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Fig.1
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(57) Abstract: A method for producing
a proanthocyanidin extract is described.
The method comprises: (a) providing
a volume of proanthocyanin-containing
11 liquid feedstock; (b) passing the
proanthocyanin-containing liquid feedstock
to an ultrafiltration feed tank; (c) filtering
the material in the ultrafiltration feed tank
through an ultrafiltration membrane system
to fractionate the material into a proan-

" 75 thocyanin-reduced permeate stream and a
T proanthocyanin-enriched retentate stream;
(d) collecting the proanthocyanin-reduced

****** 1348

permeate stream; and (e) passing the
proanthocyanin-enriched retentate stream

| PAD-Reduced Farmeate
; Surge Tank

to the ultrafiltration feed tank until the
volume of proanthocyanin-containing
liquid feedstock is exhausted and thereafter
collecting the proanthocyanin-enriched
retentate stream.
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Process for Producing a Proanthocvanidin Extract

BACKGROUND
Cevtamn fruits, particularly cranberries, contain g class of compounds known as

& proapthocyantding {also called condensed tanning or procvaniding), which impart unig

The selective capture and dry weight concontration of proanthooye
s {FACSH may thus open up wovel opporfunities 1n the Beld of product

{e.g., retatl beverages, lowenges, oo, | relative {o delivering those unique

AT g

10 SUMMARY

>y

A method 18 desoribed which uses sn Ulirafiltration a{;}‘, membrane systen: i

PAC-containing Hauid feedstock {e.g., cranbery
permente stream and PAC-enriched retentate stream. In effee

~

mokecalar weight cat-off of

the membrane system is properly s

1 fraction of the higher molecudar weight PACs {and/or velatively high molecular weight
aggregates of FACS) prosent are selectively retained in the retentate, with the romuaining
array of constifuent lower molecalar weight soluble solids {e.g., sugars, avids,

anthoovaning, ste. )

i preferentially passing through the memnbrane as pormeate. & simple
mechanism has thus been discovered for selectively concentrating PACS in & ligqud

20 streamn on o dry weight basts, In fact, using this methoed, edracts can be manuiictured to

dry weight comtent {e.g.,

S0%%, and YR%G}. Moreover, the selective achionstion
s mokecular weight, with the lower wolecular weight fraction passing

ihrongh the mombrane ss permeste, wid the higher meleoulay welgdy fracton retained s

Py

wv,
g
v
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;
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25 veteniate, may also vesult fn anexiract of enhanced bicactivity por unit weight of

o Dy

Furthermore, the method deseribed herein can also be used to provide a olarified PAQC

s

{ o g ™ =0 \
ations {e.g, low calone

Saey FIN vy res 3 N O vy resteyt PN oy 731
exirget peientialiy well suted for use in retail beverage forml

E,

wotenic buverages |, due © a substaniial removal of bitter ower molecular weight non-

PAC phenolic compounds into the PAC-reduced permeste stream.,
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Crenpiched frait or vegetable extract can be used for @ variety of purposes.

For examiple, because PAUS are helieved to confor hoalth benefits, an exirsot having
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¢

fagh dry welght concentration of PACS can be combined with water, juives or ather

beverages o provide a beverage with enhanced health benefits, An extract sy

3 §\"‘r1\
¥ .\,i"&:‘},;

} {4

dry weight concentration of PACs can be dried and combined with odher ingredients o
provisie a pill or capsule that is nsef] as & dictary supplement. A PAC enviched froif or

oods, Foy

vogetable oxtract can also be used to vnbance the health benefils of vanious §

3

example, such an extract could be applied to dried fruits, Tor example dried oranberdes, to
ied frait with enhanced health benelits,

ibed herein s a method comprising {8} providing g volume of

avn-contaiming Baud feadstock; (b)Y pa

stock 1o an ulirgfiliration feed tank; {¢} Hltering the mutorigl in the

ation foed tank through an ultrafiifration membrane system to Sactionats the
material inte & proanthocyanin~reduced permeate stream and 2 proanthocyanin-enriched
reftate streamn; {d) enltecting the proathocvanin-reduced pernmate stream; siwd {¢}

wovanin-enriched retentate stream to the nlirafiliration feod tank ungd

cotlecting i\, prowthocyvanin-entiched retentate stream,
i vartous embodiments: the proanthocyanin-containing Hguid foedstook i o fun
juies o @ Tt juice fraction.: the frels puee or frudt joice fraction is substantially froe of

msciuble frult solids; the frofl joice or faadt oice fraction is cranberry foice or @ cranberry

ey Fraotian® e ;§, i- f} MTVPTRAS Ot s e ating “\‘i" e EY PN ,.(i, R ‘cai Seied
ﬂi WS FRCHTON, MW W nod further ¢o ﬂ}“b\@b Ll}!i&bih}d{iﬂi\ O Proaniioeyanin FOGTICONR

s

permeate sream o create a concentrated proanthocyanin-redueed pe
proanhoevaniveroducd permeate strewn is concentrated by reverse osmaosis; the

proant

iy concenivated by evaporationm the

concentrated by roverse osmosis and

Ji{mi‘!'?l OCY

gvaporation; the method further comprises concentrating the collecied prosnthocyamn-

enriched rfontate streant 1 cregle a vonventrated promghoecyanin-enriched retentate]
proanthocyanin-enriched retentate stream s concentraied by reverse osmosis; the

proanthocyamn-enriched refentato stream s concentrated by evaporation; the

proanthocvanu-enriched rofentate stream is concentrated by reverse osmosis and

<srmched rotemate is dned o oreate a

]

promuthoovanin-containing powder; the method further compris

i st b ran iR o] et $n owsate a4 R
portion of the proanthecvanin-reduced permeate to oreate a st §

enriched in anthocyaning and/or phonolics and relatively reduced n sogars snd acids and

a second fraction that & relatively enviched o sugars and acids and relatively reduved in

b
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anthocyaning sndior phenolics; the father processing comprises passing at least a portion

3

of the proanthocyanin-reduced permeate through resin w}umn; and the further processing

Li)‘i’.:ﬁ‘p}‘i;\‘%s pussing at feast a portion of the proanthooyvanin-reduced permeate through &

e details of one or more embodiments of the invention gre sof forth inthe

ACCOHMPURY ii.i_-‘ ¢

b

awingy and the description below, Other features, objects, and

¥

advantages o i

..;
pasa

W invention will be apparent from the deseription and drawings, and from

the claims.

DESCRIFTION OF DRAWING

The Figure is a How chart depicting one embodiment of the invention.

BETAILED DESCRIPTION
Referring to the FIGURE, » flow diagram 13 shown of cae embodiment of g UP
membrane sysiem modified bateh process for preparing a FAC-enriched fait or vegetable
exfract. The process begins with a clanfied {= & NTU} PAC-containing Bguid foodstogk
2 Hreix cvapburry narce}. o the embodiment of the FIGURE, the olarilied PAC-
contatning hquid feedstock 24 from a clarified PAC-containing Hauwid feedstork supply

1) s fed 1o o UF leed tank 38, The clarified PAC-containing Hauid foedstogk in the UF

fead tank is then pumped to & UF monbrane system 48 {asing & Kook Membrane
Systemy model # 3838 YT spiral wound UF membrane with & S000 muol wt

cutetl}, with the PAC-redueed permeate stream 58 transforred 0 g PAC reduead
permests surge ank 88, and the PAC-enriched retentute stream 78 recyeled

feed tank, The PACreduced permeste is then pumped o 8 revarse osmeosis (RO systom

865 {using & Koch Moembrane Systems model # TFCIRIRHRNT gpival wound RO

.z
e’
w«.
-0
L.

#
membrane} or semi-concentration {e.g, to 18 Brix}, an evaporator 88 fov
conceniration {eg, o 30 Brixi, and ﬁnaii}-" 0 a PAC-reduved convenirate siorage tank

A

100 The continuous processing of the clanfied PAC contaiming Haguid feedstock supply

¥ L

thus resulis in g continuous accumulation of PACs in the hiquid comtenty of UF foud tank

and UF mombrane systens {the aggregate PAC-cnriched retentate stream,

Upon exhaustion of the clarified PAC-containing Bauid feedstock supply, the

aggregate FAC-onriched retentate strean: can thon be diafiltered with water 11 fo fugther

ight. content of the hguid extract through the systematic removal

of residant lower molecular weight soluble solids {vg., sugars

o

s N
188, O,

"/f
5-,7
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cgate PAC-enniched higuid retentate 120 {with a PAC dry wi content of at least

T

5 3 %
g, 1095, 1%, 20%, 309%, 4

3, 60%, T0%, R0W, or 9041

entate holding tavk 138, and seguentially pumped to a copcentrator 146 then g
drver 156, The resultant product constituling a PAC-enriched exiract powder is finally

transterred (o @ PAC-enriched bulk powder storage container 186,

.

A sutiable ultrabilter for use in the methods of the invention can have 8 nwloenlas
wetght cutoff of abowt 2,000-10,000 Dalton, about 3,000 Dalton, about 4000 Dalion,
abaut SH0G Dalton, abont SH0U Dalton, about 7000 Dalion, about 8000 Dallen, or about

Q00 Txabton on propylene glyeol

Iy some cases i may be desivablo to process the material in the PAC-enriched

refentate holding tank to separite undisselved solids. These wndissolved solids van

meluds higher molecudar weight PACs andior aggrepates of Tower molecide weight PACs,

These undissolved solids can be separated from Hguid in which the sre suspended by

~

ceptrifigation using, for example, a decanter centrifuge or a disk centrifugs.

ay be desirable to further process the PACreduced permate by

wtihein ng:sis schoology (e, emploving Amberhite® XADTHP or Amberlite® T
FPX66 rosin} o suloctively remuve and recover anthoeyaning andfor phenolic cm&g;a-més

ay another pliviechenseally distinet exiract fractionds}.  In some cases i m

further process the PACreduced permeate by utilizing resin technology o se
racover anthooyaning andfor phenolic compounds as anoihet phyvtochamicall

fraction{s). This fraction can be combined with a fraction thal is relative

7

& 8F -3 PIAS T
2.4, the PACannicher

)'1:14)
,«
fos
7
vE
o
%
i

reieniale, 1o obiain material that s high

Peg

i

andfor phenolic compounds and relatively low in sugars and acigs.
The foregoing is a deseription of one enboditnent of the method of the invention,
Those skilled I the art will be able to modify the precess. For example, the sysiem may

be operated in batel, modified bateh or feed and bleed made under variable tempe

configurations other than spival wound (e, tubular or hollow Sber, of varving polyvmer

composition {for example PTFE, PVDE ete.) or inorgame menmibrang structures with

varied composttion {Tor example ceramic, carbon, or stamless stewd ste) and support
smedia, Additionally, membranes other than ultrafiitration membranes may be omployed

such ay roverss osmosts of nanofilivation wombranes or charged membwanes or sharge-

specitic mombranes may be emploved in any manner previously described. Maoreover,

controlied atmosphere {e.g., My ov CO;) techniques can be veed {o minimize the

t
v..

-+
.
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deicterions offvcty of oxdative reactions. Dhifferent diafiliration madia {o.p., acidified

water) can also be gmploved to stabilize anddor adjust the color of the fival extract,

Frugt juice produced by coundercarrent exiraction of cranbernies can be used in the
metheds of the invention gs follows, Countercurrently extracted it julce can be
prepared as desortbed 1S, Patent Nog, 5,320,861 and 5,419,251, herehy incorporated

3

by refercnce. Briefly, froven whole maw crunberries ave {s“u*‘zdw {2 cleaning stage

rovnove debris such as twigs, leaves, ose. and then conveved wo g sorting stags which sorix

froit o o selected sive. The size-selected fruit 1s then conveved 1 a sliving stage that

e

shices the berries 1o oipose the inner Hesh of the sl anprotected by the sidn. The whole

o~

cranherrios ave preferably cut to provide shices between 6 to 8 millimeters o wigdth, The

cleaned, sized and shoed frozen cranborries are then defrosted vsing hot water {e.g., &8

o

shoul 13F o & temperature of less than 78%F {e.g., 657F} and conveyed to the solid

fgnat of an extractor stage which employs g countercurrent extractor described in detatl

The hguid imput to the exiracior s typically derfved from a

s

frun-derived watey supply

The Hoguid output of the oxtractor stage 13 a higlh-qualily

£

extract mixiurg of froit-derived water and fradt juice, which is collected for furthey

o
rrJa.
B
Aao.
&
=
;
s
e
i
%

treatmend and wse in the methods of the invention. In addition, the extracted

wsed as a frud foed stock o produce additions] juics that can be used 1 the methods of

A rasrher of embodiments of the invention have been deseribed. Nevertheles

will be understood that varous modifications may be made withou! departing from t

Yewd

38

spirtt and seope of the frvention,
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WHAT IS CLAIMED IS

1. A method comprising:
{2} providing & velume of proanthocyanin-containing Hauid 'E;:més-mak;

rafiliration

by passing the proanthocyanin-containing Hauid feed

Hitering the matenal in the ultrafiltration feed tank through an

e
[

i

permeats stream and a proanthocyvanin~enriched retentate streamy;
{d} collzcting the prosnthocyanin-reduced permente stream; and

{&) passing the preanthocyanin-enriched retentate sirsam o the altraBltation

feed tank aobil the volume of proanthoeyamin-containing Hquid feedstock s exhausted

-

and thercatier collecting the proanthoc vanin-enriched retentate stream,

x

o

The method of claim | wherein the proanthocyanin-containing lignid

fegdsfock 15 a fruat jurce or g frudt juice fraction

3 The method of clatm 1 wdherein the frulf juice or frust juice faction is
of 1msoluble frust solids.
4, The method of claim 1 whereln the froif hwee or fralt feice faction is

cranberry juice or & cranberry juice fraction.
5. The method of claim | further comprising concentrating the

proavtheeyamin-reduced permeate stream to create @ concentrated proanthorvanine

&, The method of claim 5 wherein the proanthoeyvanin-reduced permeste

siremn 18 concentraied i‘\«" TEVETSE OSINOSIE,

ok

The method of cleiim § wherein the proanthoovanin-reduced pornieate

ba ..»

stremn 13 concentrated by evaporation.

9
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3. The methad of claim § wherein the proanthocyasin-reduced permeste

stream I8 concentrated

e nsmosts and evaporation,

9, The method of clam 1 further comprising concentrating the collzeted
5 prosathooyaniv-enriched retentate stream o create a concontrated proanthoeyanin-

Hio The method of claim & wheretn the proanthooyvanin-erriched rotentate

Streans i voncentrated by reverse osmosts.

i1 The method of claim 9 wherein the proanthocyvanin-enriched retentate

streant is couconirated by evaporation.

P2 FThe method of claim @ wherein the proanthoeyain-ensiched retentute
16 streamn is concemtrated by reverse vsmosis and evaporation
i3 The method of clatm 9 wherein the concentrated proanthecvanin-eiriched

retortate 18 dried o areale s proanthoevanin-containing powder,
70 4, Themethod of claim 1 further comprising processing at least & portion of
the proasthocyanin-reduced permeate to create a st fraction that is relatively enriched in

anthoeyarins andfor phenoiies and relatively reduced in sugary and actds and & second

fravtion that is relatively evriched inr sugars and acids and relativ sy redused in

anthoovanins andéor phenolics.
25
15 The methed of claim 14 wherain the further processing comprises passing
at teast @ portion of the proanthocyarn-reduced permeate throngh rosin cohunn
16, The method of claim 14 wherein the forther processing comprises passing

.
o
.

a6 ot least a portion of the prosnthecyvanin-reduced permente through s menbrans.
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