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What are the rules
of the game?

EFSAEFSA
Under Commission Regulation 1331/2008 all food additives must undergo a safety evaluation by EFSA prior to their 
authorisation by EU risk managers. According to Commission Regulation 1333/2008, all food additives authorised for use 
in the (EU) before 20 January 2009 should be subject to a new risk assessment by EFSA.

f f f• Food additives: New regulations on food additives, food enzymes and flavourings
• Regulation 257/2010 setting up a programme for the re‐evaluation of approved food additives
• Food labelling ‐ EU legislation

Delivered into at the EU level by several working groups within the Panel on Food Additives and Nutrient Sources added y g g p
to Food

• Chemistry and Specifications ‐ ANS Panel
• Exposure Assessment ‐ ANS Panel
• WG 'A' Food additives and nutrient sources 2008‐2011 ‐ ANS Panel
• WG 'B' Food additi es and n trient so rces 2008 2011 ANS Panel• WG 'B' Food additives and nutrient sources 2008‐2011 ‐ ANS Panel
• Guidance on Food additives ‐ ANS Panel
• WG on Toxicology ‐ ANS Panel



Haemoglobin: Yes/No?Haemoglobin: Yes/No?

• Nice colour: vivid, deep etc.  Red under high oxygen environments.
• Problems – Source, Degradation /Oxidation products reported to exhibit opioid, pro‐
bacterial and ACE inhibition properties.

• Ethical and societal issues.
• Too complex for purification.  Allergenicity issues following degradation.



Bacterial routes to red
Biosynthetic and regulatory 
prodigiosin mutants 
of Serratia

Roseophilin and the Prodigiosin Alkaloids: the red pyrrole‐
containing pigment commonly found in Serratia, 
St t d Vib i i h ll d fi dStreptomyces and Vibrio species has well‐defined 
antibacterial properties.
Perez‐Thomas et al (2003) Biochem Pharmacol 66, 1447–
1452; Angew. Chem. Int. Ed. 2003, 42, 3582 – 3603g

Raphael's “Mass of Bolsena” fresco in the 
Vatican.



Synthesis Roseophilin and the Prodigiosin Alkaloids

FermentativeFermentative 
Production

Definitely viable.
A tib t i l ti it l

Too Expensive
Antibacterial activity also.

Human bioactivity not fully tested.



Fungal PigmentsFungal Pigments

Hypocrella bambusaeHypocrella bambusae
(Bamboo fungus)

• 74 – Hypocrellin
• 75 – Shiraiachrome A

• 76 – Shiraiachrome B

• 77 – Shiraiachrome C
HO‐

(aq)77  Shiraiachrome C



Dermocybe Splendida



Dihydroanthocenones

Dermocybe Sanguinea



lactarius sanguifluus

A i dArcyria denutans

McGill, Nat. Prod Rep.  20(6):615‐39.



Betalains
Antiproliferative effects in human chronic myeloid leukaemia Cell line‐

K562. Phytomedicine 14, 39‐746.

Possible protection of LDL against ex vivo–induced oxidative

modifications. Am J Clin Nutr 80, 941–5.

*Recently implicated as contributing to a reduction in D‐galactose‐

induced neurotoxicity in mice. Phytomedicine, 17, 527–532.

Could be an ideal food colouring – stable(ish) and with no provenCould be an ideal food colouring stable(ish) and with no proven

bioactivity. Trends in Food Science & Technology 15, 19–38.



Betalains ‐ Betacyanins

Purple
B t t PitayaBeetroot



Betalains ‐ Betacyanins

• Microbially safe with minimal or zero coliform counts.

• Comparative colour addition  = no taste impacts

• Degradation during storage greater in light. 

• Glycosylation imparts increased stability in storage and solution.

• Acylation of the glycosyl portion imparts additional stabilityy g y y p p y

• Aglycone < glycoside < acylated glycoside

• Stable over pH 3‐7.  

• Betacyanin losses in pitaya juice acidified to pH 4 is less than 10% during 
pasteurisation at 80 C for 5 min (Vaillant et al., 2005) 

• Low and high pH are accompanied by different degradation pathways.

Azeredo . International Journal of Food Science and Technology 2009, 44, 2365–2376



Betalains – Betacyanins
Degradation pathways

base



•Microbially safe with minimal or 0 coliform counts

Betalains ‐ Betacyanins
Microbially safe with minimal or 0 coliform counts.

•Comparative colour addition  = no taste impacts

•Degradation during storage greater in light. 

•Glycosylation imparts increased stability in storage and solution.

•Acylation of the glycosyl portion imparts additional stability

•Aglycone < glycoside < acylated glycoside

St bl H 3 7•Stable over pH 3‐7.  

•Betacyanin losses in pitaya juice acidified to pH 4 is less than 10% during 
pasteurisation at 80 C for 5 min (Vaillant et al., 2005) 

•Low and high pH are accompanied by different degradation pathways

•Light degradation absent in the anaerobic conditions.

•Heat may be problematic: isomerisation (colour shift to yellow), degradation.

Azeredo . International Journal of Food Science and Technology 2009, 44, 2365–2376

Heat may be problematic: isomerisation (colour shift to yellow), degradation.

•Amenable to cultured production: purity vs. amount.



Anthocyaninsy

• Long history of human consumption: The ultimate in GRAS?

F ll f h i ibl• Full coverage of the visible spectrum.

• All good news regarding health
• CVD• CVD
• Cancer
• Cognitive functionCognitive function

• Neurodegeneration
• Diabetes

• Renewable resource 
• Sustainable
• Can be the main or side product (waste valorisation).



Anthocyanidin R1 R2 R3 R4 R5 R6 R7 main colour E‐number

A i i idi H OH H H OH H OHApigeninidin ‐H ‐OH ‐H ‐H ‐OH ‐H ‐OH orange

Aurantinidin ‐H ‐OH ‐H ‐OH ‐OH ‐OH ‐OH orange

Capensinidin ‐OCH3 ‐OH ‐OCH3 ‐OH ‐OCH3 ‐H ‐OH bluish‐red

Cyanidin ‐OH ‐OH ‐H ‐OH ‐OH ‐H ‐OH magenta E163a

Delphinidin ‐OH ‐OH ‐OH ‐OH ‐OH ‐H ‐OH purple, blue E163b

Europinidin ‐OCH3 ‐OH ‐OH ‐OH ‐OCH3 ‐H ‐OH bluish red

Hirsutidin ‐OCH3 ‐OH ‐OCH3 ‐OH ‐OH ‐H ‐OCH3 bluish‐red

Luteolinidin ‐OH ‐OH ‐H ‐H ‐OH ‐H ‐OH orange

Pelargonidin ‐H ‐OH ‐H ‐OH ‐OH ‐H ‐OH orange, salmon E163d

Malvidin ‐OCH3 ‐OH ‐OCH3 ‐OH ‐OH ‐H ‐OH purple E163c

Peonidin ‐OCH3 ‐OH ‐H ‐OH ‐OH ‐H ‐OH magenta E163e

Petunidin ‐OH ‐OH ‐OCH3 ‐OH ‐OH ‐H ‐OH purple E163f

Pulchellidin ‐OH ‐OH ‐OH ‐OH ‐OCH3 ‐H ‐OH bluish‐red

Rosinidin ‐OCH3 ‐OH ‐H ‐OH ‐OH ‐H ‐OCH3 red

Triacetidin ‐OH ‐OH ‐OH ‐H ‐OH ‐H ‐OH red



Sources of anthocyanins

Foodstuff Anthocyanin in mg per
100 g food

aubergine (egg plant) 750aubergine (egg plant) 750

black currant 130‐400

blackberry 83‐326

blueberry 25‐497

cherry 350‐400

chokeberry (aronia) 200‐1000

cranberry 60‐200

ld b 450elderberry 450

orange ~200

radish 11‐60

raspberry 10‐60p y

red currant 80‐420

red grape 30‐750

red onions 7‐21

red wine 24‐35

strawberry 15‐35



Antioxidant properties and anthocyanin 
contents of wild Rubus speciescontents of wild Rubus species 

Cultivated v wild anthocyanin content can vary by 20 fold

J Sci Food Agric 80:1307±1313; J. Agric. Food Chem. 2010, 58, 7458–7464

Cultivated v wild anthocyanin content can vary by 20‐fold



Fruit extraction systems

f
H2O/EtOH/H+

Press and purifyDry and extract

Spray dry
Spray dry

High Power Ultrasound
• Dehydration & Extraction
G t ifi it f t ti• Greater specificity of extraction 
and yield



Fruit extraction systems

Press Clarification and/or 
ultra‐filtration

Presssing
Or EthanolOr Ethanol 
extraction

• Ethanol extraction
• Membrane purification (Size)
• Spray drying + maltodextrin

Different Purity Grades



Anthocyanin stability

Increased anthocyanin concentrations also increases colour intensity by multifold. 
Change of cyanin concentrations from 10‐4 to 10‐2 produced a 300‐fold increment 
f h lof the colour intensity 

Low pH



Anthocyanin stability ‐
Coprotection and temperat re stabilitCoprotection and temperature stability

Coprotection evident

4°C
29°C No effect on CR

Slight half –life 
reduction

29°C
4°C

Anthocyanin extract of grape skin anthocyanins & gallic acid (model polyphenol) 
co‐protection.

NB the majority of natural extract will be mixtures.



Anthocyanin colour‐ enhancement by polyphenols

Malvidin
3‐glucoside Cyanidin

Pelargonidin
3‐glucosideg y

3‐glucoside
g

‐ No acid
‐ Ferulic acid (1:100)
‐ Caffeic acid (1:100)
‐ final abs of neat antho

A h i i i id f 6 h I Ab b fAnthocyanins + cinnamic acids for 6 months – Impact on Absorbance after 
6 months

Maarit Rein 2005. Copigmentation reactions and colour stability of berry anthocyanins



Anthocyanin stability good – Modified anthocyanins better? 

‐ pH 3;  ‐ pH 5;  ‐ pH 7

J. Agric. Food Chem. 2007, 55, 3692‐3701

Monoacylation – Feruloylation at R3 best



Anthocyanin stability good – Modified anthocyanins better? 

‐ pH 3;  ‐ pH 5;  ‐ pH 7

J. Agric. Food Chem. 2007, 55, 3692‐3701

Feruloyl at R3 + acylation at R1: Little benefit



Anthocyanin stability good – Modified anthocyanins better? 

‐ pH 3;  ‐ pH 5;  ‐ pH 7

J. Agric. Food Chem. 2007, 55, 3692‐3701

Caffeoyl at R3 + acylation at R1: Little benefit



Anthocyanin stability good – Modified anthocyanins better? 

‐ pH 3;  ‐ pH 5;  ‐ pH 7

J. Agric. Food Chem. 2007, 55, 3692‐3701

Feruloyl – Caffeoyl positional shifts: R1 & R3 interchange



Anthocyanin stability good – Modified anthocyanins better? 

‐ pH 3;  ‐ pH 5;  ‐ pH 7

J. Agric. Food Chem. 2007, 55, 3692‐3701

Only Feruloyl – Big impact of R2 acylation



Anthocyanin Encapsulationy p
Aliginate encapsulation
Alginate is an inert food safe polysaccharide

Stability to light and temp



Anthocyanin Encapsulationy p

Whey proteins ‐ Generally food safe, amenable for inclusion in baked 
goods pastries etcgoods, pastries etc

50μm units
Much smaller soon
Nanoencapsulation?

Gel ‐ pH 1.5, 4C
Gel ‐ pH 1.5, 20Cp ,
Solution ‐ pH 1.5, 4C
Solution ‐ pH 1.5, 20C
Gel ‐ pH 3, 4C

X Gel pH 3 20C

Betz and Kulozika. Procedia Food Science 1 (2011) 2047 – 2056

X    Gel ‐ pH 3, 20C



3 3 P1 3 P2

Anthocyanin bioproduction

Can we get pure compounds, tailor mixes and differential acylation? 

• Linkage maps being completed
E45M50-2900

e4-D0311

3

E45M50-2900

e4-D0311

3_P1

e4-D0311

3_P2

• Extension of mapping population for 
confirmation of QTLs

• Mapping of key genes the general and 

E45M40-14919

E33M55-329 E45M42-33945
E40M50-21449
SNPctig299b SNPctig299c50
E45M43-17551
E41M41-22457
E40M41-17559
SNPctig199a62
SNPctig25767

E45M40-14919

E33M55-329 E45M42-33945
E40M50-21449
SNPctig299b SNPctig299c50
E45M43-17551
E41M41 22457

pp g y g g
specific anthocyanin pathways.

• This can be exploited as fruit or used in 
bacterial and fungal (& plant?)

SNPctig25767
E40M41-184 E40M40-17768
E40M50-244 E41M43-99
E45M60-130 E40M43-112
E40M50-238

69
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fermentation systems

• Ultimately we can design the 
colourants we want and define the
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SNPctig299a82

colourants we want and define the 
quantity. 

Genetic (AFLP, SSR, Next gen sequencing) ↔Metabolomics (high throughput 
multiple metabolite analysis



In Conclusion

• The biological sources of red are still expanding and there to be exploited

(marine sources still to be addressed).

• The chemistries involved are diverse and will determine the end use

(Hydro/lipophilicity→ aqueous or oil foods).

• Stabilities good but can be optimised.

• The ability to use crops is attractive as the waste is an attractive feedstock.The ability to use crops is attractive as the waste is an attractive feedstock.

• The newer extraction procedures (ultrasonic etc) will maximise recovery and
minimise degradation.

• Colour compounds can be the target trait in crops e.g. Chokeberry.Co ou co pou ds ca be t e ta get t a t c ops e.g. C o ebe y.

• The advances in genetic breeding (±GM) can realise the industrial requirements.

• More specific targets (glycosylation, acylation etc) can be satisfied via
fermentative approaches: plants, fungi and bacteria.pp p , g

• Renewable, sustainable and SAFE red can be achieved and is within our grasp.


