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Food Authenticity
“The quality of a food to
be genuine and
undisputed in its nature,
origin, identity, and claims,
o meet expected

properties”

counterfeiting, and
misrepresentation”

Food Integrity
"The status of a food product
where it is authentic and not
altered or modified with respect
to expected characteristics
including, safety, quality, and

CODEX ALIMENTARIUS COMMISSION

Economically Motivated
Adul jon

“is a subset of food fraud. It is

addition of a substance in a
roduct for the purpose
increasing the apparent value

cost of its production, for

economic gain™
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Dying for a
Sweet? -The
‘Bradford &
‘Punjabi’ Sweet
Incidents

11

Nature,
Substance &
Quality

+ S14FSA-Offence tosell o the purchaser’s
prefudice food not of:
~ Nature (Difference’) il Bros (Halfox)
Ltdvs (Hallimond) (19270 44 TLR 238
Butter toffee containing coconut fat.
Held - Butter Toffee. Implied only.
butterfat
stance - (‘Compatible with the.
demand). Hall vOwen Jones & Jones
(1967) ALL ER 209 ~ Peniclinin milk.
Quality - (‘Commercol Quality -
Including descripton”) Goldrup v John
Manson Lt [1981] 3 A ER 257 -5 2
FDA1955 - (s 14(1] FSA) Re fatin
minced bee.
1) purchaser's “demand” depends on
press contractual terms or on whatis
from allsurrounding

is that of the
purchaser not of the analyst.
3) quality demanded, where displayed
ona natice, i the quality so declared.
) de minimis deficiency in quality s
Rotto the purchaser's preludice.

* Disjunctive

* Wellestablished longstanding provisions of

FoodLaw.
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Falsely
Advertising/Describing/
Presenting Food etc.

515 FSA 514 FSA - Offence to :
Falsely Describe - e.g. Port not
Portuguese provenance.
Sandeman v Gold (1924) 1 KB 107
- Includes omissions — R vs

Kyslant (1932) 1 KB 442, Re

Share prospectuses - An

analogous law provision.
Likely to Mislead - Arlidge vs Blue
Cap Foods (Kent) Itd (1965) 63
LGR 167 - Re Fully prepared
sliced selected tins of apples 25%
solids lost & added water.
Derived - Well established
longstanding provisions of Food
Law.
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ok 1 Bocham Mot Bl 2016 460): 2035

SUDAN DYES AND THEIR POTENTIAL HEALTH EFFECTS

FBRC)
Jhoe-54000, Pokistan
niversiyof

RECALLED
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Melamine in Milk
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Operation Tacannna & Scallop Fraud
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EADERSHIP
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Micro Meso
Internal Scope Scope Company
Manufactuning Cotaptishment | Culreet
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Typology
of Food
Fraud
20
Scope of Verification
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Food Crime:-
Mens Rae &
Malice
aforethought

Malices Restusant

Simmering
Resentment

Pique Tee e —
(et reiid)  undines Ity
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Mens rae

Process
Control

Nature Substance
‘and Quality
QUACCP

Science-based
Food bome ilness

Intentional Adulteration

Economically driven
Motivation is ‘GAIN'
TACCP

Food .
Ideologicaly driven
Fraud Novaion 1§ HARM
TACCP nc Horizon
Scanning
VACCP
Food
Defence
VACCP.
Food
Safety
HACCP

Unintentional / Accidental Adulteration
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An Enforcement Spectrum
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ENFORCE

RECOGNISE
ENGAGE g REWARD

Promote best practice
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Routine Activity Theory

Potential
Authenticity/Integrity
Issue

/

\ x4

Absence of
Opportunity a Capable

Guardian

L bsi.
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_THE OLD NEWS

Ml  Tochnslady « Puture * Flsacs « Trarel + Sport » Bastuoss »

“Evidencing a cause - e((ect
relationship between level of
compliance & public health

outcomes is a difficult task.. is
not currently avaxlable for the & /

UK’ B
- Alison Gleadle FSA 2011 8
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Literature

Review
FF\}; -
Der;ernis Food F;zud —
29
Capable

Guardians

30
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Perspectives
\ > Examples

Perspectives

Summary
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FBOV/OCV

32

33
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Verification
FBOV & OCV
iew
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e
FROTECTS THE CONSUMEE iN FooD
AVTHENTICITY. INTEGRITY AND iN
| SAFETY TERMS... == o 3

35

- SOIENCE CHALLENGES

SCIENTIFIC BASIS OF F0OD LAW
THEREFORE ~EMPIRICISM -~
OBJECTIVE EVIDENCE AND
MEASUREMENT

e
REG 178 ESTABLISHED THE

36

12



_
II PROPOSITIONS CHALLENGE I

. BY PLACING FooD ON THE

NN\ At ol

MABEET — Wt CAN DEDUCE THAT
THE FBO PROPOSES THAT iT iS

ArniChTin AN T i€ CATT

\l AVIHUAVIIC ANY UT 12 AT I
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... THE FBO iS PROPOSING:
170 D0 THE BiGHT THINGS AND
2. PROPOSES THAT SHE OB HE

HAS BEEN DOING THEM

"‘\\f =

38

. BY SiMPLE DEDUETION

OUR APPROACH TO

VERIFICATION CAN THEREFORE RE
DEDUCED. it VERIFY

‘1 DOES THE FRO INTEND T0 Do
THE RIGHT THINGS AND

; 0i 0SE THINGSZ.
2 T5 THE RO DOING T ETHING%

555

39
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STRUCTVRING A VERIFIER'S
SowTioN

VERIFER
PROpoSITION

O (REALITY CHECY)

40
41
REVERSE ENGINEEEING
A PROPOSITION
42
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Exercise — Reverse Engineering
the FBO’s Proposition

REVEPSE ENGINEERING
A PROPOSITION
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Objective Evidence

“Objective evidence and certitude are doubtless
very fine ideals to play with, but where on this
moonlit and dream-visited planet are they
found?”
- William James 1842 1910 (considered to be one of the
greatest philosophers of the pragmatic school)

“Information that can be proved true, based upon facts obtained
through observation, measurement test or other means”

- First defined BS EN 8402/1995
- Referred Regulation (EC) 178/2004 - but not defined

44

Attributes of Objective Evidence
vScientific — Can the data be evaluated by
independent observers to reach the same conclusions?
v'Scientific — Are the data documented in a manner to
allow re-creation of the data or the events described?

v — Does the d d evidence provide
sufficient data to prove what happened, when, by whom,
how, and why?
v'Legal — Was the
with the tasks?

" ” Denise Dion
v'Legal — Is the documentation attributable? USA FDA Office of
Regulatory Affairs
\ =T \ Primary Editor of the
i FDA Investigations

‘Operations manual

45
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Observed D

Re OPP no
Jones carry our
a2 \ SOP no 42
(attached)
Mr D jones @ 12.30 N
17/6/2017 “I carry Reviewed all
out SOP no 42 records and all
which is the comply.
disinfection” Random
numbers
u‘,id ) 73,29,14,78,51
Joes Triangulate 17-1-16-16-1-
0|38
1l 17. see
v
Interview Examination of
Testimony Records
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Relationship to
Science

Evidential
Triangulation
(Inductive)

Triangulation
(Deduciive)

Gap Analysis Gap Analysis

47

Adventitious Hazards/ Infentional
Sublractions / Substitufions

—
Master Quality Control

Manufacturing e.g Check

Instructions Process Control Weigh(s)

rrr—

Supplier Control Batch Control e.g
Lot Marking

npomy Callirs
Management commitment - Adequate resol

48
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Adventitious Hazards/ Intentional
Subhactions / Substifutions

49
Ploys & Hacks

50
DIAGRAMS
DONE RIGHT

0

-  sohpre

51
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Verification
FBOV & OCV
Summary

(\ rBovaocv

A > challenges
f\ > Fundamentals
f{> Trianguation
I peducinga

im
Objective Evidence

Triangulation
It scope
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Company
Culture

53

Company

Culture
Overview

Culture
\ > FSA View
I\ > tceberg Model
N > Dimensions of
Culture
» Promotion
> Verifying
Culture

54
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rank

Food Safety = Behavior
0P
o Behavior-Based Food
Safety Management
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Not Ossenvable

Reiceplins 4 + “Shared values,

clim atlitudes media beliefs & norms

Y beliefs  Wedycation 'mhg‘lde.fsf:tc "g‘

values ¥ ige gies behaviour

toward Food
Safety in, across
& throughout an
organisation”
GFsI 2018

geography”

The Icebe

57
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Behaviours
Observable
Empirical (?)

Taught
Conscious
Outcomes

The What Effects

Values
Beliefs
Attitudes
Subliminal
Inputs

The Why
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Ishikawa Kaoru 1982 58
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FBO Culture

“Creating a culture in which all staff are
both able and confident fo report
suspicions of wrongdoing is vifal.
Businesses can do fhis by ensuring they
provide an environment in which staff are
able fo see the moral as well as
commercial benefits of identifying
wrongdoing, whether within or oufside of
their business. Working with the National
Food Crime Unit, whether by sharing fraud
concerns or by finding new ways to
design out fraud, will make fhe UK food
sector both a safer and a more
economically prosperous place,
benefitfing both businesses and
consumers alike”

- Andy Morling Head of FSA For
Unit 2016

59

Five Dimensions of Food Culture

60

20



= =1
Food safety culture

diagnostic toolkit for
inspectors

Il Verifying
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FBO
Culture
61
Il Verifying ﬂIﬁb’Z‘.’.‘E"E"“m"
FBO 0000
Culture
62
Discussion - Promoting &
Verifying FBO Food Culture
63

21



Culture
\ > FSAView
W\ > iceberg Model
\\ > Dimensions of
Culture
> Promotion

> Verifying
Company Culture

Culture
Summary
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Traceability &
Provenance

65

Traceability &
Provenance
> Traceability
- & Tracking
b Verification
Traceability J |\t Traditionalvs

Forensics
& Blockchain

Provenance approach
Overview e

66
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Food & Drink
Good Manufacturing Prs

==ifst

| WF5od
infosdpesne” [l Traceability

and distribution

Sources
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(ADDED OFF-LINE 1
WATER)
OFF-LINE 2
OFF-LINE 3
(LosT —
WATER) OFF-LINE 4
INGREDIENTS ' 4
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Transactions

(a) Receiving Lots

v

Verify the incoming shipment & its

Lot Lot
information (labels/invoice efc.)
—— Cross ref fo supplier date & fime
Record info
Where one step back FBO has not
B @ implemented traceability verify ID on
incoming lot - Follow G (see below)

(b) In establishment
movement where there is
no processing

> Cross ref the lot with label & invoice
—_— > Record date & time

v

v

v

69
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(c) Combination of a lot

g:>6

v

v

Transactions

Verify data re pre-combined
lots, refer SOP & record

Assign new ID to combined lot
Link data before & after
combination & record

Record info re combination
work needed for ID if any (eg
date, quantity before & after

Seafish: Food Authenticity & Integrity
Verification

combination)
» Prepare label & invoice with the
new ID & attach.
Verify pre-divided lot data &
record

Assign new lot ID to divided
— lots
» Record the ID linkages

T Record division data, e.g.
quantities before & after
division, date & time.

Prepare label & invoice with
the new ID & gttgch

(d) Division of a lot

O

v

Y

v

v

70

Transactions

(e) Processing Not
Involving Combination of
Lots e.g. Heating, freezing
drying etc.

» Verify pre-processing lots data & record
@ o > Record info re processing work required for
D - If any e.g. date & time of processing,
quantities before & after processing.

@ . @ > Prepare label & invoice with ID of
processed lot and attach.

(f) Shipment of a Lot

Lot > Verify lot to be shipped & its data.

Lot
o{-o I
» Cross ref & link ID of shipped lot to
buyer date & time. Record.

71

Transactions

(g) Formation of a lot (e.g. obtaining from the
farm (livestock & marine products) or when
receiving no Id products not covered by the FCMS

» Decide on the product
lot & assign ID
— @ > For each lot record data
required for ID e.g.
(producer, farm date &
—0

(h) Disposal of a lot

> Verify the product lot &
its data prior to
o — disposition. Record
» For each lot record the
disposal date, time &
place.

72
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Transactions

(i) Requirements for In-House IDs

oO—mB—A

(i) Grouping (Forming) Lots

(k) Dividing Lots (e.g. a fraceable unit)

a_©
- [

> FBO to set arule re in-
house ID, linked to
incoming & out-going lot
IDs.

> Assign a new ID to

grouped lot

» Link to product ID before
the grouping to after.
Record.

» Record info re grouping
work if any e.g. date,
time place.

» Link to product ID before
the division to after.
Record.

> Record info re division
work if any e.g. date,
time place

Seafish: Food Authenticity & Integrity
Verification

73

Traceability

74

Traditional vs Forensics

Traditional

Forensics

Speed X Can be slow relies on
checking data & each point
in the supply chain

Accuracy X Reliant on packaging -
Fails when packaging lost or
counterfeit

Farmto X Reliant on packaging -
Fork Does not reach critical point
of consumption

Scientific X Paper based - Prone to
error

v Fast1to 5days

v Traces product not packaging

v Science & algorithmic
methods

Can't be counterfeited without

detection

v Actual product assayed
Trace from consumer to farm

v Peer reviewed scientific
literature

v Accepted as evidence in
court

75
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Blockchain

Seafish: Food Authenticity & Integrity
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RodoBoB %

Famer  Manacturing  Wholesaler Retaler  Consumer|

76

77

Discussion - Traceability

78
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Traceability

&
Provenance
Summary

Traceability &
Provenance
0\~ Traceability
b & Tracking
Verification
Traditional vs
Forensics
Blockchain
approach
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Mass Balance m
- -

80

Mass
Balance
Overview

Mass Balance

\ > Triangulated
| > Basis
f\ » Process

> Equations
> Strengths &

> Limitations

81
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EXTEPNAL PEFEPENCE
ANALYSES THE PROCESS

“‘i\/)‘\‘f N TERMS OF Mpss
BALANCE
y / &, - VERIFYING
FROCESS CONTEDL
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Mass
Balance
Process

Calculate

83

EQUATIONS OF MASS BALANCE

Steady State Situation’ - The most
MM = Mouc common situation e.g. batch
process Where M, and M,,,are the
fotal mass flow rafes entefing and
leaving the system respectively

Contiueu How SHaton =i IR
uisation wih Jus in i

Bisiution. Where i
rate of mass accumulafion (ov mass
depletion) within a system

. ; specific point in Kg/s.

D i =D Myou Mulfi Stream Situation. Where M,

e = and M, are fhe flow rates of
streams”f and ' entering and
leaving the system respectively.

« o
D Xty = Y Xy one Chemical Reaction ituaon
& = ere X,is the mass fraction of a
speclﬂc omponeni n fhe- enlerlng
m" ', and X, is the
ftaction of ine same component in
the ‘exifing stream’ .

84
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I S S S N S
| s|system| ——
Mester Mexit
Merter = Mexit

Steady State is Most Common
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M= Moy = Milkey, -

. _ 1 gallon milk makes
Miya Lrooming MR = 6)ppce puit + whey out 111b oheese. weight
4550 0

N

Y

% 4.55L
makes 2.2kg
oheese
4450
=makes
220Rg cheese
* weight Loss
should be
248 approx

248Ky
weigh

86

Nokes i

Random number = 201 < production day 201. Lot mark = 102/16/a (Samplesizeis 12 @ 95%

Confidence)
OCV Mass Balance

Mentor = M!)(Lt\

of wilk) = 468Ro.
460k x S2=243k0
whey.Cheest yieldm
2220k5 (Annul).
FBO Master
Manufacturing
Instructions Record Archive
Notes to self ~ Obs
1551 (o bl / 7 17 § Interview to
- Reviewed, willdng resords ;
Pmipaiony - R, follow @ Reality
e 162/1672 NB dispatzh in 13 Check
Londs. AL reconalle ot ayprox.
220keg chttse § 24 SRg whey.
Annaclcheese = 2001155

87

29



If input/output data exists, this
method can be relatively cost-
effective; otherwise it can be
costly

Can obtain estimates of FLW
where no direct data exists (e.g..,
estimate FLW from food supply

and consumption)

Depending on how data are
collected, may help identify waste
hotspots (e.g.., food categories)

Can have large inaccuracies
depending on the type of data
available

Difficult to estimate uncertainties
Requires quantification of all major
flows of food (e.g.., food going to
feed animals)

Difficult to apply if there is
substantial addition or removal of
water (e.g.., evaporation of water
during cooking)

May be difficult to determine root
causes
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Exercise — A mass Balance

89

Ploys & Hacks

90
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Overlaps
Yields — Mass Balances, Traceability — Product
Recall
91
Mass Balance
0\~ Triangulated
> Basis
f Process
Strengths &
Mass It Limitations
Balance L
Summary
92
EMOs & Process
Control
93
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Process
Control
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Process Control
\ ~ Case for
Quantification
Data
Statistical
Process
Control
Overview

95

Food & Drink "™ & STATISTICAL
. Statistical i
Euse Controlfor e PROCESS CONTROL
Istr FOR THE FOOD
INDUSTRY

F000 PROCESSING

Sources

96
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Quantification

Lord Kelvin on quantification and s

| often say when you can measu
are-speaking-about,and
numbers, you know something about it, bt
when you cannot measure it, when you
cannot express it in numbers, your
knowledge is of a meagre al

may be the

you have scarcely, in y
advanced to the stage of science, whatever
the matter may be.

Statistical Process

Control
el chane Zen = Good 50% of 50% of
William E. Denning the Area \ - the Area

33



one standard
deviation

f_H
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Common Cause & Special Cause Variation

Common Cause Variation
A source of variation

caused by unknown factors
that result in a steady but
random distribution of output
around the mean/average of
the data. Common cause
variation is a measure of the
process's potential, or how
well the process can perform
when special cause

variation is removed.

Special Cause Variation

+ Special cause variability is a
shift in output caused by a
specific known factors such as
environmental conditions or
processing errors. It is insidious
but can be accounted for
directly and potentially
removed. Itis a measure of
process control. Also referred
to as “exceptional” or
“assignable&m’oﬁom

<<

101

Upper Control Limit

Special Cause
. Variation

ey

Contro Line

\ [\ { . Normal
) o o

(Ch)

Lower Control Limit

ocess
Varation

(o)

Special Cause

Variation

102
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A Stable Process

Consis_tent
over Time
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An Unstable
Process
Not Consistent
over time
104
=====30, UCL
Zone A-30
20,Alert
Zone C-10 "
Zone C_1°. Centrelii
resee 10
20,Alert
Zone A-30
=== 30,LCL
105
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SIX SIGMA
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DEFINE
Define CTQ.

Develop Charter

Define mm nce Standards

\m

MEASURE
Moasurement System Analysis
Determine Process Capabiy Vea
Implement Control
DMAIC
@
§
ot

o5 Capadilty

IMPROVE

Establsh Transfer Function

Establsh Operating Tolerances

Confi Results ope o\
75 ene

107

(LstL) (us)
ariation

|
"o ' 20

108
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Six Sigma Statisticaily visuaiised

Lower Spec Limit Process Mean Upper Spec. Limit
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Ploys & Hacks
110
Graph Pad
www.graphpad.com
111
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Process Control

> Case for
\\ Quantification
(> Data
|\l statistical
Process ess Control
Control
Summary
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Authentication

113

A\ Authentication

Authentication

ove’_Vie‘N/

114
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L
Conceptual Divide

7
EstabllsRed/

LR
Organoleptics
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e FoudTrac‘eability
v Aty Y sy s
and Taceatlty a Food Analysis
Sources
116
Conceptual
Divide -Eﬁi
Comorunisf] O |
117
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Forensics -
Targeted vs

Un-targeted
Analysis
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[on-targersd]|

Targeted

Direct authentication

é,

118
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120
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ECfeshnessgade[ > | A |
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TR

o
days in ice (0°C)

Organoleptics
121
Targeted Authentication
122

123

Fingerprinting
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Mass Spectrometry
- o

124
MS Profile
for the
Mango Case
Study
125
Isotope-ratio mass spectrometry (IRMS)
126
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Spectroscopy
127
L] | Fraut AdSin of e Syup : J
i "J\/ ‘“L_wjx AL
B, .
u[ W) I
Nuclear Magnetic Resonance
128
nr“ : APY : r' "'ET'
DNA Analysis
129
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Authentication

Summary
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Managing the Verification
of Food Authenticity &
Integrity

131
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