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Executive summary

A systematic critical review of the scientific ligure to determine the current state of
knowledge on the availability of analytical methdadsletermine the identity and levels of
permitted added natural colours in foods and beesdas been undertaken. The review is
divided into eight main sections (groups), whicé eglated to the main chemical classes:

Carotenoids — E160a-f, E161b, E161g

Curcumin E100

Cochineal — including carminic acid E120

Chlorophylls — including chlorophyllins and cep@nalogues E140-141
Beetroot red, betanin E162

Anthocyanins E163

Caramels — Classes | — IV E150a-d

Other — Riboflavins E101i-ii, Vegetable carbdlbB, Calcium carbonate E170,
Titanium dioxide E171, Iron oxides and hydroxidds/&

ONoOkRWNE

Not all of the natural colours permitted for uséands are covered to the same extent. For
those colouring materials with relatively widesgt@gcurrence and use such as the
carotenoids and anthocyanins, there are a largd&wuai analytical methods available.
However, most of these are concerned either wehdantification and measurement of the
colours in source materials, or for measuremetg\als for nutritional purposes or colouring
effect/application. Some methods have been develfipethe analysis of non-food matrices
but it is likely that these will be readily adaptedhe analysis of foods, and several methods
possess sufficient scope for the simultaneous sisaty several analytes. The identification
and measurement of all colour principles in anygigroup, especially geometric isomers, is
important. There are a number of validated mettaaddable for the analysis of riboflavin
(vitamin By), reflecting its nutritional importance, some dfish have been collaboratively
trialled.

Due to the complexity of their chemistries, thelgsia of certain colours such as the
anthocyanins is complicated, but while there areynierature methods available for their
identification and measurement, very few have lamreloped specifically for processed
foodstuffs. In this case, two possible analytitedtegies are proposed. Other colours, such as
the chlorophylls/chlorophyllins require broadeningcope with necessary validation to
cover all foodstuffs permitted to contain them. Mets for curcumin analysis are largely
restricted to biomatrices other than food, sometith have been validated but require
adaptation to the analysis of foods. There ardivelg few available methods for the
determination of cochineal in foods, however anefytmethodologies are reasonably well
established for source materials but these refuitieer development to broaden the scope
and to utilise modern technologies. Methods foit be@ analysis are even less well
established and require development of the metboplesto encompass not only the main
beet colour principles but also degradation pragluct
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Given that caramels have the greatest use by faodscolours, their chemistry is not well
understood and is further complicated by theirsifacstion into four classes. While a
reasonable number of well defined but limited mdthare available for determination of
caramels in foods, they are empirically based,deatiant on the measurement of
unidentified but characteristic marker peak. Ther@ clear need for the application of new
analytical technologies to the development of méshfor caramel.

Very few methods are available on the determinatiotitanium oxide in foods, and none for
the direct determination of calcium carbonate aad oxides in foods were found. Methods
based on elemental analysis are likely to be tilsedygproach for these colours but they will
require development and validation, with a viewhe use of multi-element techniques. No
methods could be found for the determination ofetalle carbon in foods hence a small
number of methods for the analysis of industriaterials have been considered for
development. These issues notwithstanding, mettawdBe extraction and measurement of
natural colours in foods or similar matrices possetequate sensitivity and selectivity — at
least as a basis for further development. All remjavailability of reference standards, some
of which are either difficult to obtain and/or réguextraction or synthesis.

Not all available methods have been developed afidated to the same extent; some
require fundamental development whereas othersreeqethod refinement/adaptation and
single-laboratory validation, or require only refinent prior to full validation by
collaborative trial. Most methods require broadgrimscope to encompass all foodstuffs
permitted to contain them. The need for the prowvisif analytical standards (authentic
chemicals) has been identified and is linked nd¢ tmthe regulatory requirements of the
colour specifications but also to the qualitatinel guantitative requirements of methods.

The data has been evaluated and specific recomiti@mslanade in order to inform and
direct future FSA research in this area with sgexmasideration given to future
developments; in particular validated analyticehteques and their applicability for use in
an enforcement role. In addition, proposals foufeitconsideration have been made.

This report has been prepared by Fera after exeects all reasonable care and skill, but is
provided without liability in its application and se.
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Introduction

There is a legal obligation for Member States efluropean Union to monitor intakes and
usage of food additives. This has been reinforcdia tive adoption of harmonised Directives
on additives, under which Member States must d@stabystems to monitor consumption and
use of food additives, and report their findingshte European Commission (EC). In order to
build on the systems already being used to donthi& in the UK, surveillance and related
research work on actual levels of additives in fougst be carried out. This is usually
achieved through the development and applicaticanafytical methods to the measurement
of additives in foods. Development of validatedlgtieal methodology for identification and
quantification of additives (including natural cots) in food systems is therefore requisite.

The FSA has recently called for a voluntary banestain artificial colours following the
Southampton study on the effect of certain azo @glesg with benzoate) on children’s
behaviour. This added to the already existing ti@ndcreased consumer demand for natural
alternatives to synthetic additives. Consequefalyd manufacturers are moving towards
increased usage of approved natural colours, edyeici children’s food. Validated

analytical methods are needed to fulfil the UK gation to monitor the increase in usage and
intakes that can be expected.

There is no legal definition of a natural colounbe several disparities in categorization
arise. For the purposes of this review, naturabwa are defined as those which occur in
nature but can also be synthesized as nature-tdftrms. These may include therefore,
mineral, plant and animal products with or witheatme form of chemical modification.
European Parliament and Council Directive 94/36#BColours for use in foodstuffs came
into force in the UK as The Colours in Food Regdalzsg 1995 on the 1st January 1996.
Commission Directive 2008/128/EC lays down spegficity criteria for permitted food
colours. The Regulations prescribe a positiveolisipproved colours along with limitations
on their use. Amongst these are colouring matetiedt fall into the abovementioned
designations.

Suitable analytical methods are required in ordexatrry out surveillance for additives in
food, especially those for which no suitable methotlanalysis currently exist, and to ensure
the Acceptable Daily Intakes (ADIs) are not excekdspecially by young children. Current
ADIs for natural colours are given in Table 1. Maver, food colours from natural sources
tend to exhibit variable composition because ofitierent variability of their source
materials and their different methods of extractibinere is therefore a requirement to
continually improve specifications and to have klde suitable analytical methods for
natural food colour additives since their consumpts both widespread and increasing.
Specific dietary advice and other strategies taenthat consumers can maintain a safe and
adequate diet in terms of additive intake may ti@\established using relevant scientific
knowledge.

The primary objective of this project was to undketa systematic critical review of the
scientific literature to determine the currentetat knowledge on the availability of
analytical methods to determine the identity anvele of permitted added natural colours in
foods and beverages. The data has been evaluatedkinto inform and direct future FSA
research in this area with special consideratioargto future developments; in particular
validated analytical techniques and their appliggdor use in an enforcement role.
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Project objectives

The three scientific objectives of this project aer

(1) To carry out a foundation systematic literaturercleo identify current scientific
literature on permitted natural food colourings amethods for their analytical
determination in foods and beverages, then todutbllate and review information

from a variety of other literature sources and Wwabed searches.

(2) To assess the current scientific knowledge, idgiatify gaps and develop conclusions
and recommendations for future research that anedfto be relevant to the scope of

this study.

(3) To submit a draft final report to the FSA includitig review and a set of
recommendations to inform and direct future FSAagesh in the area of natural food
colours. Subject to FSA authorization, a draft pagb®uld be prepared for

publication in a peer-reviewed journal

Literature search

The search criteria were originally divided intglgi separate groups to aid compilation of
the information but this was revised after searébesvo of the groups (cochineal/carmines
and beet red) incurred higher than expected castsed in part by duplication. The search
criteria for the six remaining groups of coloursrevéherefore consolidated into a single

search with a wider scope in search terms.

As a first step, a foundation systematic literaearch was undertaken by Fera’s
Information Services. Secondly, information wasaiietd from a variety of other literature
sources, web based searches using search endnirelly, Tdue to the global nature of the

topic, the literature search included other souste$ as:

Web of Science portal.isiknowledge.com

SCI Index scientific.thomson.com/products/sci
Science Direct www.sciencedirect.com

Pub Med/NCBI www.ncbi.nlm.nih.gov

European Food Safety Authority

FAO/WHO Joint Expert Committee on Food Additives
Food industry

Natural Food Colours Association

Food Additive and Ingredients Association

Federation of European Food Additives and FoozlyEre Industries
Food and Drink Federation

European Technical Caramel Colour Association
International Food Additives Council

Confederation of Food and Drink Industries of Eig

Databases

European Food Information Resource Network wwwoBunet
Barbour Food Safety Professional www.barbour.info
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The available information on methods of extractma analysis of approved natural colours
in food and drink was similarly divided into eightin sections (groups) for the review,
which related to the main chemical classes:

Carotenoids — E160a-f, E161b, E161g

Curcumin E100

Cochineal — including carminic acid E120

Chlorophylls — including chlorophyllins and cep@nalogues E140-141
Beetroot red, betanin E162

Anthocyanins E163

Caramels — Classes | — IV E150a-d

Other — Riboflavins E101i-ii, Vegetable carbdtbB, Calcium carbonate E170,
Titanium dioxide E171, Iron oxides and hydroxidds &

ONoOhWNE

Selected examples of the structures of permittégralcolouring materials are shown in
Figure 1, which illustrates the chemical diversititerature references were similarly
grouped into eight suitable subject areas for mevt@facilitate the structuring of the final
report. Additional internet searches were alsoi@amut using search terms specific to the
chemical classes of natural colours that fall wittiie carotenoid group i.e.
capsanthin/capsorubin (E160c), lycopene (E160t8in(E161b)3-apo-8-carotenal

(E160e) and the ethyl ester®apo-8-carotenoic acid (E160f). A significant amount of
information was already available at Fera on sofrikeocolours (annatto (E160b),
chlorophylls / chlorophyllins (E140-141) and curdar(E100), and to a lesser extent
carotenoids), hence only information available dherlast 4-5 years was required in order to
bring it up to date. For the colour classes anthois (E163), beet red (E162) and
cochineal/carmine (E120), wider searches were sacgsAs expected, a significant amount
of information was found on anthocyanins but lessemal was available for beet red and
cochineal/carmine.

Information on caramels (E150a-d), calcium carbeifgd70), titanium dioxide (E171) and
iron oxides (E172) was very sparse hence seardriarivere widened in an effort to identify
related scientific articles, but this providedidittelevant material, especially for vegetable
carbon black and iron oxides. The FSA provided esif several internal reports on studies
of caramels, and archived FERA reports from previaualytical studies have been obtained.
Information on riboflavins (E101) was relativelyeptiful. While the vast majority of articles
retrieved were in English, several key papers wefereign languages (particularly German)
and required translation.

Sixteen natural food colour manufacturers wereaet directly by letter or e-mail with a
request for scientific/analytical information orethproducts. While several replied directly,
most referred to the industry representative omgimn NATCOL as the most appropriate
contact point. NATCOL was therefore contacted agré@d to look at the possibilities for
providing relevant information. However, no inforioa was forthcoming from NATCOL.
The Food Additive and Ingredients and Manufactubesociation were also contacted but
were unable to supply any relevant information.

Literature review work plan
This literature review is an assessment of theeotigcientific knowledge on natural food
colour additives, identification of any gaps in lwiedge, development of conclusions and
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recommendations for future research relevant tatlope of this study. In developing the
conclusions, the key extraction and analysis mettiodeach of the eight designated natural
colour classes are identified. These have beenailyt assessed for their fitness for purpose
as methods for the determination of natural colaufeods and beverages in terms of their
selectivity (range) and sensitivity, especiallylwieégard to maximum permitted levels. The
advantages and disadvantages of available andlgigthods to assess each class of natural
colours in different food matrixes are also madigeDimportant factors such as technical
(equipment) requirements, cost, transferabilityagtcgiven due consideration. Gaps in the
knowledge and insufficiently standardised methddsnalysis are identified and
recommendations made on further research to degelitglble methods.
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Table 1. ADIs for permitted natural food colours.

Name E EFSA ADI" JECFA ADI®
number (mg/kg bw) (mg/kg bw)
Curcumin 100 Acc 0-3
Riboflavin 101(i) Acc 0-0.5
Riboflavin-5-phosphate 101(ii) Acc 0-0.5
Cochineal 120 g NA
Carminic acid 0-5
Chlorophylls 140(i) Acc NL
Chlorophyllins 140(ii) Acc 7
Copper complexes of chlorophylls 144(i 15 0-15
Copper complexes of chlorophyllins 141(ii 15 0-15
Caramel class | 150a Acc NS
Caramel class Il 150b 200 0-160
Caramel class Il 150c 200 0-200
Caramel class IV 150d 200 0-200
Vegetable carbon 153 Acc DP
Mixed carotenes from plarits 160a(i)1 Acc Acc
Mixed carotenes from algae 160a(i)2 Acc NA
B-carotene synthefic 160a(ii)1 Acc 0-5
B-carotene fronB.trispora’ 160a(ii)2 Acc 0-5
Annatto (bixin/norbixin) 160b 0.065 0-12
0-0.6
Paprika extract (capsanthin/capsoru 160c¢ NA Acc
Lycopent 160c 0.5 0-0.5
B-Apo-8-carotenal 160¢ 5 0-5
B-Apo-8-carotenoic acid ethyl ester 160f 5 0-5
Lutein 161b NS 0-2
Canthaxanthin 1619 0.03 0-0.03
Beetroot red 162 Acc NS
Anthocyanins 163 Acc 0-2’5
Calcium carbonate 170 Acc NL
Titanium dioxide 171 Acc NL
Iron oxides and hydroxides 172 Acc 0-0.5

[1. Most originally from SCF -COM(2001)542. 2.Preptive differences c.f JECFA; 3.Taken from JECFA
Monographs; 4. Bixin; 5. Norbixin; 6. No distinctionade between cochineal and carmines; 7. No diitim
for chlorophyllins; 8. Grape skin extract; Acc =ceptable; DP = Decision postponed; NA = Not alledaiNL
= Not limited; NS = Not specified; T=Temporary)]
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Figure 1. Chemical structures of selected naturalaiours
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Figure 1 (cont.)
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THE REVIEW

Group 1(1): Carotenoids
1.1. Carotenoids other than annatto E160a, E160c, E168460e, E160f, E161b,
E161g.

Because of their chemical similarity and the faetttmost published methods for carotenoids
usually include several members of the class im #o®pe, this section covers E160a(i)
mixed carotenes, E160a(}carotene, E160c paprika extract, E160d lycopet60EB-apo-
8'-carotenal, E160f ethyl ester @fapo-8-carotenoic acid, E161b lutein and E161g
canthaxanthin. Annatto (E160b) is covered in aisgpasection.

Specifications and permitted usage

Annex lll of 94/36/EC which lists foodstuffs to vafi only certain permitted colours may be
added allows the addition of E160a(i) and E160&gi& range of foodstuffs giantum satis,
and in sausages, patés and terrines up to a maxievednof 20 mg/kg. Paprika extract
(E160c) is approved for ugpiantum satis in a similar number of foodstuffs except butted an
other spreads and vegetables in vinegar, brind @aluding olives), and is permitted in
sausages, patés and terrines up to a maximumdeé¥6l mg/kg. Lycopene (E160d) and
lutein (E161b) are only permitted in jams, jellasd marmalades up to a maximum limit of
100 mg/kg in Annex Ill, whereas bofhapo-8-carotenal (E160e) and the ethyl estef-of
apo-8-carotenoic acid (E160g) are not permitted undemexnlll.

Annex V Parts 1 and 2 permits the use of (caro)emas paprika extract in all listed
foodstuffsguantum satis, whereas lycopen@;apo-8-carotenal, ethyl ester @fapo-8-
carotenoic acid and lutein are permitted in alldstoffs over the range 50-500 mg/kg, except
for edible cheese rind and casings|@ntum satis. Canthaxanthin (E161g) has only very
restricted usage under Annex IV, where it is paediup to a maximum level of 15 mg/kg in
Saucisses de Strasbourg. Canthaxanthin may berugsstl for poultry and for farmed
salmon and trout at up to 80 mg/kg. Capsanfbiapo-8-carotenal, ethyl ester @fapo-8-
carotenoic acid, lutein are all permitted to beextith poultry feed up to the same level.
According to the FSA (2010), the European Commissi&cientific Committee on Animal
Nutrition (SCAN) were of the view that the accepatbaily intake (ADI) of O — 0.03 mg per
kg body weight per person per day for canthaxanthight be currently exceeded by high
consumers of salmonid and/or poultry products.

E160a(i) mixed carotenes and E160a(fcarotene

Mixed carotenes are obtained by solvent extracifamatural strains of edible plants, carrots,
vegetable oils, grass, alfalfa (Lucerne) and n¢2®8/128/EC)B-carotene is the major
constituent with minor amounts afcaroteney-carotene, lutein, zeaxanthin and
-cryptoxanthin which may be present [DN 2008/128iE@lies lutein, zeaxanthin and
B-cryptoxanthin are only present in colouring obeairirom the algae]. Mixed carotenes may
also be produced from natural strains of the alyamaliella salina. B-Carotene may be
produced synthetically, where ttr@ns- isomer predominates but diluted and stabilized
preparations may have differemis-/trans- isomer ratios, and may be obtained by
fermentation of the funguBlakeslea trispora mainly as thérans- isomer containing ca. 3%
of mixed carotenoids. Commission Directive 2008/EZ3prescribes separate definitions and
purity criteria for E160a(i) and E160a(ii), whialiclude definitions of the source material(s)
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and the solvents permitted for extraction, the iifieation and the minimum content of the
colouring material measured by spectrophotometgyatohexane using a prescribed
extinction coefficient between 440 and 457nm. Tdmults are expressed[asarotene. A
number of separate specifications for similar paiglare prescribed by JECFA, depending
upon the production method (e.g. JECFA, 2010apb)hich the prescribed assay methods
are similarly based on spectrophotometry.

E160c paprika extract, capsanthin, capsorubin

Paprika is obtained by solvent extraction of ndtstiains of paprika, which consists of the
ground fruit pods, with or without seeds,@dpsicum annuum L. The major colouring
principles are capsanthin and capsorubin but a wadiety of other colouring compounds is
known to be present. Commission Directive 2008/E28prescribes definitions of the source
material(s) and the solvents permitted for extaagtthe identification and the minimum
content of the colouring material measured by sppbbtometry in acetone using a
prescribed extinction coefficient at 462nm. Twoasepe specifications for paprika oleoresin
and paprika extract are prescribed by JECFA ( JE@PAOc,d), in which the prescribed
assay methods are similarly based on spectrophtpifoéeoresin) and HPLC (extract).

E160d Lycopene

Lycopene is obtained from solvent extraction ofrlagéural strains of red tomatoes
(Lycopersicon esculentum L.). The major colouring principle is lycopene andhor amounts
of other carotenoid pigments may be present. CosiariDirective 2008/128/EC prescribes
definitions of the source material(s) and the suisgermitted for extraction, the
identification and the minimum content of the caolog material measured by
spectrophotometry in hexane using a prescribea@idn coefficient at 472nm. Three
separate specifications for lycopene extract asquibed by JECFA ( e.g. JECFA, 2010e)
depending upon the source material, in which tles@ibed assay methods are similarly
based on HPLC.

E160epB-apo-8-carotenal

[B-apo-8-Carotenal is a synthetic carotenoid. The majoowahg principle is thérans-
isomer but minor amounts of other carotenoids nepresent and diluted and stabilized
preparations may have differams-/trans- isomer ratios. Commission Directive
2008/128/EC prescribes a definition and identifaraprocedure, and the minimum content
of the colouring material measured by spectrophetoyrin cyclohexane using a prescribed
extinction coefficient at ca 460-462nm. The speaifion prescribed by JECFA (JECFA,
2010f) lists an assay method similarly based octspghotometry.

E160f ethyl ester of3-apo-8-carotenoic acid

The ethyl ester gB-apo-8-carotenoic acid is a synthetic carotenoid. Theomeplouring
principle is thetrans- isomer but minor amounts of other carotenoids beypresent and
diluted and stabilized preparations may have diffecis-/trans- isomer ratios. Commission
Directive 2008/128/EC prescribes a definition ashehtification procedure, and the minimum
content of the colouring material measured by sppbbtometry in cyclohexane using a
prescribed extinction coefficient at ca 449nm. Shecification prescribed by JECFA
(JECFA, 2010g) lists an assay method similarly dasespectrophotometry.
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E161b lutein

Lutein is obtained by solvent extraction of natwtaiins of edible fruits and plants, grass,
alfalfa (lucerne) and@agetes erecta. The major colouring principle consists of caraiels of
which lutein and its fatty acid esters but minoroammis of other carotenes may be present.
Commission Directive 2008/128/EC prescribes a dejimand identification procedure, and
the minimum content of the colouring material meadby spectrophotometry in
chloroform/ethanol or in hexane/ethanol/acetonaguai prescribed extinction coefficient at
ca 445nm. JECFA prescribed separate specificatavriatein fromTagetes erecta (JECFA,
2010h) in which the assay method is based on sgewitometer andagetes extract

(JECFA, 2010i) in which the assay method is baseHBLC.

E161g canthaxanthin

Canthaxanthin is a synthetic carotenoid. The magdouring principle is thérans- isomer

but minor amounts of other carotenoids may be piesad diluted and stabilized
preparations may have differesig-/trans- isomer ratios. Commission Directive
2008/128/EC prescribes a definition and identifaraprocedure, and the minimum content
of the colouring material measured by spectrophetoyrin chloroform, cyclohexane or
petroleum ether using a prescribed extinction eciefit at ca 485, 468-472 and 464-467nm
respectively. The specification prescribed by JEGQHACFA, 2010j) lists a simple assay
method similarly based on spectrophotometry.

Methods of analysis
General extraction procedures

Carotenoids are responsible for the yellow, oraangred colours of many plants and
animals and are used extensively as natural antlea@tentical colouring materials in
foodstuffs. The major representative carotenofitéarotene and like most other carotenoids
is formed by linkage of £isoprenoid units. Most carotenoids contain 40 garitoms and
can be classified into carotenes, which are hydbme and their oxygenated analogues the
xanthophylls. Carotenes tend to be soluble in apEabents such as hexane, while
xanthophylls are more freely soluble in polar sotgéesuch as methanol and ethanol.
Carotenoids are largely unstable, especially ifatgm, to light, heat and oxygen so special
precautions are necessary during handling. Theesogd structure of carotenoids is
manifested in a series of conjugated diene boratsctimfer useful spectral properties,
therefore carotenoids exhibit characteristic absampspectra in the UV-VIS range that have
diagnostic features (such eéis-trans isomerism), which are useful for analytical detact

and measurement. Such properties are however depemgon physicochemical factors such
as choice of solvent where shiftsimax and extinction coefficient may occur. A sigeeint
effort has been made by the food industry to usatenoids as colouring materials in foods
not only as a replacement for artificial colours &iso because of their claimed health
benefits. Consequently, there are a very large eumbpublished articles available on the
extraction and analysis of carotenoids for purpa@éedentifying new carotenoids,

identifying new or better source materials, deterng the nutritional profile of foods
includingcis- andtrans- isomers, studying the health consequences oferaoiut

consumption and regulating the use of added cavmismas food colorants.

There is no standard extraction procedure for eamts due to the wide variety of food
products and animal samples (e.g. plants, futggea bacteria, birds, fish and invertebrates)
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containing them, and the range of different carmoigsnthat may be found. This is made more
complicated when considering the range of diffeperimitted carotenoid food colours that
may be added to a wide range of different procefsads and beverages.

The strong light absorption properties of carotda@illows microgram quantities to be
visible to the naked eye, which can be seen readsplution and during chromatography,
and facilitates isolation and monitoring of purdion steps (Schiedt and Liaaen-Jensen,
1995). The polyene chain is largely responsiblétierinstability of carotenoids and is
susceptible to oxidation with air or peroxides, itidd of electrophiles including Hand

Lewis acids, and cis-trans (Z/E) isomerization ealusy heat, light or other agents.
Appropriate precautions should be taken to minintiwedetrimental effects of such agents
such as the prudent use of antioxidants, carryingoalyses in subdued light or wrapping
containers in aluminium foil, and purging with igen or argon to exclude air. Heat should
be avoided whenever possible, so when solvent rahi@wecessary vacuum-assisted rotary
evaporation at low temperature (<40°C) or blow-dgyunder nitrogen should be used.
Carotenoids generally have good solubility in anetor acetone/methanol mixtures, which
because they are miscible with water, facilitateaetion of carotenoids from biological
materials that contain water — otherwise the ppiecof like-for-like solvents such as hexane,
diethyl ether and ethyl acetate applies. Halogehsdévents such as chloroform and
dichloromethane are used for extraction of caratmasually in combination with other
solvents, but traces of HCI may be present that naaxg an adverse effect on carotenoid
stability especiallyis-trans isomerization. It is recommended that analytical,
spectrophotometric or HPLC grade chemicals andesiévare used, and materials such as
adsorbents and drying agents must be of satisfaptoity.

Carotenoids should be extracted from samples adlyags possible but if immediate
extraction is not possible, storage at -18°C ooWwes recommended. This also applies to
sample extracts and carotenoid standards, whewggstander an inert atmosphere is
recommended. Food samples are usually homogemreddiately prior to analysis or in
some cases, the sample and extracting solvenbamedenized together. Antioxidants such
as butylated hydroxytoluene (BHT) are added atdtége as well as any acid-neutralizing
agents such as tris buffer, and calcium or magnesarbonate (Eder, 2000). The initial
homogenate is usually filtered and the extractapeated on the residue until no more colour
is extracted, whereupon the filtrate is partitiofi@in the water-immiscible solvent such as
diethyl ether or hexane into a water-miscible sotv®y the addition of saturated NaCl
solution. This procedure effects a suitable clganfithe extract and effectively removes co-
extracted water, but it is not often sufficientli@@hase extraction (SPE) is then often used
to clean up and concentrate extracts prior tounstntal analysis. Reverse-phase materials
are commonly used but other adsorbent materials asi@lumina, silica, magnesium oxide,
magnesium and calcium carbonate, calcium hydroaigkdiatomaceous earth have been
used (Lea, 1988; Eder, 2000; Oliver and Palou, 2664l et al, 2005). Shen et al (2009)
have briefly investigated options for the solid pl&xtraction of carotenoids, based on the
isolation performance of various phases{fararotene and lutein. Four different phases,(C
Cso, diol and silica) were compared using a commontéaibanalysis technique. Thaegand
Cso phases showed high retention for both carotensldseas the diol and silica phases
showed good retention only for lutein. The meth@s$wptimized for analysis of serum and
breast milk (after protein precipitation) using &ed solvent system comprising
isopropanol:ethyl acetate:water (1:1:1). Recovacguracy and precision compared well
with liquid-liquid extraction. Moreover, it was rigpand required no chloroform.
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Soxhlet extraction, sonication and other techniques been replaced by microwave-
assisted extraction which can shorten analysis éinteimprove extraction efficacy (Feltl et
al, 2005). Compared to traditional extraction pohges, microwave-assisted extraction is
reported to be simple, not limited by solvent seléy, can circumvent the need to
preconcentrate and avoid contamination from solirapurities. Supercritical fluid
extraction (SFE) is a rapid and selective methadl lémds itself to automation (Barth et al,
1995; Pfander and Niggli, 1995; Delgado-Vargad,e2@00; Gnayfeed et al, 2001).
However, despite these advantages SFE equipmeat @ mmonplace in enforcement
laboratories.

Saponification

Traditionally, saponification (alkaline hydrolysisas been widely used to facilitate
carotenoid isolation. It is particularly effectif@ removing colourless contaminating lipid
material and for destroying chlorophyll (althoudjerte are several methods in the literature
that describe methods for the simultaneous detextinim of carotenoids and chlorophylls).
Saponification also helps to solubilise large qitest of other food components such as
proteins and carbohydrates which would otherwigerfiere with the extraction and analysis.
Saponification will hydrolyse carotenoid esters &nd therefore to be avoided when
attempting to determine esterified carotenes sadtlayl ester of-apo-8-carotenoic acid
(E160f) unless the objective is to measure thede.

The saponification procedure is usually carriedbyuthe addition of ethanolic or methanolic
potassium hydroxide to give an overall KOH concatiin of between 5 and 10% in the
extraction mixture, usually in the presence of atioxidant such as ascorbyl palmitate.
Various temperature regimes are used for the stgmioin, depending upon the required
speed of analysis or on the requirement for minicaabtenoid degradation. These regimes
may range from refluxing the extract under a streamtrogen for 5-30 minutes, to low
temperature (4-25°C) agitation under an inert apthege overnight. The choice of regime
may also depend upon the sample composition. Siqation is usually followed
immediately by liquid-liquid partition into diethgther or a mixture of diethyl ether and
hexane (or petroleum spirit) to isolate the unsé#adoe fraction prior to solvent removal
and further clean up, specially to remove sterdigtvare often present in meat and dairy
products, and some fruits. The extract is then edseveral times with water to remove
residual KOH.

It is important that the formation of artefactsngiimized during extraction, saponification
and work-up e.g. multipleis- isomers and oxidation products. Careful monitobgg
separation methods such as thin-layer chromatogr@ptC) or high-performance liquid
chromatography (HPLC) is therefore necessary togeize any effects, and to identify and
measure the products. Rodriguez-Bernaldo de Qaimd<Costa, (2006) have summarized
different saponification conditions in various sdespand recommended that as a general
rule, samples with low fat content should be safhiunder mild conditions and high-fat
samples under stronger conditions. The authorgleitevork of Fernandez et al (2000) who
compared the alkali saponification with enzymatdrolysis for the determination of the
total carotenoid composition in palm oil and obgairhigher results with the enzymatic
process. Similarly, Scotter et al (2003) reportagrioved recoveries @carotene an@-
apo-8-carotenal added to high-fat foodstuffs when ugingymatic (lipase) hydrolysis
compared to saponification. Saponification has veported to lead to significant carotenoid
losses of 12.6 +/- 0.9% (Biehler et al, 2010; selew).
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Spectrophotometry

Spectrophotometric analysis has traditionally bessd for the determination of carotenoids.
The amount of carotenoid present is calculatecelsrence to a specific absorption
coefficient, as prescribed in 2008/128/EC and #méous JECFA specifications. In industry,
specific absorbance at 1% w/v concentration inra ¢avette (Ecm 109 at a specified
wavelength (usualljmax) is generally used rather than the molar etitincoefficient. The
Eicm,109 Values for some common carotenoids have beenspell (Britton, 1992). For
example, the EU spectrophotometric method of aksayixed carotenes is based on
absorbance measurement under the conditions gredasnder for assay and identification
(2008/128/EC). Quantitative analysis is achieveddierence to theiky 10, value of 2500

at approximately 440-457nm in cyclohexane. Theeajiven in the EU specification is
widely accepted for analysis of carotenes of unkmeamposition or for mixtures of
carotenes, with the results expressed in termiseofitain component which in this cas@4is
carotene (Scotter, 1997).

Because of the inherent variation in the carotemtent of mixed carotene formulations, it is
not possible to obtain by experimentation a morammegful value for the specific
absorbance. This accepted, there are severaliwaysch the spectrophotometric assay
procedure can be improved. The wide rangeniiax values given in the specification is
necessary because of the variation in carotenegbas well as isomerisation and solvent
effects. The position of the main absorption bahdarotenoids is dependent upon the
refractive index of the solvent used hence anyshifAmax observed upon changing solvent
depends upon the solvent polarizability. In paghmax values for any given carotenoid
are similar in hexane, diethyl ether, ethanol, metth and acetonitrile, but pronounced and
consistenhmax shifts may be observed in other solvents sactatone (2-6 nm),
chloroform (10-20 nm) and benzene (18-24 nm). ddretene content (as fecarotene) of
three mixed carotene samples was determined aogotalithe procedure prescribed in the
EU specification (Scotter, 1997). The results cared favourably with those obtained by
HPLC and with the manufacturer’s figures.

Biehler et al (2010) have recently compared thrdaighed spectrophotometric methods for
the determination of carotenoids in frequently emned fruits and vegetables. The methods
were based on a rapid extraction protocol and spggubtometric measurements to determine
the total amount of carotenoids present in fruiid gegetables (n = 28), either with or
without chlorophyll. Two published methods were gamed with a newly developed method
based on the average molar absorption coeffick38310 Lcnmol™) and wavelength (450
nm in acetone), for 5 predominant carotenoid sgeiearotene, zeaxanthin, lycopene,
lutein, B-cryptoxanthin) and the results compared to HPL&avoid overestimating
carotenoid concentrations due to chlorophyll A 8ngresence, the effect of saponification
was studied for all methods. Overall, saponifigated to significant carotenoid losses (12.6
+/- 0.9%). The three spectrophotometric methodsta@dHPLC method yielded 5.1 +/- 0.4
mg/100 g, 4.6 +/- 0.5 mg/100 g, 4.3 +/ 0.5 mg/1parg 4.2 +/- 0.5 mg/100 g total
carotenoids respectively. One spectrophotometethod gave significantly higher mean
concentrations compared to all other methods (P&1), while the other two
spectrophotometric methods were not significanifiecent and highly correlated compared
to HPLC (R > 0.95). The authors concluded that while rapieexing methods are therefore
desired, their accuracy varies depending on thet@aoid profile and the matrix of the plant
food and method selection is therefore important.
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While spectrophotometry is useful for assayingttial carotenoid content of a sample and
provides spectral information which aids the idérdiion of carotenoids and their geometric
isomers, the technique is not specific. This isceraated by the fact that accurate carotenoid
content of sample extracts containing several aerddferent carotenoids and their isomers
is affected by the solvent(s) used, which in tufacs the position and absortivity dimax
values. Thus for more accurate and precise measuateshcarotenoids in food extracts,
separation techniques such as HPLC coupled totsenaind selective detection systems are
favoured.

Separation techniques

Suitable techniques are required to separate cevioefrom the food extract and to purify
individual carotenoid components. The strategy eyed depends largely on the quantity
and nature of the sample material available, tbpgties of the target carotenoid analytes,
the nature of the sample matrix interferences,thadjualitative and quantitative information
required. Partition and adsorption techniques éootenoid extraction discussed above
notwithstanding, chromatographic separation teakgschave a long and successful
application to carotenoids. Due to advances inrbdsd technologies, thin-layer
chromatography (TLC) still remains in common useardy because of its simplicity and
relatively low cost, but also because it is vergonfused to separate carotenoids from crude
extracts prior to analysis using another methoch st HPLC (Isaksen and Francis, 1986;
Schiedt, 1995; Delgado-Vargas et al, 2000). Mocemdy, high-performance TLC has been
used to detect lycopene added to alcoholic andatmohiolic beverages (Oliver and Palou,
2000). The separating power of modern HPLC teclesquupled to highly selective and
sensitive detection systems such as photodiodg @A) and mass spectrometry (MS)
means that TLC has been largely superseded aglashe¢grmination technique.

HPLC systems

HPLC is recognized as the ideal technique for &pagtion, identification and quantitation
of carotenoids in that it possesses greater sgeeditivity, resolution and reproducibility
than traditional techniques such as spectrophotyraetd TLC. While a number of published
articles on carotenoid analysis by normal phase®iRie available (Eder, 2000), the vast
majority of HPLC methods for carotenoids are caroet by reversed-phase (RP) utilizing a
wide range of bonded-phase chemistries. Separatddan be monitored at several
different wavelengths in the UV-VIS range with sitaneous acquisition of peak spectra for
identification purposes using PDA. Similarly, HPu@h MS detection allows identification
and selective detection of carotenoids via theairatteristic fragmentation properties (see
below). The problems associated with the analylstsmtenoids in foods by HPLC have
been discussed (Scott, 1992) in which the impogaricolumn choice and the potential for
interaction between carotenoids and metal surfasdsnobile phases were addressed.

RP-HPLC solvent systems are usually based on aursixtf polar and non-polar solvents
with or without water, depending upon the separateguired. Isocratic elution is usually
adequate for separation of a small number of taagealytes but gradient elution with two or
more solvent systems is often required for the rsetjom of large numbers of carotenoids
covering a wide range of polarities. Reverse-pli#2EeC will elute the more polar
xanthophylls first followed by the carotenes. Thare a great number of specific
applications available, however solvent composgigiven in the literature are often so
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precise that comparability is sometimes diffi¢alachieve. According to Eder (2000), the
commonly used stationary phases are those wgli(IDS) bonded chains, the performances
of which are influenced by the extent of end-cagmind the carbon loading. Eder cites the
work of Bushway (1985) and Epler et al (1992) wbhmpared various RP (and normal
phase) methods and found thag Golumns provided the most efficient separation of
carotenoids. More recently, RP columns with up $pl@nded chains have been used,
particularly for the separation ofs-trans isomers (Lacker et al, 1999; Delgado-Vargas et al,
2000). It is important at this stage to note tbhasés of carotenoids, particularly lycopene,
may be observed when in contact with stainless stdemn frit materials (Scott, 1992; Craft
et al, 1992). This can be solved by the use ofgibljtether ketone (PEEK) alloyed with
Teflon frit materials (Konings and Roomans, 1997).

There is no doubt that PDA detectors have addaedheiful dimension to the detection and
measurement of carotenoids in HPLC analysis, reftein the large number of literature
references reporting their use. Carotenoids absampstrongly in the visible region between
400-500nm, witkcis- isomers exhibiting an additional absorption bamalind 320nm. The
spectra of carotenoids are therefore very chaiatiteand provide detailed structural
information by the position and relative intensifyabsorption bands, which can be used for
the simultaneous determination of HPLC peak pyBtytton, 1995; Scotter et al, 1994).
PDA detectors are relatively cheap and easy toat@eiue to advances in data processing
technology. According to Feltl et al (2005), typicharacteristics of quantitative
determination of3-carotene in olive oil containing 2.75 mg/kg arelR& <5% and a
correlation coefficient of R0.999 over the calibration range 0.5 to 5 mg/Le $knsitivity

of the method was reported as LOD 5.5ng and LOQ@ &dncolumn.

The method developed by Scotter (1997) used tamdate the carotene content of three
commercially available mixed carotenes formulatinan example of the typical HPLC
conditions used. The system comprised a reveraseptolumn (Vydac 201TP, 250 x 4.6
mm) which contained a 300A pore diameter, 5 umiglarsize silica, polymerically modified
with Cig. This was used with an isocratic mobile phasesisting of (A) 5% (v/v) 1,1-
dichloroethane in acetonitrile, (B) 5% (v/v) 1,Xklioroethane in methanol and (C) water
premixed in the ratio 49:48:3 (A:B:C). The flowtgavas 1 ml/min and the column was
maintained at a temperature of 35°C. PDA deteactias used with a monitoring wavelength
of 450 nm at 50 nm bandwidth to optimise the deteatf carotenes. Under these conditions
it was possible to separate andp-carotenes as well as otlrcarotene isomer§-
cryptoxanthin and lutein within 20 minute$rans-3-carotene assayed
spectrophotometrically and found to be 91% pures used as a reference standard.
Standard solutions were prepared over the randger@gd and detector response was found
to be linear over this range{R 0.995). Solutions of three mixed carotene sasplere
prepared in 1:1 acetone:methanol at a level of éetwca. 0.02-1%.

The main advantage of HPLC with MS detection i¢ thanables not only the analyte
guantification, but also the elucidation of itsusture on the basis of the molecular mass and
of fragmentation. The separated carotenoid peakasrally monitored through the total ion
current response (LC-MS) in the first instance.d&an MS (LC-MS/MS) is used to monitor
specific ion fragments and multiple reaction moritg for greater specificity and sensitivity
(van Breemen, 1996, 1997). Most of the methodsieghpd carotenoids use the atmospheric
pressure chemical ionization (APcl) mode due tcatbeence of protonation sites in
carotenoids (Feltl et al 20093ezanka et al (2009) have comprehensively reviewedise

of APcl-MS with HPLC and other separation technmjta the identification of carotenoids,
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which supplies significant detail on analytical medologies. Isotopically labelled analogues
(**C or?H) are often used as internal standards but thegxpensive and difficult to obtain
for certain carotenoids. The sensitivity of elesp@y ionization (ESI) modes in MS
detection is generally two orders of magnitude éighan UV-VIS detection (Feltl et al
(2005), who report a detection limit of 0.7 pMot fxcarotene, which approximates to
0.5ng). APcl in positive and negative modes givetection limits of 1-13 pMol and has a
broader linear dynamic range than ESI; over at [@asders of magnitude. Naturally, the
sensitivity of LC-MS(MS) depends upon the naturéhef carotenoid(s) being determined,
the sample matrix and the sample workup regime.uSeckri, Elviri and Mangia (1999)
investigated LC-ESI-MS for the analysisf®tarotene, lutein, canthaxanthin and other
carotenoids. Operating in the positive ion moder tlve mass range m/z 500-560, the effects
on the formation of the molecular ion species atuad ions and the MS response were
studied. Detection limits were estimated to benantange 0.1-1.0ng and the dynamic range
established between one and two orders of magnitede achieved using RP-HPLC
columns and data acquisition in SIM mode. While MS{MS) equipment is expensive, it is
finding increased use in laboratories and espgdiatianalyte confirmation. For food quality
and/or safety enforcement purposes it is moreylitebe utilized in investigative work or in
method development, since PDA detection providesjaate sensitivity.

Avalilability of carotenoid standards

One of the main issues surrounding the analystauaitenoids is the diversity, geometric
isomerism and availability of standard materialseif inherent instability requires storage
under inert conditions (typically under an atmospha argon or nitrogen at -80°C) with
regular purity checking using HPLC. Scott et al98Phave emphasized the importance of
certified materials in analyses of carotenoidsagetables in an interlaboratory study (see
below). While most of the main carotenoids are laléé commercially as analytical
standards, they are costly. For quantitative amglgsapo-8-carotenal or echinenone are
occasionally used as internal standards.

Analysis of food and beverages for carotenoids

Several authors have reviewed extraction methadsaimtenoids in foodstuffs consequently
revealing a large number of available proceduras (ea, 1988; Eder, 2000; Delgado-
Vargas et al, 2000; Oliver and Palou, 2000; RoarzgBernaldo de Quirds and Costa, 2006).
Feltl et al (2005) have reviewed the reliabilityoafrotenoid analyses with the emphasis
placed on modern methods and the most recent nefesebut with no systematic survey of
applications. Almost all of the carotenoid separagiof interest to food analysts have been
carried out on relatively clean and undegradedaeidrprepared from natural foodstuffs
which contain relatively high levels of pigment.erh are also several studies in which the
effects of cooking and other degradative steps baea assessed for their role in causing
isomerization and producing other breakdown pragsluconsequently, there are relatively
very few methods available on the determinationasbtenoids in processed foods and
beverages, and even fewer on analysis of addeteoaid colours. It is clear therefore that
suitable published methods will require adaptat@moover the analytical scope of permitted
carotenoid colouring materials, particularly wigspect to sample extraction and cleanup.
A selection of relevant methods for single and ipldtcarotenoids discussed within the
scope of this review are detailed below.
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A small number of literature references on thedadlon of carotenoid analysis in foods are
available. In the study by Scott et al (1996),fanrence material was prepared from a mixture
of vegetables selected for their content of onevorpredominant carotenoids: sweetcorn
(lutein), tomatoes (lycopene) and carrats #éndp3-carotene). The trial was designed to assess
the likely problems associated with the chromatplgya HPLC) system, carotenoid
standardization and extraction. Through severas@havarious aspects of the methodology
were studied: spectrophotometer calibration, alzsare measurement @fcarotene standard
with prescribed solvenhmax and extinction coefficient, and chromatograghidty of 3-
carotene standard. This was then applied to aa@xaf the reference material. The results
from 17 participating laboratories suggested thateffect of the chromatographic system is
probably not a major variable and standardizatifoth@ carotenoid solution was not a
significant problem. However, there was greateralmlity in lycopene calibration and
measurement. Overall, the results suggested tagiréparation of the carotenoid extract may
account for 13% of the total variance of 23%.

Konings and Roomans (1997) evaluated and validatdBLC-PDA method for the analysis
of lutein, zeaxanthimy-carotenef3-carotene, lycopene afidcryptoxanthin in carrot,

spinach, tomatoes, corn (canned) and tangerinedy#is was carried out on freeze-dried
samples by extraction into methanol:tetrahydrofydaf) at 0°C followed by partition into
petroleum ether after the addition of 10% NacCl 8oflu Ethyl{3-apo-8-carotenoate was

used as internal standard. WHenryptoxanthin was suspected as being present,lsamp
extracts were saponified for 2 hours with 10% mettia KOH prior to partition. The purity
of carotenoid standard stock solutions determinedBLC ranged from 94-100%. The
response of the HPLC system was linear over thger@b ug/mL except for lycopene (0-3.5
ug/mL) due to its reduced solubility in the HPLQeition solvent. The detection limit for
individual carotenoids was ca. 0.1 ug/mL for staddablutions, which corresponded to ca.
1ug/100g in samples. Mean (n=10) recovery figutdaioed from spiking tomatoes (without
saponification) ranged from 93-107% while the mesnovery of the internal standard was
96% (n=4). Repeatability standard deviations (R®Wer the carotenoid concentration range
0.05-13.0 mg/100g ranged from 1.9 to 4.9%. étsif3-carotene in carrotrans- andcis-3-
carotene in spinach amis-lycopene in tomato detected around the detecitom, the
reproducibility standard deviation (RgDranged from 10.5 to 24.1%.

Seventeen laboratories participated in a collab@&atudy for the analysis of ten products
(cereal, infant formula, carrots, mixed vegetahleg, baby food squash and carotene
capsule) for carotenes (Ascarotene) and retinol by RP-HPLC (Bueno, 1997k st
materials were saponified and extracted with petnol ether, with BHT added as
antioxidant. The extracts were analysed for cagsdry RP-HPLC using a;§&reversed-
phase column with a mobile phase of acetonitriléylene chloride:methanol:water
(70:20:8:2, viv). Carotenes were detected by UV-gti850 nm/436 nm. The within
laboratory repeatability coefficients of variatianged from 3.46-15.65%, and the
reproducibility (among laboratories) coefficienfsvariation ranged from 5.34-15.77%.
Invalid data was identified from participants whd dot follow the protocol with respect to
correct test portion weight.

Taungbodhitham et al (1998) evaluated six extraati@thods for the analysis of carotenoids
in tomato juice, carrot and spinach. The use obtextraction, each with 35 ml of
ethanol:hexane mixture (4:3 by volume) with addegld®;, resulted in good recoveries of
carotenoids (lycopene 96%;carotene 102% arfgtcarotene 93-100%). RP-HPLC with UV-
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VIS detection was used and quantitation achievedjisapo-8-carotenal internal standard.
Coefficients of variation conducted on differenyslavere 5% and 7% for lycopene did
carotene respectively. The method was appliednoicand spinach as representative
samples of root and leafy vegetables, where theagearecoveries of carotenoids added to
canned tomato juice, carrot and spinach were: 998 and 101% fam-carotene (12.4, 24.8,
49.6 and 99.2 ug/10mL of addaecarotene); and 98.1, 99.7 and 96.1 percerffwarotene
(25.5, 50.9, 101 and 201 ug/10mL of adflechrotene). The similar recoveries obtained over
the stated concentration ranges confirm that tipicgtion of the extraction method was
unaffected by differences in matrix compositioriltd samples.

An analytical method using RP-HPLC with PDA detectivas developed and applied to the
determination of the permitted food colour addisiflecarotene anfl-apo-8-carotenal in
foods and beverages (Scotter et al, 2003). Theesabpreviously reported methods was
broadened to cover a wide range of retail foodsearaymatic (lipase) hydrolysis was used in
place of saponification for high-fat samples. Qitative results (> 0.1 mg/kg) are given for
the major colour principalsans-f3-apo-8"-carotenal andans-3-carotene. Semi-quantitative
results were given for the variouais-isomers of each colorant for which authentic rerfiee
standards were not available. The method was ussxssfully for the analysis of a wide
range of processed foods and beverages with diffdat content without the need for
saponification, except for moderate to high-fatdstoiffs containing significant levels of
emulsifiers, for which it was limited. The limit$ detection and quantitation of the method
were 0.01mg/kg and 0.1mg/kg respectively. Analgsponse was linear over the range 0-50
mg/L. The method was developed using two validath@atrices based on vegetable, protein
and carbohydrate based mixture (infant food), afet-hased material (half fat butter
spread), spiked wittrans-B-apo-8-carotenal at 100 and 8 mg/kg respectiv&bft drink
spiked at 10 mg/kg with bofBrcarotene anf-apo-8-carotenal gave mean recovery figures
of 86.3 and 91.7% respectively, with correspond®8p values of 11.4 and 5.6% (n=3).
Comminuted meat product (paté) spiked at leves &f 10 and 40 mg/kg witB-carotene
andp-apo-8’-carotenal gave recoveries of between 818886 (RSD 3.1%). The recovery
figures for ice cream spiked at 20 mg/kg were 80fb 6% (n=2) fo-carotene anf-apo-

8 -carotenal respectively, while for cheese spikied level of 20 mg/kg for each carotenoid
the recovery figures averaged 109% and 86% (n=4}-frarotene anfl-apo-8”-carotenal
respectively. The recovery rate fdicarotene was thought to be enhanced by the presgénc
a significant level of naturally occurririycarotene. The results from this study suggested
thatB-apo-8'-carotenal does not have widespread useib/K. None of the samples
exhibited totaP3-carotene content greater than 20 mg/kg and notteediigh-fat samples and
only 1 of the 17 low-fat/beverage samples contatoéal —carotene at levels less than 0.1
mg/kg. The totaB-carotene contents of the low-fat/beverage sampleged from 0.4 + 0.03
to 8.4 £ 0.71 mg/kg, and the tofilcarotene contents of the high-fat samples ranged 0.1

+ 0.01 (jelly confectionery) to 18.5 + 0.98 mg/kydcessed cheese).

Accelerated solvent extraction has been compargddmanual solvent extraction to
determine several food colouring carotenoids cab@arutein, canthaxanthifg-apo-8°-
carotenalB-apo-8'-carotenoic acid ethyl estBrcarotene, bixin, norbixin and lycopene in
beverages, pudding mix, cereals, cookies and saygagithaupt, 2004). Reverse-phase
HPLC with a Go column and photodiode array detection at 450nmessfully separated the
carotenoids from one another but no attempt wasnadistinguisttis- andtrans- isomers.
For extraction, a manual process as well as aatelksolvent extraction (ASE) was applied
using mixed solvents (MeOH:EtOAc:pet spirit) folled by partition. Saponification was not
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used unless samples were known to contain oleorféshinenone was used as internal
standard and the calibration curves for the caoitisrwere found to be linear over the range
0.5 to 25.0 mg/L (R>0.999). Average recoveries for all analytes ranfgem 88.7-103.3%
(manual extraction) and 91.0-99.6% (ASE), with gt of norbixin using ASE (67.4%).
Limits of quantitation ranged from 0.53-0.79 mgllhe levels of carotenoids determined in
beverages ranged from 1.1 to 27.8 m@/tarotene and 0.4-5.5 mgfl-apo-8"-carotenal, and
in pudding mixes from 19.7 to 39.3 mg/Recarotene. Th@-carotene and capsanthin
contents of cereals ranged from 17.7 t018.5 mgfkhla6 t05.6 mg/kg respectively. The
lutein content of cookies was in the range 2.5.4® 4ng/kg, while for sausages between 6.4
and 6.7 mg/kg canthaxanthin were found. For unemalidentification, the mass spectra of
all analytes were recorded using LC-(APcl)MS inifhes mode, by monitoring the [M+H]
[M+H-H,0]", [M+H-CH30H]" and [M+H-GHsOH]" ions where appropriate. The ASE
method was recommended to monitor both non-perth@pplication of carotenoid food
colours and for the compliance of food within lelyjatits. Schlatterer and Breithaupt (2006)
used similar conditions to determine the carotemidludingf3-apo-8"-carotenoic acid ethyl
ester in commercial egg yolks and showed that & tha most stable of the carotenoids
analysed.

Sérino et al (2009) recently validated a rapid oeetraction technique for the analysis of the
four tomato carotenoids lutein, lycopefegarotene and phytoene using isocratic RP-HPLC
with PDA detection. Microextraction was performeédab ambient temperature in the
presence of NaCl solution, hexane, DCM and ethgtadie on fresh tomato powder prepare
after treatment with liquid nitrogen. This was @olled by agitation and centrifugation with
no evaporation step. Extracts were stable overakdays at -20°C. The method showed
very good correlation of precision and accuracyhwitreference method for all carotenoids
except lutein, which showed a negative bias withrééference method. Linear regression
coefficients were all close to unity. The similgridf results obtained with internal and
external standardization showed an absence ofignifisant matrix effects, and recoveries
of added carotenoids quantified by standard additehnique were reported to be 100%.

Dias et al (2008) have validated a RP-HPLC PDA wmeftior the analysis ai-carotenef3-
carotenep-cryptoxanthin, lycopene, lutein and zeaxanthitomatoes and have estimated
the measurement uncertainty. Solvent extractionfalasved by centrifugation and partition
into petroleum ether and solvent evaporation. BHiE wdded as antioxidant gfxdpo-8’-
carotenal used as internal standard. The lineafitglibration between 0.05 and 4.0 ug/mL
gave correlation coefficients of R 0.9985. the detection limits and limits of qufication
ranged between 0.57 and 0.91 ug/100g, and betwédrathd 2.52 ug/100g respectively. The
method bias was estimated from analysis of cedtifegderence material BCR 485 (lyophilised
mixed vegetable preparation of sweetcorn, tomatbcanrots) with certified values for trans-
a-carotene (1.05 mg/100g), trafiszarotene (2.37 mg/100g) and lutein (1.25 mg/108g)!,
information values for total lycopene (1.42 mg/108gd zeaxanthin (0.97 mg/100g).
Trueness was also checked by participating in adai Bureau InterProfessionel d’Etudes
Analytiques proficiency scheme (15 participants)tfe determination of b-carotene in baby
food (assigned value 2.55 mg/100g). Satisfactsgares were obtained throughout. Mean
recovery values, based on additiorBedpo-8"-carotenal internal standard were 93.7%
(n=48).

Other notable publications are: the detection cbpene, canthaxanthifi;apo-8-carotenal
and bixin in products derived from red pepper udihg¢ and RP-HPLC (Minuez-Mosquera
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et al, 1995); measurement of capsanthin in focghaadicator for the presence of paprika
following saponification, partition, SPE cleanupghwvimeasurement by RP-HPLC (Hayashi et
al, 2001); the distribution of canthaxanthin antheanthin in rainbow trout and Atlantic
salmon (Page and Davies, 2007); an improved exraptocedure for the determination of
[-carotene and lutein (plus zeaxanthin 8rztyptoxanthin) in cereal products corn grain,
semolina and flour using RP-HPLC (Burkhardt and ilBpB007); and an enzymatic
treatment to improve extraction of capsaicinoidd earotenoids from chilli fruits (Salgado-
Roman et al, 2008). Zhang et al (2008) describethod for the determination of
canthaxanthin in animal feed by isocratic RP-HPLARvith a linear range of 1.0-20.0
mg/L and detection limit of 0.28 mg/kg. Recoveréspiked feed were in the range 96-
112%. Hou et al (2010) have recently reported alhigensitive method for the
determination of canthaxanthin and Sudan dyesimarfeeds using ultra performance
HPLC with PDA detection at 500nm. The sample waseied with acetonitrile and cleaned
up using G SPE. Detector response was linea=@R9993) over the calibration range 0.1 to
1.0 ug/mL and the limit of quantitation was 0.02/kag Feedstuff fortified at 0.2, 0.4 and 0.8
mg/kg canthaxanthin gave mean (n=15) recoveri@8af, 88.6 and 85.7% respectively, and
inter day RSD values of < 7.2%.

While most available published methods do not glewdata on limits of quantitation, most
should be capable of achieving adequate sensititign using HPLC with photodiode array
detection for all permitted carotenoids and theiometric isomers. Among these, the
extraction conditions are generally very similat Wwill require refinement for the various
food matrices likely to be encountered, particyléok highly processed and compound
foodstuffs and particularly for high fat foods whesaponification or enzymatic hydrolysis
will be necessary. The fact that many methods apalsle of determining mixtures of
carotenoids is clearly an advantage. SPE clearunnigues offer scope for isolation and
concentration of analytes prior to HPLC. Sinceuast majority of available methods for the
extraction and analysis of carotenes are focusatedetermination of specific carotenoids
from a fruit, vegetable and algal sources, therelatively little information available on
methods for their determination in foodstuffs camiteg added carotenoids, particularly for
the ethyl ester gB-apo-8-carotenoic acid, for which only one applicationsviaund and for
canthaxanthin, which was limited to analysis ofifig is not clear therefore, to what extent
the presence of carotenoids present naturallyfaodstuff will affect quantitative
measurement. It is not clear whether there wilhlmeed to discriminate between added
carotenoids and their naturally occurring analogoesgiven foodstuff. It is presumed that
regulatory compliance in terms of added levelsoisam issue since most are permitted
guantum satis. However, since the addition of carotenoids tai&iaffs satisfies a
technological need, it is likely that any presensuch foods will be added. This applies
particularly to those with more restricted usep-@po-8-carotenal, ethyl ester @§fapo-8-
carotenoic acid and canthaxanthin. It is also @lubiat proper consideration is given to the
availability, preparation, storage and purity assent of carotenoid reference standards and
also to the preparation and use of CRMs and/or II8VM

The method described by Hou et al (2010) for therdenation of canthaxanthin in animal

feeds is more than adequate for measuring cantttaraat and below the maximum
permitted level and is likely to be readily adapeato the analysis of foods.
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The extraction and analysis conditions for a selaaif available methods for carotenoids
are summarized in Table 4.
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Group 1(2): Annatto E160b

Specifications and permitted usage

Annatto is a natural colouring agent obtained ftbmouter coating of the seeds of the
tropical shrulBixa orellana. Annatto and its extracts are designated collegtigas|E160b.
The major colouring component of annatto is condidnas the apo-carotenoid
6'-methylhydrogen-2is-6,6'-diapocarotene-6,6'-dioate, commonly referoedstis-bixin,
which is the monomethyl ester of the dicarboxybi'cis-6,6'-diapocarotene-6,6'-dioic
acid (9'eis-norbixin). 9'Cis-bixin is soluble in most polar organic solventsuich it imparts
an orange colour but is largely insoluble in vegktail. It may be readily converted to the
all-trans isomer due to its instability in the isolated foimsolution.Trans-bixin is the more
stable isomer and has similar properties tactekésomer but exhibits a red colour in solution
and is soluble in vegetable oil. Commercially, igvisation is achieved by heating a
suspension of theis-isomer in oil to 130°Gn vacuo. The water-soluble analogue®s
norbixin can be isolated from annatto seeds byatigit in aqueous alkali at <70° C or formed
by alkaline hydrolysis ofis-bixin to give either the sodium or potassium skHite

dicarboxylic acid is soluble in polar solvents tbigh it imparts an orange colour.@'s-
norbixin is only sparingly soluble in chloroformdf.1M sodium hydroxide (Preston and
Rickard, 1980). Under extraction conditionsci@-bixin undergoes isomerization to produce
oil solutions containing approximately 0.2 - 0.5%p@ment comprising a mixture of all-
trans- and 9'eis-bixin in variable proportions and characteristegchdation products,
dependent upon extraction temperature and timeleViths reported that 80% of the
carotenoids in the annatto seed coat comprise (frmston and Rickard, 1980; Lauro, 1991),
traces of bixin diesters may be found (Mercadan&t., 1997).

Commission Directive 2008/128/EC prescribes sepatatinitions and purity criteria for (i)
solvent-extracted bixin and norbixin, (ii) alkakteacted annatto and (iii) oil-extracted
annatto. Solvent-extracted bixin and norbixin folations are often referred to as indirectly-
extracted annatto formulations, whereas alkali- @iiédxtracted annattos are termed directly-
extracted. The purity specifications include diifoim of the source material(s) and the
solvents permitted for extraction, the identificatiand the minimum content of the colouring
material (measured by spectrophotometry). Twelpase specifications for annatto colour
are prescribed by JECFA, depending upon the pramuntethod (JECFA, 2010), in which
the prescribed assay methods for both bixin antixiorare based on spectrophotometry.

Annexes Il and IV of 94/36/EC prescribe maximumits of between 10 and 50 mg/kg of
annatto in a specified range of different foodssMaodern published methods are able to
achieve limits of quantitation of ca. 0.5 mg/kgngsHPLC with photodiode array detection.
Extraction conditions are very sample-dependenit(8cet al., 2002; Rios and Mercadante,
2004; Breithaupt, 2004) and may need refinememgcibveries are low. LC-MS(MS) may
offer enhanced selectivity and sensitivity but éhare very few methods available and which
have yet to be validated, especially for norbixin.

Methods of analysis
The chemistry and analysis of annatto food col@s leen recently comprehensively
reviewed (Scotter, 2009). The following informatisrtaken largely from the review.

Prior to 1970, there were very few published meshiod the extraction of annatto from
foods. The qualitative and quantitative analytesppects of annatto extraction methods
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published prior to 1976 have been reviewed brigflyarnathi and Sharma, 1991). These
relatively simple methods generally involve extiactwith solvent (e.g. chloroform,
benzene, petroleum spirit or ether) with or withsaitne form of sample pre-treatment such
as protein precipitation, washing and adsorptidio @m inert substance. The foodstuffs
analysed by these methods largely comprise daggiymts, which reflects the relatively
narrow scope of annatto usage at that time.

Annatto has been extracted from whey solids withteiammonium hydroxide where
proteins were precipitated by the addition of ethamd phosphate buffer (Hammond, Chang
and Reinhold, 1973), and from meats (McNeal, 19&6hatto may be analysed in milk and
ice-cream by precipitation with boiling acetic aaidd extraction of the whey with diethyl
ether, and the colour extracted from macaroni awlles with 80% ethanol followed by
back-extraction into diethyl ether under alkalioaditions (AOAC, 1980).

Rapid methods for the extraction of annatto frowdfohave been described where drinks and
syrups were dissolved in water, acidified with acatid and annatto was partitioned into
diethyl ether (Corradi and Micheli, (1981)). Prothuwith a high fat contergg. butter and
margarine, were dissolved in petroleum spirit amaladto was partitioned into aqueous
ammonaical ethanol. Three extractions were reqgdoeduantitative extraction of the colour.
The aqueous extracts were acidified with acetid aoid back-extracted with diethyl ether.
For foods containing fat and protedy. yoghurt, cheese and pastries, samples were ground
with sand and agueous ammonaical ethanol. The reixtas transferred to a centrifuge tube
and the fat was removed by agitation with petrolesiit, centrifugation and siphoning off
the petroleum spirit phase. The agueous ammorgleale was retained, acidified with acetic
acid and the annatto partitioned into diethyl ether

Methods for the extraction and determination ofatmin margarine, cheese and boiled
sweets have been investigated using techniqueksimithose described previously, with
modifications to enable measurement by spectrophetiy and HPLC (Smitlet al., 1983).
Margarine samples were saponified to separatentht@convert any bixin to norbixin,
thereby facilitating its extraction into aqueousdmaeand subsequent purification.
Spectrophotometric measurement is not specifieit@to, especially when other carotenoids
may be present. Historically, chloroform has besseduas solvent for the spectrophotometric
analysis of bixin and dilute sodium hydroxia®.(0.1M) for norbixin. Absorbance
measurements at the two most intense spectral naaadrma. 471 and 503nm for bixin and
ca. 453 and 482 for norbixin are used for quatiaanalysis, where the higher wavelength
maxima are preferred because they are less prantetéerence from yellow decomposition
products. In practice, the spectrophotometric deitgation of annatto (as bixin or norbixin)

is somewhat confused by the use of conflictingrestibn coefficients. This has been
discussed in detail and the published extincticeffenents for norbixin and bixin
summarized and compared to highlight disparities/{Land Rivadeneira, 2000). Depending
upon the extinction coefficient used, large errarght be incurred and propose a practical
conversion factor to correlate the relative absocbka at the two peak maxima. This is based
upon the increase in absorbance observed uponlizgdrof bixin to norbixin at constant
concentration — thus proving that the extinctioluggor norbixin must be higher than that
for bixin, which was also reported. However theorgpd (Smith et al., 1983) HPLC
conditions gave poor peak shapes and insufficesdlution. A method for the determination
of annatto in cheese in which a simple acetoneetitm was used, followed by
concentration by rotary evaporation has been desgrjLuf and Brandl, 1988).
Spectrophotometric (derivative) and HPLC techniquese used to quantify annatto in the
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presence of other carotenoids, based on the proeedscribed for the analysis of certain
baked goods. However, tlees- andtrans-isomers of bixin and norbixin were not identified
separately under the stated conditions.

More recently, other workers have developed refimethods for the extraction of annatto
from high-fat foods, dairy products and candy sitilg solvent pre-extraction of fat and
extraction of annatto into ethanolic agueous amm@rncaster and Lawrence, 1995). Mean
recovery of norbixin from candy containing 139.9qugas 89.7% (n=2), from cheese
containing 1 to 110 ug/g was 92.6% (n=3), and fbutier and margarine spiked with 0.1-
445 ug/g was 93.2+6.0% (n=6). The LOQ was estimtatdmk 5 mg/kg.

This method was applied later to separate mixtafdsxin and norbixin from carminic acid

in fruit beverages, yoghurt and candies (LancastdrLawrence, 1996). HPLC was used to
measure both thes- andtrans-isomers of bixin and norbixin but no significant
improvements in peak resolution were demonstradetpared to those reported previously
(Smithet al., 1983), and impure reference materials were teechlibration. Recovery of
norbixin from spiked cheese samples was reportedecage 93% over the range 1 to 110
mg/kg, and the recovery of bixin from spiked wafelso averaged 93% over the range 0.1 to
445 mg/kg. The recovery of norbixin from laboratgngpared hard candies averaged 88%.

TLC and HPLC were used to determine bixin and otlaeotenoid colours in products
derived from red pepper (Minguez-Mosquera, Horndémdez and Garrido-Fernandez,
1995). A simple acetone extraction was used folthbtwe partition with ether and sodium
chloride solution and alkaline saponification. Baotraction with ether following
acidification of the saponifying medium was necegsa recover the annatto colour (as
norbixin). While good chromatographic separatiothef carotenoids was obtained, no
distinction between norbixin isomers was made. H@arethe method demonstrated the
capability of detecting of colours added frauduletd intensify the natural colour of paprika
paste. The LOQ was reported as 0.05 mg/kg and eeiesvfrom spiked samples were
between 96 and 98%.

Whilst remaining an uncommon analytical techniquébbd laboratories, photoacoustic
spectrometry (PAS) has been used for the analysisratto products (Haas and Vinha,
1995). The method is limited to semi quantitatizel o ‘annatto content’) and qualitative
analysis of commercial seasonings comprising megwf corn meal and powdered annatto
seeds or annatto extract known @slorifico du Urucum’. The particle size of the samples
has a strong influence on the amplitude of the Bi§Bal and therefore requires close
control.

Based on the methods described previously (Sceittér, 1994; Lancaster and Lawrence,
1995), HPLC and spectrophotometric methods have deeeloped for the simple and rapid
determination of annatto in cheese and milk pragl(iBareth, Strohmar and Kitzelmann,
2002). Solid phase extraction (SPE) on amino phaseused to separate annatto components
from fat and3-carotene. The choice of end method was deterniigiede presence of other
colouring materials i.e. curcumin Br-apo-8”-carotenal but other food colours and
emulsifiers did not affect the analysis. The recpwd annatto colouring spiked into cheese,
processed cheese, butter and ice-cream rangeddre80eand 100%. Nine samples of cheese
were analysed in which norbixin was found in thege<0.15 to 11.89 mg.Kgwhereas no

bixin was detected (>0.15 mg:Kg
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The methods described by Scoeeal. (1994 and 1998), Lancaster and Lawrence (199%) an
Navaz Diaz and Peinado (1992) were further devel@pel consolidated to encompass a
wide range of food commodities (Scotéeral., 2002). Solvent extraction regimes were
developed for specific sample matrices, with HPLQARused for spectral confirmation and
measurement of the main isomers of bixin and nawbikhe different extraction regimes are
summarized in Table 2.

Table 2. Summary of extraction regimes used for aratito in foods (Scotter et al., 2002).

Regime Matrices

1 Cheese, cheese products and ct-based compound foc

2 Custard powder and low-fat dessert dry mixes

3 Desserts, cake decorations, fine bakery wardigjded snacks and
breakfast cereals

4 Margarine, fat-based emulsions and spreads rtarttefat-based
compound foods

5 Fish, ice cream and ice cream-based confectipgeghurt and
other dairy desserts

With the exception of regime 5, samples were egdnéxtracted using
ethanol:water:ammonia solution with or without xdmee partition to remove excess lipid.
After centrifugation in the presence of Celitedfilaid, the annatto colour was partitioned into
chloroform:acetic acid solution, centrifuged ane fiolvent removed using vacuum-assisted
rotary evaporation. To minimise analyte lossesoxiaation, a 0.1% solution of butylated
hydroxyl toluene (BHT) was added. For regime 5 imnaft, samples were mixed with Celite
in the presence of dilute hydrochloric acid andamted using a biphasic solvent system
comprising hexane (to remove excess lipid) andoadteile, which was then concentrated
using vacuum-assisted rotary evaporation.

Using this method, comprehensive quantitative aralitgtive data on 165 composite and 2
single food samples covering a wide range of faidsvels above the analytical reporting
limit of 0.1 mg.kg" were obtained. Quantitative results were giverttiose annatto
colouring components for which reference standesgl® available (9Gis-bixin, trans-bixin
and 9"eis-norbixin), whereas semi-quantitative results wgwen for other bixin and
norbixin isomers. The method was single-laborat@fjdated by the repeat (n = 4 to 9)
analysis of 12 different sample types of food cordityocovering the permitted range of
annatto content, spiked with annatto at levelsatfveen 1.7 and 27.7 mg:kgnd by the
analysis of in-house reference matrices. Mean exoes of between 61 and 96% were
obtained from foods spiked with annatto.

Using response surface methodology to establisimapt conditions, a method for the
determination of annatto colour in extruded coracknproducts has been developed that
exhibits improved accuracy and precision compavdatié method described by Scoteal.
(2002) (Rios and Mercadante, 2004). However, prattnent of the samples withamylase
was necessary to remove starch and a total oi8msioéxtractions with ethyl acetate were
required with partitioning against NaCl solutioar tomplete extraction of the annatto
colour. Lipids were removed using alkaline sapaeatiion therefore all of the bixin present
was hydrolysed to norbixin and determined as sycR®-HPLC with photodiode array
detection at 450nm. The method had a mean reco¥digtween 96 and 98% with an RSD
value of 1.13% between duplicates. The limit ofguation was ca. 0.04 mg/kg.
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Accelerated solvent extraction has been compargdmanual solvent extraction to
determine several food colouring carotenoids incigdixin and norbixin in beverages,
pudding mix, cereals, cookies and sausage (Breitha004). Reverse-phase HPLC with a
Cso column and photodiode array detection at 450nmessfully separated bixin and
norbixin from 7 other carotenoids but ttis- andtrans- isomers were not distinguishable.
Due to its ostensibly higher polarity, lower recogs from an in-house reference material of
norbixin were reported for accelerated extract®h £ 1.0%) compared to manual extraction
(88.7 £ 6.2%). However, a similar difference inoeeries (n=3) was reported for less polar
bixin (91.0 £ 2.7 and 98.0 £ 1.7% respectively)haligh bixin recovery was higher than
norbixin with improved precision. The limit of qu#ation for bixin and norbixin was in the
range 0.53 — 0.79 mg/kg. LC-MS was used to confirenpresence of bixin and norbixin
using positive atmospheric pressure chemical itioagAPcl) for [M+H]" ions at m/z 381
(norbixin) and m/z 395 (bixin).

More recently, a method for the determination atirdn and bixin in meat products using
HPLC-PDA and LC-MS has been reported (Noppa., 2009). Samples were extracted into
acetonitrile using vortex mixing and centrifugatibiPLC-PDA analysis was carried out
using a reverse-phase system with detection aa8886nm. Mass spectrometric detection
was carried out using multiple mass spectra)\t8both positive and negative ion modes at
m/z 379 and m/z 395 for norbixin and bixin respedii. The limits of determination for
HPLC-PDA and LC-MS were 0.5 mg/kg and 1 mg/kg resipely. Sausage meat samples
spiked with norbixin and bixin mixture at levelslétween 0.5 and 4 mg/kg gave recoveries
of between 99 and 102%. The method was validated) ypsocedures described in
Commission Decision 2002/657/EC (2002).

While annatto is permitted for use in food commiedisuch as savoury snack products,
coated nuts, extruded products and flavoured basékereals, it is not permitted for use in
spices. However, amongst other non-permitted diy@s Wwas detected in 18 of 893 samples
of spices, sauces and oils by UK enforcement laboes during 2005-2006 as part of the
UK Imported Food Programme (Food Standards Age2@96). This has led directly to a
need for analytical methods capable of detecting M@v levels of annatto in food
ingredients and commodities in which it is not pitteal, driven not only by the enforcement
of regulations on a national scale (disseminatesltih the EU Rapid Alert System; EU
2008) but also by the need for the food manufaeguindustry to ensure compliance,
especially in a proactive manner and through tlopton of a ‘zero tolerance’ approach as
applied to the monitoring of illegal dyes suchlas $udan Red group. Established HPLC
methods capable of detecting bixin or norbixinat@1 mg/kg in samples using UV-VIS or
diode-array technology are not sufficiently semsitiLC-MS/MS methodology is the obvious
candidate but sufficiently detailed methods in peetewed publications have not been
forthcoming to date. Nevertheless, it is generatigsidered amongst analytical chemists
working in this area that LC-MS/MS is capable ofed¢ing bixin at ca. 0.01 mg/kg in certain
commodities, but this is heavily dependent upordingree of signal suppression caused by
matrix effects. This can give rise to false negat®sults using a screening approach, which
in turn identifies a need for suitable extract ole@ regimes, and guarding against ion
suppression by using the method of standard additio

The extraction and analysis conditions for a selaaf available methods for annatto are
summarized in Table 4.
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Group 2: Curcumin E100

Specifications and permitted usage

Curcumin is the principal colour present in thezomne of the turmeric plan€(rcuma

longa). Curcumin is obtained by solvent extraction afriaric rhizomes to produce turmeric
oleoresin, which contain in the region of 37 to 588tcumin. The purified colouring
material (generally referred to as curcumin) isdoiced by crystallisation from the oleoresin
and has a purity level of around 95%, which isdtamdard commercially-available quality.

Curcumin colour is essentially comprised the mdjtaroylmethane pigment curcumin
(CUR) along with its demethoxy (DMC) and bisdemath8DMC) analogues. It is an
orange-yellow crystalline product that is solubleethanol and in glacial acetic acid, to
which it imparts a greenish-yellow hue. A solutmfrcurcumin in ethanol is characterised by
a light green fluorescence. It is insoluble in wated in ether. Curcumin is degraded in
alkaline solution and is unstable to light, a fad¢kat usually limits its applications in foods
(Henry, 1992). No method of assay is prescribetiénEU purity criteria for curcumin
(2008/128/EC). However, the JECFA specificationdarcumin prescribes a method based
on spectrophotometric procedure (JECFA, 2010).

Annex Il of 94/36/EC prescribes maximum limits farrcumin of 20 mg/kg (sausages, patés
and terrines), 100 mg/L (Americano, bitter soda litiér vino) and quantum satis
(margarine, minarine and other fat spreads; pastsiraried potato flakes and granules).
Annex V Part 2 allows all foodstuffs specified retrange to contain between 50 and 500
mg/kg except for edible cheese rind and ediblengasfquantum satis).

Methods of analysis

Prior to the development of HPLC, the methods naadely used for the determination of
curcumin utilised direct spectrophotometry. Reactioth boric acid to form an intensely
coloured complex has also been used as a bagsfsefdetermination of curcumin (AOAC,
1970) but is reported to be prone to interferemamfco-extractives, however the strong
fluorescence exhibited by curcumin has been exgudibr its direct determination (Karasz et
al, 1973). A method for the determination of curauim yoghurt and mustard using direct
and derivative spectrofluorimetry has been repdntgddoes not appear suitable for routine
application, since the fluorescence intensity iskadly reduced in aqueous systems which
limits its use with reverse-phase HPLC systems ewipd aqueous-based mobile phases that
are usually preferred to effect separation (Navaz@nd Ramon-Peinado, 1992).

In recent years, curcumin has undergone extenseaipical and some early clinical
evaluation as a putative cancer chemopreventivetagedin vitro acts as a powerful
antioxidant (Heath et al., 2003; Marczylo, et 2009). As a result, a number of sensitive
analytical methods have been developed for themetation of curcumin in various
biomatrices and in turmeric root or preparatioreselbf in order to study their
pharmacological properties and biological effe&softer, 2009). According to Scotter
(2009), available methods for the determinationwtumin alone in foods are sparse and
because methods for the determination of annatteods usually employ alkaline extraction,
these are not suitable for curcumin. Navaz-DiazRaohon-Peinado (1992) have reported a
spectrofluorimetric procedure for the determinatdrcurcumin in yoghurt and mustard,
which does not require the use of alkaline extoacithedia. Samples were directly extracted
using acetonitrile followed by filtration and diioh with measurement aex=397nm
Aem=508nm. The limit of quantitation calculated frém raw data ranged between 0.1 to
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0.4 mg/kg. Replicate analysis (n=3) of three déferfruit yoghurts gave mean curcumin
levels in the extract of between 85.70+0.34 to 881612 ng/mL total curcumin, and for two
different mustard samples of 0.29+£0.020 and 0.8®2®ng/mL. Allowing for sample weight
and dilution, these results equate to total curaurontents of 2.1-2.2 mg/kg in yoghurt (29
sample) and 0.05-0.15 mg/kg in mustard (0.3g sa@miglean (n=3) recovery of curcumin
from spiked samples was 105% for yoghurt spike@l 26 mg/kg and 94.2% for mustard
spiked at 83 mg/kg.

High performance TLC has been used recently fod#termination of curcuminoids in
Curcuma longa germplasm, using silica gel plates with chloroformethanol mobile phase
(Paramasivam et al., 2009). Quantitation was aekiexsing densitometry in the absorption-
reflection detection mode at 425nm. Samples wetraeted with hexane to remove volatile
oils using a soxhlet apparatus and then with benieextract the curcuminoids. The
detection limit of the method was determined byrfieimum mass of curcuminoid that
could be detected in a TLC spot, which was 0.1pikesl rhizome extracts were used to
determine recoveries of each curcuminoid which ednfgom 96.29-98.71% (n=3). Clearly,
this method is not likely to be employed due tohikalth and safety implications associated
with the regular use of benzene as a solvent. % sinilar procedure is reported by
Phattanawasin, Sotanaphun and Sriphong, (2009hichwhe ground rhizomes were
extracted with methanol prior to TLC with detectiosing imaging analysis. The limit of
quantitation for the three curcuminoids was inrdrege 525-972 ng respectively. Reverse-
phase TLC using acetonitrile: THF:oxalic acid solveith quantitation by scanning
densitometry has been used to determine turmeraresin (and gardenia yellow and
annatto) in a total of 89 foodstuffs in Japan (@=tlal., 2000).

HPLC methods for curcumin are reasonably numerasigar back as 1983, HPLC
separation of the three curcuminoids was reporsatgian amino (-Nk) bonded-phase
column and ethanol (i.e. non-aqueous) mobile phaséhe peaks were broad and tailed
significantly (Tennesen and Karlsen, 1983). Newdess, this method was reported to give a
10-fold increase in sensitivity when fluorescenegedtion was useide. Ex = 420 nm, Em =
470 nm, compared to UV-visible (UV-VIS) detectidrhe use of UV (254nm) and
electrochemical (Ag-AgCl) detectors were compaxgdlie determination of curcumin in
turmeric using a similar extraction procedure tat tthescribed by Phattanawasin, Sotanaphun
and Sriphong, (2009) and a reverse-phase columiti{&md Witowska, 1984). Similar
results were found for both detection systems blvest compatibility was an issue with
electrochemical detection and baseline resolutidhethree curcuminoids was not achieved.

A method that could partially separate the threewminoids and in turn separate annatto
colour components simultaneously using isocratet ram-linear gradient elution has been
reported (Rouseff, 1988). An ODSgccolumn was used with a THF: water mobile phase.
A much improved separation using gradient reversese HPLC with methanol, acetonitrile
and dilute acetic acid, and UV-VIS detection wgsoréed by Jayaprakasha, Rao and
Sakariah, (2002) for the determination of curcuridaon turmeric.

Hiserodt et al (2003) developed a reverse-phastegrtaHPLC method for the
characterization of the three main curcuminoid#/@l as other components in turmeric
using mass spectrometric detection. Baseline sepauaf the main curcuminoids was
achieved using a mobile phase comprising ammonucetate buffer and acetonitrile. Both
thermospray and particle beam interfaces allowethi® detection of the curcuminoids and
guantitation was achieved using an external stah@dechnical grade curcumin, 80%) while
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assuming equal spectrophotometric responses fautlteiminoids at 423nm. Samples were
extracted into methanol using a Soxhlet apparatusd clean up was used. Apart from
response linearity and precision (repeatabilitypdao other validation date was reported.
The validation of an LC-electrospray MS methodtfar determination of major
curcuminoids in foods has been reported (Inou¢ ,e2@03). Eleven foodstuffs (3 tablets, 3
teas and 5 candies) were analysed for the threer majcuminoids. Samples with expected
high curcumin content were extracted into methaisalg ultrasonication. Samples with
expected low curcumin content were dispersed irm@ior to clean up and concentration
on a reverse-phased)CSPE cartridge, followed by washing with water a&hation with
methanol. Extracts were then dried unde@N40°C and reconstituted in a small volume of
methanol. LC-MS detection of the curcuminoid ioresvachieved in negative ionization
mode by monitoring the m/z channels at 307 (BDM&3); (DMC) and 367 (CUR). Linearity
of response was > 0.999 for all three curcuminait$ recoveries from water spiked at 1 and
10 ug/g ranged between 85.8-92.9% and 91.6-96.5pectively. The detection limit was
reported as 1.0 ng/mL but no limit of quantitatieas reported.

HPLC with fluorescence detection has been usethéoguantification of curcuminoids in
turmeric products (powder, tablet, dressing, beyernd tea) based on a simple methanol
extraction using ultrasonication followed by cefitgiation if necessary and filtration (Zhang
et al., 2009). Quantitation was achieved usinghgermal standard (2,5-xylenol) and the
HPLC system comprised agtolumn maintained at 30°C with an isocratic mobifase
consisting of acetate buffer and acetonitrile. @atection wavelengths were 287nka,
303nm Qe for the internal standard and 426nka,( and 539nmXen) for curcuminoids
respectively. Separation was achieved in under i88 mith baseline resolution and the
calibration showed correlation coefficients of >@BJor all three curcuminoids. The
instrumental detection limits for CUR, DMC and BDM$§Jn ratio = 3) were 1.5, 0.9 and
0.09 ng/mL respectively. The relative standard aléwns of intra- and inter-day assays for
curcuminoids spiked into turmeric powder at lealbetween 1.25 and 15.00 ug/mg were <
6.1% (n=5) with mean recoveries ranging betweef 84d 104.7%. Wichitnithad et al
(2009) used reversed phase HPLC at 33°C with isoahution employing a mobile phase of
acetonitrile and dilute acetic acid with UV-VIS detion at 425nm, for the determination of
curcuminoids in commercial turmeric extracts. Saaplere extracted into acetonitrile with
ultrasonication and diluted with 50% acetonitrileopto HPLC analysis. Good baseline
separation was achieved for the three curcumiremdsdetailed system suitability data
reported. Correlation coefficients from calibrat&tandards were > 0.999 and the limits of
guantitation were 2.73 ug/mL (CUR), 2.53 ug/mL (DMaRd 0.23 ug/mL (BDMC). The
relative standard deviations of intra-day precisi@are1.22-1.76, 1.07-1.52 and 0.94-1.31 for
CUR, DMC and BDMC respectively, and those for thteli-day accuracy (recovery) were all
within 98-102%, indicating good method accuracy.

Curcuminoids and annatto have been simultaneousigiated from fish by grinding with
Celite and HCI in the presence of ascorbyl palmjtidllowed by a hexane wash to remove
oils and extraction into acetonitrile in the preseof antioxidants (Scotter, 2009). RP-HPLC
with photodiode array detection at 422 x 10nm badtiwwas used to monitor peaks and
confirm their identities. The curcuminoid peaks &elearly discernable from norbixin
isomers and interfering peaks. The necessity fotrobing the water content of sample
extracts in order to achieve optimal peak separatias highlighted. From a simple spiking
experiment, the average recovery of curcumin ado@cinced fish at 8.4 ug/g was 85%
(n=10) with an RSD value of 5.0%.
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While HPLC is the most common technique used ferdi#termination of curcuminoids, the
separation and individual quantitation of the theeecuminoids is important because their
extinction coefficients and stabilities vary (Péfémneida et al., 2005; Price and Buescher,
2009; Scotter, 2009). Moreover, when used in coatimn with annatto, the isomers of the
yellow coloured thermal degradation products ofedtmnexhibit similar chromatographic
behaviour to the curcuminoids and thus clearly riedsk differentiated. Since the
curcuminoids are not readily available as purerezfee materials they require preparation
from turmeric extracts, which is very time consugaihiterature references for the synthesis
of pure curcumin and its bisdemethoxy and demetlamalogues are available. However, the
latter asymmetric analogue may only be synthesseguhart of a curcuminoid mixture and
therefore requires isolation and purification ($e0t2009).

The scope of analytical methods for curcumin irdand beverages must necessarily
encompass the diverse range of foodstuffs defin€adli36/EC that will necessitate the
inclusion of appropriate extraction regimes. Faraple, curcumin is permitted for use in
smoked fish (maximum limit 100 mg/kg) and is oftesed in combination with annatto.
Savoury snacks may also be coloured with curcumimaximum levels of between 100 and
200 mg/kg. Several food types (jams, jellies andmadades, sausages, patés and terrines,
edible external coatings and dried potato prodwEs)ermitted to contain curcumin
quantum satis and hence while quantitative compliance is notyaigsue, labelling
compliance may be. Sauces and seasonings, andrchastgpermitted to contain curcumin
up to levels of 500 and 300 mg/kg respectively384£C). Moreover, compliance with the
colouring materials in food regulations is not afe/atraightforward for the food industry.
Smoked fish products are a case in point. Thesefter coloured with curcumin (and
annatto) but the addition of these colours to fisé,the most commonly-practised method of
brine dipping, is not easily controlled.

Most modern published methods are able to achievtslof quantitation of well below 20
mg/kg using HPLC with different modes of detecti&miraction conditions are generally
very simple but have not been validated for athef foodstuffs permitted under 94/36/EC.
LC-MS(MS) appears to offer enhanced selectivity s@sitivity but there are few methods
available and which have yet to be validated.

The extraction and analysis conditions for a selaatf available methods for curcumin are
summarized in Table 4.
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Group 3: Cochineal, carminic acid, carmines E120

Specifications and permitted usage

Carmines and carminic acid are obtained from agsieemgueous alcoholic or alcoholic
extracts from cochineal, which consists of thedlbedies of the female insdaactylopius
coccus Costa (2008/128/EC). The colouring principle isnzaic acid. Carmines are
aluminium lakes of carminic acid in which the alamim and carminic cid are thought to be
in the molar ratio 1:2. Commission Directive 20@BIEC prescribes the identification and
the minimum content of the colouring material (megad by spectrophotometry). The
JECFA specification prescribes separate specifioatior cochineal extract (JECFA, 2010a)
and carmines (JECFA, 2010b) but share a commoly asseedure based on
spectrophotometric measurement at 494nm aftemigodiith dilute hydrochloric acid to
produce the free carminic acid. The usual prodeetilby the food industry is an alkaline
solution of carmine, which is stable at all pH \edwabove ca. 3.5 and is stable to heat, light
and oxygen. The hue of carmines can be affectadiffgrent cations. Carmine can be
formulated as water-soluble powders, lakes andpsutated products depending upon the
desired food application.

Annex lll of 94/36/EC prescribes maximum limitsketween 100 mg/kg argliantum satis.
Annex V Part 2 allows all foodstuffs specified hetrange to contain between 50 and 500
mg/kg except for edible cheese rind and ediblengasg).s).

Methods of analysis

Prior to 1986, there were no reported methodshieidietermination of cochineal in foods
using HPLC. Marshall and Horobin (1974) reportesimaple spectrophotometric assay
procedure for carmine (and carminic acid) stasmselol on hydrolysis to carminic acid using
dilute HCI which gave a linear concentration relaship at 494nm up to ca. 22 mg/L
carminic acid. Andrzejewska (1981) developed a oefor the identification and
determination of cochineal in sausages based oaatxin of the colour from defatted
sample, adsorption onto polyamide to remove im@siollowed by TLC. Three different
adsorbents were used along with different mobikespl. The detection limit using silica gel
plates with fluorescent indicator was 6 ug, whefeasilica gel without indicator and
cellulose, the limit of detection was 15ug. Theomtgd recovery values were non specific at
ca. 90%.

A method for the identification of cochineal in r@ausage has been discussed by Wellnitz
(1986), where it was demonstrated that cochinealbcoe recovered by decomposition of the
defatted sample using 10% nitric acid followed ibtyadtion, pH adjustment and
concentration. Attempts to use cellulose and silic&, and RP-HPLC to identify cochineal
were not very successful due to the poor solubilftthe dye in the mobile phases used,
giving rise to poor retention characteristics ardkpshape. Moreover, measurement of the
colour using spectrophotometry was unsuccessfuthdtis employing TLC or direct
measurement of cochineal in foods by spectrophatympermit only at best a semi-
quantitative approach.

Jalén, Pefa and Rivas (1989) reported the firstessful method for the determination of
carminic acid in a foodstuff (yoghurt) using HPL&amples were incubated with papain at
pH 5 to release the colour from the proteinaceoasixiand after boiling with phosphoric
acid, the carminic acid was adsorbed on to a colafpolyamide. The colour extract was
purified by sequential washing with water/acetorsgér and desorbed using dilute NaOH
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solution, concentrated by rotary evaporation gitéradjustment and analysed by HPLC. The
HPLC system comprised a reverse-phase) @lumn, a mobile phase of
acetonitrile:aqueous formic acid and photodiodayadetection at 280 and 500nm. Small
variations in the composition of the mobile phaszeveported to affect the retention of the
carminic acid considerably. Detector response wasi over the range 0.02-5.0 ug/ml?(R
=0.9997). The limit of quantification was reporgsl0.1 ug/g carminic acid, equivalent to
ca. 20-fold improvement on previously published mes. Yoghurt with a mean carminic
acid content of 9.52 ug/g analysed 10 times gave 3D value of 3.0%. Recoveries of
carminic acid added to yoghurt at 5, 10, 15 and@@ gave recoveries of between 87.2 and
95.3% (mean 90.2%). The authors recommended thgilsaxtracts should not be filtered
since carminic acid is adsorbed onto filter membésan

Yamada et al (1993) used methylation with diazomwethas a means of chemical
derivatization to facilitate the extraction, isadat and measurement of cochineal by HPLC.
Reverse-phase SPE was used to isolate the caracididrom the food extract prior to
derivatisation but several sample preparation regimere required, especially for meat
products were enzyme digestion followed by partiticas used. The method was applied to
the analysis of beverages and ice flavours, cangilies, steamed rice cake, milk beverage,
ice cream, ham and sausage. RP-HPLC was usedettt detd quantify the colour using
acetonitrile:0.1% phosphoric acid as mobile phaskaadual detection system of UV-VIS at
495nm and fluorescence at £365nm and = 565nm. A limit of quantitation of 0.1 ug/g
was achieved with fluorescence detection and wasrted to be 10-fold higher than UV-VIS
detection. Jelly and milk samples spiked with d¢oehl gave recoveries of 91.2%
(RSD=2.1%) and 89.8% (RSD=2.7%) respectively. Quedli was detected in 23 of 65 food
products analysed over the concentration rangeQL37.7 ug/g. While this method is
clearly sufficiently sensitive and shows scopedevelopment, the derivatisation procedure
involves the used of highly toxic diazomethane also requires the preparation and
characterization of a reference standard.

Lancaster and Lawrence (1996) used gradient RP-HKLICmethanol:6% acetic acid
mobile phase and UV-VIS detection for the simultaredetermination of carminic acid and
annatto colouring components in fruit beverageghyot and candies. The extraction
procedures developed by Jalén, Pefia and Rivas Y $888 used with modifications
although recoveries of carminic acid spiked intgtyart were in the range 76-83%. The
authors reported that cellulose filter membrangoiypropylene housing were suitable for
filtration for water-based extracts. Solutions fic acid and sugar spiked with known
amounts of carminic acid (20-200 ug/g) and extictging a RP-SPE procedure gave
recoveries of 91-99%. The acetonitrile:dilute farracid mobile phase reported by Jalén,
Pefa and Rivas (1989) was not found to be suithldeto rapid deterioration of the column,
however modern HPLC phases are far more stabtem@H mobile phases. A simplified
extraction procedure for carminic acid in yoghuaheese, cookie filling and alcoholic
beverage, in which high protein samples were tceadeh strong alkali followed by strong
acid prior to centrifugation, filtration and RP-H@lanalysis has been reported (Carvalho and
Collins, 1997). Samples with high lipid content welefatted with hexane with back
extraction of the carminic acid into water, wheragaeous samples were filtered prior to
direct injection. Both diode array and fluorescedetection were used with limits of
detection of 1 and 1.5 ug/mL respectively. Diodaydetection was preferred because it
gave better recoveries for carminic acid spiked water and milk at 99 and 96%
respectively.
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The most significant study by far for the developirend validation of a quantitative method
for the determination of carmine in foods is théatmwrative study reported by Merino,
Edberg and Tidriks, (1997). Carminic acid was eoted by digesting samples for 2 min in
boiling 2M HCI, cleaned up using RP-SPE and anayseng RP-HPLC with
methanol:phosphate buffer mobile phase and UV deteat 280nm. The method was
evaluated using internal quality control and cadia@tion between 11 laboratories. Samples
of fruit jelly, liqueur, juice, yoghurt and ice @ were analysed and the limit of detection
was 0.1 mg/L. External calibration was used ancc#idration curve was linear up to 20
mg/L carminic acid. The mean recovery range fokesgpisamples was 85-94% with RSD
values all below 12%. The authors concluded tragthcose link of carmine has a
remarkable resistance to acid hydrolysis, hencsorebly strong acid could be used to break
down sample matrices without significant analytesks. Moreover, when compared to the
enzymatic extraction procedure described by J&éfa and Rivas (1989) for yoghurt
samples, similar recovery figures were obtained.

Other methods reported for the determination ohow&al in foods using TLC include
samples of raw sausage (Brockmann, 1998), retadlddltakura et al., 1999) and processed
food by TLC (Hirokado et al., 1999). Other HPLC hmads include those described by
Gonzalez, Gallego and Valcércel, (2003) for theeination of carmine and other colorants
in dairy samples (LOD 0.02 ug/mL), Lei et al (2083% sudan dyes, amaranth and carmine
in foods (LOD 0.12-0.15 ug/mL, recovery range 7608-.9%), and Yu et al (2008) for
carmine in carbohydrate foods and meat product®(DM4mg/L, recovery range 88-99%).

A competitive enzyme immunoassay (EIA) proceduragimonoclonal anti-carminic acid
antibody obtained from mice immunized with carmiagid-lgG conjugate, was reported to
have a limit of quantitation comparable to HPLC noets (0.2 ug/g) (Yoshida et al., 1995).
Carminic acid was extracted with water from beveraglly, candy, pasta sauce, yoghurt and
ice cream, whereas ham and fish paste samplesedquredigestion with pronase and
extraction with dilute sodium hydroxide. Recoverésarminic acid were >95% for milk
beverage and jelly, and >85% for yoghurt and fiabt@. The method was applied to the
analysis of 26 different food samples, 7 of whichtained carminic acid in the range 3.5- to
356 ug/g. The production of the antibody is clearyimportant limitation to the applicability
of this method for routine enforcement purposestéduer, the EIA system also responded
to laccaic acid, a structural analogue of carmamicl. Capillary electrophoresis has been
used for the determination of carmine in beveraigedpllies and fruit syrups with an LOQ
of 7 mg/L and recovery range 95.6-98.0% (Berzasade\et al., 1999), in sweets with an
LOD of 2 mg/L (Xu, Tang and Wu, 2007), and in milkverages with an LOD of 0.05-0.40
ug/mL and recovery rate of 101.6% (Huang, Shih@hen, 2002). Other less well known
methods used for carmine determination in foodkige micro emulsion electrokinetic
chromatography (Huang et al., 2005) and strippmigamnmetry (Alghamdi et al., 2009).

The scope of analytical methods for cochineal/caenm foods and beverages must
necessarily encompass the diverse range of fodsistefined in 94/36/EC that will
necessitate the inclusion of appropriate extraggmimes, many of which are covered by
literature reports. Extraction conditions are gatigvery simple involving acid hydrolysis
with or without SPE, but enzymatic digestion carubed for difficult matrices, particularly
meat products which do not feature heavily in mh#d methods. Most modern published
methods are able to achieve limits of quantitatibwell below 1 mg/kg using HPLC with
UV-VIS or fluorescence detection.
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The extraction and analysis conditions for a selaaif available methods for cochineal are
summarized given in Table 4.
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Group 4: Chlorophylls E140(i) and Chlorophyllins E140(ii), and Copper chlorophylls
E141(i) and Copper chlorophyllins E141(ii)

Specifications and permitted usage

E140(i) chlorophylls are obtained by solvent eximatof natural strains of edible plant
material, grass, lucerne and nettle. The prinapiduring matters are the phaeophytins and
magnesium chlorophylls (2008/128/EC). The greeouois due to the pigments chlorophyll
a (Chla, blue-green) and chlorophyll b (Chib, yaHgreen) that occur together in a ratio of
about 3:1 (Hendry, 1992). Removal of magnesium fteenchlorophylls gives the
corresponding phaeophytins a and b (PPa, PPb),dbethich are olive brown. Replacing

the Mdf* with copper (Ct") retains the green colour. E140(ii) chlorophylare obtained by
the saponification of chlorophylls which removes thethyl and phytol ester groups and may
partially cleave the cyclopentenyl ring. The acidups are neutralized to form the sodium or
potassium salts of chlorophyllin a and b. E1414pmer chlorophylls are obtained by the
addition of a salt of copper to extracts of chldrgis a and b to give the corresponding
copper phaeophytins a and b. Likewise, E141(iipevgomplexes of chlorophyllins are
obtained from the addition of copper salt to chipdrglins to give the sodium or potassium
salts copper chlorophyllin a and b.

It is important to consider that despite a jointiative introduced by the International Union
of Pure and Applied Chemistry and the Internatidsaibn of Biochemistry, a substantial
body of long-established trivial names for chlorglpnd its analogues remains in popular
use by both the food colour industry and scientdéigearchers (Hendry, 1992). The term
‘chlorophyllin’ covers a range of compounds idealito, or structurally related to, the
porphyrins. These are historically known as chle®n(Ce6), isochlorin e4 (iCe4), their
hydroxy derivatives, purpurins 5 and 7 and theiresponding rhodins. In this review, no
strict adherence to nomenclature has been madd@mghyll and its analogues are named
as reported in the literature. However, where fbsschlorophyll and its analogues have
been described uniformly.

Commission Directive 2008/128/EC prescribes sepatafinitions and purity criteria for
E140(i), E140(ii), E141(i) and E141(ii). The purgpecifications include definition of the
source material(s) and the solvents permittedxtraetion, the identification and the
minimum content of the colouring material (measurgdpectrophotometry). Seven separate
specifications for similar products are prescribgdlECFA, depending upon the production
method (e.g. JECFA, 2010a,b), in which the prescriissay methods are similarly based on
spectrophotometry.

Annex Ill of 94/36/EC permits the addition of E14&nd (ii) and E141(i) and (iguantum
satisin a small range of foodstuffs i.e. sage Derbyeske vegetables in vinegar, brine or oil
(excluding olives), jam, jellies and marmalades atieér similar fruit preparations including
low calorie products. Annex V Parts 1 and 2 peritiigsr use in all listed foodstuftgiantum
satis.

4.1. E140(i) and E140(ii)

Almost any type of food processing, alone or coraiwith another treatment or storage,
causes some deterioration of native chlorophylinagts (Davidek, VeliSek, and Pokrn
1990; Hendry, 1992; Belitz, Grosch and Schierb&0®4). There are many literature
references available on the determination of niyuoacurring chlorophylls, which have
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largely concentrated on their determination inliraad processed fruit and vegetables
(Schwartz, Woo and von Elbe, 1981; Saag, 1982; R®§7; Suzuki, Saitoh and Adachi,
1987). The main strategies of methods for chlordplhave focussed on solvent extraction,
clean up using liquid-liquid partition and measuestnusing reverse-phase HPLC. Because
chlorophylls are particularly labile pigments, apmriate care is required during extraction
and analysis. It is generally recommended that pudatiions should be carried out in rapidly
in darkness or in dim light to prevent photodesimrcor photoisomerization, and at
relatively low temperatures (Bertrand and Schakd9,7). The extended double bond system
of the pigments renders them susceptible to oxaddiy air, especially during
shaking/homogenization and native enzymes suchlasphyllase should be inactivated.
The concentration of acids should be kept verydioming extraction in order to minimise
loss of chelated metals (i.e. K Ammonium hydroxide is sometimes added to acetone
extraction solvent in order to ameliorate this etife

Most methods for chlorophyll extraction employ hayanization of the sample with acetone
and/or methanol, especially for samples of highewabntent such as vegetables, which help
to break down the pigment:protein complex. Othdvesus such as petroleum ether, hexane
and N,N-dimethylformamide have also been used.agtdrrequire filtering or centrifugation
to obtain clear solutions but back partition intibez facilitated by the addition of sodium
chloride or sodium sulfate has been used. Caresrtedak exercised when the relatively large
amounts of solvent necessary for pigment extraceouire removal prior to TLC or HPLC
analysis using techniques such as vacuum-assti#y evaporation and blow-drying under
nitrogen, due to the degradative effects of heatt(Bnd and Schoefs, 1997; Schoefs, 1998).
Solvent partitioning may be used to isolate andfypehlorophyll analogues from crude
extracts and especially carotenoids, however altmaion of Chla and Chlb can occur
(Bertrand and Schoefs, 1997). The authors recomrteticolvent partitioning is not
convenient for quantitative study since recovetgganay vary.

Reverse-phase (g} solid-phase extraction (SPE) has been used ¢tidreate acetone
extracts of plants where dephytylated pigmenteaned with 70% acetone and phytylated
pigments with 90% acetone (Johnson-Flanagan arag@hajah, 1990). Oshima et al (2004)
developed a simple RP-SPE method for the isolatiahcleanup of PPa and PPb in health
foods (chlorella, spirulina, aloe, kale, Jews malbnd green tea leaves) prior to HPLC
analysis. Samples were extracted with 85% acetonieh was acidified with HCI prior to
SPE isolation. The pigments were eluted with methah025M ammonium acetate (88:12).
Counter-current chromatography has been used latésGhla and Chlb from spinach , with
particular attention to minimising the effects ighit, heat, oxygen, acids and bases (Jubert
and Bailey, 2007). Chlorophyll structures and pesitvere established by HPLC. However,
the use of counter-current chromatography as anetechnique is not widespread.

Since chlorophylls and chlorophyllins are not adety used for the colouring of food
compared to carotenoids and anthocyanins, and becdlorophylls have no metabolic
importance for animals consuming them, there isespondingly less work reported on their
HPLC analysis in food systems apart from freshyleagetables and olive oils. Chlorophylls
have distinct spectroscopic properties, hence phbearor fluorescence can be employed for
their identification and quantitation (Eder, 200Dhe pigment may be characterized by its
absorbance spectrum in a given solvent and queahtifsing its molar extinction coefficient.
This approach becomes complicated when more thampigment is present. Usually
wavelengths of between 430 and 440, and 645 anded@@ctively are used for detection,
especially if carotenoids are also present andctietelimits of between 1-80ng chlorophyll
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are reported to be achievable. The JECFA methadsdy for chlorophylls relies on the
measurement of absorbance at six specific wavdisiigpresenting the absorption maxima
of Chla, Chlb, PPa and PPb respectively in diettlyer (JECFA, 2010a). The difference in
absorption measurements before and after treatwinmbxalic acid are used to calculate the
content of each analogue.

Minguez-Mosquera et al (1990) used a rapid speotitopetric method to quantify pigments
in fermented olives. Pigment separation was caoigdising TLC and the spots scraped
from the plate and eluted with ether or acetone. dland b analogues of chlorophyll,
chlorophyllin, phaeophytin and phaeophorbide werantfied by spectrophotometry using
wavelength maxima and extinction coefficient valtresn literature.

Greater sensitivity and specificity can be achiewsidg fluorescence detection at excitation
wavelengths of 430-440nm and emission wavelendtbd@-670nm. The use of scanning
wavelength and photodiode array spectrophotomataispectrofluorimeters allows
chlorophyll and its analogues to be characterizetlidentified following isolation and
purification. The fluorescence of some pigmentpsald their identification after TLC or
column chromatography. In solution, quantitativéedgon is achievable provided the
solution is dilute enough (ca. mM concentrationptevent quenching (Bertrand and
Schoefs, 1997). The nature of the solvent mustlastaken into account since significant
differences in emission spectra will be observewben polar and non-polar solvents. Thin
layer chromatography is a relatively cheap and &adynique for the separation of pigments
but is generally used for qualitative purposes. (@ FA, 2010a). Low-pressure (column)
chromatography has been used mainly to separat@ira containing groups of compounds
of similar polarity. Among the solid phases useslsucrose, DEAE-sepharose or cellulose.
These techniques have been largely superceded b§ HP

HPLC has clear advantages (resolution, speed,dapitality and sensitivity) over other
analytical techniques for the identification ancugtitation of chlorophyll analogues and has
become the method of choice for analysis of fodw Uise of photodiode array and
fluorimetric detectors allows chlorophyll and itsadogues to be characterized and identified
following separation by HPLC. Liquid chromatographigh mass spectrometric detection is
finding increasing use in the identification anchgtitative determination of many
chlorophyll analogues. While normal phase HPLCheen used to separate chlorophyll and
its analogues (especially from carotenes), revphsse HPLC is the most widely used
technique for routine analysis largely due to thailability of a wide range of bonded non-
polar stationary phases (Lea, 1988; Bertrand ahd&s, 1997; Eder, 2000). Simple solvent
systems based on e.g. methanol, water and ethigtaageay be used in conjunction with
modern stationary phases where retention is afidatgely by analyte polarity.

Retention time is generally found to increase andider: chlorophyllides a < chlorophyllides
b < phaeophorbides < chlorophyll b < chlorophyfl phaeophytin b < phaeophytin b
(Canjura and Schwartz, 1991). Twelve different ohypdyll derivatives from spinach were
analysed in under 30 min using gradient elutiomkRdentification was based on UV-VIS
spectra using photodiode array detection and walroted by using fast atom bombardment
mass spectrometry. This work was extended to #etiiication of two zinc analogues using
tandem mass spectrometry (MS/MS) to obtain strattoformation with respect to the
presence or absence of the phytyl chain and aisect-keto ester group (Van Breemen,
Canjura and Schwartz, 1991). LC-MS(MS) methodsfdorophyll and its analogues have
been developed over recent years to improve idoizafficiency and sensitivity, Airs and
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Keely (2000), used post column addition of formsedao improve the LC-MS sensitivity of
chlorophyll extracted from spinach, by an ordemaignitude (ca. 1uM). Linear response was
achieved using atmospheric pressure chemical iboizéAPcl). The differences in response
between chlorophylls and phaeophytins were dukdgtesence or absence of ¥and

overall response exceeded those that could bewvachi®y absorbance detection. This
technique was applied to the analysis of completdsel pigment distributions in non-food
matrices using high resolution RP-HPLC with ternamgl quaternary gradient systems
comprising mixtures of 0.01M ammonium acetate, rmeth acetonitrile and ethyl acetate
(Airs et al, 2001). Gauthier-Jaques et al (2001etiped a method to track chlorophyll
degradation in plant extracts employing RP-HPLCpted to UV-VIS PDA and LC-MS/MS
detectors. The method was successfully appliede@nalysis of rehydrated spinach powder
and canned beans. Over thirty chlorophyll rela@dmounds were identified by their UV-
VIS spectral characteristics and by key MS fragniems produced using APcl in positive
mode.

The mass spectra of the chlorophyll species idedtly their HPLC retention characteristics
and UV-VIS spectra were characterized further lbgrise protonated molecular ions. MS/MS
analysis showed that a major fragment at [M+H-2g&Jbserved with all chlorophyll
derivatives possessing the phytyl chain, and atHM888] corresponding to the elimination

of CH;COOGH39. Other characteristic fragment ions were assigoegpecific chlorophyll
derivatives and chemical moieties, including seivEra-containing analogues present in
processed beans. Allomerization of chlorophyll dgrsample preparation was identified as a
problem since Chla was almost entirely transforimgal methoxylactone Chla within 24
hours. This key work highlights the importance eirly able to identify the main chlorophyll
analogues in a foodstuff as well as the potentlalige number of degradation products
arising not only from food processing but also sfacts of the extraction process itself.

RP-HPLC based methods have been used for the deg&tion of chlorophylls and their
analogues in a limited range of foodstuffs using-\\&, fluorimetric and/or mass
spectrometric detection. For example, in greendages (Gross, 1980), olive oils (Hsieh and
Karel, 1983; Minguez-Mosquera et al, 1992), celeayes (Daood et al, 1989), green olives
(Minguez-Mosquera et al, 1991), spinach (Canjucaw&rtz and Nunes, 1991; Khalyfa et al,
1992; Gauthier-Jaques et al, 2001), kiwi fruit (6at©91), canola seeds (Johnson-Flanagan
and Thiagarajah, 1990), beans (Lopez-Hernanddz E2@3; Gauthier-Jaques et al, 2001),
stored fruit (Almela et al, 2000), green peas (Edkbs et al, 2001), major teas (Suzuki and
Shioi, 2003) and health foods (Oshima et al (2004)y few of these methods have been
reported with analytical validation data.

4.2. E141(i) and E141(ii)

The Cu-derivatives of E141(i) and E141(ii) are kdb both moderate heat, light and
mineral acids but there remains the possibilityaf@nultiplicity of coloured components in
each group. These are likely to be present asudt i#fghe various extraction and purification
processes and could include native chlorophyllagpphytins, phaeophorbides,
rhodochlorins (free carboxyl form of phaeophorbjoeswell as the principal colouring
components (Belitz, Grosch and Schierberle, 20@it@te, 2002; Hendry, 1992).

Analytical methods for the determination of E14HKd E141(ii) in foodstuffs, especially the
water soluble forms, are very poorly documentedemeomparison to methods for
chlorophylls and chlorophyllins. Tsunoda et al,93p used TLC to separate copper, iron and
magnesium derivatives of chlorophylls and chlordlry extracted from 36 different
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vegetables and 5 chewing gums. Vegetables weractad with ethanol and partitioned
against n-butyl acetate after pH adjustment and/tigegum extracted with n-butyl acetate
and hot water prior to partition. Flame atomic ap#on spectroscopy was used to
discriminate between the metals. Up to 4.91 mgfkaper chlorophylls and 5.22 mg/kg
copper chlorophyllins were found in vegetables, iehe copper chlorophyllins were not
detected in chewing gums, but between 0.55 andri/k@ copper chlorophylls were
reported. Amakawa et al. (1993) developed a meftiothe determination of sodium copper
chlorophyll in foods (chewing gum, candies, proeelsseaweeds, processed edible wild
plants and chocolate) based upon suspension sathele in citrate buffer (pH 2.6) and
homogenization with ethyl acetate: acetone. Thiguneé was extracted with 1% aqueous
ammonia solution and ethanol was added to the aguager. The extract was analysed
using RP-HPLC on afgcolumn with a mobile phase comprising methanokewatetic acid
(100:2:00.5) and photodiode array detection at 625vasuda et al. (1995) identified copper
chlorin e4 (CuCe4) as a suitable indicator forahalysis of sodium copper chlorophyllin in
foods. The colouring matter was extracted from albrange of samples (boiled bracken,
agar-agar and chewing gum) with diethyl ether gitéradjustment (3-4). Following removal
of the solvent, the residue was dissolved in mathand analysed using RP-HPLC ong C
column with a mobile phase comprising methanolewéd7:3) containing 1% acetic acid. A
monitoring wavelength of 405 nm was used and tmepounds characterised using
photodiode array detection.

Inoue et al., prepared and separated the compookeotpper chlorophyllin, consisting of
copper phaeophorbide a (CuPPa), copper chloria€€6), copper rhodin g7 (CuRg7) and
copper chlorin e4, using semi-preparative RP-HPInOue et al., 1994). Separation was
achieved using a mobile phase of methanol-wateB(%7v) containing 1% (v/v) of acetic
acid. Linear calibration plots were obtained fopger chlorophyllin in the concentration
range of 0-30 ug/ml with UV-VIS detection at 4074@3 nm. The detection limits of CuPPa,
CuCe6, CuRg7 and CuCe4 were 3.5, 1.5, 3.3 andglml mespectively. The reversed-phase
HPLC method proposed was demonstrated to be useftile determination of the
components of sodium copper chlorophyllin in foatbar formulations.

Five samples of commercial copper chlorophyllinpamations were analysed by
Chernomorsky et al. using gradient elutiog RP-HPLC with methanol/ammonium
acetate/acetone mobile phase and photodiode agtagtibn (Chernomorsky et al., 1997).
Analysis revealed several significant differenaethie porphyrin compositions of the
samples and copper iCe4 was identified as the nsajpponent in most commercial
materials. Copper complexes of Ce6 (i.e. 131-carlbp¥PPa and unidentified porphyrins
with either chlorin or non-chlorin type PDA specitvare found in some samples, which
eluted within 15 minutes. Almela, Fernandez-Loped Roca (2000) used similar
chromatographic conditions to screen chlorophyfivdgives produced during the ripening of
fruit. In that study, chromatograms were monitcae@60 nm (PDA) and by using
fluorescence (Ex = 440 nm, Em = 660 nm). This methas particularly successful in
separating a series of compounds exhibiting a braage of polarities. This causes some
problems because the chlorophyllins are dissociewed at neutral pH and can thus interact
hydrophobically with the ¢ stationary phase. The high concentration of amuororacetate
used in the mobile phase was essential for decigg@asoton equilibration times, especially
for the ionogenic chlorophyllides and phaeophorbidieoue et al. used non-aqueous RP-
HPLC to separate and characterise several codpeh(brophyll derivatives (Inoue et al.,
1988). This work was later extended to the analysison (Ill) derivatives of chlorophyllin
using ion-pair RP-HPLC (Nonomura et al., 1996).
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Scotter et al, (2005) developed a method for tiierdenation of E141(i) and E141(ii) in
foods and beverages using refined analytical praesdfrom previously reported methods,
covering a range of food colour formulations anald® Samples (1-5 g) were extracted with
citrate/phosphate buffer (pH 2.6) and ethyl acetatetone (5:1 v/v). Solvent Green 3 was
used as internal standard. Samples such as jellgdosweets and jelly sweets were
dissolved in warm water prior to extraction. Cartsamples such as dried soup mixes and
flour confectionery required prior homogenisatiarbuffer and biscuit samples were defatted
with hexane. Following centrifugation, the uppelveat layer was removed and the
extraction repeated if necessary. The solvent e®ved by gentle blow-drying under
nitrogen at <40°C and reconstituted in acetoneharadl solution with sonication prior to
HPLC. Extracts were found to be stable for sevaagbk at 4-5°C prior to HPLC analysis. For
longer-term storage, the vial was flushed withagén and stored at ca. —18°C. The HPLC
system comprised a Vydac 201TP54 lumn thermostatically controlled at 25 °C. A
gradient elution programme was used; mobile phasemprised methanol: 1.0M
ammonium acetate (80:20, v/v) and mobile phaserBptized methanol:acetone (60:40
(v/v). A gradient elution programme of 100%A to %08 over 30 minutes (linear) held 30
minutes at 100% B was used with a mobile phase fade/ 1.0 ml.min-1. Dual detection was
used (1) Photodiode array at 650 x 40 nm bandwidlttn reference channel at 720 x 4 nm
bandwidth (2) Fluorimetric at Ex = 400 nm and Er649 nm. Qualitative analysis of analyte
components was achieved through detailed peakrspdwiary matching with reference
standards over the wavelength range 300-700nm.cCamalogues of Ce4, Ce6, PPa, Chla
and Chlb were prepared along with rhodin g7 ageef®e standards. HPLC calibration was
achieved by using a standardized, readily obtagnabtlium copper chlorophyllin reference
material and results expressed as total sodiumecagporophyllin equivalents. The mean
(n=11) linear regression coefficient was 0.9980.

The method was single-laboratory validated and miiyt containing declared copper
chlorophyllin complex was used as an in-house eefez material (IHRM). Recoveries of
copper chlorophyllins spiked into 8 different fotad$s at 14.5 mg/kg (except for ice cream

at 70 mg/kg) total polar copper chlorophyllins (§TRCuCe6 and CuCe4), were in the range
79-109%, except for jelly confectionery (49%). Remtes of total non-polar copper
chlorophylls (CuPPa, CuChla, CuChlb and Cu-PP) wetke range 77-107%, except for
jelly confectionery (50%). The coefficient of vai@n was generally below 12%. The limit of
guantitation of the method was 0.7-1.0 mg/kg totadper chlorophylls and chlorophyllins
depending upon sample type. The concentrationtaf tcopper chlorophylls and
chlorophyllins in foods with declared E141 (limeperve, lime flavoured jelly, jelly
confectionery, mint sauce, ice cream, sugar coiafeety and soft drink) ranged from < LOQ
to 13.0 mg/kg. The majority of E141-containing feahd colour formulations analysed
exhibited a multiplicity of components due to tlaivus extraction and purification
processes that are used to obtain these colouna$diThis was confounded by the presence
of overwhelming amounts of native chlorophylls artain samples (e.g. mint sauce). Food
commodities containing significant amounts of erfielss (i.e. ice cream), gelatine or fats
were problematic during extraction hence furtheretigoment of extraction regimes was
recommended.

More recently, HPLC with photodiode array and mgssctrometric detection has been used
to characterize the components of five differemlism copper chlorophyllin food colorants
(Mortensen and Geppel, 2007). The method employ@g eolumn in order to separate a
larger number of compounds than in previous studiesracterized by their absorption and
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mass spectra. A gradient solvent system comprisioigile phase A (methanol:water:acetic
acid 90:10:0.5) and mobile phaset&{-butyl methyl ether:methanol:acetic acid (100:18}0.
was used: 0-50% B in 30 min, 50-100% B in 10 mBQ% B for 5min and 100-0% B in 5
min at a flow rate of 1.1 mL/min. In the MS ana/ddoth electrospray and atmospheric
pressure chemical ionization modes were used,sitipe and negative modes to obtain the
maximum amount of information. Mass spectra of congmt peaks were characterized by a
distinctive splitting due to copper and carbonapets and a total of sixteen different
components were identified but assignment of mawonponents was complicated. The
chromatograms of the five sodium copper chlorophmgémples showed clear differences in
composition and also showed that Cu iCe4 is prasesudium copper chlorophyllin and not
Cu Ce4. In samples that were not too degraded, &8 Cu Cp6 and Cu iCe4 were the main
constituents, while in samples that were more dksiaa more complex pattern of
components was observed and the amount of porgwuas higher. Cu rhodins were
observed in one sample only.

The chemistry of chlorophyll and its many analogisesomplicated and requires the
extraction, separation, identification and quatittaof several components. Suitable specific
marker compounds may therefore need to be idedtifi@rder to make the methods more
readily transferable to enforcement laboratoridgs Th turn may require the preparation of
analogues as reference materials. Where standemar dormulations may be used as
reference materials, it is important that colofanafiles are known.

While available published methods do not provid&ae limits of quantitation, most should
be capable of achieving adequate sensitivity wisamguHPLC with photodiode array
detection, and especially where chlorophyll anadsgand degradation products can be
confirmed using LC-MS. Among these, the extractionditions are generally very similar
but are likely to require refinement for the vasdood matrices likely to be encountered,
particularly for highly processed and compound &iaffs. SPE cleanup techniques offer
scope for isolation and concentration of analytes po HPLC. Fluorescence detection
provides a very useful and sensitive way to distisig between coppered and non-coppered
chlorophyll / chlorophyllin analogues.

The extraction and analysis conditions for a selaatf available methods for native and
coppered chlorophyll and chlorophyllin analogues summarized in Table 4.
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Group 5: Beet red E162

Specifications and permitted usage

Beet red is obtained from the roots of naturalisséraf red beetsBgta vulgaris L. var.rubra)

by pressing crushed beet as press juice or by aguedraction of shredded beet roots and
subsequent enrichment of the active principle (202®EC). The colour is composed of
different pigments all belonging to the class tata (or betalain). The main colouring
principle consists of betacyanins (red) of whickabéen accounts for 75-95%. Minor amounts
of yellow betaxanthins (mainly vulgaxanthins) amdycadation products of betalaines (light
brown) may be present. Besides the colour pignteetfuice consists of sugars, salts and/or
proteins naturally occurring in red beets. The soafumay be concentrated and some
products may be refined to remove most of the sugalts and proteins. The betanine
content in extracts of beetroot will suffer a peggive degradation which is accelerated by
raising the pH, temperature and water activitis éxpected that all commercial products
will lose their colour and alter their shade aca@ugdo the conditions of storage (JECFA,
2010).

Commission Directive 2008/128/EC prescribes thatifieation and the minimum content of
the colouring material (measured by spectrophotoethe JECFA specification (JECFA,
2010) prescribes an assay procedure based ongpeatometric measurement at 530nm and
pH 5. Betalaines have complex amphoteric structiBetanin and its {5 epimer isobetanin,
are glycosides of the free aglycones betanidinisoloetanidin respectively. These are
purplish-red in colour witikmax at 535nm. The yellow coloured vulgaxanthinsilekia

Amax value at ca. 480nm. It is important that amedytmethods for the determination of beet
red colour encompass all of these colouring priesipBoth betacyanins and betaxanthins are
water soluble, are insoluble in organic solvent$ are very susceptible to degradation due to
heat, light, oxygen and pH change (Azeredo, 208Pcial precautions must therefore be
taken during extraction and analysis of beet réduro

Annex Il of 94/36/EC prescribes maximum limitsketween 200 mg/kg (fruit-flavoured

breakfast cereals) amgiantum satis(vegetables in vinegar, brine or oil (except oljy¢asm,

jellies and marmalades and other similar fruit pragions including low calorie products;
and sausages, patés and terrines. Annex V PHavwksall foodstuffs specified to contain
E162quantum satis.

Methods of analysis

Over the past 50 years, there has been considenédaest in the pigment composition of red
beets and othaZentrospermae, including many studies on extraction, coloraniteat and
stability of more than 50 betalain colour princgpfeom a wide variety of plant sources. This
is reflected in the large number of scientific @es available, however apart from studies
focussing on beet extracts and subsequent colomutations, very few articles could be
found describing methods of extraction and analysedded beet colour in foods and
beverages.

Plant materials are usually extracted with watewater-based solvents such as water:0.1%
HCI and citric acid-phosphate buffer (Eder, 200@)some cases, Celite filter aid may be
added to improve clarification and ascorbic acidfien used to inhibit polyphenoloxidase
activity. Other extraction procedures have emploggdeous alcoholic mixtures e.qg.
ethanol:water (20% to 50%), and 60% and 80% aquewtisanol. However betacyanins can
be precipitated by a slight acidification with H&lwith acidified ethanol (0.4 to 1%)
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(Delgado-Vargas, Jiménez and Paredes-Lopez, 20d@la Loponen and Pihlaja, 2001).
Betalain extraction with ethanol:HCI (1:99) is retgal to give higher extraction rates than
water but the latter provided more stable extr&aecia Barrera et al (1998). The initial
homogenate is clarified by either centrifugatiorilbration but the crude extract may contain
many potentially interfering substances hence autdit purification steps are occasionally
required such as gel filtration, ion chromatographgolid-phase adsorption. Azeredo (2009)
has recently reviewed methods of betalain extradtiom various plant sources, in which he
cites the work of Castellar et al (2006), who répaithat water extracted higher levels of
pigments fromOpuntia fruits than ethanol:water. Since ca. 80% of beiegj solids consist of
fermentable carbohydrates and nitrogenous compotemsentation of beet extracts can
reduce free sugars thereby increasing the betatyganitent (Pourrat et al., 1988) and short
heat treatment to deactivate enzymes has beenaus®did betalain degradation (Delgado-
Vargas et al., 2000). Azeredo et al (2009) stuthedeffects of pH, solvent-to-sample ratio,
solvent temperature and grinding time on the efficy of betacyanin extraction from
beetroots. The most adequate extraction conditiare pH 3.0, solvent:sample ratio of 5:1,
solvent temperature 70°C and grinding time 2 min.

A two phase extraction procedure for the extractibbetalains from red beet revealed that
the purity of the extract was dependent upon tiedength, phase volume ratio, neutral salt
content and pH (Chethana et al., 2007). Polyetleytgycol (PEG) 6000 with ammonium
sulfate was found to be the most suitable systemudfication, where 70-75% of the
betalains partitioned into the upper phase and®0-8f the sugars partitioned into the lower
phase. The PEG was separated from the betalaicislbgoform/aqueous extraction. This
procedure may be of use in the purification of featracts, especially where significant
amounts of sugars and other water-soluble matearialsbe present. Lopez et al (2009) used
pulsed electric fields (PEF) at different interestio improve the yield of betanine from
beetroot discs, with subsequent release into nedidferent pH and temperatures, with pH
3.5 at 30°C giving the highest yield. Such a predesvever would not lend itself to routine
application in an enforcement laboratory.

Isolation and purification of betalains prior toadjtative and quantitative analysis is required
not only to remove potentially interfering sampteextractives but also to facilitate the
production of reference materials. The purificatiddrcrude betalain extracts is usually
accomplished by chromatographic or electrophoratthods, thereby allowing separation
and quantification of individual and total betakiiicder, 2000). A two-step procedure has
commonly been used where the first step is eittrechromatography on cation exchange
resins e.g. Dowex 50W-X2, H+ form, or gel filtratiovith Sephadex G-25. The second step
is carried out by adsorption chromatography on goligle and/or Polyclar AT
(polyvinylpyrrolidone).

Very few literature references are available onexieaction of added beetroot red colour
from foodstuffs. Henning (1983), cites several eghas (in German) where beet red has been
extracted from red wine brawn, milk products, fipidducts and other foods using similar
isolation methods. In the simplest case, the betamdsorbed directly onto polyamide
powder from an aqueous extract of the sample, vaasith water and the betanin desorbed
using an acidic eluant (e.g. methanol:formic a€ldt6 v/v). For other sample types such as
sausage, separate additional steps are requissgh&ate out the protein and to remove the
fat. The author used these procedures as a basisefdevelopment of an extraction method
for betanin in milk products, fruit juices and puotls, and meat products. Betanin was
extracted from the sample by homogenization witkewacidified with a few drops of acetic
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acid, and the homogenate warmed to 40°C, filtdneoligh paper and then through a Sep-Pak
Cyg cartridge. Betanin was eluted from the cartridgia wethanol:water (1:3), and the eluate
concentrated to a few drops at 35-40°C on a raeaporator prior to analysis by TLC (see
below). Egginger (1985) describes a simple testiferpresence of betanin in cooked and raw
sausage based on direct extraction into pyridirmvéver, this method cannot discriminate
betanin from anthocyanins so the author recommsuldsequent analysis using a

quantitative method. Brockmann (1998) reportedvisesl version of Henning’s method for
sausage which included a defatting stage usinglpetn ether prior to aqueous acetic acid
extraction, RP-SPE cleanup and TLC analysis.

The traditional methods for the quantitative defeation of betacyanins and betaxanthins in
beetroot and beet red colour formulations have Ibesed on spectrophotometry. The
procedure described by Nilsson (1970) and by Krart{4981) has formed the basis of most
spectrophotometric methods and involves dissolutfaihe sample in pH 5.0 phosphate
buffer, with centrifugation if necessary. Measuesrnof the sample solution is carried out
against a buffer blank and the colour content isutated on the basis of the maximum
absorption at ca. 530 nm using the specific absmedaf betanin (1120). The results are
expressed as ‘% red colour’, but whilst this expi@s may be somewhat ambiguous it is the
industry-accepted standard (Scotter, 1997). StigtZirichterborn and Carle (2006) describe
a modified spectrophotometric method for the charaation of betalains in anthocyanin-
betalain food colouring mixtures. The betalainsevguantified at pH 6.5 at 600nm and the
values obtained expressed as betanm 0,000 L/mol cm at 538nm).

As far back as 1981, Schwartz, Hildenbrand andBibe (1981) compared the
spectrophotometric method with HPLC to quantifyaeganins from fresh, blanched and
canned beets. Pigment solutions at pH 4.0, 5.@&hdere heat treated under nitrogen and
analysed for pigment losses. Quantitative deterticing of pigment in all purified and
undegraded samples compared well when analyseiihey enethod. Discrepancies between
results of the two procedures occurred and incteapdao 15% with extended heat treatment.
The differences were attributed to the formationl@§radation products or interfering
substances, hence HPLC was preferred when integfstibstances are present and
demonstrates the limitations of the spectrophotametethod. The Nilsson
spectrophotometric method was developed solelthipurpose of studying quantitative
pigment differences among beetroot varieties amghdicable and accurate for such
purposes. If degradation products are believdmbtpresent in the sample, separation of
these from the pigment by HPLC should be the mediathoice.

Although TLC has been used to identify red betal@nbeet extracts and specific foods e.g.
beet red colour formulations (Knuthsen, 1981) milkducts, fruit mixtures, fruit juices, fruit
syrups and meat products (Henning, 1983) cookedamdausage (Egginger, 1985 and
Brockmann, 1998), its use is not widespread dukedow Rf values obtained for the colour
principles. A preparative system employing cellelpates and two different mobile phases
(isopropanol:ethanol:water:acetic acid at 6:7:61d at 11:4:4:1 (v/v)) has been described by
Bilyk (1981) where betalain mobility was enhancegdlie presence of acid. Streck et al.
(1993) used a similar system comprising diethylaoatlulose plates and
isopropanol:water:acetic acid at 13:4:1 (v/v). Hagr(1983) used reverse phase solid-phase
extraction to isolate betanin from food extracte(above), which was then subjected to TLC
on cellulose, with butanol:formic acid;8 (10:3:3) as developing solvent. The pigment was
identified by comparison with pure betanin and pgcrophotometry of an aqueous solution
of the isolated pigment in the range 400 to 600 ama, displayed a characteristimax at
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532nm. Three samples of sausage spiked with béeoterant at 1, 2 and 3 g/kg were
analysed in a ring trial using the TLC method diésdt by Brockmann (1998). Of the 15
results returned for potential beet red colour ceda, two were false positives.
Electrophoretic techniques have also been useoktatain analysis including paper
electrophoresis and capillary zone electrophoresisre the latter permitted the separation
of betanin, isobetanin and their corresponding@migs (Delgado-Vargas et al., 2000).

HPLC (reverse phase) has indeed become the mettobaice for the separation,
identification and quantitation of beet pigmentd #mere are many literature references
available, however very few of them have been agpezl for the determination of added
beet colour to processed foods. Vincent and SqidiZ8) used ion-pairing reagent
(tetrabutylammonium phosphate, TBA) in aqueous arathat pH 7.5 to give non-polar
unprotonated complexes and separation of betacyamich betaxanthins from red beets. Two
different wavelengths were used to monitor seletfithe red and yellow pigments (538 and
476nm). The configurational isomers of the printipetacyanins, betanin and betanidin,
were resolved using gradient elution and quantgatieasurement using prepared standards
showed good linearity of response. Recoveries lattigpedessert spiked with ca. 2mg betanin
were 95-99%. Schwartz and von Elbe (1980) empl@yediternative approach using
methanolic phosphoric acid at pH 2.75 in ion-suppie mode but the elution order was
similar for both methods. Schwartz et al. (198ihpared the quantitative data obtained
from the spectrophotometric and HPLC determinatibbetacyanins (see above).

The HPLC procedure described by Schwartz and vba E980), Schwartz et al., (1981)
and subsequently modified by Pourrat et al., (1988 been developed for the quantitative
determination of individual betacyanin and betakanpigments in commercial beet red
formulations (Scotter, 1997). The final system pased a @C;s reverse-phase column
(HiChrom HRPB), a mobile phase of (A) 0.05M KH2P&i4gH 2.75 and (B) methanol under
the following linear gradient conditions: 0% to 3@4n A over 30 minutes at a flow rate of
1 ml/min and a temperature of 35°C. Photodiodayadietection was used with monitoring
wavelengths bands of (i) 535 nm at 10 nm bandwfinitihed betacyanins and (ii) 475 nm at
10 nm bandwidth for yellow betaxanthins. Four caencral beet colour formulations were
analysed and good separation of the betacyaningebasved within 30 minutes under these
conditions. Several other red/yellow coloured comgnts were detected at lower levels.
Since no authentic betacyanin or betaxanthin reterestandards were available, component
peaks were tentatively identified by comparisotheir relative retention times to literature
values and their spectrophotometric characterigkosithsen, 1981; Pourrat et al., 1988).
Analysis of a fresh beet extract gave similar rssuThis method showed suitable scope for
its recommendation as an alternative assay proeeguoviding authentic reference materials
are used for calibration.

A large number of articles have been publishecherdietermination (i.e. separation and
identification) of betalaine analogues in a ranfplant sources in addition to beetroot,
employing relatively modern separation and detacsigstems, notably PDA and MS.

Among these are the RP-HPLC methods described pl&et al (2001), Stintzing et al
(2006) and Kugler et al (2007) which all useg €lumns and gradient elution with
acetonitrile:formic acid: water mobile phase, PD/ Metection. Electrospray ionization in
positive mode is favoured for the detection of[tdeH] * ions of betanin and isobetanin at
m/z 389. Stinzing et al (2006) reported no fragragon data whereas Kugler (2007) reported
fragmentation of betanin at m/z 345 (35%) and 18®%6), and for isobetanin at m/z 345
(100%) and 150 (54%). Vulgaxanthin | [M+H)as readily detected at m/z 340.
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While extraction methods for beetroot and othenp&murces of betalaines are fairly well
established, there a very few useful methods adailand they do not cover the scope of
foods permitted to contain E162. Most publishedhuds do not provide useful limits of
quantitation and very little validation has beerriea out. It is reasonable safe to assume
however, that RP-HPLC analysis with diode-array Bi®Idetection will provide sufficient
sensitivity and selectivity. Methods will requirdlifvalidation for the range of foodstuffs
permitted under 94/36/EC.

Analytical methods will also require suitable magkto identify pigment changes during
food processing and storage. Betanin, isobetardrnvalyaxanthin | are the principle colours
found in red beet so their ratios will be indicatinf stability. Identification of the main
degradation product betalamic acid will be usefuhell as knowledge of the pigment
pattern of betalaine source material order to adtarse any processing-induced changes.
Measurement of the main colour principles frombbedt (betanin, isobetanin and
vulgaxanthin I) may not give the true level of t@dded beet red colour. Robust analytical
HPLC-DAD-MS technigues permit monitoring of changeduced by processing; however
the lack of commercially available reference malsercomplicates analyses, especially with
respect to quantitative determination. Continuingl®s are therefore required to substantiate
the optimum parameters for routine application.

The extraction and analysis conditions for a selaaif available methods for beet red are
summarized in Table 4.
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Group 6: Anthocyanins E163

Specifications and permitted usage

Anthocyanins are red, purple and blue pigmentsdbeiir naturally in a wide variety of
flowers, fruit and vegetables. In common with othelyphenolic substances, anthocyanins
occur in nature as glycosides of polyhydroxy anlymethoxy derivatives of
2-phenylbenzopyrylium (or flavylium) salts, i.eethglycones (anthocyanidins). Differences
between individual anthocyanins are the numberydfdxyl groups and their degree of
methylation, the nature and number of sugars atthtb the molecule and the position of the
attachment, and the nature and number of alipbatctomatic acids attached to the sugars in
the molecule. More than 500 individual anthocyarhiave been identified (Andersen and
Jordheim, 2006). Of the known naturally-occurrigdyaones, six occur most frequently in
plants. These are pelargonidin, cyanidin, peonidi@phinidin, petunidin and malvidin. The
sugars most commonly bonded to these are glucaktgse, rhamnose and arabinose.
Combinations of these four monosaccharides aswditr&saccharides may also be similarly
bonded. Glycosylation confers increased structteddility and water solubility to the parent
aglycone. The most commonly found glycoside claases8-monosides, 3-biosides, 3,5-
diglycosides and 3,7-diglycosides. Glycosylatibthe 3-, 4- and 5 hydroxyl group
however, have been demonstrated. In many cagesugar residues are acetylated by p-
coumaric, caffeic, ferulic, sinapic, p-hydroxybeizanalonic, oxalic, malic, succinic or
acetic acids. Methoxyl substituents are foundhatxand 5positions and, less frequently, at
positions 7 and 5. A free hydroxyl group at on¢hef5, 7 or Zpositions is essential for
generating the in situ colours responsible for pfagmentation, which arises mainly from
the loss of an acidic hydroxyl hydrogen from thee/fllium structure. In acidic solutions, four
anthocyanin species exist in equilibrium, the gislabbase, the flavylium cation, the pseudo
base and the chalcone (Mazza, Cacace and Kay,.2004)

The pigmentation of plants is rarely due to a siragithocyanin, and several food sources of
anthocyanins contain significant levels. Theséuithe grape, blackcurrant, elderberry,
cranberry and cherry, the aqueous extract of @tk calyces of hibiscus) and of red
cabbage. Grapes alone contain at least four toixieren separate anthocyanins, depending
upon the variety. The potential number of anthaays present in a fruit or vegetable extract
would make the preparation of a full range of refexe materials difficult and expensive. The
most commonly occurring anthocyanins are based/anidin, followed by pelargonidin,
peonidin and delphinidin, then by petunidin andvigih (Jackman and Smith, 1992). In
terms of glycoside distribution, 3-glycosides ocapproximately 2.5 times as often as 3,5-
diglycosides, the most ubiquitous anthocyanin beyanidin-3-glucoside. Table 3 lists the
major anthocyanins to be found in selected plantcgs used for the production of food-
grade anthocyanin colouring preparations. If tleémanthocyanin of the extract is known or
can be identified, the total anthocyanin conteny than be expressed in terms of the major
component. Only one purified reference standatidds required for quantitation.

Commission Directive 2008/128/EC defines anthooyanas colorants obtained by
extraction with sulfited water, acidified waterrloan dioxide, methanol or ethanol from the
natural strains of vegetables and edible fruitghAayanins contain common components of
the source material, namely anthocyanin, orgarisatannins, sugars, minerals etc., but not
necessarily in the same proportions as found irsthece material. The method of assay in
the specifications is based on spectrophotometdasurement at pH 3.0 between 515 and
535nm, with reference to a prescribed extinctiosffocient.
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Table 3. Major anthocyanins from selected plant sawees.

Plant source Botanical name Major anthocyanin®
Grape Vitisvinifera Mv-3-glu, Pr-3-glu, P-3-

glu, Dp-3-glu, Cy-3-glu
(free and acetylated)

Concord grape Vitis labrusca Dp-3-gly,
var. Concord

Elderberry Sambucus nigra Cy 3-gly 3-samand_3-sam-
5-glu

Blackcurran Ribes nigrum Cy and Dp ‘-glu, 3,t-diglu
and_3-rut

Red cabbac Brassica oleraceae Cy-3-sof-5-glu (acetylatec

Strawberr Fragaria spp Pcand Cy -glu

[a. Major pigments underlined. Cy=cyanidin; Pg=Rgdaidin; Pn=peonidin; Dp=delphinidin; Pt=petunigdin
Mv=malvidin]

For identification purposes, separate absorptioximmea are prescribed for the six main
aglycones in 0.01% HCI. JECFA prescribe separateifspations for blackcurrant extract
(JECFA, 2010a) and grape skin extract (JECFA, 2pirOvhich specific anthocyanins are
defined for each extract. The prescribed assayadstfor both extracts are based on
spectrophotometric measurement of colour inter&ifH 3.0 andmax values of 520nm
(blackcurrant) and 525nm (grape skin).

Annex Ill of 94/36/EC permits the addition of E1&8fruit flavoured breakfast cereals up to
a maximum limit of 200 mg/kg and gtiantum satis in a small range of foodstuffs i.e. red
marbled cheese, Americano, vegetables in vinegae br oil (excluding olives), jam, jellies
and marmalades and other similar fruit preparatinclsiding low calorie products. Annex V
Parts 1 and 2 permits their use in all listed fooffis quantum satis.

Methods of analysis

It is possible to extract colour from any of thevad raw materials but for economic reasons,
grape skins, a by-product of the wine industry,theemost common source. However, EU
legislation permits the use of sources that incihgeconcentrated juice of blackcurrant,
strawberry, cranberry, elderberry, cherry and dgbage. Other less familiar sources include
radish and black carrots. Application of anthocyarns limited generally to acidic foods i.e.
around pH 4 or below because blue-grey colour absuegcur at higher pH values. These
includes soft drinks, fruit preserves (usually fié®zen rather than sulfited/canned), sugar
confectionery (particularly high boiling/pectinljek), dairy products (acidic products such as
yoghurt), frozen products (water ice ca. pH 3) mhixes (acidic dessert mixes and drinks
powders) and alcoholic drinks. Anthocyanin stapilit an important issue, the major factors
being pH, heat, light, oxygen, proteins/enzymelitss and nucleophilic agents. The various
conditions encountered in food processing and géohave a very large impact on the
anthocyanin content and profile (and therefore alVeolour) of foods coloured with
anthocyanins. Many reports have been publishat@effects of methods of processing and
storage on colour characteristics and the isstleigfore very complex. However this issue
is outside the remit of this review. According ted (1988), much of the literature on food
colours is concerned not so much with the roleattiral pigments as food additives, as with
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the composition and analysis of those pigments lwhare inherently present in foodstuffs.
This is certainly the case with anthocyanins.

Anthocyanins are generally more soluble in watantim non-polar solvents, but depending
upon the media conditions, anthocyanins could béb#®at a pH value where the molecule
is unionized. These characteristics aid in theaexion of anthocyanins and separation of
anthocyanins (Delgado-Vargas, Jiménez and Paredigszl.2000). Acidic (pH ca. 1.5)
conditions are generally preferred for the extaactf anthocyanins in order to minimize pH
effects on the flavylium equilibria. Conventionaéthods of anthocyanin extraction usually
employ dilute hydrochloric acid methanol (ca. 1¥4dwever, there are alternative extraction
schemes available which avoid the use of acidamiqular organic acids, in which the
formation of formyl and acetyl artefacts has beemdnstrated (Bakker and Timberlake,
1985). Anthocyanins are heat-sensitive so high &atpres must be avoided during
extraction and concentration i.e. <30°C. Qualimtwalysis generally involves extraction
with a weakly acidified alcoholic solvent, followdy concentration under vacuum,
purification (using solid phase extraction) andasafion of the pigments. The most
commonly used solvents are methanol, ethanol doaegat compositions of 70-80% in
water (Mazza, Cacace and Kay, 2004). Moreover, tifatime extraction using
homogenization often requires an adequate solees&inple ratio but two or more
extractions of the sample residue with fresh sdlweaty be required. Liquid plant products
such as juices, syrups and wines require verg B@imple preparation.

Purification methods for anthocyanin extracts aeeagally non-selective and result in extract
solutions containing large amounts of undesirablextractives such as sugars, acids, amino
acids and proteins that require removal. Partitigraf extracts with ethyl acetate has been
shown to remove interferences prior to LC-MS anal{Giusti et al, 1999). However,
consideration should be given to the potential tddess polar materials that would
otherwise contribute to the total anthocyanin colmntent, such as aglycones. Solid phase
extraction (SPE) techniques have been used suatigdsf the isolation, cleanup and
concentration of anthocyanins. Giusti et al., ()928d Gg SPE to isolate and purify
anthocyanin extracts which involved loading theastt onto the SPE resin and washing with
acidified water followed by ethyl acetate, and ialgithe anthocyanins with acidified
methanol. Gg SPE has also been used to clean up cherry ex(@Guéndra, Rana and Li,
2001). Shah and Chapman (2009), used mixed moam &tchange SPE to purify
anthocyanins from tulip extracts in 50:50 methamater with 0.1% formic acid. The extract
was diluted with an equal volume of 0.1% formicdeand loaded onto the cartridge. The
cartridge was washed with 0.1% formic acid solytibken with methanol to remove
flavanoid glycosides. The anthocyanins were elutithl 50:50 methanol:pH 6 phosphate
buffer. Sephadex has also been used for the ipitiafication of crude anthocyanin extracts
(Lee and Hong, 1992; da Costa, Horton and Marga080) and Ling et al (2009) have used
hydrophilic-lipophilic balanced (HLB) SPE to exttamthocyanins from human tissue
homogenates.

Hydrolysis of the anthocyanins to the parent agigsois commonly undertaken to aid
identification of the major anthocyanin peaks (8a0t1997). In general, the HCI
concentration in each sample extract is adjustéiMpplaced in screw-capped vial and
heated on a water bath at 90°C for ca. 1 hour. cboéed hydrolysate is loaded onto g C
solid-phase adsorption cartridge and washed witerwal he pigments are eluted with the
minimum volume of 1% in methanol, filtered and a:isald. This procedure is useful for
obtaining the aglycone profile of an extract and/rna used quantitatively when results are
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expressed as the major aglycone. Moreover, analytethods become much more
simplified if the number of analytes is reducea#o 6 well characterized compounds for
which standards are available or can be readilifipdr The major drawback here is that the
aglycones are generally less stable than the aydhots.

There are a large number of published articlesnaytical methods for anthocyanins, as
well as several detailed reviews (Francis, 1982, 1888; Jackman and Smith, 1992; Lee
and Hong, 1992; Delgado-Vergas, Jiménez and Pataqges, 2000; Eder, 2000; da Costa,
Horton and Margolis, 2000; Merken and Beecher, 20806wever, these have been
concerned with optimization of extraction, sepamatf individual anthocyanins, qualitative
characterization, identification and structuralogation rather than with the determination of
anthocyanin colours added to foodstuffs. MazzaaCaa@and Kay (2004), have reviewed
comprehensively the technologically advanced metfzailable for the analysis of
anthocyanins in plants, as well as the applicaticihese methods to biological fluids (urine
and blood).

Classically, anthocyanin mixtures are analysed tifadinely by spectrophotometric methods,
where absorbance measurements at a single low lpld &ee proportional to total
concentration. However, estimates of the conceatraif individual anthocyanins in a
mixture can only be obtained with prior knowleddeh® proportions of the individual
pigments therein. Absolute concentrations may theeastimated by the use of weighted
average absortivities and absorbance measuremerigiited average wavelengths
(Jackman and Smith, 1992). The single pH measureapgmoach is subject to interference
by co-extractives and brown-coloured degradati@apcts and cannot be used in their
presence, hence these methods are not suitalileefepecific identification and
determination of anthocyanins. Differential or sabtive absorption methods may be used
to determine total anthocyanin concentration irséhsamples that contain interfering
substances (Jackman et al., 1987; Francis, 1988)differential method relies on the
structural transformations of anthocyanin chromapbas a function of pH. The difference
in absorbance at two pH values and same waveléagifi\max of the anthocyanin) is
assumed to give a measure of the anthocyanin ctratien since absorption due to
interfering substances cancels in the subtractidre spectrophotometric characteristics of
interfering brown (degradation) products are gdhermt altered with changes in pH. The
advantage of this method is that it can be usedltulate an anthocyanin degradation index,
defined as the ratio of the total anthocyanin deileed at a single pH to that determined by
the differential method.

The value of the extinction coefficient {(d&/10.= 300 at pH 3.0) given in 2008/128/EC is an
industry-derived average value. According to ttexdture (Jackman and Smith, 1992), most
anthocyanin extracts (derived from grape skinsetraeolour strength (i.e. absorbance per
gram) of between 150 and 300 which equates to @ad4% anthocyanin colour
respectively. The JECFA colour value is empirigalérived and its use is therefore purely
for comparative purposes. It remains in the JEGBécification for anthocyanins as a stop-
gap and the specification allows for the use oéo#uitable assay methods. Scotter (1997)
found that whilst the correlation between the srmyhd differential pH methods for EC
colour content of anthocyanin colour formulatiorssvgood (R=0.993), the disparity found
in the absolute values, especially the higher omegiired further investigation. As
expected, the EC colour content correlated wehwie JECFA colour value R0.999) at
single pH measurement. In the absence of detsilpdortive data on the validity of the
differential pH method, the single pH method ascdbed in the EC specification was
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recommended. However, it is vitally important thattain precautions are taken with the
measurement. Because of the structural transfayngatindergone by anthocyanins in
solution at different pH values, prepared solutionsst be given adequate time (ca. 1 hour)
to equilibrate before absorbance readings are taltesrwise erroneous results may be
expected. Furthermore, since co-pigmentation atfeassociation effects cause deviations
from Beer’s Law, leading to inaccurate estimate®t#l anthocyanin concentration,
anthocyanin solutions should be prepared suchtkaneasured absorbance falls within the
range ca. 0.2 to 0.6 AU.

Lee, Rennaker and Wrolstad (2008) found a highetation (R> 0.925,p < 0.05) between
the differential pH method and two HPLC methodsthar analysis of seven juice samples
containing an array of different anthocyanins. émeral, the total anthocyanin content was
greater when expressed as malvidin-glucoside ratlagr cyaniding-glucoside, despite the
method used. The authors recommended the use pHtlagferential spectrophotometric
method for laboratories that do not have suitalie € capability and highlighted the
importance of reporting the standard used to egptesresults.

Anthocyanins have been analysed by a number ofatmatechniques including paper,
thin-layer and column chromatographic methods,capidllary electrophoresis. Nowadays
HPLC is the method of choice because it is fasisii®e and quantitative. However,
absolute peak retention times can often vary betwesrkers even when identical conditions
are used. For peak identification and qualitaéivaluation of chromatograms, the use of
pure anthocyanin standards is recommended (Eded)20his is complicated by the general
lack of availability of pure anthocyanin standabds these are just becoming more available
commercially to researchers. Also, there are abaurof commonly-available materials for
which the anthocyanin contents have been thoroutjidyacterized that could be used as
reference materials. If a special anthocyanin stethts not commercially available, the
preparative isolation of pure anthocyanins is nemes for which several published methods
are available. Alternatively, it is common practioause only one anthocyanin (surrogate)
standard e.g. malvidin-3-glucoside, and to quarifpther anthocyanin peaks using it.
However, due to differences in absorbances andladisoce maxima this will incur
guantitative errors. Even with a powerful separatisethod such as HPLC, it would be
difficult to calculate the exact colour contenthatit having prior knowledge of the
anthocyanin profile of the extract.

Many HPLC methods for the determination of anthe@ya and anthocyanidins are available
in the literature and almost all of them are bamedeverse-phase columns. In combination
with photodiode array and mass spectrometric teghas, structural characterization of the
pigments is readily achievable. The vast majoritiABLC separations of anthocyanins are
carried out using reverse-phase systems usingegriagliution, especially for anthocyanins
that are structurally similar. Most of the solvegstems use binary gradient elution with
methanol or acetonitrile (and/or occasionally acejas organic modifiers. The solvent
systems almost always include an aqueous acid i¢anmacetic) or acidic buffer e.g.
phosphate, in order to ensure that the flavyliutioo& form predominates at a pH of <2.
Modern HPLC column materials are capable of withditag low pH mobile phases hence
column stability is not a significant issue. Detegtis usually carried out using UV-
VIS/PDA detectors in the wavelength range 510-5468pectral acquisition using PDA is
often used to elucidate structures especially (HomdyWrolstad, 1990a,b; Hebrero et al.,
1989), where the A440Mmax ratio has been commonly used to charactergdgc®sides
and the 3,5-diglycosides. Moreover, the acetylat@tiocyanins generally exhibit similar
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absorption characteristics to the parent anthoogapius those of the acylating acids i.e.
increased absorption in the 300-325 nm region. tk®separation of aglycones, isocratic
conditions are often preferred due to the relagineplicity of aglycone occurrence and
because the retention of the aglycones is corcklatth compound polarity, the elution order
being delphinidin < cyanidin < petunidin < pelargbn < peonidin < malvidin (Lee and
Hong, 1992). A detection limit of between 0.5 an@d rhg/L anthocyanin can be assumed
generally.

The determination of free anthocyanins by liquidochatography was investigated to
improve a method for quality control of these natyroducts found in eight red fruit juices,
concentrated juices and syrups (black currantyleéey, sour cherry, strawberry, grape,
blueberry, raspberry, and red currant) (Goiffon,ulcand Gaydou, 1999). Among the
various experimental possibilities, an isocratioe method using water, acetonitrile and
formic acid as eluting mixture was chosen. Reslitained by nine laboratories concerning
the determination of the main anthocyanins conthinestrawberry (cyanidin-3-glucoside,
3.9-10.6%; pelargonidin-3-glucoside, 89-95%; andng®nidin-3-arabinoside, 3.1-3.9%),
raspberry (cyanidin-3-glucoside, 16-17% and cyar@eB-sophoroside, 78-81%), elderberry
(cyanidin-3-sambubioside-5-glucoside, 13.4%; cym@eB-sambubioside, 47.8% and
cyanidin-3-glucoside, 38.6%) and black currant (egian-3-glucoside, 3.9-6.9%; cyanidin-3-
rutinoside, 29-39%; delphinidin-3-glucoside, 14-16%@ delphinidin-3-rutinoside, 41-52%)
juices allowed this new protocol to be studied sesded for reliability using the repeatability
and reproducibility criteria. Both the Rg&nd RSIR values were variable and attributed to
the dependency of the chromatographic efficiencyherapparatus used, particularly the
column, and the variability of analyte retentioméis.

At Fera/CSL, an HPLC system based on that deschipddong and Wrolstad, (1990a) was
evaluated for the analysis of the anthocyanin agbweparations and their corresponding acid
hydrolysates i.e. for the parent aglycones (Scaot@®7). The final system comprised an
HRPB G/Cig column (250 x 4.6 mm, 5 um). This was used wignadient mobile phase
consisting of (A) 10% (v/v) aqueous formic acid &BJl acetonitrile. The linear gradient
profile was 10% to 20% B in A over 30 minutes. Tlosv rate was 1 ml/min and the column
was maintained at a temperature of 35°C. Photediochy detection was used with a
monitoring wavelength of 530 nm at 20 nm bandwidtlbptimise the detection of
anthocyanins and aglycones. Under these conditi@naglycones were separated within 25
minutes, except petunidin which was not availablemercially. This system was also used
for the separation of the anthocyanins, where tampeaks in the chromatograms obtained
from grape skin and elderberry extracts were ifiedtby their retention and
spectrophotometric characteristics, and found todmsistent with literature values (Jackman
and Smith, 1992; Hong and Wrolstad, 1990a,b).

Hebrero, et al., (1989) confirmed that the elutioder of anthocyanins in RP-HPLC is
closely related to their polarity, the more polampounds eluting first. With the aglycones,
polarity is directly related to the degree of hydidation and methoxylation, which aids the
identification of unknown anthocyanins. On thisibathe unknown peak observed to elute
between cyanidin and peonidin in the hydrolysatgrape skin extract was been tentatively
identified as petunidin (Scotter, 1997). As vexdfin Table 3, which shows that petunidin-3-
glucoside is a major component of grape skin anwoins. The chromatogram obtained
from the hydrolysate of extract elderberry anthooyaoncentrate showed almost total
hydrolysis of the anthocyanins to cyanidin whiclmigeeping with the known components
of elderberries cyanidin-3-glucoside and cyanidisaBbubioside. In fact, cyanidin
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anthocyanins are reported to account for 100%eftdtal pigments in elderberry juices and
concentrates ( Hong and Wrolstad, 1990Db).

Prior to ca. 2000, there were very few publishgubres on the use of LC-MS for analysis and
characterization of anthocyanins. Giusti et al @9%ed direct sample injection into
electrospray and tandem MS systems to characi@nthecyanin fractions obtained from
HPLC separation of vegetable extracts. The postharge of anthocyanins favoured fast
and effective ES-MS detection of intact molecutars and tandem MS provided clear and
characteristic fragmentation patterns. Da Costd €000) have briefly reviewed MS
techniques used for analysis of anthocyanins asawraport an LC-MS method based on
atmospheric pressure chemical ionization (APcl)tifieranalysis of blackcurrant
anthocyanins (3-glucosides and 3-rutinosides oficha and delphinidin). The molecular ion
[M]* and mass fragments corresponding to the succdssivef sugar residues [M-14@jnd
[M-146-162] were detected. By increasing the fragmentor velthg aglycone fragments
produced an additional series of ions, the mosbmant of which was a retro-Diels-Alder
fragment that permitted confirmation of the idgntf the aglycone.

Chandra, Rana and Li (2001) developed and validateéthod for the identification and
quantification of individual and total anthocyanindotanical raw materials by LC-MS with
positive electrospray ionization to detect [Nijns. Separated anthocyanins were calculated
individually against a single commercially avaikalxternal standard (cyanidin-3-glucoside
hydrochloride) and expressed as its equivalents.arhounts of each anthocyanin were then
multiplied by a molecular weight correction factorafford their specific quantities. The
method was validated using cherry and elderbertyamyanin extracts based on cyanidin
being the predominant aglycone in both and in comimn with PDA detection. Mazza,
Cacace and Kay (2004), discuss in detail other dt8riques for anthocyanin analysis such
as fast atom bombardment (FAB), matrix-assisteer ldesorption ionization (MALDI) and
time-of-flight (TOF) that have proven to be veryefid for structural elucidation but which
are not used routinely. In addition, there are sdvmublications that report on the use of LC-
MS in specific applications. Among these are meshahploying LC-MS/MS such as that
described by Tian et al (2005) for anthocyanineseigg of the precursor ions of the six
common aglycones as well as common neutral losseledted reaction monitoring (SRM)
for identification of specific anthocyanins in réaspries, blueberries and grapes. When
combined with PDA detection, these techniques ssprean important tool for systematic
identification and characterization of anthocyanmsommercial biological samples. HPLC-
PDA-MS analysis was used by Stintzing, Trichterbanad Carle (2006) to characterize
anthocyanin-betalain food colouring mixtures andSmah and Chapman (2009) for the
analysis of tulip anthocyanins.

Ling et al (2009) have developed and validated @AMS/MS method for the quantification
of four anthocyanins in a bioadhesive black raspbgel and biological fluids. While this
method was applied to non-food samples, the vadidatata show that the technique is very
sensitive with limits of quantitation in the rangéo 5 ng/mL. The within- and between-run
RSDk values at quality control concentrations of 156and 500 ng/mL were all < 18.3%,
with recoveries in the range 90.7-119.3% dependpan sample type.

Capillary zone electrophoresis (CZE) has foundtiehiuse in the analysis of anthocyanins,

due in part to the instability of anthocyanins asic media and because the predominant ion
species does not absorb light around 500nm at pbékiand at pH 8, the response of CZE is
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reported to be 87-fold lower than HPLC at pH 1.8 (Costa et al., 2000). The authors cite
several CZE-based methods; analysis of anthocyamisiackcurrant juice at pH 1.8 (Da
Costa et al., 1998), anthocyanins using cationifastant at pH 2.1 (Bicard et al., 1999) and
elderberry pigments used to colour candy, juicejalid (Watanabe et al, 1998). Other CZE
applications include analysis of bilberry (Ichiygnat al, 2000) and peonidin and cyanidin in
cranberries (Watson, Bushway and Bushway, 2004).sBEparation, resolution and peak
shapes of the anthocyanins are critically influenieg the pH of the running buffer and the
presence of an organic solvent. According to MaZaegace and Kay (2004), the use of CZE
under acidic conditions can significantly increpsek resolution and improve detection
limits, but does not offer the separation of commamples that can be achieved with HPLC.

While most available published methods do not mte\data on limits of quantitation, most
should be capable of achieving adequate sensititign using HPLC with photodiode array
detection, and especially where anthocyanin anaecluding the aglycones can be
confirmed using LC-MS(MS). Among these, the exim@ttonditions are generally very
similar but will require refinement for the variofed matrices likely to be encountered,
particularly for highly processed and compound &ioffs. SPE cleanup techniques offer
scope for isolation and concentration of analytés po HPLC. Since the vast majority of
available methods for the extraction and analysanthocyanins are focused on the
isolation, purification and identification of spBcianalogues from a wide range of food
sources, there is very little information availabtemethods for their determination in
foodstuffs containing added anthocyanins. It isalear therefore, to what extent the
presence of anthocyanins present naturally in dsfdf will affect quantitative
measurement. It is not clear whether there wilhlmeed to discriminate between added
(E163) and naturally occurring anthocyanins invegifoodstuff. It is presumed that
regulatory compliance in terms of added levelsoisam issue since E163 is permitted
guantum satis. However, since the addition of E163 to foodstgHsisfies a technological
need, it is likely that any anthocyanins preserdlioh foods will be added.

The extraction and analysis conditions for a selaatf available methods for anthocyanins
are summarized in Table 4.
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Group 7: Caramels E150a-E150d

Specifications and permitted usage

Caramel usually occurs as a dark brown to blackdigr solid and is a complex mixture of
compounds, some of which are in the form of coldbalygregates. Caramel is manufactured
by heating carbohydrates, alone or in the presehtmod-grade acids, alkalis, and/or salts,
produced from commercially available, food-grad&itiue sweeteners consisting of
fructose, dextrose (glucose), invert sugar, sucrosét syrup, molasses, and/or starch
hydrolysates and fractions thereof. The acidsriat be used are food-grade sulfuric,
sulfurous, phosphoric, acetic, and citric acids; dlkalis are ammonium, sodium, potassium,
and calcium hydroxides; and the salts are ammorsaaiium, and potassium carbonate,
bicarbonate, phosphate (including mono- and dibasidfate, and bisulfite. Food-grade
antifoaming agents such as polyglycerol esteratty ficids may be used as processing aids
during its manufacture. Caramel is soluble in watst is used to impart a range of brown
colours to foods. Caramel colour preparations @aoliiained as viscous liquids or in powder
exhibiting a range of physicochemical propertigsafile for application in a wide range of
foods and beverages. Four distinct classes of adream be distinguished by the reactants
used in their manufacture and by specific iderdtimn tests:

* Class | (Plain Caramel, Caustic Caramel, E1508)greal by heating carbohydrates
with or without acids or alkalis; no ammonium offé& compounds are used.

» Class Il (Caustic Sulfite Caramel, E150b) prepdrgtheating carbohydrates with or
without acids or alkalis in the presence of sulfitgnpounds; no ammonium
compounds are used.

* Class Ill (Ammonia Caramel, E150c) prepared byihgatarbohydrates with or
without acids or alkalis in the presence of ammonaompounds; no sulfite
compounds are used.

» Class IV (Sulfite Ammonia Caramel, E150d) prepargdeating carbohydrates with
or without acids or alkalis in the presence of aitite and ammonium compounds.

Commission Directive 2008/128/EC prescribes sepatafinitions and purity criteria for
E150a, E150b, E150c and E150d. A general specdité&br caramel colours is prescribed
by JECFA, containing detailed specifications deframdor each class of caramel (JECFA,
2010). Both specifications prescribe a serieslefiification tests for classification/colour
binding based on spectrophotometry along with weriourity tests, which in the JECFA
specification include total nitrogen and total suifontent.

The use of caramel colours is of great importandéé food industry. In the UK, caramels
account for approximately 90% by weight of the totz@louring agents added to food. Of the
four classes available, Classes | and IV are useddverages (whiskies and soft drinks
respectively), use of Class Il in the UK is nedligi and Class Il is used in a wide range of
non-beverage foods and in beers. In Annexes IINaoél Directive 94/36/EC, caramel
colours may be useguantum satis in a wide range of foods and beverages. Current
extraction protocols only go some way to providsodgficient scope to cover all of the
foodstuffs listed in 94/36/EC hence more developngerequired, especially clean-up
techniques for the removal of interfering composeydrticularly those arising from the
presence of yeast extract or those formed durind fiyxocessing/cooking.
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Methods of analysis

The addition of the reactants affects the chengioaiposition of the final product, which in
turn determines the functional properties and witaty the range of application. Thus,
caramel colour preparations represent a complexungof compounds that can be
approximately divided into high and low moleculagight fractions (HMW and LMW
respectively). The HMW fraction contains the mdjoof the coloured components
(polymeric melanoidins), whereas the LMW fractiamtains the majority of solids. The
process conditions used and the concentrationagtaats within a given class of caramel
will therefore determine the qualitative and quiatitte composition, and hence the overall
colour intensity. It is generally accepted thatreearamel molecule carries a net electrical
(colloidal) charge formed during processing. Cllasaramel, which is processed using the
least number of reactants, carries a slightly negaharge. This is an important feature of
caramel colour and determines in many applicatiamsh product must be used (Kamuf,
Nixon and parker, 2010). Class Il and IV caramelsich are produced using sulfites are
strongly negative and Class lll, which is produasthg only ammonium compounds, is
strongly positive. Colloidal charge is stronglylirdhced by pH, so by changing the pH of
caramel solutions, the isoelectric point can batified. Further pH adjustment will cause
the charge to switch to the opposite polarity. €harge of Class Il is usually positive up to
around pH 5 and the isoelectric point will be bedw® and 7 depending upon the product,
and will be negative above that. Class IV caranasl negative charge above pH 2, the
isoelectric point will usually be between 0.5 an@dd be positive below that. Isoelectric
points below pH 4.7 can be determined using thatigelest. These electrical properties have
important implications for analysis of caramelsitigalarly by CZE. HMW caramel fractions
can be characterized using electrochemical metscs as electrophoresis, but also by
methods based upon the molecular weights of thepamolecules such as gel permeation
chromatography and ultrafiltration. HPLC and GCdaeen used to characterize the LMW
fraction but relatively few compounds have beemiidied. Most analytical studies on
caramels have therefore centred on method-drivaracterization i.e. ‘fingerprinting’ of sub
fractions.

Burch, Topping and Haines (2007) have recentlyerged the extraction of caramels from
complex food matrices. Licht et al (1992 a andhgracterised caramel colour classes and
determined whether there were factors that wersistant for caramel colours within a class,
regardless of manufacturer and the end use forhajgarticular preparation had been made.
Size-exclusion (SE) HPLC was used to investigaeeHMW fractions and HPLC with
ultraviolet (UV) or refractive index (RI) detectiavas used to investigate LMW compounds.
Similar ‘fingerprints’ were observed for caramelghin a class. Conversely, Patey et al,
(1985) used GC-FID to analyse silylated LMW fransavhich revealed variabilities in the
compounds detected and their levels. The techratioered identification of the
manufacturer of UK-produced Class Il caramelsrmittof class type. UK-produced Class |
and Class IV caramels and Canadian and JapaneseepbClass Il caramels each had a
distinctive fingerprint unlike UK-produced Class$ ¢aramels. The HPLC data reported by
Licht et al. (1992 a and b), showed differencegdak ratios for compounds common to
different caramels. Moreover, the relative amowhtsompounds determined by peak height
were inconsistent between caramel preparationsrdhéting data were used to develop
specifications for caramel colours to ensure thagarability within classes and not for
classification of caramel colours after they hadrbmcorporated into foods or drinks, or for
guantification purposes (Licht et al., 1992c).
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There have been many difficulties associated vighdevelopment of methods to extract and
quantify caramel colours in foods. This has beenldtgely to the fact that the chemical
constituents of caramels remain poorly definede AWAC Official method for artificial
colours in distilled liquors includes caramel atheia non-specific context, and is based on
the marsh test in which the presence of a cololanggt is positive for the presence of
caramel, synthetic dye or extractive material frameharred white oak chips (AOAC, 1995).

Boscolo et al. (2002) developed a spectrophotometethod to determine caramel (made
from sucrose) in spirits aged in oak casks, basetti® differences between the UV-VIS
spectra of oak aqueous alcoholic extracts and arsotutions in the same solvent. The data
were treated by 2 different approaches: (1) agflaaramel concentration versus the ratio of
absorbance at 210 and 282 nm, and (2) a partistl $e@ares (PLS) calibration model using
the first derivative of the spectral data. Both meelblogies were applied to analysis of 159
aged spirit samples. The mean caramel contentvefaleBrazilian sugar cane spirits
(cachaga) and all of the whiskies manufacturetiénUnited States were smaller than that of
Scottish whiskies and other brandies from sevarahtries. Correlation was good between
caramel concentrations for the same sample caézulat the 2 methods. The uncertainties
following PLS and the absorbance ratio method Web& and 0.03 g/L, respectively, for a
sample containing 0.45 g/L caramel. Treatment ofW8 spectra by pattern recognition
using hierarchical clustering analysis and prinicgmenponents analysis allowed
discrimination of the samples as a function ofrtiearamel content. It was possible to
distinguish U.S. whiskies from other whiskies. @aehquantities as low as 0.08 g/L were
detected.

RP-HPLC with PDA detection was used to profile was Class IV (and for comparison,
Class IIl) caramels and to determine caramel ccholaied to acerola juice as an adulterant,
where a sequence of four distinctive peaks was tgsednfirm the presence of caramel
colour (Ciolino, 1998). Some attempt was made tedain the chemical nature of the
marker compounds based on their retention times AAYIS spectra, relative to known
marker compounds 5-hydroxymethylfurfural (5-HMPaetyl-4-
tetrahydroxybutylimidazole (THI) and 4-methylimidde) 4-Mel. Based on the peak areas
obtained for commercial caramel colours, the liofiletection was estimated at 0.02%.
While it was suggested that this approach could bésused to identify which caramel colour
preparation had been used (and subsequently useckéerence standard), the suspected
adulterant of the acerola juice had apparentladlydeen identified hence the results are
largely meaningless if the method was intendedeatify and quantify a caramel class of
unknown origin.

Over the last 20 years, the Food Standards Agemeyipusly MAFF) has commissioned
several studies to develop suitable methods o¥yaisabf caramel colours, relying largely on
HPLC and electrophoretic techniques. Initially, teeearch was focused on the development
of methods to differentiate chemically between oabclasses, which has been reasonably
successful given that the approach has been emlpiritased. However, once added to foods
and beverages, the analysis becomes more comglidatgely because of the difficulty in
distinguishing between components of caramelsmgyisbm their manufacture and those
produced during the manufacture and cooking of $adts. Coffey and Castle (1994)
reported the presence of a UV-absorbing peak ilRthdHPLC trace of Class Ill caramels
which was not present in the traces for Classesl I'¥. Coffey et al., (1997) demonstrated
that the area of this peak was found to correlatie mitrogen content of the caramel. Since
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the nitrogen content of Class Ill caramels fronfied#nt manufacturers and different
formulations varied over a 2.3-fold range, the aitity in the composition of the food
additive limited the HPLC method quantitativelyadRSD value of 38%. No false positives
and no false negatives were found when the metlazdt@sted on a variety of beers, biscuits,
gravy powders, savoury spreads, confectionery mtsdand baked goods. The limits of
detection for beers and solid foods were 0.1 aBdjkg respectively. For biscuit samples
supplied by manufacturers with a known caramel@aanalysis found between 38% and
92% of the caramel concentration added by the naatwrfer. For beers, the corresponding
values were 34%-78%. Since the analytical recof@rpeers and biscuits spiked with
caramel and analysed immediately was typically £0Q%, this was taken as evidence that
the marker component is only partially stable dyitime manufacture, processing and storage
of the foods. This postulate was supported indiydnt the results from the analysis of 3-
year-old caramels, which contained only 34% ofahmunt of marker substance compared
to fresh caramels, after allowance was made foogn content.

Based on the work reported by Coffey and Castl®4)LBurch et al., (2002) developed a
method for the analysis of Class Ill and IV carasmelvarious foods (chicken pie, flavoured
rice, stock cubes, soup, marinade, gravy powdendesa, sauce, noodles, malt loaf,
marmalade, mustard, soft drinks, biscuit and sweatk). The Class Il marker peak was
detected in the HPLC chromatograms of a range rainoal preparations from different
manufacturers, and a composite calibration curve ceastructed from the peak area versus
caramel concentration, using a number of diffecamamel preparations. Good correlation
was seen between the size of the marker peak argbticentration of dry matter in the
caramel colour preparation. Food samples were @rtidby homogenisation of the sample in
phosphate buffer, followed by centrifugation andlgsis of the supernatant using RP-HPLC
with a methanol/pentanesulfonic acid gradient etuind detection at 280nm. Initial results
showed variable recoveries (30-271%) thought tdueeto sample inhomogeneity but further
work, including analysis of blind samples in a camgon exercise with another laboratory
showed improved recoveries. It was noted howe\argamples containing yeast extract
gave high (over) recoveries. Further investigaibawed that samples containing yeast
extract but no added caramel colour contained k pleding at the same time as the caramel
marker peak. Resolution of Class Il and Class dvamels was achieved using free-flow
zone electrophoresis (FFZE). In all cases, thensaraamples were continuously separated
into 96 fractions using FFZE and measured by alagmd at 450nm. The reproducibility of
the separation was confirmed using a range of atitheommercial caramels. The fractions
contained in the Class IV caramel were furtherys®l using fluorescent scanning to
characterize the marker peaks. The performancectaaistics of the Class IV method in
terms of recovery and precision were determindt/efood and drinks products. Spiked
recovery rates of 70-115% and 82-152% were obtaiiset) single and composite caramel
calibration curves respectively. Sample precisiosB] was found to be < 20% RSD. A
further 15 commercial products were analysed fas€IV caramel to determine typical
usage levels and various recovery was reportethliod’ samples i.e. 22-148%. Burch
(2005) developed and validated this method furteee below).

Capillary electrophoresis has been used to disshgoetween caramel classes, taking
advantage of the differences in charge of the celbeomponents in different caramel
classes (Royle et al., 1998). Using this technigugrams showed characteristic migration
patterns, where the HMW melanoidins (>3000 Da) atgas a broad peak, whilst LMW
Maillard reaction products (<1000 Da) migrate aarphwell defined peaks. The method was
developed for quantitative analysis of Class I\Vaoagls in soft drinks using sodium
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carbonate buffer at pH 9.5. A peak correspondiripéccoloured component was used to
quantify caramel colour solids. Analysis of a ranfearamels from more than one
manufacturer showed that the migration time ofgbak was related to the sulfur level in the
caramel and a linear relationship between the calraoncentration in water and the detector
peak area was observed over the range 0.1 to 1&giten non-cola and twelve cola
products containing Class IV caramel of high su#ind high nitrogen content were reported
to contain between 0.57 and 0.82 g solids per. N@n-cola drinks had estimated
concentrations of between 0.60 and 2.84 g solidsikas proposed that by estimating the
added caramel from an unknown source it would [ssipte to select a caramel for use as a
standard that had a similar sulfur compositionstimiproving the accuracy. The data were
obtained from caramels from two UK manufacturess)de more data would be required on
caramels from other sources before the method dmultbnsidered reliable for use as a
guantitative method for caramels in foods. In @dditit was seen that some soft drink
ingredients could potentially interfere with quéictition due to co-migration with the
caramel peak. This notwithstanding, the data shahaitthe narrow range of caramel
concentration in the majority of cola drinks suggdshat manufacturers were trying to
ensure product consistency, whereas the amoumtrafrel in the other products analysed
varied much more between manufacturers, which ndisative of more distinctive products.

Royle and Radcliffe (1999) extended this work tstidguish between Class I, Ill and IV
caramels using CZE at pH 2.5 and 9.5. The majofitye coloured components were shown
to be in the HMW fraction (from ultrafiltration &000 Da cut off) fractions in all caramels.
The HMW Class | and Class IV caramel peaks wergvatito migrate with a negative charge
at both pHs but the Class IV caramel showed segbap peaks from the LMW components
compared to a relatively small peak from the Classamels. The Class lll caramels showed
a HMW peak which was positively charged at pH ZI% migration time, and hence the
charge, of the HMW peak of Class Ill caramels wass to be related to the nitrogen
content.

Ames, Inns and Nursten (2000) used the CZE metkedribed by Royle and Radcliffe
(1999) to quantify Class Ill caramel in preparesthits and other retail foods using the
extraction method described by Coffey et al (19989ed on hot water extraction followed by
partition with toluene. Biscuits with or without@ed caramel colour were compared and
while the caramel peak could be clearly seen, daimnbroad peak was apparent in biscuits
baked without caramel, although at a lower conegioin. The broad peak corresponding to
the coloured components could not therefore be fegegliantification. An alternative peak
was assessed for its suitability as a marker peagifantification, wherefrom good
recoveries from spiked biscuit and dessert-mix daswere obtained (87.2-106.6%). When
applied to a wider range of samples (dessert magyygbrowning, stock cube, liquorice, soup
and sauce) Class lll caramel was detected in atlgdor which it was a declared ingredient
but no recovery data were given. It was obseriedever that the presence of salts in the
food extracts led to changes in the migration tinaesl the possibility of mis-identification of
the peak used for quantification.

Free flow electrophoresis (FFE) has been succégsfsid as a way of distinguishing Class
[Il and Class IV caramels prior to RP-HPLC analy#islenta, et al., 2001). Based on the
identification of a unique marker compound, gootteation (R = 0.99) was observed
between Class Il caramel dry matter content amdrohtographic peak area. A reliable
method, based on ion-pair HPLC and UV detection deagloped for the quantification of
Class lll caramels and applied satisfactorily tarzge of foods (instant noodles, dried beef
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risotto, sweet and sour rice, Cajun marinade aritloat). Where the food matrix
(minestrone soup, cake bar, meatballs and malt ¢@afe rise to interfering peaks in the
HPLC analysis, FFE separation was carried out poi¢tPLC. The marker peak used for
quantitation was found to give good correlationhvitie amount of dry matter in commercial
caramel colours, enabling the construction of glsicalibration curve for all caramels
tested. The marker peak was not found in foodsdfearamel colour and recovery data
obtained from spiking of these foods over the rah@eto 2.0% was 40-145% using HPLC.
The recoveries of added caramel (0.2%) to two foaftsamples analysed using a
combination of FFE and HPLC analysis, were 94 &it.2A preliminary method, based on
FFE and UV-VIS spectrophotometry for quantificatmfrClass IV caramel added to
foodstuffs was also developed and tested on a enralhge of samples (minestrone soup,
vegetable gravy and cake bars). The correlationdsst caramel dry weight and absorbance
at 450nm for four different Class IV caramels wa&30Recovery data obtained from spiking
of these foods over the range 0.5 — 2.0% was 52f@@Hegetable gravy and cake bar, and
26-28% for minestrone soup.

The CZE method developed by Royle and Radcliff®@@)9vas applied with modifications to
the analysis of malted grain and roasted barlelyldwtroast barley could not be
distinguished from Class Ill caramel (Ames et &d20Royle et al., 2002). Using a dynamic
sieving (DS) CE approach, with dextran, it was piedo allocate E-grams in to three
groups representative of the degree of roast alodicmtensity. Class I, Ill and IV caramels
gave differences on running at pH 9.5 alone and<Clh caramel gave an E-gram that was
distinguishable from that of a high-roast malt. {@ayy isoelectric focusing (CIEF) failed to
give satisfactory E-grams for Class | and Classdxamels due to lack of solubility, but
allowed different types of Class Ill caramels todifgerentiated. A malt extract was also
clearly distinguishable from Class Ill caramels.

Wood et al, (2002) developed and validated CZE-asethods to determine the levels of
Class IV caramels in soft drinks and Class Il ozbs in foodstuffs. The repeatability (RSD)
of the method was assessed by analysing ten $okt siimples (n=12) and was less than
15%. Three samples analysed repeatedly (n=12)wrofizasions on two separate CE
instruments gave an overall RSD value of <20%. @oed instrument gave higher values for
caramel content. The same three samples analyseglthe same method but on different
CE instruments gave significantly different resitis0.05). Five of ten samples of ‘in cup’
soft drinks gave significantly different results<(R05) before and after freezing. The
presence of the permitted sweetener Acesulfameukezhsignificant interference and an
effect on recovery rates. Twelve soft drink samplese analysed by two different
laboratories using CZE or FFE. CZE generally gagadr caramel contents than those
determined by FFE, and samples with caramel cante2fto gave analytical problems with
both techniques. Linear regression analysis ofltta for samples of known caramel content
gave a better correlation for CZE{R 0.8636) compared to FFE{R 0.4962). Two
commercial samples showed good agreement betwkerataries whereas another two did
not. A partly developed CZE method for the deteation of Class Ill caramels in foodstuffs
was applied to six food samples containing knowoams of added caramel for comparison
of results using CZE and FFE. For two samplescétamel contents determined by CZE
were in good agreement with the added amountsopw further two samples, problems
were encountered with extraction of the caramehftbe sample matrix. Similarly, the high
salt content of the remaining samples affectecetbetrolytic capacity of the buffer resulting
in a large discrepancy in results. This work highied a need for further research into
sample and analyte stability and interferences fotimer food ingredients.
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The RP-HPLC method for Class Il caramels descripe&offey et al (1997), was refined
and validated, and applied to the analysis of faeds ring trial (Burch, 2005). Preliminary
analysis of samples of burger, biscuit and cakieespwith caramel at levels of between 0.1
and 5.0% gave recoveries of 91-135% using ther@igiaramel used for spiking to calibrate
the method. The variability in recovery was evederi(102-180%) when a combined
calibration standard was used i.e. 6 Class lllroata from different manufacturers — which
were found to have a wide variability in marker peancentration (dry weight basis). In the
light of this, further improvements to the extractiand HPLC conditions were made.
Extraction conditions were optimised with respectxtraction time, extractant, temperature,
pH, protein precipitation, defatting, partition aBBE cleanup. However, no significant
improvements were observed. The HPLC method wasekfo allow for greater column re-
equilibration time and more consistency in markealkpretention time to ameliorate the
effects of coeluting peaks. Internal validatiortlod refined procedure gave recoveries from
biscuits spiked at 0.5% and 5.0% added caramed-e®%% and 90.5-99.6% respectively. For
burgers spiked at 0.1 and 1.5%, the recoveries d@8e108% and 104% respectively.

Six laboratories undertook a ring trial to deterenihe levels of Class Il caramel spiked into
biscuits at 0, 0.5, 2.0 and 5.0%, and in burgercake at 0, 0.1, 0.5, and 1.5%. The results
indicated clearly that the data reported by oneratory was more variable than the data
reported by the other laboratories. Overall, averagoveries were good with over-recovery
observed only for the lowest caramel concentratinrise burger and cake samples. The
method was reported to work well for the burger gi@s) considering both repeatability and
reproducibility data. Biscuit and cake samples, ésv, gave far more variable results. In
general with an HPLC method, greater variabilitghtibe expected from extraction rather
than replicate HPLC injections, but results froma timg trial did not show this. This could be
explained by the fact that the marker peak elutedeabeginning of the HPLC run, and was
not always completely resolved from interferenddss may go some way to explaining why
the cake and biscuit samples gave more variabldtsgban the burger. Moreover, the cake
and biscuit samples were baked, and are therekalg to contain a wide range of
potentially interfering compounds produced duriegiting, whereas the burger sample was
analysed raw.

Characterisation of the marker peak was achievied) wsC-MS with a modified mobile
phase. Initial trials were carried out using atiat obtained by collecting the marker peak
after separation by HPLC and using tandem UV moinigo One main peak was seen in the
UV trace of the fraction when analysed by LC-MSeTall scan mass spectrum of this peak
in the positive ion mode had a mass ion at 305 witich was assigned as the [M+Hidn,
equating to a molecular weight of the marker conmgoof 304. The negative ion full scan
mass spectrum showed a predominate ion at 363wmhiezh corresponded to an acetic acid
adduct of a compound with molecular weight 304 .alde whole caramel standard was
analysed using the same LC-MS conditions whichatkat least six peaks in the
chromatogram monitored by UV. The mass spectruthepeak eluting at 2.38 minutes was
found to match that of the marker compound, in lputkitive and negative ion mode. The
mass range 304-306 was used selected ion monit(3iM) in subsequent work. Calibration
graph obtained using the area of the marker petlir@d using SIM showed considerable
non-linearity at higher concentrations, an effestseen when using UV monitoring, but was
linear up to 0.1 mg/ml caramel. It was therefar@ppsed that LC-MS offered the potential
for quantifying caramel colour in solution.
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Reverse-phase HPLC with UV-VIS and/or photodiodaydetection is the most common
chromatographic technique used for the characteizaf caramel classes and the
determination of caramels in foods and beveragestri&phoretic techniques have greatly
enhanced caramel analysis capabilities, espeamdgnjunction with HPLC. However, the
specialized instrumentation is not as widespreadRISC, especially with respect to CIEF,
DSCE and FFE techniques. FFE in conjunction appeas®rk well but recoveries from
spiked foodstuffs are variable. LC-MS has had eelsy limited application but has shed
some light on the identity of the LMW marker compddound in Class Il caramels.

Existing methods for caramel analysis are empisidased; relying on the measurement of
an unknown marker compound and correlating thik tie nitrogen or sulfur content. This
has been a perennial issue in caramel analysisatdegree of scientific innovation is
required to address this. The other main limitiagtérs for quantitative analysis are the large
variability in caramel composition between manufiaets and evidence for the instability of
caramel marker compounds. Several modern analgieahistry research technigues exist
that have the potential to provide more chemidarmation about the LMW and HMW
fractions of caramel. These include modern HPL@astary phases designed for the
separation of highly polar compounds using highesmys mobile phases, multiple reaction
monitoring by LC-MS/MS and high resolution MS teajues such as time-of-flight (TOF)
to identify marker compounds and provide more dlefatomponent profiles, and nuclear
magnetic resonance (NMR) spectroscopy. All of treesaplementary techniques have the
potential to provide greater enhancement of argalltiapability for the identification and
measurement of caramels in foodstuffs. The infoiwngdrovided from applying such
research tools may then be used to develop be#traas of analysis for caramels in
foodstuffs that are applicable in a routine enforeat situation. For example,
Monajjemzadeh et al (2009) have used LC-MS/MS wratterize the LMW Maillard
reaction products of lactose and Baclofen.

The extraction and analysis conditions for a selaaif available methods for caramels are
summarized in Table 4.
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Group 8: Other colours

8.1. Riboflavin E101(i) and E101(ii) Riboflavin-5hosphate

Specifications and permitted usage

Riboflavin (vitamin B) is a synthetically produced yellow or orange-geiicrystalline solid
with a slight odour (2008/128/EC). It very slightigluble in water and practically insoluble
in alcohol, chloroform, acetone and ether, but \saiyble in dilute alkali solutions. It is
susceptible to degradation by light. No methodssiag is prescribed in the EU purity criteria
for E101 (2008/128/EC). However, the JECFA speaifan for riboflavin prescribes a
method based on spectrophotometric procedure vididentical to that prescribed for
riboflavin-5-phosphate (JECFA, 2010). Riboflavin is found at levels in almost all
biological tissues and is particularly abundannieat at ca. 2 mg/kg and in liver at ca. 30
mg/kg, and found at lower levels in cheese (caghkg) and milk (ca. 1.5 mg/kg (Coultate,
2009)). Free riboflavin reportedly occurs veryetgin nature except in milk (Van Niekerk,
1988) and is usually present as riboflaviposphate (FMN) and riboflavini-5
adenosyldiphosphate (FAD). In addition to beingdusg a food colouring, riboflavin is also
used to fortify certain foods for nutritional pugEs.

Under Annex Il of 94/36/EC, E101 is permitted tee in specific beverages at a maximum
concentration of 100 mg/L and in pasturmas and teddes in vinegar, brine or ajuantum
satis. Under Annex V Parts 1 and 2 E101 is permittea wide range of foodstufiguantum
satis. Riboflavin and its analogues are present naunatfoods at a variety of different

levels the highest being liver (ca. 30 mg/kg). Thesls necessary to achieve the required
additive (colouring) effect of riboflavin are exped to be as high or higher. The generally
accepted analytical technique for determining theflavin content of foods is acid
hydrolysis followed by enzymatic hydrolysis with aseirement by reverse-phase HPLC and
fluorimetric detection. While the HPLC condition®avell established and display adequate
sensitivity and selectivity, the hydrolysis steps geported to be not only time-consuming
but also to vary in efficacy depending upon theyemezs used and the conditions employed.
Despite this, these methods are readily avail@bénforcement laboratories, many of which
are likely to be familiar with these techniquestigh the need to determine levels of
riboflavin analogues in foods.

Methods of analysis

Historically, the levels of riboflavin in foods wedetermined routinely using microbiological
assay, which though sensitive were difficult torgaut. Thus, before HPLC became
available, riboflavin was assayed chemically bwptmegent of the sample with dilute HCI at
high temperature to release the protein-bound lekiof followed by extract clean up and
measurement using fluorimetry (Coultate, 2009). Uise of HPLC coupled with fluorimetric
detection has enabled specific and sensitive mettwte developed for the determination of
free riboflavin, FMN and FAD in foodstuffs. Amonle very many methods available,
riboflavin is often determined in the free formléaing hydrolysis of the phosphorylated
analogues and/or those bound to proteins duringxtraction step prior to HPLC analysis
(Ndaw et al., 2000). The extraction usually cossidtan acid hydrolysis (typically 0.1M HCI
or H,SQ, at 100-120°C) to release the analyte from bountepr and to aid the conversion
of polysaccharides such as starch to sugars théaebiyating sample work up. The
enzymatic treatment is used to dephosphorylate RMIFAD, which is usually achieved
using acid phosphorylase though takadiastase selamad mylase have all been used with
varying levels of success.
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A collaborative study involving twelve laboratoriesevaluated a proposed official method
for the determination of vitamins;Bind B (riboflavin) in nine different foods: baby food,
powdered milk, meal with fruits, yeast, cereal @)ocolate powder, food complement and
tube-feeding solution (Arella et al., 1996). Samsphere hydrolysed in 0.1M HCI at 100°C
for 30 min and after cooling, adjusted to pH 4.%vdupon enzymatic hydrolysis was
performed usin@-amylase and takadiastase at 37°C for 18h. HPLCasesmplished on a
reverse-phase (g column with an isocratic mobile phase consisthgiethanol and 0.05M
sodium acetate. Fluorimetric detection was used,at 422nm an@em = 522nm. The
calibration range of standard vitamin Bas 0.2 — 1.0 ug/mL. The results for the food
analyses ranged from 2.1 to 871 mg/kg and the degibility standard deviations (RKEb)
were generally between 13 and 21% and did not agpesiepend upon vitamin
concentration. The recovery rate in all foodstaffiglysed was > 89% except for chocolate
powder (75%).

Van den Berg et al., (1996) reported on an intepammson study on methods for the
determination of vitamin Band other vitamins in food involving 16 laborags; arising

from an earlier study where it was concluded thatdbserved high variability in the results
obtained was largely due to differences in exteecéind hydrolysis procedures. Samples of
lyophilized pig’s liver, mixed vegetables and whukeal flour were analysed by each
laboratory using their own ‘in-house’ method ashaslan ‘optimized extraction protocol’.
Both normal- and reverse-phase HPLC chemical mstaad microbiological assay were
used. For their ‘in-house’ extraction and hydradysiethod, all laboratories used acid
hydrolysis with HCI at elevated temperature andmlgination of enzymes, apart from one
laboratory that used430, for hydrolysis. The ‘optimal’ extraction procedused 0.1M HCI
at 121°C for 30 min followed by adjustment of pH4t@ and incubation with 100mg
takadiastase at 37-45°C for 18h. After filtratian, appropriate aliquot of extract was taken
for HPLC (or microbiological) analysis and reswdigpressed as total riboflavin. Only 2 of
the 16 participating laboratories used microbiatagjassay, the remainder used reverse-
phase HPLC with fluorescence detection. The autbonsluded that while good agreement
was achieved between laboratories using their amvhouse’ methods and no apparent
differences between the ‘in-house’ and ‘optimatraction protocols were obtained, care
had to be taken in selection of the enzymes usethss the sample:enzyme ratio.

In a study on extraction procedures for the HPL@wheination of riboflavin (and other B
vitamins) in foodstuffs, the HCI hydrolysis ste®(2C 30min) was considered to be
superfluous if the protease activity of the selédtkadiastase was sufficiently high or a
selection of specific enzymes (protease, phosphatada-amylase) were used (Ndaw et al.,
2000). Good agreement was obtained between aralyisults and certified reference
material (CRM) values. The foods studied were ygastidered milk, pork, veal, mackerel,
wheat flour, porridge oats, rice, peas, orangeejaied carrots, and pig’s liver and milk
powder CRMs. Variable results were obtained whezyees from various other sources
were used highlighting the influence of extractmotocol on riboflavin recovery. However,
the method was optimised for the determinationitafvins B-1 and B-6 as well as riboflavin
hence hydrolysis protocols were developed accolyliagd diastase with low protease
activity did not allow the complete release of pintbound riboflavin.

Tang, Cronin and Brunton (2006) describe a simgaitapproach to the determination of
riboflavin (and thiamine) in beef, pork and piggelr using reverse phase HPLC with
fluorimetric detection, in which extraction was ashed by digestion in 0.1M HCI followed
by enzymatic hydrolysis with readily-available apidosphatase of defined activity
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(0.5U/mg). According to the authors, the takadsstased by Ndaw et al., (2000) was not
commercially available (during 2003), highlightiagritical issue with methods that
prescribe the use of enzymes whose activity antliadility cannot be guaranteed. Good
agreement was obtained between the analyticaltrasdlicertified reference material (CRM)
value for pig’s liver. In a similar study, Jakobg2008) optimized an extraction and
hydrolysis procedure using a mixtureceBmylase, proteinase and phosphatase in
combination with ultrasonication for the determiaatof riboflavin and thiamine analogues
in 16 different foods representing the food grodasy, meat, vegetables, cereals and yeast.
HPLC with fluorescence detection was used to ghatite riboflavin. For comparison a
standardised extraction method using HCI followgdakadiastase (45°C 18h) hydrolysis
was used for analysis of the samples. Changesaimylase amount showed no difference in
riboflavin content of liver, whereas varying the@mt of phosphatase showed a significant
effect on the riboflavin extracted from broccolgtdlour and dried yeast. No significant
effects were observed in the riboflavin contenivben varying the amount of protease or the
conditions used for ultrasonication. However, thieagonication process enabled the
enzymatic treatment to be performed within 1h iadtef 18h. The detection limit was
reported as 20pg, equivalent to a limit of quatititaof 0.1 mg/kg, which is more than
adequate for detection of riboflavin at levels reseegy for a colouring effect. Both the
precision and accuracy of the method were goodassagreement between results for pig’s
liver and milk powder CRMs. Recovery experimentdqrened on standard solutions and
FMN-spiked samples were reported as acceptable 1947 7% respectively) although
results for FMN were marginally lower but nevertted were judged as acceptable in the
light of the low purity of the FMN standard.

Other analytical techniques that have been devdlopeently for the determination of
riboflavin include a biosensor method based oresarplasmon resonance with on-chip
measurement (Caelen, Kalman and Wabhlstrom,, 20@#adiochemical fluorimetric
method with front-face light emission for the detaation of free riboflavin in milk
(Zandomeneghi, Carbonaro and Zandomeneghi, 200fig#throughput planar
chromatography method with confirmatory electrogpr@-MS has been developed for
energy drinks (Aranda and Morlock, 2006) and sujitézal fluid extraction followed by
capillary electrophoresis with fluorimetric detectifor the analysis of chicken liver and milk
powder (Zougagh and Rios, 2008).

The extraction and analysis conditions for a salaatf available methods for riboflavin are
summarized in Table 4.
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8.2. Vegetable carbon E153

Specifications and permitted usage

Vegetable carbon is produced by the carbonizaticregetable material such as wood,
cellulose residues, peat and coconut and othelsgR6I08/128/EC). The raw material is
carbonized at high temperatures and consists ésbenf finely divided carbon. It may
contain minor amounts of nitrogen, hydrogen andgexy and some moisture may be
absorbed after manufacture. It is an odourlesgastdless black powder, which is insoluble
in water and organic solvents. Vegetable carb@eimitted for use in Morbier cheese under
Annex Ill and in all foodstuffs under Annex V paftsand 2 of Directive 94/36/EC, all at
guantum satis.

Methods of analysis

No method of assay is prescribed in the EU puritgiga (2008/128/EC). However, the
JECFA specification for vegetable carbon prescribegethod in which the total carbon is
measured in a dried (120°C for 4 hours) samplengya¥ several methods or commercial
instruments for carbon analysis, such as instrusifentC, H, O determinations or
combustion / gravimetric carbon analysis (JECFA,B0Carbon black is not soot or black
carbon, which are the two most common generic teqppdied to various unwanted
carbonaceous by-products resulting from the inceteptombustion of carbon-containing
materials, such as oil, fuel oils or gasoline, cpaper, rubber, plastics and waste material
(ICBA, 2004). Soot and black carbon also contaigdaquantities of dichloromethane- and
toluene-extractable materials, and can exhibitgmcantent of 50% or more.

No literature references could be found on theyasmabf vegetable carbon black food
colouring or on the extraction or analysis of faodéfs for added vegetable carbon black. By
far the greatest use of carbon black is as a pigamhreinforcement in rubber and plastic
products and a small number of articles descrimeghods used for the characterization or
analysis of carbon black from the perspectiveiritustrial applications have been
identified. Kiattanavith and Hummel (1993) describmethod for the determination of
carbon black filler in natural rubber vulcanizalbgsolefin metathesis degradation using a
W(Cle/(CoHs)3Al,Cl3 catalyst . Essentially, natural rubber vulcanizaeples were Soxhlet
extracted and dried, and reacted with 1-octenecatalyst under controlled conditions for ca.
48h. The carbon black particles were separated fr@meaction mixture by repeated
centrifugation and solvent washing and dried piaogravimetric determination. Solvent
density was reported to be a critical factor inlgearecovery. It is very doubtful that this
approach would lend itself to the analysis of faoffs, given the complexity of possible
sample types likely to be encountered.

Oxygen and air were used as purge gasses foreghmadlgravimetric determination of carbon
black in high-density polyethylene (Faud, Ismaill &ioh, 1997). The authors highlighted
the care required when selecting the purge gathigidy specialized instrumentation was
required. It is very doubtful that this techniqumiltl be used to determine small amounts of
vegetable carbon in food samples since it wouldoegbossible to discriminate between
carbon added as a colorant and the carbon origgnétdm charring of the sample
constituents.

Leisen, Breidt and Kelm (1999) used solid stategimangle spinning (MAS))H nuclear
magnetic resonance (NMR) relaxation to study cuegtdral rubbers with different carbon
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black fillers. The studies allowed confirmationtbé mechanisms concerned with the
interactions between elastomeric networks and adiliing materials i.e. the reinforcing
effect of the carbon black. While the method wamoreed to work well, the carbon black
contents of samples studied ranged between 35%gBhich is far in excess of what might
be expected in a food sample even though E153msifted quantum satis in a wide range of
foodstuffs. Moreover, the technique requires higiggcialized and expensive NMR
equipment and MAS probe, and is very unlikely tapelicable to quantitative analysis in
complex food systems. In a similar vein, electrpimsesonance (ESR) has been used to
characterize vegetable carbon materials by studhi@garamagnetic characteristics of
carbons produced by low temperature carbonizaoavchenko et al., 2001).

Saxena, Gilmour and Hays (2008) have developedthatidased on Ficoll (a hydrophyllic
polysaccharide) density gradient centrifugation aeleinental carbon analysis using thermal
optical transmittance to isolate and measure capkaurk (and diesel exhaust) particles
ingested by cultured cells. Microscopy was alsaluseobserve and characterize the particles
invivo. The cell pellets obtained after trypsinizationttlEDTA) and centrifugation were
resuspended in RPMI medium and recentrifuged. Tdedarbon black settled at the bottom
of the Ficoll layer whereas the cells with ingestadbon black were observed at the Ficoll-
RPMI interface, which were harvested and washedrbdfeing heated (100°C) in sodium
dodecyl sulfate (SDS) solution. The ingested catidank is insoluble in hot SDS solution
and was isolated by high speed centrifugation|ifatgd by the addition of silica. Following
washing and suspension in saline, the extractdmbodrlack was dried on a quartz filter prior
to carbon analysis. A two-stage carbon analysismegvas used; volatile organic carbon was
released by stepwise heating to ca. 850°C in areditmosphere. This was first oxidised to
carbon dioxide using a manganese dioxide catafybsacondly reduced to methane using
nickel hydride, whereupon it was measured usirigrad ionization detector (FID). The non-
volatile elemental carbon due to carbon black veerthined subsequently following
stepwise heating in a helium/oxygen atmospherat®@0°C, oxidation/reduction and FID
detection.

Of the methods for carbon black analysis reviewa hthe Ficoll density gradient
centrifugation with elemental carbon analysis mdthppears to have the greatest potential
for development as a technique for the extractimhestimation of carbon black in
foodstuffs, especially when coupled to microscdipgwever, the method was developed
specifically for samples of lung epithelial cellsdaalveolar macrophagésvitro, which are
comparatively simple matrices compared to compdands. Whilst vgetable carbon is
permitted for use in Morbier cheese and in all &iaffs under Annex V ajuantum satis, the
actual range of levels at which vegetable carbarséxl in foodstuffs is not known, so it is
difficult to assess the qualitative and quantigsuitability of the Saxena, Gilmour and Hays
(2008) method, or indeed its potential for develepirinto a robust analytical method for
foods that can be readily applied in enforcememiatories.

The extraction and analysis conditions for a selaadf methods that could be potentially
adapted for analysis of foods for vegetable cadrensummarized in Table 4.
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8.3. Calcium carbonate E170

Specifications and permitted usage

Calcium carbonate (CaGJs the product obtained from ground limestonéythe
precipitation of calcium ions with carbonate i088@F8/128/EC). It is a white crystalline or
amorphous, odourless and tasteless powder theddsigally insoluble in water and alcohol.

It dissolves with effervescence in diluted acetidand mineral acids. No method of assay is
prescribed in the EU purity criteria for E170 (20088/EC). However, the JECFA
specification for calcium carbonate prescribes thowbased on titrimetric procedure
following acidification (JECFA, 2010). E170 is petted under Annex V Parts 1 and 2 of
94/36/EC in a wide range of foodstuéfsantum satis.

Methods of analysis

The calcium content of foodstuffs varies considralnd may be enhanced by the presence
of other additives or ingredients containing Cdal&, a natural form of CaCG{Ohas
historically been used to adulterate flour and roé@shfor its determination have been based
on the measurement of total Ca or by release bboadioxide (Kirk and Sawyer, 1991). In
the latter, the evolved G@nay be determined volumetrically following aciddtion with

HCI and capture in a Chittick apparatus. Alterrelitythe CQ may either be adsorbed onto
active trap and determined gravimetrically, or abed into barium hydroxide solution and
back-titrated against oxalic acid. lon chromatofsafdC) can be used for the determination
of carbonate but it is limited by the fact that ai¢he more common eluants in suppressed
IC is bicarbonate-carbonate based (Tarter, 1983WeNer, carbonate has been determined in
beer and wine by IC using conductivity detectiomddad and Jackson, 1990).

Total Ca is usually determined after ashing by ipittion as calcium oxalate and titration
with potassium permanganate or by a colorimetrmc@dure with chloranilic acid (Kirk and
Sawyer, 1991). Atomic absorption spectroscopy (AAS) atomic emission spectroscopy
(AES) are the most common techniques used forebermhination of total Ca. In AES the
spectra of multi-elemental samples can be very estegl, and spectral separation of nearby
atomic transitions requires a high-resolution sppeseter. Excitation processes such as
inductively-coupled plasma (ICP) can greatly redonedecular interferences. The 422.7nm
line width is used for the detection of Ca in AAamples are commonly digested in
concentrated HN® Over 20 years ago Salvador , de la Guardia anatiNtB988) described

an AAS method for Ca in food slurries (cocoa, miister tissue) and obtained similar
results when comparing dry ashing with wet digestand discussed the influence of sample
particle size. More recently, Ca and other metadiits have been determined simultaneously
in foods using AAS in which the detection limitspg@ded upon sample type and
wavelengths used, where for Ca this was 1.9mghAghfsample (Gottelt et al., 1996).
Calcium contents of cattle liver and kidney, malzeerne and grass ranged from 37.5-
14,820 mg/kg. Standard reference materials were tosealidate the method comprising
muscle tissue, bovine liver and wholemeal flour.

Julshamn, Maage and Wallin (1998) reported theltestia collaborative study involving 11
laboratories on the determination of Ca (and Mdpods by AAS after wet microwave
digestion. The method was tested on 5 food sanfafesde, milk powder, minced fish, wheat
bran and chocolate) and 2 composite diet sampthegmain Ca concentration 290+15 to
3900+200 mg/kg. Repeatability and reproducibilityttee results was very good indicating
that the method is suitable for determining Caeagls in excess of 4000 mg/kg dry matter,
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provided the HN@concentration is carefully controlled. At FERA,R@nass spectrometry
(ICP-MS) is used for the determination of trace ante of calcium in foodstuffs (Fera,

2010). Typically, 0.5g (dry) to 3g (fresh) of samjd digested in nitric acid using quartz
high-pressure closed vessels and microwave heatiogto ICP-MS. Detection limits are
generally in the range 0.1 to 1 mg/kg, which isqadge for the determination of Ca added as
a food colorant but the method is not specific &CGCs.

Other analytical techniques that have been usethhéodetermination of Ca in foods include
capillary zone electrophoresis for vegetables Walhg crushing and extraction into boiling
water (Fukushi et al., 1997), and spectrophotonegtd/70 and 630nm based on the
formation of a Ca-alizarin complex following ashiafithe sample and acid digestion (Gao,
2002). The detection limit for the Gao method w&88ug/mL provided that masking
agents were used and mean (n=6) recoveries ofoGavegetables and other foodstuffs
spiked at 20 and 5 mg/kg respectively were 108181d@6 respectively. More recently, a
biosensor has been reported for the determinafi@aon milk and water using a catalase
enzyme electrode (Akyilmaz and Kozgus, 2009). Alififo reported as a rapid and sensitive
method, the range of test samples was very snwlietier mean (n=5) recoveries of Ca
spiked at 120 — 170 mg/L) into 3 different milk gales ranged from 98.2 to 99.2% and
compared well with a titrimetric procedure. lon @matography has been used for the
determination of CaC£n snail shells (White et al., 2007) but this teicjue does not appear
to have been applied significantly to the analg$i®odstuffs but has been used for brine
(Dionex, 2010) and a very limited number of foodsd deverages (Haddad and Jackson,
1990).

Permitted usage notwithstanding, calcium is presatirally in foods at a variety of different
levels and the levels required to achieve the reduadditive (colouring) effect of CaG@re
expected to be high. The most commonly used aoalyéchniques for determining the
CaCQ contents of foods rely on the measurement of t@klium by atomic spectroscopy
using flame, ICP or other related techniques falhgnacid digestion of the sample, all of
which should give adequate sensitivity and be tgadiailable to enforcement laboratories.
Carbonate can be determined by measurement ofeV@®@ using a number of techniques
but has only been applied to a very limited samghge.

The extraction and analysis conditions for a selaadf methods that could be potentially
adapted for analysis of foods for calcium carbomagesummarized in Table 4.
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8.4. Titanium dioxide E171

Specifications and permitted usage

Titanium dioxide (TiQ) consists essentially of pure anatase and oertit#nium dioxide
which may be coated with small amounts of alumimé/@r silica to improve the
technological properties (2008/128/EC). Ti®insoluble in water and organic solvents and
dissolves slowly in hydrofluoric acid and in hothecentrated sulfuric acid. No method of
assay is prescribed in the EU purity criteria f@d(2008/128/EC). However, the JECFA
specification for TiQ prescribes a method based on a titrimetric prasefiliowing

digestion in sulfuric acid and reduction and compta@mation with hydrochloric acid and
aluminium (JECFA, 2010). Titanium dioxide is higtdtable to heat, light, oxygen and pH
making it unaffected by almost any food processkfj/1 is permitted under Annex V Parts
1 and 2 of 94/36/EC in a wide range of foodstgtfantum satis.

Methods of analysis

Historically, the determination of Tiwas based on the spectrophotometric procedure
described by Njaa (1961) in which samples of pguligesta were ashed and dissolved in a
mixture of sulfuric acid and hydrogen peroxide igega yellow complex determined at
410nm. The method prescribed by the AOAC (Leon&3)%or the determination of Tidn
cheese follows a similar procedure and was uséaedsasis for a refined procedure
described by Short et al (1996) for the determamadf titanium dioxide added as an inert
marker in chicken digestibility studies. Threekspi diet samples (750, 500 and 250g/kg)
analysed for Ti gave recoveries of 98.7, 99.5 &hd%® respectively. Mean (n=2) Ti
concentration in 18 digesta samples ranged fro@31®. 54.95 mg/g.

However, there are very few literature referenaeslable for the determination of TiGn
foods. Hamano et al (1990) described a colorimgnocedure for the determination of micro
amounts (10 — 100 mg/kg) of Ti@n processed cheese, chocolate and chewing gum.
Approximately 0.5 — 2g of sample was taken, depgndpon the sugar content, and digested
by refluxing in a mixture of sulfuric and perchloracids with ammonium sulfate. After
dilution with water, the digest was treated witkh@abic acid to remove interference from
Fe** and the colour developed using a solution of digngimethane in dilute HCI. The
absorbance at 390nm was measured against a blanios@fter allowing the colour to
develop for ca. 10 minutes at ambient temperafthie.HCI concentration was reported to be
a critical factor for colour development. Desphie safety concerns surrounding the use of
concentrated perchloric acid, the authors prefetiredvet ashing procedure to dry ashing
because it was faster and the risk of losses thrgatatilization were eliminated. Using
H,SO, alone resulted in significantly lower recoveri¢sS®, spiked into white chocolate,
whereas recoveries were much higher in the presgrem@monium sulfate. No explanation
was offered for this effect. Kani et al (1986) cargd the platinum and porcelain crucibles
for ashing of food samples (chocolate, cheese, iclgegum and jelly beans) prior to
colorimetric measurement and reported that the nchelaper porcelain crucibles gave
acceptable results.

Calibration was linear over the range 0.2 — 10 mdAO, which gave a limit of
determination equivalent to ca. 5 mg/kg when 2gashple was digested and diluted to
50mL. Percentage recovery values (n=3) of;i®m spiking experiments ranged from
92.1+2.3 t0 94.9+3.1 at 10 mg/kg and from 97.448.99.3+2.6 at 100 mg/kg for two
different samples of processed cheese. For twoleampwhite chocolate, the percentage
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recoveries at 10 mg/kg and 100 mg/kg spike leaiged from 93.7+2.6 to 93.8+1.8 and
from 99.5+2.8 to 99.8+1.9 respectively. No recovexperiments were carried out on
chewing gum but no Ti©was detected in a single retail sample. Similarl@, was not
detected in two retail samples of processed chedsmeas levels of 15+0.4, 50+2.1 and
3200+£85 mg/kg were reported for samples of choeolBie authors estimated that up to 20
samples could be analysed in ca. 6 hours usingrtéisod.

More recently, Myers et al (2004) used a similarcedure to that described by Short et al
(1996) later refined by Titgemeyer et al (2001)tfer analysis of feed and faecal samples
developed to be more rapid and to give greaterracguCalibration showed a high degree of
linearity (# = 0.999, RSD 1.3 — 2.4%) and sample backgroumgfarence was very low.
Recoveries of Ti@spiked into three different sample types gaveveres of between 96.7
and 98.5% even in the presence of chromium, a patémerference (spike levels not

given). The average time for complete analysis igpsrted to be ca. 4.5 hours.

Inductively coupled plasma optical emission spexttopy (ICPOES) has been used to
determine TiQin foods (Lomer et al., 2000). Samples (500mg)endigested in 10mL
concentrated 50O, at 250°C for 1 hour then diluted to 5.9M3D, before ICPOES at
336.121nm. Emission intensity was suppressed430kiso standards were acid
concentration matched. To assess accuracy, ditffareaunts of TiQembedded in gelatine
(0.5 — 12mg) were used as control samples andchdata reference material was used to
determine accuracy. The detection limit for titaniwas 5.5+2.0 ug/L and calibration was
linear below 5 mg/L. The mean recovery of titanitom the gelatine control samples was
95+9.2% (n=14) and from the reference material 9&sl11.8% 9 (n=12). Twenty-five
different retail foodstuffs (including confectiolyecheeses, chewing gum, sauces and
dressings, mustard and beverage whiteners) wehgsadausing the developed method of
which 13 contained no TiCabove the detection limit. Large differences ia livels of TiQ
were found in the remaining 12 products that dedariC; as an additive, ranging from
0.045 to 0.782%. Good agreement was found betweeartalytical results and the levels
added by manufacturers where declared (n=4).

Boguhn et al., (2009) compared the colorimetricpdure with ICPOES following an
established acid-based sample hydrolysis regime fasehe former. Diets for various
species of livestock and their ileal digesta aretés were analysed and spike levels ranged
from 0 to 50 g/kg Ti@ The authors concluded that supplemented Teéd be determined
successfully in these samples using either methothle calibration and recovery figures
indicate that the ICPOES method gives a higheryéinal accuracy. A range of other related
spectrometric techniques can be used for the datation of elemental titanium and other
trace elements in food, which could be used instéa@POES (Caroli, 2007).

Titanium is present naturally in foods at only lowg/kg levels whereas the levels required to
achieve the required additive (colouring) effe@ expected to be significantly higher. The
TiO, contents of foods reported by Lomer et al (200@wsed a wide range of concentration
hence analytical methods must be able to demoestragppropriate level of sensitivity.
While the capital investment in ICPOES instrumentats costly compared to colorimetry,
the former is most often used for multi elementysis. At FERA, ICP-mass spectrometry
(ICP-MS) is used for the determination of trace ants of titanium in foodstuffs (Fera,
2010). Typically, 0.5g (dry) to 3g (fresh) of samjd digested in nitric acid using quartz
high-pressure closed vessels and microwave heatiogto ICP-MS. Detection limits are
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generally in the range 1 to 10 mg/kg, which is ade for the determination of titanium
added as a food colorant but the method is notifspéx TiO,.

The extraction and analysis conditions for a selaadf methods for analysis of foods for
titanium dioxide are summarized in Table 4.
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8.5. Iron oxides and hydroxides E172

Specifications and permitted usage

Iron oxides (and hydroxides) are produced synthiyi@and consist essentially of anhydrous
and/or hydrated iron oxides (2008/128/EC). The eamighues includes yellows, reds, browns
and blacks. Food quality iron oxides are primadlistinguished from technical grades by the
comparatively low levels of contamination by othegtals. This is achieved by the selection
and control of the source of the iron and/or byaktnt of chemical purification during the
manufacturing process. Iron oxides are insolubl@ater and organic solvents but are soluble
in concentrated mineral acids. No method of assayascribed in the EU purity criteria for
E172 (2008/128/EC). However, the JECFA specificatar iron oxides prescribes a method
based on a titrimetric procedure following digestin hydrochloric acid and hydrogen
peroxide and iodometric titration (JECFA, 2010)7E1s permitted under Annex V Parts 1
and 2 of 94/36/EC in a wide range of foodstuffiantum satis.

Methods of analysis

While there are numerous literature referenceldaletermination of iron in foodstuffs, none
could be identified that were specific to iron aesthydroxides. A small number of articles
were identified describing the analysis of variotiser substrates for iron oxides. Abramov et
al (1982) determined the iron (1) and iron (lIjyide content of glasses using redox titrimetry
based on acid digestion followed by the formatiba oomplex between iron (lll) in the
presence of sodium vanadate and sulfosalicylic. a¢id level of FgO3; determined in glass
was ca. 0.08% and interference was observed frber ttansition metals, fluoride and
phosphate. Iron oxide has been determined in cangpametic products using neutron
activation where a limit of quantitation of 4§ Fe was reported (Kanias, 1987) and in finely
dispersed sludges at levels approaching 35% w/mgusamplexiometric titration

(Kostousova and Osokina, 1989). Kanai (1990) usechromatography to determine the
iron (I1) and (Ill) oxide content of geological neaials and also applied to the analysis of
sedimentary rocks containing large amounts of acgearbon. The sample was dissolved in
50% HSO, and 26M hydrofluoric acid, heated at 200°C andtdd with boric acid masking
solution prior to ion chromatography. Post-coluraaation with pyridylazo resorcinol

formed a red complex with Fe(ll) and Fe(lll) theaswdetected at 520nm. Divalent copper,
manganese and zinc ions were separated from thgesbut showed potential for
interference, especially if the pH was not conéltigorously. Analysis of geological
reference materials gave recoveries of 89.3 — ¥94er the concentration ranges 0.37 -
4.18% (Fe(lll)) and 0.32 — 7.87% (Fe(ll)).

X-ray fluorescence has been used for the deterramat iron(lll) oxide in cement (Bosch
Reig et al., 1998), while the iron oxide contensoils has been carried out using flow-
injection analysis with inductively coupled plasfh@P)-atomic emission spectrometry
(AES)(Gong et al., 2000) and with diffuse reflectarspectroscopy (Richter et al., 2009). A
simple and selective solid phase extraction anddlabsorption spectroscopic method has
been used for the determination of trace amouni®noflIl) in water, in which the analyte
was recovered (>99%) with a preconcentration fagterl66. Various cationic interferences
had no effect on recovery and the limit of detecias 0.63 ng/mL (Khayatian and Pouzesh,
2007).

The determination of non-specific iron in foodssu$uch as flour and has been historically

carried out using the Pringle method, which requihe sample to first be ashed and digested
in HCI/HNG; and determined colorimetrically with o-phenantmelat 520nm (Kirk and
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Sawyer, 1991). Recently, a sensitive spectrophadi@cmaethod for the trace determination
of iron and other elements in food, milk and teagis. novel bis-azo dye has been reported
Sharma and Singh (2009). Samples were ashed aestelijin HNQHCIO4/HCI and
buffered before reacting with 2,6-bis(1-hydroxy-@phthylazo)pyridine (PBN) and
measuring the absorption of the resultant compi&b@nm. Recoveries of Fe spiked in to 7
foods over the range 14.0-63.0 mg/kg was in thge&@9.3-100.8%. The corresponding
relative standard deviation values ranged from-0.26% indication good accuracy. The
presence of other interfering metals were maskewalg the method to be highly selective
for iron however, EDTA, fluoride, oxalate, citratartrate and cyanide interfered
significantly at low Fe levels. The results werenparable to those found by Atomic
absorption spectroscopy (AAS).

AAS, atomic emission spectrometry (AES) and masstspmetry are nowadays often used
as the end-determination methods after ashing myaedtibn. There are many literature
references for the application of these technigoi¢ise determination of trace levels of iron
(and other elements) in foodstuffs such as the cehgnsive work by Cubadda (2007). The
limits of determination achievable by the varioeishiniques described are significantly lower
than would be required for the determination ofiamlded as oxide for colouring effect
hence sensitivity would not be an issue. At FERIR-mass spectrometry (ICP-MS) is used
for the routine determination of trace amounts o iin foodstuffs (Fera, 2010). Typically,
0.5g (dry) to 3g (fresh) of sample is digesteditricmacid using quartz high-pressure closed
vessels and microwave heating prior to ICP-MS. Eteir limits are generally in the range
0.1 to 1 mg/kg, which is adequate for the detertronzof iron added as a food colorant but
the method is not specific to iron oxides.

Dos Santos et al (2009) used high resolution cantmsource electrothermal (HRCSE) AAS
with direct solid sampling for the determinatidniron (and cadmium) in grain products
(flour, bread and biscuit). While the method showedd analytical performance in terms of
selectivity, sensitivity (LOQ 1.7 mg/kg Fe), acacy and precision (using CRMs), all
experiments were carried out using a prototypeunstnt. A single laboratory validation
and ring trial has recently been undertaken torgete nine nutritional elements including
iron in food products by ICP-AES after wet microwadigestion (Poitevin et al., 2009).
Sample digestion (HN&H,O,/HCI, depending upon the system) was performed ®ittier
closed or open vessel systems and thorough validatas undertaken. The robustness and
efficiency of the method was proved through a sssfte ring trial for 13 certified in-house
reference materials. The method was judged to beafticient, time saving, accurate and fit
for purpose according to rigorous internationaflgagnised quality criteria. The ten study
materials included six reference materials compgisiterilized cream, baking chocolate,
whole egg powder, baby food composite, corn bran;fat milk powder, and four in-house
test materials comprising infant cereals with npitkvder, chocolate milk powder, dietetic
milk powder and pet food. The mean (n=9) iron cotgef five reference materials tested
using the method (peanut butter, chocolate milkgexwinfant cereal, dietetic milk powder
and wheat gluten) were 16.4+0.8, 169.9+4.8, 802#1.1+1.0 and 54.3+6.8 mg/kg
respectively. The corresponding RSInd RSIR values ranged from 1.5 to 5.0%, and from
4.1 to 14.9% respectively. The calculated z-scarged from -2.2 to 0.2 respectively.

The extraction and analysis conditions for a selaadf methods that could be potentially
adapted for analysis of foods for iron oxides amamarized in Table 4.
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10. GENERAL OVERVIEW AND RECOMMENDATIONS

All of the initial and revised milestones and deliables agreed for this project have been
achieved. A systematic critical review of the stifenliterature to determine the current state
of knowledge on the availability of analytical metls to determine the identity and levels of
permitted added natural colours in foods and beesréas been undertaken. Knowledge
gaps have been identified and the available infaondas been evaluated in order to inform
and direct future FSA research in this area. Speoissideration has been given to recent and
potential future developments; in particular valeghanalytical techniques and their
applicability for use in an enforcement role.

The structure of the review is based on eight gsamfmatural colour additives that are
related to the main chemical classes.

10.1 Carotenoids other than annatto E160a, E1604,68d, E160e, E160f, E161b, E161g
Apart from(-apo-8-carotenal, ethyl ester 8fapo-8-carotenoic acid and canthaxanthin, for
which a small number of methods were identified, tlse of carotenoids to colour foodstuffs
is reasonably widespread. The distribution of tifteint carotenoids in fruit and vegetable
source materials is wide and complicated by theinweace of geometric isomers. Most of
the published analytical methods relate to thetemheination in source materials or for
nutritional purposes, rather than as added colgsriut several allow the determination of
multiple analytes. Solvent extraction is generaged with some form of selective clean-up
such as partition and/or SPE followed by reversaspfHPLC. Depending upon the fat
content of the sample, saponification or enzym@ayurolysis is required. RP-HPLC with
PDA detection is used for quantitation and to spdlgtcharacterise the pigments. Most
methods demonstrate sufficient sensitivity but aehatively few methods have been
validated. There is a need for development andlaatin of analytical methods for the
determination of added carotenoids in the wide eavfgprocessed foods in which they are
permitted. Several methods are available for therdenation of canthaxanthifi;apo-8-
carotenal and the ethyl esterfbpo-8-carotenoic acid in animal feeds, which follow dani
extraction and measurement protocols.

It is recommendedthat:
* methods are developed and single-laboratory valddr the determination of
paprika extract (capsanthin and capsorubin) thd ester of3-apo-8-carotenoic
acid and canthaxanthin for the foodstuffs in whiody are permitted,

* methods for the other carotenoids such as thosetegpby Konings and Roomans
(1997), Taungbodhitham et al (1998), Scotter ¢€2@03), Breithaupt (2004) and Hou
et al (2010), are considered for use as a basrefimement and single-laboratory
validated for the foodstuffs in which they are peted, and

» all methods should be subjected to full validatigrcollaborative trial, which should
include protocols for analyte standardisation

10.2 Annatto E160b

Methods for the determination of annatto in a \gre# foodstuffs are reasonably well
established and have been validated for a numbdiffefent sample types. Conditions for
the extraction and cleanup are sample dependerit m@commendedthat:
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» extraction and cleanup methods be refined to widethod scope.

» the methods reported by Scotter et al (2002), Baeipt, (2004) and Noppe (2009) are
considered for use as a basis for future methodldpmnent and validation. Published
methods for annatto are adequately sensitive toteels of annatto added for
colouring purposes and for detection in foodsttlitg are not permitted to contain
annatto but HPLC methods must be capable of dateatid quantifying all of the
main bixin and norbixin isomers. It is also necegs$a have access to standards of the
main colouring principles of known purity.

» following single-laboratory validation of a methtmldemonstrate adequate scope, a
collaborative trial of the method is undertakens Ipossible that annatto could be
determined alongside curcumin

10.3 Curcumin E100

Methods for the extraction and analysis of curcumithe types of foodstuff permitted to
contain it are not well established and have oelgrbvalidated for a small number of
different sample types. However, methods develdpethe analysis of turmeric extracts and
biomatrices could be suitably adapted. Conditiamghe extraction and cleanup of the three
main curcuminoids are relatively simple and clepriachniques have been reported.
Published methods are adequately sensitive fdetreds of curcumin added for colouring
purposes and for detection in foodstuffs that atepermitted to contain it. HPLC conditions
are reasonably well established and UV-VIS, fluceese and MS detection all work well. It
is also necessary to have access to standards pféaim colouring principles of known
purity. It isrecommendedthat:

* a HPLC-PDA/FLU method should be developed and a#tid to demonstrate
adequate scope, with a view to a collaborative dfithe method. The methods
described by Navaz-Diaz and Peinado (1992), Inbak(@003), Zhang et al (2009)
and Scotter (2009) are considered for use as a fraduture method development
and validation. The method must be capable ofctiatgand quantifying all three of
the main curcuminoids CUR, DMC and BDMC. It is pgbksthat curcumin could be
determined alongside annatto

10.4 Cochineal, carminic acid and carmine E120

There are relatively few available HPLC-based méshor the determination of E120, but
they are reasonably well established and have eatated for a number of different sample
types. Conditions for the extraction of E120 atatreely simple and clean up techniques
have been reported. Published methods are adegjsatdditive for the levels of E120 added
for colouring purposes and for detection in footfstthat are not permitted to contain it. RP-
HPLC with UV-VIS detection is generally the prefedrchoice of analysts and will therefore
be amenable to application by enforcement labdesiolt isrecommendedthat:

» the method described by Merino et al (1997) is w@red for use as a basis for any

future development (for PDA detection) and validaiwith a view to a collaborative
trial.
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10.5 Chlorophyll analogues E140-141

Methods for the determination of chlorophylls / pepchlorophyll analogues in foodstuffs
are reasonably well established but very few haentvalidated to any useful extent, and
only for a few sample types. Methods for native eappered analogues have been
developed separately. Itrecommendedthat:

* methods are developed to increase their scopevar toth native and coppered
analogues, as well as cover those foods presciibtheé regulations. Conditions for
the extraction and cleanup are reasonably straighird but are likely to require
refinement to accommodate the increased scope.

* methods based on HPLC-PDA and HPLC-FLU (Scottat,62005) and LC-MS(MS)
(Mortensen and Geppel, 2007) are considered foasisebasis for any future
development and validation since they appear trofidequate selectivity and
sensitivity for the detection and quantitatiortteé main chlorophyll/copper
chlorophyll analogues, and can also used for thstification and measurement of
degradation products . Access to standards of #ie aolouring principles of known
purity is crucial.

10.6 Beet red E162

Apart from a very small number of literature refezes on the analysis of milk products, fruit
products and meat products, methods for the detation of E162 in a variety of foodstuffs
are poorly established and have not been validatetie range of different sample types
permitted to contain it. Conditions for the extraotand cleanup of E162 are relatively
simple and based on aqueous extraction with atdefatage, and chromatographic and SPE
clean up techniques have been reported. Howeegrs 86 minimise analyte degradation are
required. Published methods do not provide suffiictata to assess analytical sensitivity for
detection in foodstuffs but several RP-HPLC metheidk UV-VIS (PDA) and MS

detection, are likely to be amenable to applicabiprenforcement laboratories. It is
recommendedthat:

» an analytical procedure based on aqueous alcolralotion with adsorption / SPE
cleanup and measurement by HPLC-DAD be developddalidated such as those
described by Scotter (1997), Kujala et al (200D &tintzing et al (2006).

« LC-MS(MS) is used as a confirmatory technique dynmethod development (e.g. as
described by Kugler et al (2007)), since the saufgbe method should cover not only
the main colour principles but also potential keted degradation products.

» procedures for the extraction, purification andrabgerisation of reference materials
should also be included.

10.7 Anthocyanins E163

Though generally limited to acidic foods, the uamthocyanins to colour foodstuffs is
reasonably widespread. The distribution of theedé@ht anthocyanins in fruit and vegetable
source materials is wide and complex but all asztan the 6 parent aglycones. Most of the
published analytical methods relate to anthocyatrincture elucidation and their
determination in source materials and not procefsmas. Acidic solvent extraction is
generally used with some form of selective clearialipwed by reverse-phase HPLC.
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Diode-array detection is used to monitor and tesp#y characterise the pigments. The
intact anthocyanins and parent aglycones can Hgsmubby RP-HPLC with PDA and/or
MS(MS) detection with sufficient sensitivity butette is very little evidence of validated
methods. There is a clear need for developmenvalndhtion of analytical methods for the
determination of added anthocyanins in processedsfand in order to facilitate the transfer
of technology, methods need to be kept as simppossible. It isecommendedthat:

» two strategic options be considered, either of Wwimust be developed with sufficient
scope to cover the range of foodstuffs permittecbtatain added E163

() Develop the method to characterise and measure mtghocyanins. For
spectrophotometric measurement, results are narifgpend can be expressed in
terms of the major anthocyanin, but it is importemselect the most appropriate
standard. Determination of individual anthocyanies\g HPLC is recommended
since it will provide a greater amount of detaitieda on anthocyanin profiles.
However, anthocyanin reference standards are mwlyvavailable so where
necessary, these will need to be prepared andviengate standards would have
to be used.

(i) Develop the method to measure the parent aglycame:selate this to overall
anthocyanin content. This option is technologicatigier to achieve but data will
however be relatively limited. It may be possildedevise a procedure for relating
the aglycone content to the anthocyanin contenn&iance by expressing each
aglycone as the most common anthocyanin e.g. tllac®side. All of the
aglycones may be obtained or purified as referemaierials but they are
relatively less stable than the anthocyanins.

» the methods described by Scotter (1997) and Goéfal (1999), Tian et al (2005),
Lee et al (2005) and Ling et al (2009) are congiddor use as a basis for any future
development.

10.8 Caramels E150a-d

Given that caramels are the most widely used addiediring materials, methods for the
determination of caramels in a variety of foodstu#main empirically based and limited by
variations in between caramel products and stglfianalytes. In this context, conditions
for the extraction and cleanup are sample deperadehtequire refinement to widen method
scope with subsequent validation, to include theewange of foodstuffs permitted to contain
caramel. Sample extraction protocols and quantéaiPLC and CZE methods are
reasonably well established and have been validateadlsmall number of different sample
types with mixed success. In this context, publisimethods appear adequately sensitive for
the levels of caramel added for colouring purpdmsédor the detection in foodstuffs that are
not permitted to contain caramel, it is not clétis recommendedthat:

* in the first instance, modern analytical technigsesh as LC-MS/MS, TOF-MS and
NMR should be applied to the classification of caets in order to identify specific
marker compounds for qualitative and quantitativalygsis of caramels in foodstuffs,
as a means of developing better methods of andtysisutine application.

» secondly, the methods described by Coffey et @7{LRoyle and Radcliffe (1999),
Ames et al (2000), Aulenta et al (2001), Wood €2a02) and Burch (2005) are
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considered for use as a basis for any future dpuedaoit of extraction protocols. Both
HPLC and CZE analysis should be considered, sirt®ie of technique will
provide greater accessibility for enforcement |albanies.

10.9 Riboflavin E101
Methods for the determination of riboflavin in ariedy of foodstuffs are well established. It
is recommendedthat:

» the conditions for the extraction and hydrolysistpcols are considered carefully
since they will be dependent upon sample type.ishdxd methods are adequately
sensitive for the levels of riboflavin added fotaaing purposes.

» asuitable literature method such as that deschigacgn den Berg et al (1996) be
used as a basis for development to cover the saidpeds permitted to contain
riboflavin and then validated by collaborative lria

10.10 Vegetable carbon E153

No methods were identified for the determinatiomdéled E153 to foodstuffs. Of the very
few methods available for other (non-food) matri¢he Ficoll density gradient
centrifugation with elemental carbon analysis mdthppears to have the greatest potential
for development as a technique for the extractimhestimation of carbon black in
foodstuffs. However, it is likely to require sigigiint development for application to
foodstuffs and may require complimentary technicgiesh as microscopy. Moreover, the
Ficoll technigue is not likely to lend itself tociée transfer to enforcement laboratories. It is
recommendedthat:

» the FSA should consider if investment in reseapctetvelop methods for E153 in
foods is worthwhile, given its small applicatiomge, that no decision on its ADI has
been made by EFSA and that the JECFA ADI is ‘aat@pt. Conversely, the EU
specification for E153 does however contain a puptecification for polyaromatic
hydrocarbons, which is defined as the result dfraigjuantitative comparative assay.

10.11 Calcium carbonate E170

Calcium carbonate does not have widespread u$e ifobd industry. There are very few
specific methods available for the determinatiosal€ium carbonate in foodstuffs and they
are largely outdated. While methods for carbonegeagailable, the measurement of total Ca
by atomic spectroscopy following sample digestiauld appear to be the most amenable
approach, since any added calcium is likely to wheim any calcium present naturally. It is
recommendedthat:

* AAS/ICP-MS methods such as those described by duistet al (1998), and Fera
(2010) should be considered as a basis for meteeelobment, since this technique
will provide greater accessibility for enforceméatioratories. The method must be
validated for the range of different foodstuffsipéted to contain calcium carbonate,
with a view to validation by collaborative trial.

10.12 Titanium dioxide E171
There are very few methods available for the detetion of titanium dioxide in foodstuffs
but they tend to cover the small range of applicetiof E171. However, both the
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colorimetric and ICPOES methods prescribed forathelysis of animal feeds, digesta and
faeces, and a restricted range of foods offer mmipotential for adaptation, especially to
related elemental spectroscopic techniques.rédemmendedthat:

* an adequately sensitive method such as that deddoyp Hamano et al (1990) should
be considered as a basis for method development #iis technique will provide
greater accessibility for enforcement laboratotiesill require validation for the
range of different foodstuffs permitted to contaianium dioxide, and is likely to
require improved selectivity.

10.13 Iron oxides E172

No methods were identified for the determinatiordfied E172 to foodstuffs whereas
numerous methods are available for total Fe. Wéahdenall number of methods are available
for the determination of iron oxides in non-foodtriees, it is not likely that they will be
sufficiently adaptable for routine analysis of fstdfs due to sample complexity and/or
instrument availability and cost. Itiscommendedthat:

» both spectrophotometric and especially AAS/ICP-AE8 ICP-MS methods such as
those described by Poitevin et al (2009) and F20a() be considered for
development for total Fe determination in foodshey offer the most potential for
adaptation to measuring added iron oxides. Theskads have adequate sensitivity
but will require validation for the range of fooplermitted to contain iron oxides.

» since they share common features for sample daggstind AAS and ICP-MS
methods also have the potential to be developethéosimultaneous determination of
total Ca, Ti and Fe, t development of a multi-elabmaethod be considered.
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11. SYNOPSIS

In undertaking the literature search and subseqesigw, several aspects on the current
state of knowledge of the extraction and analysthwods for natural colouring materials in
foods have become apparent. For those colouringriatst with relatively widespread
occurrence and use such as the carotenoids amacgatiins, there are a large number of
analytical methods available. However, most oféhe® concerned either with the
identification and measurement of the colours mrse materials, or for measurement of
levels for nutritional purposes (carotenoids, ri@aih) or colouring effect/application
(anthocyanins). Not all of the carotenoids withinge permitted for use in foods are covered
to the same extent; there are many publicationm@thods of analysis for the carotenes,
lycopene, lutein and paprika extract (capsanthahaapsorubin), whereas there are relatively
very few for3-apo-8-carotenal, ethyl ester @fapo-8-carotenoic acid and canthaxanthin.

Some of the methods for the latter group have eerloped for the analysis of animal feed
but it is likely that these will be readily adaptedhe analysis of foods. One significant
advantage is that many carotenoid methods poss#&sent scope for the simultaneous
analysis of several carotenoids. The amount ofin&tion on annatto mirrors the amount of
research undertaken in recent years, much of wiaslbeen undertaken by the UK
Government, in response to safety concerns. Ises@ear that for annatto and the other
carotenoids, identification and measurement of@timetric isomers is important and many
methods are capable of separating and measuring the

Due to the complexity of anthocyanin chemistry, @in@lysis of anthocyanins is likewise
complicated. However, there are many literaturehods available for their identification
and measurement but very few have been develogsifisplly for processed foodstuffs.
Two possible analytical strategies are proposeskdbaither on the analysis of the intact
anthocyanins, or on the production and measureafahe parent aglycones. The
chlorophylls/chlorophyllins are a similarly complgroup of pigments but a number of
methods have been developed for their analysisdent years. These require broadening in
scope to cover all foodstuffs permitted under #gutations with concomitant validation.

Although a few applications to food are availalbfethods for curcumin analysis are largely
restricted to biomatrices other than food, whidters the interest in its nutritional
properties. Some of these have been reasonablywalalhted but require adaptation to the
analysis of foods and must encompass all thremgneas. While there are relatively few
available methods for the determination of cochinefoods, the methodologies are
reasonably well established for source materialghmse require further development,
broadening in scope and bringing up to date. Alainsituation exists for beet red but
methods for its analysis are poorly establishedre@dweer, it is important that not only the
main beet colour principles but also degradatia@pcts are included in the method scope.

Given that caramels have the greatest use by faodscolours, their chemistry is not well
understood and is further complicated by theirgsifacsation into four types. As a
consequence, unlike all of the other natural cadaxrcluding vegetable carbon), methods
for the determination of caramels are empiricaigdd; reliant on the measurement of
unidentified but characteristic marker peak. A ogadle number of well defined but limited
methods are available, most of which have beenyoediunder the auspices of the UK
Government. There is a clear need for the apptinadf new analytical technologies to the
development of methods for caramel.
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Because of its nutritional importance, there iargé amount of information available on the
analysis of riboflavin (vitamin B, for which a number of validated methods are labée.
Conversely, there are very few methods availabltherdetermination of titanium oxide in
foods, and none for the direct determination oficah carbonate and iron oxides in foods.
Methods based on elemental analysis are likelyetthb best approach for these colours but
they will require development and validation, wétlview to the use of multi-element
techniques. No literature references could be fdanthe determination of vegetable carbon
in foods and only a small number of methods coelddund for the analysis of industrial
materials, one of which may have sufficient scapedevelopment.

Apart from those for calcium carbonate, titaniuroxiile, iron oxides and vegetable carbon,
and to a lesser extent caramels, methods for tineatdon and measurement of natural
colours in foods or similar matrices possess adeqensitivity and selectivity — at least as a
basis for further development. All require availépiof reference standards, some of which
are either difficult to obtain and/or require extran or synthesis. Not all have been
developed and validated to the same extent; soquéresfundamental development (e.g.
CaCQ, TiO,, Fe0s;, vegetable carbon and possibly caramel) wherdesotequire method
refinement/adaptation and single-laboratory vaiaafe.g.3-apo-8-carotenal, ethyl ester of
[B-apo-8-carotenoic acid and canthaxanthin, curcumin, auedli beet red, chlorophylls,
anthocyanins). Some methods require only refinémeor to full validation by

collaborative trial (carotenes, lycopene, luteimpiika extract, riboflavin). Most methods
require broadening in scope to encompass all faffdgtermitted to contain them, especially
in the light of developments in colour formulati@thnology and nanotechnology in
particular.

In many of the cases discussed in this reviewea her the provision of analytical standards
(authentic chemicals) has been identified. As lenlthighlighted, some standards are not
readily available commercially and have to be ext&d, purified and in some cases
chemically altered or synthesized to obtain theemranalogue(s). This is clearly linked to
the regulatory requirements of the colour spedifce.

Within the context of enforcement, the developn@erd application of methods for the
extraction and measurement of added natural colgumaterials in foodstuffs is driven by
both qualitative and quantitative needs. The qaia need is for labelling purposes and not
misleading the consumer, the ability to detect umgoously the addition of colour to foods
that can or cannot contain it legally and/or thabd do not declare it on the label. Here the
numerical result is less important. An added disi@mmay be if the source or the purity of
the added colour does or does not match the spetiifins for that authorised and/or that
claimed to have been used. The quantitative nefedl determining if the level of addition is
within or exceeds any prescribed limit.

While it is recognised that the provision of stamidashould be addressed as part of method
development and appropriate instructions made aailfor their production (e.g. in a
Standard Operating Procedure), the processestarerait readily achievable for many
laboratories whose role is chiefly that of enforeatrand/or surveillance in terms of cost,
time and other resources.
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In the light of this, it ipproposedthat consideration is given to developing a sgafer the

systematic provision of authentic standards in g swailar to that undertaken by Fera/CSL

for the provision of annatto colour principles t& Bublic Analyst laboratories in order to
facilitate the surveillance of samples for the Wipbrted Food Programme 2005-2006.
Moreover, this could be coupled to the provisionest materials for proficiency exercises

as

demonstrated in several studies on the analy$msoostuffs for riboflavin.
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FUTURE CONSIDERATIONS

The assimilation, dissemination and critical revi@wnformation such as that contained in
this review, is clearly necessary not only to inficand direct future research requirements
but also to support strategic decision makings # task made all the more difficult by the
increasing amount of accessible information anchgimey priorities.

We propose that the FSA consider:

* The development of a system that can pull togetderant information from across
the EU and elsewhere relating to food additiveduising for example, natural
colours that would facilitate these tasks and walsdt enable the data generated to
be accessed on many levels.

* Providing access to the system in the form of acbedole database that gives both
detailed and summary data on food additive-speitifmrmation. For example,
regularly updated comprehensive guide to EU foatitees legislation including
maximum permitted levels and exceedances (via RASERwell as purity
specifications, commodity information, ADIs andaké data, toxicology data and
EFSA decisions, and methods of analysis.

» That such a system updated on a daily basis amdsibte online 24hrs a day 7 day;
a week, would ensure up to date information. Ttetesy would be and designed to
meet the needs of the FSA and other stakeholddrsianld be capable of delivering
information to users without needing to undertadguiar searching. Subscribing to
an information bulletin service would allow usersspecify a number of search
parameters.

2]
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Table 4. Summary of extraction and analysis procedes for natural colours
[* Taken from lowest reported result; AAS = Atongbsorption spectrometry; ACN = Acetonitrile; AER\tomic emission spectrometry; APcl = Atmospheriegaure chemical ionization; BW = Band width; CRM
= Certified reference material, CVb = RSB Between laboratory coefficient of variation (regucibility); CVw = RSD = Within laboratory coefficient of variation (rem@bility); ES = Electrospray; FLU =
Fluorescence; ICP = Inductively coupled plasma;MHRIn-house reference material; LC-MS = Liquid @matography-mass spectrometry; MS=mass spectrondTiBE = methyl tert butyl ether; N/A Not
available; OES = Optical emission spectroscopyARIPhotodiode array; RP = Reverse phase; SLV gl8ilaboratory validation; TEA = Triethylamine; TFEATrifluroacetic acid; UV = Ultra violet; VIS = visle]

Y

Group Analytes Applications Typical extraction condtions Typical analysis conditions Validation LOQ/LOD Reference
1. Carotenoids
Lycopene, Red peppers, 0.2-20g sample weight. Acetone extraction Gradient RP-HPLC acetone:water with Calibration range 1-25 LOD 0.05 | Minguez-
canthaxanthin, oleoresin, paprika| followed by partition with ether/ NaCl solution | PDA detection 450nm ug/mL. Recoveries 96-98%.mg/kg Mosquera et g
B-apo-&carotenal then saponification, partition and rotary 1995
evaporation 35°C .
Lutein, a-carotene,| Carrot, spinach, | Samples freeze dried. 0.5-1.0g sample weight. Isocratic RP-HPLC MeOH:THF (95:5)| Calibration range 0-5 ug/mLLOD 0.1 Konings and
B-carotene, lycopepgomatoes, corn, | Solvent methanol:THF (1:1) with MgCO3, with PDA detection 450nm Recoveries 93-107%. RSDrug/mL, Roomans, 199
tangerines centrifugation then partition with 10%NacCl and 1.9-24.1% EthyB-apo-8 LOQ
pet ether and evaporated to dryness. carotenoaténternal standal 1ug/100g
Carotenes as Cereal, infant Up to 20g sample weight, saponification then | Isocratic RP-HPLC Collaborative trial. RSDr N/A Bueno, 1997
B-carotene and formula, carrots, | partition agueous:pet ether. Dried underoN ACN:DCMMeOH:water (70:20:8:2) UY 3.46-15.65%, RSDR 5.34-
retinol vegetable juice, | rotary evaporation. BHT added as antioxidant| VIS detection 436,450nm. 15.77%. Compared with
baby food squash], official method.
capsules
a-Carotene, Tomato juice, 2-5¢g sample weight, solvent ethanol:hexane WitRP_HPLC UV-VIS detection, mobile | Recoverie®96-101%. B-apg Taungbodhith
B-carotene, lycopepecarrot, spinach MgCO3. Dried under N phase not specified. 8-carotenal internal standard m et al, 1998
B-carotenep-apo-8{ Soft drinks, paté, | Low-fat samples: 5g sample weight, solvent | Isocratic RP-HPLC Calibration range 0 mg/L| LOQ 0.1 | Scotter et al,
carotenal ice cream, cheesg ethylacetate: acetone: ethanol (2:1:1) with CaC@ACN:MeOH:ammonium acetate: Two IHRMs used. mg/kg 2003
and wide range of plus BHT antioxidant, rotary evaporation 40°Q. dichloroethane with 0.1% TEA, PDA | Recoveries soft drinks 86.8-
processed foods § High fat samples: 1-5g sample weight in diethyldetection 450nm. 91.7%, paté 81-88%, ice
beverages ether:pet spirit (2:1), centrifuged, dried under N cream 76-80%, cheese 86
then enzymatic hydrolysis and partition into 109%.
diethyl ether:pet spirit, centrifuged and rotary
evaporated.
capsanthin, lutein, | Beverages, 0.5-2.0g sample weight. Manual extraction: Gradient RP-HPLC MeOH:water:TEA| Echinenone internal LOQ Breithaupt,
canthaxanthinB- pudding mix, solvent MeOH:EtOAc:pet spirit (1:1:1), MTBE with PDA detection 450nm and standard. Calibration range 0.53-0.79 | 2004
apo-8'-carotenal, | cereals, cookies | partition with NaCl solution, rotary evaporatior) LC-(APcl) MS confirmation. 0.5-25.0 mg/L R>0.999. mg/L or
B-apo-8'- and sausage 30°C. CaCQ@added if acidic and saponificatior] Recoveries 88.7-103.3% | /kg.
carotenoic acid used for oleoresin. Accelerated solvent (manual), 91.0-99.6%
ethyl esterp- extraction: 25-80°C, 70-140 bar, solvents as ASE.
carotene, bixin, above.
norbixin and
lycopene
lutein, transa- Tomatoes 10g sample weight, solvent MeOH:THF (1:1) Isocratic RP-HPLC B-apo-8carotenal LOD Dias et al,
carotene, trang- with MgCG;, vacuum filtration, partition with ACN:MeOH:ammonium acetate: DCM internal standard. 0.57-0.91 | 2008
carotene, pet spirit with BHT antioxidant, rotary with 0.1% TEA, and PDA detection Calibration range 0.05-4.0| ug/g
lycopene - evaporation. Dissolved in DCM. 450nm . ug/mL R>0.9985. mean LOQ
cryptoxanthin, recovery 93.7%. 1.74-2.52
zeaxanthin Acceptable z-scores. ug/g.
lutein, B-carotene, | Tomatoes Microextraction of tomato powder 400mg Isocratic RP-HPLC ACN:water:EtOAc| Good correlation of LOD Sérino et al,
lycopene, alternating periods of vortexing and (53:7:40) PDA detection precision and accuracy 0.02-0.05 | 2009
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Group Analytes Applications Typical extraction conditions Typical analysisconditions Validation LOQ/LOD Referenct
phytoene centrifugation with NaCl solution, hexane, 448,454,474nm with a reference method] ug/mL

DCM, EtOAc, Upper phase filtered. Linear regression
coefficients ca. unity.
Recoveries quantified by
standard addition
technique reported as
100%. Uncertainty
estimate given.

Canthaxanthin Animal feed 5g sample weight, ACMastion with RP-HPLC gradient ACN:0.1% formic | Calibration 0.1-1.0 ug/mL | LOD Hou et al,
ultrasonication and centrifugation;{SPE acid at 35°C. PDA detection 500nm. | R?=0.9993. Recoveries for| 0.006 2010
cleanup. spikes 0.2-0.8 mg/kg 85.71 mg/kg

88.6% RSD <7.2%. LOQ 0.02
mg/kg
E160b Annattc | Bixin Red peppers, 0.2-20g sample weight. Acetone extraction TLC on silica gel-F with various Recoveries 96-98% LOQ 0.05 Minguez-
oleoresin, paprikal followed by partition with ether/ NaCl soln then solvent phases then spectrophotometry. mg/kg Mosquera et
alkaline saponification . RP-HPLC with PDA detection 450nm al., 1995
Bixin and norbixin | Candies, cheese,| Sample size 20g. Extraction / partition using | RP-HPLC with UV-VIS detection at Recoveries from cheese | LOQ ca. Lancaster and
cis/trans isomers | butter and ethanolic aqueous ammonia, pet ether, hexane 500nm 92.6%, butter 93.2%, 5ng/g Lawrence,
margarine and CHC4. candies 88%. 1995

Norbixin and bixin | 165 composite + | Five different extraction regimes depending RP-HPLC with PDA detection at Single lab validation with | LOQ 0.1 | Scotter et al.,

cis/trans isomers + 2 single foods — | upon sample type. Either variant of extraction|/ 455nm x 10nm BW IHRMs. Recoveries 61- mg/kg 2002

other isomers cheese, partition using ethanolic agueous ammonia, 96% for 12 different

margarine, fish, hexane with Celite; partitioned CHZHOAC; or commodities spiked at 1.7
edible ices, Biphasic partition CECN/hexane. Antioxidant —27.7mg/kg.
snacks, bakery added.
wares, desserts,
compound foods
Bixin and norbixin | Cheese, butter Sample size 5¢g. Extraction with acetone/HCI | RP-HPLC with UV-VIS detection at Recoveries 80-100%. LOD 0.1b Bareth et al.,

cis/trans isomers | and cream (cheese) or ethanolic aqueous ammonia, pet | 460nm mg/kg 2002

ether (butter and cream) ,centrifugation,
filtration, SPE

Bixin (as norbixin) | Extruded corn Sample size 5g. Digestion with a-amylase, ethyRP-HPLC with PDA detection 450nm Recoveries 96-9B%D LOQ 0.04 | Rios and

shacks acetate extraction (x8) and partition against 20% 1.13% mg/kg Mercadante,
NaCl. Concentration then alkaline 2004
saponification, partition into ether and
concentration.

Bixin and norbixin | Beverages, (1) Accelerated extraction. Sample size 1-5mLRP-HPLC(Go) with PDA detection Recoveries 88.7 £ 6.2% | 0.53— Breithaupt,
pudding mix, or 1.0-2.0g. ternary solvent 40°C/70 bar. 450nm (norbixin) and 98.0 + 1.7%94 0.79 2004
cereals, cookies (2) Manual extraction. Sample size 1-20mL gr LC-MS APcl +ve [M+H] m/z 381, (bixin) manual ext. mg/kg
and sausage. 0.5-2.0g. Ternary solvent ext with aq partition 395

or HOACc ext.
Bixin and norbixin | Meat products 1g Sample sizer&cted into acetonitrile using RP-HPLC-PDA with detection at 458 | Recoveries of between 99| LODs for | Noppe et al.,
vortex mixing and centrifugation and 486nm. LC-MSn) in both positive| and 102% at 0.5 and 4 HPLC- 2009
and negative ion modes at m/z 379 andmg/kg PDA (0.5
m/z 395 for norbixin and bixin mg/kg)
respectively and LC-
MS (1

Page 1

11



am

Group Analytes Applications Typical extraction conditions Typical analysisconditions Validation LOQ/LOD Reference
mg/kg)
2. Curcumin Total Yoghurt and 0.3-2g sample weight. Acetonitrile extraction, | Spectrofluorimetry akex=397nm Recoveries 105% yoghurt] LOQ 0.1 | Navaz-Diaz
E100 curcuminoids mustard filtration and dilution. Aem=508nm 94% mustard to 0.4 and Ramon-
mg/kg Peinado,
(calc.) 1992
CUR, DMC, Tablets, teas and| >0.1g sample weight. Methanol extraction withh RP-HPLC with —ve ES LC-MS at m/z| Recoveries at 1 ug/g 85.84 LOD 1.0 | Inoue et al.,
BDMC candies ultrasonication, or predilution in water then 307 (BDMC), 337 (DMC) and 367 92.9% and at 10 ug/g 91.6- ng/mL 2003
reverse-phase SPE preconcentration and (CUR). 96.5%
cleanup.
CUR, DMC, Curcuma longa 100g sample weight. Soxhlet extraction with | TLC on silica gel using CHGMeOH Recoveries 96.29-98.71% 0.1ug Paramasiv
BDMC gerrmplasm hexane to remove oils théenzeneClean up and scanning densitometry at 425nm,| et al., 2009
by silica column chromatography
CUR, DMC, Powders, tablets,| 0.025-1g sample weight. Methanol extraction | RP-HPLC with fluorimetric detection | Recoveries 94.1% and LODs Zhang et al.,
BDMC dressings, teas with ultrasonication, centrifugation and Aex=426nmem=539nm 104.7% at 1.25-15.00 (ng/mL) 2009
and beverages filtration. Internal standard (xylenol). ug/mg. 1.5
(CUR),
0.9
(bmC),
0.09
(BDMC)
CUR, DMC, Commercial 100mg sample size. Acetonitrile extraction with RP-HPLC with UV-VIS detection at Recovery 98-102% at 0.5- LOQs Wichitnithad
BDMC (synthetic) | turmeric extracts | ultrasonication 425nm. 50 ug/mL. RSDs <2%. (ug/mL) et al (2009)
System suitability data 2.73
(CUR),
2.53
(bmC),
0.23
(BDMC)
CUR, DMC, Fish 2g sample weight. Ground with Celite, ascorbylRP-HPLC with PDA detection at Recovery 85% (n=10) at N/A Scotter, 2009
BDMC (synthetic) palmitate and HCI. Hexane wash then 422x10nm BW. 8.4 ug/g. RSD 5%. Systen
acetonitrile extraction, centrifugation, filtration 4suitability data
concentration.
3. Cochineal / | Carminic acid Yoghurt 1g sample weight digestegrat with papain RP-HPLC acetonitrile:1.19M formic | Linear response 0.02-5.0 | LOQ 0.1 | Jalén et al.,
carmines 37°C-70°C. Acid hydrolysis followed by acid with diode array detection at 284 ug/mL R=0.9997. ug/g 1989
Polyamide column cleanup and 500nm Recoveries at 5,10,15 and|
20 ug/g were 87.2-95.3%.
Carminic acid Yoghurt, cheese,| Beverage samples analysed directly. High lipid RP-HPLC acetonitrile:1.19M formic | Spiked water and milk LOD Carvalho and
cookie filling, samples pre-extracted with hexane; high prote[nacid with diode array detection at recoveries 99% and 96% | PDA 1 Collins, 1997
alcoholic samples digested in strong alkali then strong acid80nm and fluorimetric detection at | resp. using PDA ug/mL;
beverage Followed by centrifugation and filtration. Ex=470nm and Em=600nm FLU 1.5
ug/mL
Carminic acid Fruit jelly, 3g solid sample weight, 10mL liquid samples. | RP-HPLC methanol:phosphate buffer; Linear response 0-20 LOD 0.1 | Merino,
ligueur, juice, Acid hydrolysis with 2M HCI. RP-SPE cleanup| pH 6. UV detection at 280nm ug/mL. Mean recoveries | mg/L. Edberg and
yoghurt, ice adjust pH to 6. 85-94% RSR<12%. 11 Tidriks, 1997
cream. laboratory collaborative

trial.
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Group Analytes | Applications | Typical extraction conditions | Typical analysisconditions Validation LOQ/LOD Referenct
Carminic acid Raw sausage 10g sample weight ezttagith DMF 80°C 30 | TLC on silica gel using methanol: Ring trial on 3 samples N/A Brockmann,
min. centrifuged, defatted with pet spirit, water (6:4) or on cellulose using spiked at 0.1,0.2 and 0.3 1998
partitioned against CHCI3/water and cleaned upmethanol:water:10% NaCl solution g/kg gave 1/15 false
on DEAE cellulose and eluted into acetone/HCI.(7:2:1). positives
4. Chlorophylls
E140(i) chloropy The a and b formg Cherimoya fruits | Not given. RP-HPLC gradient MeOH/ammonium System suitability criteria N/A Almela et al.
and E140(ii) of chlorophyll, (custard apple) acetate/acetone with PDA detection 2000
chlorophyllins | chlorophyllide, (660nm) and fluorescence detection
phaeophytin, Ex=440nm, Em=660nm
phaeophorbide
The a,aand b,b Processed green | 10g sample homogenised with water/acetone | RP-HPLC gradient MeOH/water/ethyl External calibration with N/A Edelenbos et
forms of peas with ultrasonic agitation, centrifugation and acetate with PDA detection (440nm) | authenticated standards. al., 2001
chlorophyll, filtration. and fluorescence detection Ex=430nmBetween run RSD range
chlorophyllide, Em=670nm 1.7-17.2%
phaeophytin,
phaeophorbide
38 chlorophyll Processed beans | Acetone extraction, centrifugation, RP-HPLC gradient MeOH/water/ethyl None. Structural diagnosis N/A Gauthier-
analogues and spinach ultrasonication . acetate with PDA detection and MS assignments Jaques et al.,
(430,650,670nm) and LC-MS/MS 2001
APcl detection
41 chlorophyll Tea leaves and 0.1g sample weight ground with 80% acetone.| RP-HPLC gradient External calibration with N/A Suzuki and
analogues infusions Water infusions. MeOH/MeCN/aqueous authenticated standards. Shioi, 2003
pyridine/acetone with PDA detection
(410,430,450nm) and LC-MS/MS
APcl detection
Phaeophorbide a | Health foods: 0.2-2.0g sample weight ground with 85% RP-HPLC isocratic MeOH/ammonium Spiked Chlorella tablet <1mg/kg| Oshima etal.
and Chlorella, acetone, centrifugation, . RP-SPE cleanup. acetate with fluorescence detection | mean recoveries for Phora| 2004
pyrophaeophorbid| spirulina, Jew's Ex=410nm, Em=670nm and Pyroa (n=4) 89.4%,
ea mallow, aloe, kale, 93.0% (@ 10 mg/kg);
green tea 88.6%,98.9% (@100
mg/kg); 94.6%,98.1% (@
500 mg/kg)
E141(i) Copper| CuPPa, CuChle4, Prepared reference N/A RP-HPLC MeOH/water/acetic acid N/A LODs Inoue et al.,
chlorophylls and CuRhg7, CuChle6 materials with PDA detection at 407 or 423nm. (ng/mL) 1994
E141(ii) Copper CuPPa =
chlorophyllins 3.5,
CuChle4
=1.4,
CuRhg7 =
3.3,
CuChle =
15
CuChle4, Sodium copper Adjustment of pH to 3-4, extraction into ether] RP-HPLC MeOH/water/acetic acid N/A N/A Yasuda et al.,
CuChle6 chlorophyllin evaporate to dryness dissolve in MeOH with PDA detection at 405nm. 1995

colour; Bracken,
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Group Analytes | Applications Typical extraction conditions | Typical analysisconditions | Validation LOQ/LOD Referenct
chewing gum
CuPPa, CuChle4] Sodium copper N/A RP-HPLC MeOH/ammonium N/A N/A Chernomorsk
CuChle6 chlorophyllin acetate/acetone with PDA detection at y etal.,, 1997
colour 405nm.
CuPPa, CuChle4| Preserve, jelly 1-5g sample weight. Extraction into citrate RP-HPLC gradient MeOH/ IHRM; Recoveries 8 diff LOQ 0.7- | Scotter et al.,
CuRhg7, CuChlef confec., Sugar buffer (pH 2.6)/ethyl acetate/acetone. Some | ammonium acetate/acetone with PDA foodstuffs 77-109% except 1.0 mg/kg | 2005
plus non-coppered confec., mint samples defatted with hexane. Centrifugation,|Ndetection at 650 x 40nm bw and jelly confec.(50%). RSD < | total Cu
analogues sauce, ice cream, | blow drying<40°C. Internal standard used. fluorescence detection at Ex=400nm| 12%. chlorophy
beverage. and Em=640nm. lls or Cu
chlorophy
llins
CuChlp6, Ciso- | Sodium copper N/A RP(Go)-HPLC gradient MeOH/ None. Structural diagnosis N/A Mortensen
Chle4, CuChle6 +| chlorophyllin water/acetic acid/t-butyl ether. PDA | and MS assignments and Geppel,
ca. 12 other minor| colour detection LC-MS, ES and EPCI. 2007
components
5. Beet re( Betanin, Beet red colour Dilution and filtration RP-HPLC Methanol:0.05M plpisate N/A N/A Scotter, 1997
betanidin, formulations pH 2.75 gradient. PDA 475, 535nm
isobetanin,
isobetanidin,
vulgaxanthins |
and Il
Beet red colour Sausage (may b¢ Defatting; aqueous acetic acid extraction, RP-| TLC on cellulose using Ring trial on 3 samples N/A Brockmann,
applied to milk SPE cleanup butanol:formic acid:water (50:15:15)| spiked at 1,2 and 3 g/kg 1998
products and fruit or on silica using propanol:acetic gave 2/15 false positives
products) acid:water (60:20:20)
Betalaines and Beet peel 80% aqueous methanol, centrifugatioaryot RP-HPLC acetonitrile:formic N/A N/A Kujala et al,
degradation evaporation. acid:water gradient. PDA 240-370nn. 2001
compounds LC-MS +ve and —ve ESI
Eight betalaines +| Food colour Dilution RP-HPLC acetonitrile:formic N/A N/A Stintzing et
anthocyanins concentrates acid:water gradient. PDA 530nm. LG~ al, 2006
MS +ve ESI
Betacyanin (22) Flowers Cryogenic milling then 10g sample 150mL 60%RP-HPLC acetonitrile:formic N/A N/A Kugler et al,
and betaxanthin methanol containing 50mM sodium ascorbate,|38cid:water gradient. PDA 470 and 2007
(13) analogues min at ambient temp. Filtration, rotary 535nm. LC-MS +ve ESI
evaporation at 30 0176C.
6. Anthocyaning 6 Aglycones Anthocyanin food| Dilution in acidic media RP-HPLC HPLC 10% formic N/A N/A Scotter, 1997
colour acid:ACN gradient 35°C PDA
formulations detection 530nm x 20nm BW
6 Aglycones, 34 | 8 Red fruit juices Dilution in acidic media /homoggation RP- RP-HPLC UV-VIS 10% formic Cyn-3-Glu std. Ring trial 9 N/A Goiffon et al,
anthocyanins SPE cleanup acid:ACN gradient. Detection 525nm labs for anthocyanin 1999
profiles and contents gave
high variability in RSD
and RSIR
Anthocyanins Raspberries, Lyophilisation, extraction into 90% MeOH + RP-HPLC 10% formic acid:ACN External standardisation N/A Tian etal.,
blueberries and 0.1% formic acid, sonication, centrifugation. RIP-gradient. PDA detection 520nm (200} standard anthocyanins 2005

grapes

SPE cleanup

600nm). LC-MS/MS ES +ve, MRM

used.
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Anthocyanins 7 juices Spectrophotometry: Dilutiohuffer at Differential spectrophotometry at 520 External standardisation N/A Lee et al,

different Ph values. and 700nm. Cyn-3-Glu and Mal-3-Glu 2008
RP-HPLC 10% acetic acid, 1%
phosphoric acid:ACN gradient PDA
detection 280 and 520nm.
LC-MS lon trap) acetic
acid: TFA:water:ACN gradient

Cyn-3-Glu, Cyn-3H Bioadhesive Centrifugation, dilution, SPE HLB cleanup RP-HPQQ % formic acid:ACN Recoveries (1-500 ng/mL)| LOQ 1-5 | Ling et al,

Cyn-3-Sam, Cyn-3- raspberry gel and gradient. LC-MS/MS detection ES 90.7-119.3%. Within- and | ng/mL 2009

XRut biological fluids +ve, MRM between-run RSp<

18.3%.
7. Caramels Class |, llland IV | Caramel 10g sample weight + 1M N@O; ext GC-FID on OV101 N/A N/A Patey et al.,

LMW fingerprinting CHCIy/EtOH (80:20). Dry through N8O, and 1985

rotary evap 40°C Silylate derivn.

Class Il Semi-quantitative Aqueous dilution. RPLC 5mM pentanesulfonic acid N/A N/A Coffey and
:5% MeOH gradient elution. UV Castle, 1994;
detection at 275nm. CZE 30mM
phosphate pH 1.9 30kV 35°C UV
detection at 275nm

Class Il Beer and biscuits | Beer diluted with water. Biscuits heated in waterRP-HPLC 5mM pentanesulfonic aciq External standardization LODs 0.1 | Coffey et al,

plus gravies, yeastl at 60°C 1 hour and cooled. Partitioned against| :10% MeOH gradient elution. UV and standard addition. g/L beers, | 1997
extract, beef toluene to remove fat. detection at 275nm. Recoveries (beers) 90- 0.3 g/kg
extract, cake mix, 114% biscuits
meringue mix and
confectionery
Class IV and Il + 4 Caramel Aqueous dilution RP-HPLC 0.05M phosphate, 0.005M Calibration with known LOD Ciolino. 1998
Mel, 5-HMF, THI | fingerprinting; sodium octane sulfate pH 3.0: MeOH Class IV caramels 0.02%
Acerola juice (85:15). PDA detection 215nm (190-
600nm)
Class IV Class IV caramelg Aqueous dilution CZE 50mM carbonate buffer pH 9.5, Calibration with known LOD 0.1g | Royle et al.,
of differing N and 20kV, 25°C. UV-VIS detection, 200-| Class IV caramels 0.1-10 ¢ solids/L 1998;
S contents. Soft 460nm. solids/L, R>0.998. CVw
drinks. 6-18% (2 labs).
Class I, II, 11l Caramels of Aqueous dilution. Ultrafiltration 5000 Da cut off ZE 50mM carbonate buffer pH 9.5, N/A N/A Royle and
differing N 30mM phosphate buffer pH 2.5, 20- Radcliffe,
contents 30kV, 25°C. UV-VIS detection, 200- 1999
differentiation by 460nm.
fingerprinting
LMW and HMW
fractions
Class lll Biscuits, dessert | 2g sample heated in water at 60°C 1 hour and| CZE 50mM carbonate buffer pH 9.5,| Calibration with known N/A Ames, Inns
mix, gravy cooled. Partitioned against toluene to remove faR0kV, 25°C. PDA detection, Class Ill caramel &0.97. and Nursten,

browning, stock

cube, liquorice,

200/280nm (190-600nm).

Recoveries (0.141-1.43

mg/mL spike) 87.2-

2000
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soup, sauce. 121.8%.
Class Ill, IV Caramels. Instant| 2g sample weight, extracted into 1lomM FFE/CZE 900V, 5°C Recoveries from spiked N/A Aulenta et al.,
noodles, dried phosphate pH 7.4, centrifuged, filtered. RP-HPLC 5mM pentanesulfonic acid foods (at 0.2-2% ) 40- 2001
beef risotto, sweet : MeOH gradient elution. PDA 145% (Class Ill) and (at
and sour rice, detection at 280nm. 0.5-2.0%) 26-90% (Class
marinade , malt V)
loaf (Class Il).
Soup, gravy, cake
(Class IV)
Class II, IV Various foods Class IIl: 2g sample weight, extraction into RP-HPLC 5mM pentanesulfonic acid Calibration std caramels N/A Burch et al,
and soft drinks 10mM phosphate buffer , centrifugation, : MeOH gradient elution. PDA Class Ill and IV. 2002
filtration detection at 280nm. Class Ill: 30-271%.
Class IV: recoveries 70-
Separation of Class Ill and IV using | 115% (n=3, RSD<20%).
FFZE and spectrophotometry at Variable recoveries from
450nm/FLU . ‘blind’ samples 22-148%.
Class I, IV Soft drinks (IV) Soft drinks: Degassed and filtered. Foods: 2g | CZE/FFE carbonate buffer pH 9.5, | Calibration std caramels N/A Wood et al.,
and foods (II1) sample weight extracted in to water 60°C 1h, | 30mM or phosphate buffer pH 2.5, | Class Ill and IV. Single lab| 2002
cooled ,toluene patrtition, filtration. 30kV, 25°C. UV-VIS detection, 200 | validation and cross
and 280nm, 190-600nm PDA. validation.
Caramel Spirit drinks aged| Samples dissolved or diluted in aqueous etharjol  éléagth ratio spectrophotometry N/A LOD 0.08 | Boscolo et
in oak casks at 210/280nm. PLS calibration mode]. g/L al., 2002
Class Il Biscuit, burger, 2g sample weight, extraction into 10mM RP-HPLC 5mM pentanesulfonic acid Calibration std caramel LOD ca. | Burch, 2005
cake, pie filling phosphate buffer , centrifugation, filtration : MeOH gradient elution. PDA Class Ill. Single laboratory 0.1%
detection at 280nm. recoveries at 0-5% spike
[LC-MS] 90.5-108%.
Collaborative trial.
8. Other colourg
E101 Riboflavin| Riboflavin/FMN/ | Lyophilized pig's | 0.2-5g sample. Acid hydrolysis (0.1M HClat | Mostly RP HPLC with fluorimetric Intercomparison study, 16 N/A Van den Berg
Riboflavin-5- FAD liver, mixed 121°C, 30 min) followed by enzymatic detectionAex 360-378NMAer 420- laboratories. etal., 1996
phosphate vegetables, hydrolysis (takadiastase at pH 4.0, 37-45°C, 18mM40nm CRMs. CVw <8% CVb =
wholemeal flour 12-40%
Riboflavin/FMN/ | baby food, 5g sample. Acid hydrolysis (0.1M HCI at 100°C, RP HPLC MeoH/0.05M sodium Collaborative study 12 N/A Arella et al.,
FAD powdered milk, 30 min) followed by enzymatic hydrolysis acetate with fluorimetric detectiohec | laboratories. 1996
meal with fruits, (takadiastase at pH 4.5, 37-45°C, 18h) 422 Aem522nm RSD: 13-21%
yeast, cereal (2), Recoveries >89% except
chocolate powder, for chocolate powder
food complement (75%)
and tube-feeding
solution
Riboflavin/FMN/ | Milk, pork, veal, 1.0-5g sample. Acid hydrolysis (0.1IM HClat | RPLC/FLU CRMs <04 Ndaw et al.,
FAD yeast, mackerel, | 100°C, 30 min) and/or enzymatic hydrolysis mg/kg 2000
wheat flour, takadiastase + others at pH 4.5, 37°C, 18h) (wheat
porridge oats, rice flour)*
peas, orange juice
carrots.
Riboflavin/FMN/ Beef steak, pork 0.5-5g sample. d\biydrolysis (0.1M HCI at RPLC MeOH/H20 / FLWA\e 450nm, | CRMs <1.35 Tang, Cronin|
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FAD loin/shoulder, Pig | 100°C, 60 min) and various enzymes (pH 4.3-4.%.»510nm mg/kg and Brunton,
liver. 37°C, 18h). protein denaturisation with TFA. (pork 2006
loin)*
Riboflavin/FMN/ | Milk powder, 1-5g sample. Acid hydrolysis (0.1M HCI at RPLC MeOH/buffer / FLU\x CRMs 20pg Jakobsen,
FAD baby formula, 121°C, 30 min) followed by enzymatic 468nM\em 520nm Mean recoveries of FMN- | LOD 2008
liver paté, raw hydrolysis (takadiastase at pH 4.0,45>C, 18h) spiked solutions and 0.1 mg/kg
liver, fried liver, VS. samples was 81% and 77% LOQ
chopped pork, 0.2-15g sample. Acid hydrolysis (0.1M HCI at resp.
pork meat balls 121°C, 30 min) followed by enzymatic
white cabbage, hydrolysis (amylase, papain, acid phosphatase at
broccoli, oat flour, | pH 4.5, ultrasonication 1h)
wholemeal flour,
wheat bran, dried
yeast.
E153 Cabon blg Carbon Cell cultures Ficoll density gradient cdagration Two-stage elemental carbon analysi|s N/A AN/ | Saxena,
Gilmour and
Hays, 2008
E170 calcium Carbonate Flour Evolution of GQvith HCI Volumetric; Chittick apparatus or N/A N/A Kirk and
carbonate titrimetry Sawyer, 1991
Gravimetric
Carbonate (i) Beel Dilution lon chromatography (i) 5mM HCI N/A N/A Haddad and
(i)Wine Dionex AS-1 ion exclusion (ii) C18 Jackson,
SPE, Dionex AS-1, 2% 2-propanol ir| 1990
2mM octanesulfonic acid
Total Ca Flour, baking Ashing, solubilization in HN@ Precipitation as calcium oxalate and N/A N/A Kirk and
powder, gelatine, titration with potassium Sawyer, 1991
ice cream permanganate or colorimetric
measurement with chloranilic acid
Total Ca Cocoa, milk, 0.1g sample. Dry ashing and wet digestion AAS 422.7 CRMs 0.06% * Salvador , de|
oyster tissue la Guardia
and Mauri ,
1988
Total Ca Maze, lucerne, 0.7-1.0g sample. Dry ashing and wet digestion AR3.Anm CRMs 1.9mg Gottelt et al.
grass, cattle liver, 1996
cattle kidney
Total Ca Apple, milk Sample amount equivalent to 0.2-0.25 g dry | AAS 422.7nm Collaborative study 11 N/A Julshamn,
powder, minced material. Microwave digestion in HN,0, laboratories Maage and
fish, wheat bran RSD 2.4-7.8% Wallin (1998)
and chocolate, RSD; 4.0-13.0%
composite diets
Total Ca Various 0.5-3g sample. Microwave digestioHNO; ICP-MS CRMs 0.1-1 Fera, 2010
mg/kg
Total Ca Water, vegetables 1g sample. Dry ashing solubilisation in HCI. Speptrotometry of alizarin Mean recoveries 101-108| 0.035 Gao, 2002
and foods complex at 470 and 630nm % ug/mL
E172 Titanium | TiO;as Ti Chicken digesta 0.1g lyophilised sample. &sfying followed by | Spectrophotometry at 410nm Calibratioh>®.995. Ca.25 Short et al.,
dioxide solubilisation in HSQ, and treatment with $D,. Recovery range 98.7- mg/kg 1996 and
99.7% Myers et al.,
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Typical extraction conditions |

Typical analysisconditions |

Validation

LOQ/LOD]

Referenct

2004

TiO, as Ti

White chocolate,
processed cheese
and chewing gum

0.5-2g sample. Digestion in
H,SQ/HCIO4/(NH4).SOs. Treatment with
ascorbic acid to remove Feand dilution in HCI.

Spectrophotometry of

Recovery range 92.1-

diantipyrylmethane complex at 390nm99.8%

5 mg/kg

Hamano et al,
1990

q

TiO, as Ti

25 different
foodstuffs
including
confectionery,
cheese, chewing
gum, sauces and
dressings,
mustard, beverage
whiteners

0.5g sample. Digestion in.BO, at 250°C for 1
hour then diluted to 5.9M

ICPOES at 336.121nm

Recovery range 95+9.2-|
95+11.8%
Control samples

5.5+2.0
ug/L

Lomer et al.,
2000

E173 Iron oxides Total Fe

Flour

Ashing followed by digestion in Haénd
solubilisation in HCI

Spectrophotometry of phenanthroling
complex at 520nm

Calibration with ferrous
ammonium sulfate

Ca.
0.05mg

Kirk and
Sawyer, 1991

Total Fe

Various

0.5-3g sample. Digested in HM@h high
pressure microwave

ICPMS

CRMs

0.1-1
mg/kg

Fera, 2010

Total Fe

Milk, tea, coffee,
mung, gram, rice
bran, maize,
wheat flour

100mL liquid or 2-5g solid sample ashed and
digested in HN@HOCI/HCI depending upon
sample type.

Spectrophotometry of PBN complex
at 550nm

Recovery range 99.3-
100.8%; RSD range 0.26-
1.15%. Compared to AAS

Ca. 1l
mg/kg or
L

Sharma and
Singh, 2009

Total Fe

Flour, bread and
biscuit

Pyrolysis of solids after drying and powdering.

HBEEAAS using 228.726nm line

CRMs

1.7
mg/kg

Dos Santos et
al., 2009

Total Fe

sterilized cream,
baking chocolate,
whole egg
powder, baby
food composite,
corn bran, non-fat
milk powder,
infant cereals with
milk powder,
chocolate milk
powder, dietetic
milk powder and
pet food, peanut
butter, chocolate
milk powder,
infant cereal,

wheat gluten

Up to 10g sample. Digested in HNB,0,/HCI
with high pressure microwave

ICP-AES

CRMs and IHRMs
SLv

Ring trial
Uncertainty est.

0.03
solution
10 food

Poitevin et al.,
2009
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