idea of computers as tools to help understand aspects of biology. In particular, it looks at how DNA
sequences can be used to identify specific organisms, why this is important in the food industry, and how this can be used to help de-
tect food fraud. Analyses are run online using sequence data from the 4273pi project website: 4273pi.org.

Teaching Goals & Learning Outcomes

This Guide introduces a popular Web-based tool for searching biological sequence databases, and shows how to identify different spe-
cies based on their specific DNA sequences — their ‘barcodes’. On reading the Guide and completing the exercises, you will be able to:

e explain what is meant by DNA barcoding;

e search biological sequence databases using the online program BLAST;

e judge the reliability of database-search results in terms of their statistical significance; and

e evaluate the biological implications of search results with reference to food safety.

1 Introduction

The advent of computers and computer-driven technologies has
opened new opportunities for, and has given unprecedented power
to, biological investigations. Studies that once took months or years
to complete may now be performed in hours or days. In the 1940s
and ‘50s, for example, it took ten years to determine the amino acid
sequence of the first protein'” — insulin — before automatic meth-
ods in the late 1970s made it possible to sequence proteins in more
practical time-scales. Technologies for rapid, high-throughput DNA
sequencing and for storing DNA sequences didn’t become available
until the 1980s. The first DNA sequence database — which was called
the EMBL data library — was publicly released in June 1982: at that
time, it held 568 sequences”. Today, we take it for granted that we
have instant access not just to hundreds but to millions of biological
sequences (both DNA and protein), and to software tools and algo-
rithms for analysing them, allowing us to perform comprehensive
searches in minutes, and detailed analyses within hours.

The interdisciplinary discipline that encompasses these develop-
ments — fusing aspects of molecular biology, statistical analysis and
computer science to gather, store, analyse and visualise biological
data on a vast scale — is bioinformatics’. Continued advances in
computer technology mean that bioinformatics approaches are now
used routinely to underpin evolutionary studies, genetic and ge-
nomic research, personalised medicine, environmental and forensic
analyses, and much more, in ways that were never possible before.

The ability to sequence DNA and to store the resulting nucleotide
sequences in databases means that we can compare human gene
sequences not just with each other but also with those of other
animals; this allows us to identify differences between them. How-
ever, as already mentioned, the volume of information stored in
sequence databases is huge. Just consider that the haploid human
genome contains around 3 billion base pairs; and the human ge-
nome sequence is just one of thousands of completely- and partial-
ly-sequenced genomes currently stored in our databases. We there-
fore need to recruit computers to help us process this information.
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This Guide explores how a simple bioinformatics tool can be used
to search one of the world’s largest nucleotide sequence databases,
and to identify the organisms from which specific DNA sequences
derive. We start with a set of DNA fragments taken from a sausage,
described by a UK butcher as ‘100% pork sausage’. We use database
searches to investigate what meat the sausage actually contains: is it
100% pork, or does it contain material from other animals as well?

2 About this Guide

This Guide introduces a popular software tool for searching DNA
sequence databases: it shows how we can use the tool to determine
the organisms from which DNA sequences derive, and illustrates the
value of this technology for the food industry. Exercises are provid-
ed to help use the search tool via its Web interface. Throughout the
text, key terms — rendered in bold type — are defined in boxes. Addi-
tional information is provided in supplementary tables and figures.

KEY TERMS

Algorithm: a set of steps or ‘recipe’ for solving a particular problem

Amino acid: an organic acid, one of 20 common, naturally occurring
building-blocks of proteins

DNA: deoxyribonucleic acid, a molecule comprising two chains that coil
together, forming a double-helix that carries genetic information

Gene: a molecular unit of heredity, broadly corresponding to a piece of
DNA (or RNA) that encodes a protein (or functional RNA)

Genome: the entirety of an organism’s genetic information, encoded as
either DNA or RNA (in viruses)

Insulin: a hormone that regulates carbohydrate & fat metabolism

Nucleotide: a chemical base (one of 4 building-blocks of DNA & RNA)

linked to a molecule of sugar & a molecule of phosphoric acid

Protein: organic compound containing one or more linear polymers of
amino acids; existing in globular or membrane-bound forms, proteins
participate in virtually all cellular processes

RNA: ribonucleic acid, a molecule comprising a long, unbranched chain

of ribonucleotides (i.e., nucleotides whose sugar component is ribose)
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3 What is DNA?

DNA is a chemical that carries genetic information — in fact, it con-
tains all the instructions that living organisms need in order to grow,
reproduce and function. It's made up of two very long molecules
that wind around each other, forming a spiral structure known as a
‘double helix’, as shown in Figure 1. The building blocks of each
molecule of DNA — its chemical ‘bases’, or nucleotides — are Ade-
nine, Thymine, Guanine and Cytosine: A, T, G and C. Particular re-
gions of DNA sequences — termed coding regions — may encode
proteins: in these regions, the order of the nucleotide bases deter-
mines the nature and order of the protein’s constituent amino acids.
This relationship, between the order of bases in DNA and the se-
quence of amino acids in proteins, is the basis of the genetic code.

Figure 1 DNA molecules winding together to form a double helix. Each
Adenine (A) base from one molecule pairs with each Thymine (T) of the
other, & each Guanine (G) pairs with each Cytosine (C). The order of
bases in one of the DNA strands can be stored in a database as a se-
quence of As, Ts, Gs & Cs, which can then be analysed by computers.

3.1 What can DNA tell us?

Every person is different, essentially because every individual’s
DNA is unique, as illustrated in Figure 2. Similarly, the DNA of every
species differs from every other. This allows us to use DNA as a kind
of identifying ‘signature’ for different species and for different indi-
viduals within species.

Figure 2 Each individual’s DNA is unique. We all look & behave differ-
ently because we each have a different genetic make-up; this is true of
the DNA of humans & of the DNA of all other species.

3.2 What is a DNA barcode?

While, overall, each individual has a unique DNA signature, there
are nevertheless regions of DNA that are common to all animals, but

that vary between species. These regions are termed ‘barcodes’.
These are rather like the barcodes used in supermarkets: each
product has a barcode, but differences between them allow differ-
ent items to be distinguished when scanned at the tills. QR codes
function in a similar way — see Figure 3.

Figure 3 DNA barcoding. There are regions of DNA that are present in
all species but have distinct differences between species. These can be
used to distinguish organisms, rather like the way barcodes & QR codes
are used to identify individual entities.

In just the same way as supermarket barcodes are used to identi-
fy individual products, DNA barcodes can be used to identify specific
organisms. This has particular applications in the identification of
species that look very similar in ecological analyses (especially some
larvae that can’t be identified in any other way); it’s also widely used
to test product authenticity: e.g., timber, fish, leather and crops.

4 Food fraud

You may remember the ‘horse-meat scandal’ reported in parts of
Europe in 2013, when foods advertised as containing beef were
discovered to contain various amounts of (undeclared or improperly
declared) horse meat — up to 100% in some cases! At the time, alt-
hough ‘horse meat’ made the headlines, some products were also
found to contain other undeclared meats, like pork.

The 2013 scandal should have led to sustained improvements in
food labelling and advertising; nevertheless, the problem didn’t
entirely go away. For example, in Scotland in 2017, around 8%
of meat in random test samples taken from supermarkets, restau-
rants and manufacturers, was found to contain DNA from an animal,
or animals, not labelled as ingredientsﬁ. Lamb dishes, kebabs, sau-
sages and some pizza toppings were among the mis-represented
products. To give an idea of the type of ‘contaminations’ discovered,
some ‘pork’ spare ribs were found to be chicken; some ‘lamb’ cur-
ries were shown to contain peanuts and beef, but no lamb; ‘pork’
sausages were found that contained pork and beef; a ‘chicken’ stir-
fry contained turkey and chicken; ‘beef’ mince contained beef and
pork; and minced ‘lamb’ was shown to contain lamb and chicken.

KEY TERMS

Coding region: the portion of a DNA sequence that encodes the infor-
mation required to create a protein or RNA product

Codon: a group of three nucleotides that signals a specific amino acid,
or the start or end of a coding region, according to its base sequence

Genetic code: the set of rules cells use to translate information seques-
tered in genetic sequences (i.e., within codons) into proteins
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Although, in some cases, the data were regarded as consistent
with minor levels of cross-contamination during food processing, in
others, the levels were significantly higher — sufficient to indicate
genuine food fraud. Discoveries like these are made possible by the
fact that horses, sheep, cattle, pigs and so on, each have DNA that is
specifically and recognisably different, which in turn has allowed
government scientists to use tools like DNA barcoding in their ef-
forts to detect food fraud and contamination.

5 Becoming a food detective

Our investigation involves trying to identify DNA sequences found
in a sample of allegedly ‘100% pork sausages’ bought from a butch-
er’s shop. DNA was extracted from the sausages; it was then se-
quenced and the barcode sequences were located. We’ll compare
the actual DNA barcodes from this sausage sample to known DNA
sequences. The barcode sequences have no annotation: they’re
simply called Sequence A to Sequence_H. We'll use these sequences
to search a public DNA database. The format of the sequences is
called FastA format (shown in Figure 4): this is just a concise way of
storing biological sequences for efficient database searching.

/Description line Nucleotide sequence
>Sequence_A
TCCGAGGTCECCCCAACCCARATTGCTAGTCCATGTTARGTTATGT T T TATCCCTTTGTGGTTGAATTCTTT
AACTTTTGGAATAGI TAATTAAAGCTCCATAGGGTCTTCTCGTC

>Sequence_ B
GACGAGAAGACCCTATGGAGCTTTAATTAACTATTCCARAAAGTTAAACAATTCAACCACAAAGGGATARAAAC
ATAACTTARCATGGACTAGCAATTTCGGTTCGGCCCACCTCGGA

>Sequence C
GACGAGAAGACCCTATGGAGCTTTAACTAACCAACCCAAAGAGAATAGATTTAACCATTAAGGAATAACAAC
AATCTCCATGAGTTGGTAGTTTCGETTGGGGCGACCTCGGA

>Sequence D
GACGAGAAGACCCTATGGAGCTTTAATTAACTATTCCARAAGTTAAACAATTCAACCACAAAGGGATARAAC
ATARCTTAACATGGACTAGCAATTTCGGTTGGGGTGACCTCGGA

>Sequence E
GACGAGAAGACCCTATGGAGCTTTAACTAAGTARCTCARGGAARATAARTTCARCCACCAAGGCATAACAAC
ACTCCTTATGAGTTAACAGTTTCGGTTGGGGCGACCTCGGA

>Sequence F
TCCGAGGTCACCCCAACCGAAATTGCTAGTCCATGTTARGTTATGTTTTATCCCTTTGTGETTGAATTGTTT
AACTTTTGGAATAGTTAATTAAAGCTCCATAGGGTCTTCTCGTC

>Sequence G
GACGAGAAGACCCTATGGAGCTTTAATTTATTAATGCARACAGTACCTAACARRACCCACAGGTCCTARACTA
CCARACCTGCATTAAARATTTCGGTTGGGGCGACCTCGGA

;Egg;:g;gagCCCMCCGMmTGNGACCA(K;GGT’I‘TATGTGNGGTGGACCCAGTGGGGCTGTGTMG
GTTGTAAGCTGGTCGTGATTTTARAGTTCCATAGGCGTCTTCTCGTC
Figure 4 Sequences in FastA format. The file begins with a short de-
scriptor or label that identifies the sequence, preceded by the >’ symbol,
& is followed by the sequence itself in single-letter (A, T, C, G) notation.
The sequence of only one strand of the double helix is stored (the se-
quence of the other strand can be inferred from base-pairing rules).

Your task is to identify the DNA sequences present in the meat,
and hence to answer the question, is the sausage 100% pork?

EXERCISES

1 Open a Web browser.

2 Go to the 4273w website: 4273pi.org. Click on the ‘SCHOOLS' tab
(4273pi.org/schools), where you’ll find a link to a set of Food Detec-
tive sequences, A to H.

3 Copy the first sequence, including its descriptor line (“>Sequence_A’).

4 Keep the browser window open during the next tasks, so that you

can copy & paste any of the sequences whenever you need to.

5.1 The database search tool, BLAST

To try to identify the species to which these sequences belong,
we will search a database for sequences that show a high degree of
similarity to each DNA barcode sequence. To do this, we’ll use a

popular online search tool — called BLAST’® — at the NCBI. The NCBI
maintains vast databases that contain most known DNA sequences,
and makes them and their search tools (some of which are shown in
Figure 5) freely available for public use. The program that we’ll use
is called blastn, which is designed to search nucleotide sequence data-
bases with nucleotide sequence queries, like sequences A to H.

BLAST Wome  Brcectieaibn S Sirwages ol
Basic Local Alignment Search Tool
[Ireu——
BLAST The program. g BLAST i 3 riw td 1 Fgup g Laoge e of aent gaveeration IWA o OVA
cakalates the statstical sgrifcance. Laom meen W, 24 A0 2008 LW EST Mo ST o

Figure 5 The NCBI BLAST homepage. There are several BLAST programs,
each adapted for a different type of search, depending on whether the
starting point is a nucleotide or a protein sequence.

EXERCISES

1 Open a new tab in your Web browser.

2 Do a Web search for ‘NCBI BLAST'.

3 Check that the first result has a name like ‘BLAST: Basic Local Align-
ment Search Tool'. If it does, click on the link.

4 Click on ‘Nucleotide BLAST .

5 In the box labelled ‘Enter Query Sequence’, paste in Sequence_A.

6 Under ‘Program Selection’, ‘Optimize for (see Figure 6), select
‘Somewhat similar sequences (blastn)’.

7 At the bottom of the page, you'll see a button labelled ‘BLAST'. Click
on the button to submit the search.

[blastn | blastp ! blastx| thlastn | thlasts |

Enter Query Sequence
Enter (s) or FASTA @ Query subrange @
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To

Or, upload file " Choose File | o fiie selected @
Job Title ]
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Choose Search Set

Database © Standard databases {nretc.): (_RNA/ITS (_JGenomic +
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Organism

rganism name or ID
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ganism name, binoenial or tax 1D @)

Program Selection

Optimize for () Highly similar sequences (megablast)
() More di i
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Choose & BLAST aigerithm @

BLAST Search database Nud eotide collection (nr/nt} using Megablast { Optimize for highly similar sequences) |
- __ Show results in a new window I

@ Algerithm parameters

Figure 6 The NCBI BLAST blastn program. When using blastn for this
exercise, select ‘Somewhat similar sequences’, under Program Selection,
as indicated by the red arrow.

KEY TERM

Annotation: notes included within database entries to make them both
informative & re-usable

NCBI: National Center for Biotechnology Information, part of the Na-
tional Library of Medicine of the National Institutes of Health, USA
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The blastn program may take a few minutes to run, during which
time the Status on the Web page is shown as Searching. Don’t re-
fresh the page — please be patient. The results will eventually appear
on an output page headed BLAST >> blastn suite >> results for..., as
illustrated in Figure 7.

Initially, the output may appear daunting. However, the results
are essentially broken down into two parts. The first section lists the
original search parameters and a set of filtering options. The second
section lists the best matches found in the database, giving more
specific details: e.g., the name or Description of each sequence; the
extent of overlap between the query and the matched sequence
(the greater the Query cover the better the match); the E value,
which indicates the reliability or significance of the match; the %
identity (Per Ident); and the Accession number of the matched se-
quence — clicking on this number directs you to its full entry in the
GenBank’" database (note: to obtain further, more detailed
information about BLAST and how to use it, there are many
comprehensive tutorials and guides available online***).

Note that the descriptions of the best-matching sequences listed
in this table (i.e., on the left-hand side of the output) use the scien-
tific (Latin) names of each matched organism (Sus scrofa, Homo
sapiens, etc.). For the purpose of this exercise, you'll need to identi-
fy the common name for each organism.

BLAST >> blastn suite >> results for RID-588H2TVPO1R Home Recent Results  Help
< Edit Search | Save Search  Search Summary ¥ @ Howtoread thisreport  [EIBLAST Help Videos
Job Title Sequence_A Filter results
RID SE8H2TVPOIR seun v i [ exciod
{ i || exclude
Program sasTy @ Citasion v Organism anly top 20 will appear
m nt See dotalls v Type comn :1 ame, taxid of group name
=== + Add organism
Query 1D ki Query_56491
Deseription  Sequence A Percent identity  E value Query coverage
Molecule type dna w || e [ e
=—= — 1 | |
Query Length 116 \ Fiter BETEY
Other Reports Distance tres of results M54 viewsr @ -
Graphic Summary  Alignment: axonomy
Sequences producing significant al Download ~ Manage ns < Show | 100V | Q‘
select all 200 sequences selected GenBank Graphi \stance tree of results
Max Acr

Description

ol
Suz scrofa beeed Hezuo mi

[<J<f<]<]<)

Figure 7 Typical features of a blastn output file. The top of the file
lists the original search parameters, alongside a set of filtering options.
Beneath this section are listed the descriptions of the best-matching
sequences found in the database, together with their respective E-values,
as indicated by the red arrows.

EXERCISES

1 When the search is complete, scroll to the table of results, shown
beneath the original search parameters (follow the red arrows in
Figure 7). The first result in the table is the best match to Se-
quence_A in the database.

2 Make a note of the species from which this best match comes. Rec-
ord the result in Table 1 below. The species name is found in the
‘Description’ column of the BLAST results table (shown beneath the
left-hand arrow). Remember, species names are in their scien-
tific/Latin form. If you’re unsure about the common name, refer to
Table 2 or use a Web search to find out.

3 Also record the E-value of the best match (indicated beneath the
right-hand arrow).

4 Repeat the BLAST search for Sequences B to H individually, & com-
plete Table 1.

Table 1 BLAST results for sequences A to H.

S Spt?c.ies scien- Species com- E-value
tific name mon name
A
B
C
D
E
F
G
H

Table 2 Examples of scientific names.

Species scientific name

Species common name

Abramites hypselonotus

Marbled headstander fish

Bos taurus Cattle

Gallus gallus Chicken

Homo sapiens Human
Methanothermobacter spp. Bacteria
Neocalanus cristatus Copepod

Ovis aries Sheep

Scinax sp. Snouted tree frog
Sus scrofa Pig

Vitis vinifera

Common grape vine

EXERCISES

1 What do your results in Table 1 tell us about the DNA in the sausage?

Does the meat seem to be 100% pork?

2 Do any of your results seem unexpected? Explain.

3 Are your results really unexpected? Think about how sausages are
made & how DNA is extracted.

Consider why we might find other animal DNA in a pork sausage.
Our sausages came from a butcher’s shop. Butchers handle many
different animal products, so traces of their meat could have been
picked up from the counter-tops, mincing machines, chopping
knives, etc. Also, sausages are handmade, so some traces of human
DNA may have been transferred during the manufacturing process.
In fact, any food — not just sausages — is likely to contain traces of
human DNA, albeit at sufficiently low levels not to cause alarm!
Finally, the DNA samples themselves could have been contaminated
in the lab during the extraction and sequencing processes. In the
sausage used for this study, almost all sequences were found to be
from pig (note that sequences A to H are a non-random sample).

KEY TERMS

Accession number: a unique (generally invariant) computer-readable
number or code that identifies a particular entry in a database

E-value: or Expect value, the number of matches of this quality (or
better) that are expected to occur simply by chance (the closer the
value to 0, the better the match)

GenBank: the nucleotide sequence database maintained at the NCBI;
the database was first released in December 1982

Parameter: a value given to a program to tell it what to do (e.g., the
type & name of database to be searched, or which algorithm to use)
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To recap, you have used a program from the suite of BLAST tools
— specifically blastn — to search one of the world’s largest DNA se-
quence databases (GenBank). The blastn algorithm took each se-
quence that you pasted into the search box and compared it with
every sequence in GenBank, then listed the results in a table show-
ing the best matches at the top. The question is, how is the order of
matches in this table calculated? How can we know that the results
are reliable and biologically meaningful?

GenBank is an enormous database: it contains more than 200 mil-
lion sequences! As a result, when we perform searches, our query
sequence may sometimes match one or more of the database se-
quences by chance. We measure this effect (i.e., the number of
times we’d expect to see a match of the same quality between our
query sequence and a sequence in the database simply by chance)
using a parameter called the Expect or E value. The higher the E-
value, the more unreliable the match; the smaller the E-value, the
more reliable the match: an E-value of O, or close to zero, is ex-
tremely reliable.

BLAST results show E-values in a way that may be unfamiliar to
you: e.g., 5.2e-15. But this is just a convenient and more efficient
way of representing numbers that have a lot of digits: 5.2e-15 is
equivalent to 5x10™°, which takes up a lot less space than having to
write 0.000000000000005!

Ultimately, the reliability of database search results is very im-
portant, and E-values are one of the ways in which we can get an
indication of how reliable BLAST results really are.

5.2 Exploring the reliability of database matches

In the first part of this practical exercise, we discovered the spe-
cies from which DNA sequences A to H came by using the database
search tool, blastn. In the next part of the exercise, we'll consider
the reliability of database matches by looking more closely at their
E-values. There is a difference between (perhaps) unexpected re-
sults with high reliability and unexpected results with low reliability.

EXERCISES

1 Return to the 4273x website: 4273pi.org. Click on the ‘SCHOOLS’ tab
(4273pi.org/schools), & follow the link to the set of Food Detective
sequences labelled | to M (illustrated in Figure 8).

2 As before, copy each sequence in turn, including its descriptor line
(‘>Sequence_I’, etc.) & run blastn at the NCBI. Recap: paste each se-
quence into the box labelled ‘Enter Query Sequence’; under ‘Pro-
gram Selection’, ‘Optimize for’, select ‘Somewhat similar sequences
(blastn)’; then click on the ‘BLAST button to submit the search.

3 When the search is complete, scroll to the table of results shown
beneath the original search parameters, & identify the best match
(the first match in the results table).

4 For each best match, record its scientific & common names, along-

side its E-value, in Table 3.

Table 3 BLAST results for sequences | to M.

Species scien- Species com-
Sequence . E-value
tific name mon name
|
J
K
L
M

Description line
>Sequence_H

TCCGAGGTCGCCCCAACCGAAAAATGTCGACCAGGGGTTTATGTGTGGGTGGACCCAGTGGGGC
TGTGTAAGGTTGTAAGGTGGTCGTGATTTTAAAGTTCCATAGGGTCTTCTCGTC

>Sequence_I
TCCGAGGTCGCCCCAACCACTGGTTCATTATCCACCTGCTCCATAGGGTCTTCTCGTC

>Sequence_J

GACGAGAAGACCCTATGGAGCGGGTTTTCCCCTCAMATGTGGCTGCCAGAGTGTGGTGGTTGGE
GCGACCTCGGA

>Sequence_K
GACGAGAAGACCCTATGGAGCGGGGETATGAGGGGAGATGCTCGCTAGGETTAAGEGTTGGGET
GACCTCGGA

>Sequence_L
TCCGAGGCCGCCCCAACCACTGGTTCATTATCCACCTGCTCCATAGGGTCTTCTCGTC

>Sequence_M

GACGAGAAGACCCTATGGAGCGGCGGTATGAGGGGAGATGCTCGCTAGGGTTAAGGCTTGCGGE
GACCTCGGA

Nucleotide sequence

Figure 8 Sequences | to M in FastA format. Remember to include the
description line when you cut & paste the sequences for input to blastn.

EXERCISES

1 Compare the E-values of the sequences in Table 1 to those you've
recorded for the sequences in Table 3. Which table contains se-
quences with the highest E-values?

2 Which table allows us to identify the species from with the DNA se-

quences originate with the greatest reliability? Why?

Following the first component of our investigation, we have con-
siderable confidence that the various animals identified — cow, hu-
man, etc. — really do have some DNA in the pork sausage. By con-
trast, in the second component, we do not believe that the various
organisms identified have DNA in the sausage.

The reason for the difference in our confidence in the reliability of
the two sets of results is that the E-values in the second task are not
reliable — they are not statistically significant. We draw this conclu-
sion because the E-values of the matched sequences listed in Table
3 are very much higher than those in Table 1. Remember, the closer
the value to 0, the better (more significant) the match — a value of 0
would indicate an extremely good match.

A likely explanation for the difference in significance between the
results in Tables 1 and 3 is that the sequences used in the second
task contain errors — the bottom line is, DNA-sequencing machines
aren’t perfect! So, whenever you search a sequence database (like
GenBank, or any other sequence database), always pay close atten-
tion to the E-values of returned matches, and use these to deter-
mine whether the results are statistically reliable, and whether the
results are biologically meaningful or relevant, given the context of
your study.

TAKE HOMES

Having completed these exercises, you can now:
Search a biological sequence database with a DNA barcode;

Use the NCBI’s BLAST program, blastn, to search one of the world’s
largest nucleotide sequence databases, GenBank;

Determine the reliability of BLAST search results in terms of their

statistical significance — i.e., with respect to their E-values;

Use DNA sequences to identify their species of origin;

Evaluate the biological implications of search results with reference
to food safety.
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creativecommons.org/publicdomain/zero/1.0).

Image credits: from Pixabay, black cat by gdakaska; black butterfly
by Elias Schéfer; black dog, black fish and black crow by OpenClipart-
Vectors; white ‘3D’ figure with DNA, by Peggy and Marco Lachmann-
Anke; and QR code with phone, copyright © FromDev.

9 Disclaimer

Every effort has been made to ensure the accuracy of this Guide;
GOBLET cannot be held responsible for any errors/omissions it may
contain, and cannot accept liability arising from reliance placed on
the information herein.
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