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AIms

« Scalable.

* Economically viable.

« Activity/ function driven
research.

« Natural product cosmetics.

* Natural hair dyes.

« Natural food colourants.

* Full characterisation of
natural extracts.

« Generating multiple product
streams from single source.

e Sustainable materials.
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Extraction of anthocyanins from
blackcurrant waste

UNIVERSITY OF LEEDS

« Blackcurrant grown in the UK. * Ribena uses blackcurrant for concentrates and drinks.
 Rich in coloured anthocyanins. « They are left with tons of blackcurrant skins in waste.
 Also contains neutral polyphenols. * We wanted to find a use for this waste.



Extraction-Purification
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Industrial-scale process

Extract from berry waste.
Fruits are used in juice production.
Only waste skins are used to produce
the extract.
Sustainably sourced.
Acidic aqueous extraction of dried skins
Concentration using Solid Phase
Extraction (SPE).

* resin removes free sugars and

small organic acids

Ethanol elution of polyphenols retained
by resin.
20 litres extract successfully produced.
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Elution profile of anthocyanins in the blackcurrant
extract at 520 nm

1200 —

1000 —

= 800

< -
£

s 600 —
(&)

= i
(qv]

g = 400
o

D J
=

200 —

(@)

i
e]

UNIVERSITY OF LEEDS
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Identification of neutral polyphenols in the extract I SIEERSIT E LEEDS
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Chemical Composition of Blackcurrant Extract

Polymeric species
18%

Hydroxycinnamic acids
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Flavonols
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Aqueous-organic partitioning

« Semi-purify the extract using a scalable
and economically suitable method.

* Anthocyanins are very soluble in water
due to cationic nature and glycosylation.

» Neutral polyphenols are relatively less
polar and expected to migrate to the
organic solvent.

« Sugar moieties can enhance water
solubllity of neutral polyphenols.

* |sopropyl acetate and ethyl acetate
were used as organic phase.
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. .
Sequentlal Extractions UNIVERSITY OF Lsﬂ.

—

* Isopropyl acetate showed selectivity towards
flavonols aglycones.

« The subtle difference in polarity of isopropyl and
ethyl acetate was exploited.

« Agqueous blackcurrant extract (pH 1.8) was
partitioned against hexane, isopropyl acetate and
ethyl acetate sequentially.

« All the layers were analysed through analytical
HPLC as well as *H NMR.

* Isopropyl acetate extracted the aglycones only
whereas mono-glycosides migrated into the ethyl
acetate layer.

« Agueous layer retained all the anthocyanins as well
as rutinosides of quercetin and myricetin.
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Liquid-liquid partitioning ethyl acetate

'propyl acetate
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Equilibrium Forms of Anthocyanins UNIVERSITY OF LEEDS

Hemiacetal, B, Flavylium cation, AH' Quinoidal base, Ay Quinoid base, Ay

Chem. Soc. Rev., 2012, 41, 869-908

Cis-chalcone, Cg Trans-chalcone, C,



pH-Controlled aqueous-organic
extracti ons UNIVERSITY OF LEEDS
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Ethyl acetate extracts in CD;OD/TFA after pH controlled extractions
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At pH 6.3: quercetin rutinoside (7.52 ppm) and
myricetin rutinoside (7.30 ppm) migrate into EtOAc
layer

Anthocyanin glycosides do not selectively migrate
into the ethyl acetate layer at any pH.
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Sequential liquid-liquid partitioning with pH changes

BC extract comprises 56% ANC and
25% other polyphenols
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(immediately acidified Cyanidin-3-O-rutinoside
and freeze dried)

Myricetin and quercetin
rutinosides removed with
EtOAc at pH 6.3

'PrOACc at pH 1.8 removes
hydroxycinnamic acids and
myricetin + quercetin aglycons

Trace ANC

EtOAc at pH 1.8 selectively removes
myricetin + quercetin glucosides




Conclusions ]
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Blackcurrant extract post-SPE can be purified using sequential liquid-
liguid and pH change extractions.

The purification methods are scalable.

Three product streams.

One containing four anthocyanins (responsible for colour) in a process
that Is industrially scalable.

The two organic extracts contain known antioxidants which can be used
In activity-based products.

The extracts contain polyphenols of slightly varied polarity and so can be
formulated in different products.

The established methods have been successfully applied to other natural
extracts as well.
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ADDITIONAL SLIDES



Selected solvents: hexane, ethyl acetate, 'propyl acetate and
chloroform partitioned against aqueous extract (pH 1.8; HCI)

100 o Very polar
90 o compounds

/

AN
o
m w

80

;@ 70
60
2 5
= Neutral
=
E 40 polyphenols
g 30
> 20
10 o
o
0
ETHYL ACETATE CHLOROFORM ISOPROPYL
ACETATE

m Hexane mPolar solvent



'H NMR for the Aqueous Layers (in MeOD-TFA 95:5) after the pH-controlled
partitioning experiments
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a) Chloroform

Seleativity towards

Significant amount of ACN flavonols
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