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Dying for a
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Pak J. Biochem. Mol Biol. 2016; 49(1): 29-35

Review
SUDAN DYES AND THEIR POTENTIAL HEALTH EFFECTS

=L 4iim-un-Nisa, *Naseem Zahra, *Yasha Nazir Butt
1.2 Food and Biotechnology Research Cantra (FBRC)
PCSIR Laboratories Complex, Ferozepur Road Lahore-54600, Pakistan
*Institute of Biochemistry and Biotechnology, University of the Punjab, Lahore.

Abstract: Sudan dyes are synthetic, oil-soluble, red coloured azo dyes which are not permitted by the
authorities in Switzerland, Japan, Furope, and the United States for the purpose of food colouring Sudan
dyes I II, I, IV, and their deg‘radaum: products are considered harmful to human health due to their

‘hich leads to cancer. Many experimental studies on animal
specimen have confirmed tlm formation of fumour due fo the presence of different Sudan dyes in food
products. Sudan dyes arc described to have seasitising characicristics; they easily get absorbed through
dermal route and airways and causes health problems. This paper discusses the harmful effects of Sudan dyes
on human health which is now greatly used in foodstuffs.

Keywords: Sudan dyes, Illegal. Health effects
Received: JTanuary 11, 2016 Accepted: February 15, 2016
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Melamine in Milk
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Operation Tacannna & Scallop Fraud
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CONSUMERS FIRST
ZERO TOLERANCE
LEADERSHIP

NTELLIGENCE GATHERING
LABORATORY SERVICES
GOVERNMENT SUPPORT
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Intentional Adulteration

Economically driven
Motivation is 'GAIN'
TACCP

Mens rae
Ideologically driven
Motivation is HARM
Inc Horizon
¢ ¢ Scanning
y ) V.A.C.CP
Process Food Y Food
Control Quallt¥ Defence
Nature Substance QUACC V.AA.C.C.P
and Quality
QU.ACCP
Food
Science-based safety
Food borne illness HA.CCP
H.A.C.C.P

Unintentional / Accidental Adulteration
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An Enforcement Spectrum

Criminal areless Complia Champion

Encourage improvement

RECOGNISE
ENGAGE g REWARD

ENFORCE EDUCATE

Promote best practice
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Routine Activity Theory

PAS 96:2017
. Guide to protecting and defending food
P?f?nilul i and drink from deliberate attack
Authenticity/Integrity
/] Issue

5 4

Absence of
Opportunity a Capable
Guardian
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FBOV & OCV
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EFFECTVENESS GHALLENGE

FROVS AND DQVS MuST BE
“TFFECTIVE’ (FROM FOOD LAW)-
AND THE PURPOSE OF FOOD LAW

(AND THEREFORE FROVS AND
DeVS) iS T0 ENSVRE THE FRD
PROTECTS THE CONSUMER iN F0OD
AUTHENITICITY, IIWEGIZW AND iN
- SAFETY TEEMS... S Sus
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SCIENCE CHALLENGES

— D
REG 178 ESTARLISHED THE
SCIENTIFIC BASIS OF F00D LAW
THEREFORE ~EMPIRICISM -
UBJECTIVE EVIDENCE AND
MEASVEEMENT P g

g™
-

| PROPOSITIONS CHALLENGE

.. BY PLAGING FooD ON THE
MABKET — WE CAN DEDVUCE THAT
THE FRD PROPOSES THAT iT iS

AVTHENTIC AND iT iS SAFE

\\%

.ﬁ
24
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.. THE FRO iS PROPOSING

70 DO THE RiGHT THINGS AND
2. PROPOSES THAT SHE OR HE
;lAS KEEN DOING THEM

S

BY SIMPLE DEDUCTION
ACH TO
10N CAN THEREFORE BE
D it VEEIFY
THE FBO INTEND T0 DO
iGHT THINGS AND

THE FBO DOING THOSE THINGSZ.,
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STRUCTVRING A VERIFIER'S
SolTioN

VERIFIER
PROPOSITION

IMPLEMENTRTION
(REAUTY CHECK)

REVERSE ENGINEERING
A PROPOSITION




Exercise — Reverse Engineering
the FBO’s Proposition

f
A PROPOSITION

29
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PA(168

“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

30
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PA(170

Atiributes of Objective Evidence
v'Scientific — 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'Scientific — Does the documented evidence provide
sufficient data to prove what happened, when, by whom,
how, and why?
v'Legal — Was the documentation completed concurrent
with the tasks?

v _ : : 2 Denise Dion
Legal — Is the documentation atiributable? USA FDA Office of

Regulatory Affairs
Primary Editor of the
FDA Investigations
Operations manual
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Adventitious Hazards/ Intentional
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Master
Manufacturing
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Supplier Control

Adulterations

Process Control

—

Company Culture

Management commitment - Adequate resources

Quality Control
e.g Check

Weigh(s)

Batch Control e.g
Lot Marking

17



MASS BALANCE

- EXTERNAL REFERENCE
REETIEE Miss ANALYSES THE POCESS
iN TERMS oF Miss
BALANCE

.. .VERIFYING
PROCESS CONTROL
(RATCH CONTROL,
TRACEARILITY AND
LoT MABKING).
COMPOSITION,

CiTY.
+ T Fo A A
(P0SS REFEPENCE / CRiME
FRO MASTER ANALYSIS
MANUFACTVRING FRO IMPLEMENTATION

INSTRUCTiONS (REALITY CHELK)

I0NS OF MASS BALANCE

Steady State Situation’ - The most
Mo common situation e.g. batch
process Where M;, and M, are the
total mass flow rates entering and
leaving the system respectively

Continuous Flow Situation’ e.g. Milk
pasteurisation with ‘Just in Time’
Distribution. Where dm,,/dt is the
rate of mass accumulafion (or mass
depletion) within a system at a
specific point in Kg/s.

Multi Stream Situation. Where M ;
and M, are the flow rates of
streams ‘i’ and ‘j’ entering and
leaving the system respectively.

K n
Z Xy i = Zx,rh . out Chemical Reaction Situation:-
= = Where X;is the mass fraction of a
specific component in the ‘entering
stream’ ‘', and X; is the mass
fraction of the same component in
the ‘exiting stream’ j'.
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Exercise — A mass Balance

4. Lucidchart

DIAGRAMS

DONE RIGHT

Lucidchartis your flow chart maker

SIGN UP FREE
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FBOV & OCV

W\ > Fundamentals
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Company

Culture
Overview
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Calture

> FSA View
> Iceberg Model
% Dimensions of
Culture

> Promotion
> Verifying

Culture

41

Food Microbiology and Food Safety
Practical Approaches

Frank Yiannas

"Food Safety = Behavior

30 Proven Techniques to Enhance
Employee Compliance

O raiinn

Food Safety Culture

Creating a

Sources

21



FBO Culture

“Creating a culture in which all staff are
both able and confident to report
suspicions of wrongdoing is vital.
Businesses can do this by ensuring they
provide an environment in which staff are
able to see the moral as well as the
commercial benefits of identifying
wrongdoing, whether within or outside 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 the UK food
sector both a safer and a more
economically prosperous place,
benefitting both businesses and
consumers alike”

- Andy Morling Head of FSA Food Crime
Unit 2016

26/10/2020

Not Observable
perceptions
climate ¥ attitudes W media
geography ¥ beliefs W education
demographics" values W ideologies

economics ¥ h religion

The Iceberg Model

» “Shared values,
beliefs & norms
that effect
mind-set &
behaviour
toward Food
Safety in, across
& throughout an
organisation”
GFSI 2018
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Behaviours
Observable ! [
Empirical (?)

Taught N\
Conscious )
Outcomes

The What Effects

Values
Beliefs
Atfitudes
Subliminal
Inputs

Root Causes

Ishikawa Kaoru 1982
45
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Five Dimensions of Food Culture

People Consistency
L Business structure, Accountability Food s.afety Foundational hazard
- values and Stakeholders expectations and - information and
purpose current state education
M . Setting direction Governance Performance \ - Employee
and expectations management Agility engagement
Change, crisis Verify hazard and
" Leadershipand Communication Documentation ‘| management and - risk awareness
messaging problem solving
Learning
Organisation
Incentives, rewards
and recognition
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Verifying FBO Culture
F= S BRegros

Food safety culture
diagnostic toolkit for
inspectors

©Food Standards Agency. 2012
All rights reserved. Mo parts of this document may be reproduced, storsd in a retrisval
system. or transmitted, in any form or by any means, = ic. nical.

ing. recordng or without the prior permission of the Food Standands,

Agency.

This is a draft toolkit deweloped as part of an angeing research project. The views
in this e B of 2 Barman Lid and it sontracions and
not necessany those of the Food Standards Agency.

Greenstreet Berman Lid. 10 Fitzroy Square. Fitzrovia London WiT 5HF. T: 020 3102
110 W: www_greenstreet co.uk
Authors: Michael S Wright. Paul Leach and Gill Palmer.

©Food Saandards Agency, 012 maanz
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Exercise - Promoting &
Verifying FBO Food Culture

¥
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Culture
> FSA View
> Iceberg Model

|\ > Dimensions of

Culture
% Promotion

> Verifying
Company | Culture

Culture
Summary
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Traceability &

Provenance

50
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Traceability

&
Provenance
Overview
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Traditional vs
Forensics

[ Blockchain
A

=

51

Food & Drink ™™
Good Manufacturing Practice
A GUIDE TO ITS RESPONSIBLE MANAGENMENT

==1fst

S i Ao |
@‘ =2¢-==A|| Improving traceability
ANDBOOK 0 > in food processing

i:[] [] I] PFH |] E ESS| N H and distribution

Food Safety, Quality, and
Manufacturing Processes €di

Theodoros Varzakas ¢ Constantina Tzia

Sources

Jennifer McEntire
Andrew W. Kennedy Editors

[Food
Traceability

From Binders to Blockchain
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Traceability

y— A A, A,
¥ oF, Pmc:ssiny i 4 ) : b= 4 b [T o
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Transactions

(a) Receiving Lots

o |-o
o [ ©

(b) In establishment
movement where there is
no processing

OoO—0O
OoO—©O

26/10/2020

v

Verify the incoming shipment & its
information (labels/invoice etc)
Cross ref to supplier date & time
Record info

Where one step back FBO has not
implemented traceability verify ID on
incoming lot - Follow G (see below)

Cross ref the lot with label & invoice
Record date & time

54
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Transactions

(c) Combination of a lot

o
(d) Division of a lot
') <8

26/10/2020

» 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
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

Record division data, e.g

quantities before & after

division, date & time.

> Prepare label & invoice with ..
the new ID & attach

vV VY

Transactions

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

©o—©O
o—0

(f) Shipment of a Lot

oo
10

26/10/20.

> Verify pre-processing lots data & record

» Record info re processing work required fqg
ID - If any e.g date & time of processing,
quantities before & after processing.

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

> Verify lot to be shipped & its data.
Record

» Cross ref & link ID of shipped lot to
buyer date & time. Record.

56
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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.
26/10/2020 57

Transactions

(i) Requirements for In-House IDs
> FBO to setarulere in-

house ID, linked to

incoming & out-going lot
IDs.

(j) Grouping (Formlng) Lots » 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.

(k) Dividing Lots (e.g a traceable unit)
» Link to product ID before

/ o the division to after.
Record.

» Record info re division

\ work if any e.g date,
20 time place

29



Traditional vs Forensics

Traditional Forensics

v Fasillo5days

Accuracy xReliant on packag v Traces product not packaging

Fails when packaging lost or v Science & algorithmic
counterfeit methods
Can't be counterfeited without
detection

fReliant on packa
Does notreach cril

disisilalaie
Scientific ~ xPaper based - Prone to v Peer reviewed scientific
error literature
v' Accepted as evidence in
26/10/2020 court 59

Blockchain

13)[?].\-m@ma E’

A A A
v v v
'

Farmer Manufacturing ~ Wholesaler Retailer  Consumer

26/10/2020 60
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Traceability &

_Provenance
Traceability
& Tracking
Verification
Traditional vs

Traceability

\’ Forensics
& A I Blockchain

Provenance W approach

Summary L»
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Process Control

26/10/2020 62
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Process Control
A > Case for
‘ Quantification

Process

Control
Summary
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L)
Quantification

Tan
Automation
& Apps

Tan
Normal
Distribution &
Data

Process
Control

LR
6-Sigma

64




Food & Drink ™*™ e S 4 et : STATISTICAL
- . : Statistical Qualit
Good Manufacturing Practice control for thev PROCESS CONTROL

AGUDE TOITS RESPONSIBLE MANAGEMENT
Food Industry FOR THE FOOD
Third Edition INDUSTRY

ANDBOOK O -

F000 PROCESSING

Food Safety, Quality, and
Manufacturing Processes

Merton R. Hubbard

Theodoros

Sources

Quantification

Lord Kelvin on quantification and sc

| often say when you can meast

are speaking about, and express itin
numbers, you know something about it, but
when you cannot measure it, when you
cannot express it in numbers, your

knowledge is of a meagre and unsatisfactory
kind; it may be the beginning of knowledge,
but you have scarcely, in your thoughts,
advanced to the stage of science, whatever
the matter may be.

Lecture on "Electrical Units of Measurement" (3rd May 1883) published in Popular Lectures




Statistical Process
Control

e 3

Kai =Change Zen = Good

William E. Denning

50% of

the Area

4

50% of
the Area

26/10/2020

Mean

68
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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.

26/10/2020

Special Cause Varianon

» 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. It is a measure of
process control. Also referred
fo as “exceptional” or
“qssignqbleﬁnrid’rion

<o

69

A Stable Process

26/10/2020

Consis_tent
over Time

70
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An Unstable
Process

Not Consistent
over time

The Empirical Rule

one standard
deviation

K_H
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%, Normal

Process

Variation

=====30, UCL

~ - 20,Alert

1o

Centreline

ressse 10

- 20Alert

=== 30, LCL
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Bill Smith

75
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DEFINE
Define CTQ
Develop Charter
Define Performance Standards

P,
1o, CG'S.
s
%

MEASURE
Measurement System Analysis Identify Data,Plan and Collect Data
Determine Process Capability Measurement System Analysis

Finalise Performance Measures

Implement Control

=
5 o
© )
5y 3
&) =
® 3
[ )
Ly X
o) 5
kS
IMPROVE
Establish Transfer Function Define Entitlement
Identify Variation Sources
Screen potential Root Causes

Establish Operating Tolerances

Confirm Results SQIJSQE;S |B“uela¥“\

76
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Six Sigma Statistically Visualised

Spec.Limit Process Mean Upper Spec. Limit

60 50 40 30 20 1o 0 o 20 30 40 50 60

The term Six Sigma is based on a statistical concept defective items can be minimised by maintaining 6 standard
deviations (6 Sigmas) between the process mean(average)and its Upper and lower specifications
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Graph Pad Pa(s7

www.graphpad.com

—
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Process Control
| > Case for
‘ Quantification

Process
Control
Summary
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Authentication

26/10/2020 82
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Avuthentication

Overview

26/10/2020

Authentication

> Conceptual
divide of approaches

» Quantification

» Organoleptic

¥ Targeted/Un-Targeted

83

[
Conceptual Divide

LR
Fingerprinting

Un-Targeted Authentication

Establlshed/
Official
Targeted

26/10/2020

Organoleptics

Tan

84
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FOOD BIOLOGY SERIES

Food Traceability
and ;
Authenticity Snectroscopic Methods

Wine Tasting fus o s
(\Professional Handbook Flll!lﬂl'lll'llllllly Tﬂllﬂﬂlllllﬂs
- i Food Autentcaio

and Tl‘ﬂﬁﬂﬂllilily lztfcal Techmques“ inFooul A"alvsm

o
K. 8. SIDDIQI
LEO M.L. NOLLET

Sources

Conceptual

Divide ——

26/10/2020 6

43



Forensics -

Targeted vs
Un-targeted
Analysis

26/10/2020

Targeted

l Non-targeted I I

Single or dual targets
Primary marker
»

Single or dual targets

Legal limits
- Direct authentication

Secondary marker(s)
- v
Profiling Threshold c
Secondary markers value(s) or °
database =
» 4 comparison §
= o« &
= 4 — | 9
K £
B ]
3
R H
Fingerprinting g
Unspecified targets or data points £
N
= 7 Database or s
= 4 reference —
»— comparison
e —

87

26/10/2020

Simple Quantification

88
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Organoleptics

26/10/2020 89

— 10 ’7'9_,6 QUALITY ASSESSMENT
— = =y
= o \‘&:@e,
8 -
e, o,
A o 7 2 -
= Cut off of acceptability
— S 6
1= =
g S S -
| =
=2 a
2
B
= 2
o L] 10 5
days in ice (0° C )

Organoleptics

90
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Targeted Authentication

FOODINTEGRITY HANDBOOK

26/10/2020

4._Overview of methods for authenticity testing

ary of tha official and commanly used methos respectivaly

91

Fingerprinting

26/10/2020

- definition of the

objective

- lype of malrix
- malytical technique

spectroscopic/
spectrometric

establishment & sampling
of a respresentative sample)
sel

by the use of supervised
and/or unsupervised
techniques

[2

by the use of spectroscopic|
and/or
spectromelric techniques
or DNA techniques

8.
buckefi

8
« nomalization, seali
- 1,2 derivative,
- feature selection

92
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Method development (scientist)

cature finding

‘profinder 7
S ? Y,
S5 Bol
¥
¥ o LA

o raemed

QUECHERs Classifier 1.0

Routine analysis (technician)
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Thiee mango varieties

%4

Tommy  Ken  Ataulffo

00 000
000 000 000

Model: Six biological replicates

QUEGHERS
T 01 1 i

One pasitive OC per variety

6546 LC/Q-TOF

1o00e0a0

50150 and B0/20 adulterated QCs
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Isotope-ratio mass spectrometry (IRMS)

26/10/2020 95

laser

software
SCTROVETER

optical ber Qe
Waofued
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Spectroscopy
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Fraud: Addition of Riog-Syrup

authentic reference
database -

1H-Chemical Shift - 3% of NIR-Profile

26/10/2020

Nuclear Magnetic Resonance

97

Testing food for \ tana
animal

26/10/2020

DIVAWAEIVS

98
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Authentication
>
divide of approaches
% Quantification
» Organoleptic
I\ > Targeted/Un-Targeted

Authentication
Summary

26/10/2020
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Food Authenticity &
Integrity - Management
Day 2

Assuring Food Authenticity & Integrity - Protecting the Food Sector from Threats & Vulnerabilities

Andrew Macleod
BSc (hons) BSc. Pg Dip (Food Safety) CSci (Food Sci & Tech) FIFST FS Prin (IFST)
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