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15 suggested. However these systens have not proved to be adequate since
degradatjon due to oxygen still occurs. Also, these enzyme systens of§gny| 2002
produce hydrogen peroxide which is undesirable. Therefore it is an object
of this invention to provide an antioxidant systemwhich is relatively
i nexpensive and which is sufficiently potent to renove oxygen 20 from
bever age conponents which are thensel ve2-anti oxi dants. Accordingly, in one
aspect, this invention provides an antioxidant systemfor ready-to-drink
beverages, the system conprising glucose oxidase, a catalase, a glucose
oxi dase substrate and an inorgani c oxygen scavenger. |t has been
surprisingly fodmetherapprorshouhishhas boen gitexspiad is)b siae entiexidanisatusingse, a

| ucose ox Sub C
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process coRFIAUSE ALY AT Wgoéﬁea*ﬁhﬁcbﬂ HRGESIablS. em conpri si ng gl ucose

oxi dase, atcat alTaeofore ﬁ5sgx:1@5 goﬂﬁhﬁﬂﬁ@?ﬁbﬁ% leé»ad@aﬁ aﬁﬁok:@l@ﬁ?s’?ﬁte?noxygen
scavenger n. ex 1 on i qui ctin SO an extractl on
Soherrart yhiATiSRIAREy Bhperiys aud WS b STAREnLY b Th B bRREHT
beverzdge i fitom bev¢rage eomsipoasnts 2¢hisk ate ﬁgmsleb/esamlaxnhns Preferably, the

b f | | d

everage is ' ec%ol'ﬂbglrytc,?l?roﬁég e g“cﬂfi%ygﬁ%&e{}rc{)v;@% a%tarﬁ{ox? %gstfegtgea dded

condi ti ons. e an
to the bevé@ra@edwotdmtkobmagasgtmfsysmﬂ eompasgr guceenud aﬁenaga@ asehe

I nvention @rg‘?uéh%\é’di‘?éé‘s'é's%gvrat@)énﬁ% lﬂésg%hsef L}f‘géﬁrﬁc‘évex?%r-rh' s invention

provi des an anti oxi dant syst.em for r Vi ng gen from
beverages and BiRasbesa suspRERgly thﬂéﬁ%lﬁ?m%‘é\‘i‘tég%ﬁee?ﬁ‘gﬁ%‘ Be used,
for esanpl eata@hse; mgldd@ee bkmessumwé afidén h@o«gaﬁ@mxygﬁnacW@geufmr to the

beverage. Uil RSKF] SNGuARTSEA Bl FRR M BB 0%
ready-to compete with beverage components which are potent antioxidants, such as
coffee. Since small amounts are required, the system therefore offers the
advantage of being an inexpensive and effective antioxidant. Also, the system is
30 food grade; especially at the small amounts required.
In another aspect, this invention provides a ready-to-drink beverage which
includes an antioxidant system, the system comprising glucose oxidase, a
catalase, a glucose oxidase substrate and an inorganic oxygen scavenger.
The ready-to-drink beverage is preferably a coffee beverage; especially a
35 black coffee beverage. The ready-to-drink beverage may be retorted.



30 drink, coffee beverages and will be described primarily in this contex

It is to be appreci ated however that this is done for sinplicity of 05JULZUUZ
description and the antioxidant systemis not limted to this application.
The anti oxi dant system i ncludes a glucose oxidase (EC 1.1.3.4). The gl ucose
oxi dase catal yses the oxidation of gl u_c%qse to gluconic acid according to 35
the foll owi ng reaction schene: 051 L 2002 -4 glucose Jucose + Oz +
HzZO gl uconic acid + H202 oxi dase 5 The anti oxi dant system al so includes a
catalase (EC 1.11.1.6). Then, the catal ase degrades the peroxi de according
to the foll ow e | ucose
oxi dase and t%{é% at ?ﬁg%%]aas?g& HR? m%b’%ﬁlz)r oVl gg% 3ert9§e CPorm“ld? ;‘;er?e%zyrre
m xture. Aneludesan antaonidant smstcnurthe s;sstcmecqnmpmygmg sepxidaset epar at i on
conmer ci al g'NEEb@ 2%;5% Denmar k.

Thi s enzy%&g%ggg at | onIH?{sd%ﬁgulgsﬁegé ?‘“ﬁ?nﬁ n‘%xjgﬁmc eJ.?)%ge éi‘%’eg is 15
general |y recddifilBetBanic exygen wn&c@wnwtecf@mblss@gtl@mta; §><§ Bplles a

gl ucose O)gbgﬁﬁﬁsﬁ gkrate. This takes the form of gl ucose. The gl ucose

oxi dase substrate be an.inherent part,of the beyverage.itself be
added to the DByBPHGEaSRRLHBISTIVPRHQIBrOVIARS Prosets 10 FHIFERGSEKESH Hed

gl ucose ohedmesthlasproeése compeistighari |y added to the 20 beverage m X

o ch 1 nher enctig T AR Sy fent Gt S AE i u B U iaper BBl ea. “rhe
ant i oxi dargiuensstoxnddsastibstrate and adesorganicnaxygeniscavongge to thedhaviegage;
Sul p{g tes arefggﬁélt %JB%; %d"ﬁl gbmg{helrg%gam C oxygen scavengers. Suitable

sul phites include”su ; sodi’um sul phite, sodi um net abi sul phite,
25 anhydrous $8 gingths |Qﬂmlt%m¢115e pot assi um net abi sul phite, anhydrous

pot assi um bi syhphbifr a@;mstt rfhistlﬁbeﬁla{ pidVeE® APRIRESs foPeditthS dkppéd f 4 S
particul arl referred rt frorl"n ther rem)V| ng. oxygen, the inorganic
oxygen sca¥ \éﬁ%@F ge%FGF@&esﬁ Sévr % PYRCTFE A8 %y the gl ucose
oxibdase The amidm‘gtaminttdmdmttsly@berrdMpﬂymtg@umcbmmwe dep‘aﬂ‘aﬁeumonht he
substance [ t he
armunstas ué‘gmsf% OP(E s\e/:EﬁB@ﬁastggggr%gﬁ%{;@égi S{X‘ﬁ?ﬁ (ﬁﬁ he ?%étgr:?% |1

depend updmquidie substance to be treat ed and the IeveI of oxygen present.
Further, the aapypf; El?c?‘sz i8R HeR&ndetib i YxcP{othe
enzynme. These armunltlg v ﬂﬁ% het er m&ge r each s#l)tugtllon
However , |Pﬁi0§1éiﬁ@r Ver3gte . anount of gI ucose oxi dase used is |ess than about

0. 5% by wei ghtﬁ]ﬁf,gtﬂh@béﬁraée b gbhtatfers;mdsubst ance to be treated. For |
exanp| e, the anpunt o%l ucose oxi dase used is preferably in the range of

abo 0. 001 9%SERIINg the contamers.
Preferably, the beverage is filled into containers under oxygen reduced or

oxygen free conditions. Further, further amounts of the antioxidant system may
be added to the beverage prior to sealing of the containers.
Embodiments of the invention are now described, by way of example only.

25 This invention provides an antioxidant system which is useful for removing
oxygen from beverages and beverage concentrates. The antioxidant system may
be used, for example, during the processing of the beverage, in a pre-cursor to the
beverage such as a beverage concentrate, or in ready-to-drink beverages. The
antioxidant system is particularly suitable for use in connection with ready-to-

30 drink, coffee beverages and will be described primarily in this context. It is to be
appreciated however that this is done for simplicity of description and the
antioxidant system is not limited to this application.

The antioxidant system includes a glucose oxidase (EC 1.1.3.4). The
glucose oxidase catalyses the oxidation of glucose to gluconic acid according to

35 the following reaction scheme:



05J UL 2002 -5 about 0.1 % by weight of the total weight of theU JUL 2002
substance to be treated. An amount in the range of about 0.005%to a ouf

0. 0S% by- wei ght is especially preferred for coffee beverages. The activity
of the glucose oxidase is preferably about 1500 units/m to about 2500
units/m; for exanple about 2000 units/gd. A ~5 unit is the anount of
enzyne V\/m ch, at a tenperature of 25C and a pH of 5.1, catal yses the
formation of 1 prnol of H202. The anpunt of glucose oxidase substrate which
is used is conveniently |less than about 1 % by wei ght of the total weight
of the substance to be treate lu&gg exanpl e, the anmount of glucose oxidase

substrate use fer the rang f a .005% to about 0.5%
by wei ght of 3%@%95‘%6 Q%ﬁ of, tﬁe s%lb@flé%]gatc‘i)gleﬁ%(?%at ed. An anount in
t he range of about 0.01%to abtidass. 39 by weight is especially preferred
for coffee bever ages; for exanple about 0.05% by wei ght. The gI ucose

oxi dase substrate ma present, in th subst may be
added®to the s @rgpéggargrsygtgphalsggggp aF%}P EE@ gg\}e@a

gl ucose oxiatilase degradesthe pesmddaebor&ﬂfg ﬂ@ehelfalg@smgueabtmmsthemmer go heat
treatnment, the amount of glucose oxidase substrate used is preferably kept
to the m ni nrum necesrsméy to obtain the required glucose oxidase activity.
In this way, the forndt?8R8f undesirable Maillard reacti ons may be

avoi ded. The aisdnt of—t+he—nrer §@n0g+dygen scavenger which is used is 20
convF@l ently less than about 0.1 % by wei ght of the total weight of the
substance to be treated. For exanple, the anount of inorganic oxygen

scavenger usedlhisghicesepxsidpge and thecatalasecarsiprefssahly providedsin sheafsam o). 05%
by wei ght gf eﬂié/?né ﬂﬁ}?furﬂ"ekgéﬁ'itaﬁfe d tAACR the I\Qﬁ'otz 888 efigygount in

t he range of .002% t 0 3% spe0| erred
for coff eé)rse%réflaaé@m%fwﬁ;@a yawp hhes@tﬁ%efxv%eggi Owst H@J
rel evant rmauhafmrvhismymrﬁepaaﬁom@pm aﬂ:dtﬂaemmehymmeﬁgamid isevel s of

i nor §;m|c 0X g{ caveng&rs |f§ foodstuffs shoul d be respected. If a
cat afase i% r%g TECREMSMD ARt dsed is not critical. Usual |y the catal ase
will be provi dBhe amtiexidanttsystenwalsh indleded agbresorkilase sabstratenThist he
catal ase %Qkésetﬁ%'%rfﬁ'df‘ lﬁ@os‘éetﬁer%ﬁ@usg%u&% ABBHRe rHIa Eb‘éﬁgﬁﬁeﬁﬁt

used. The anti oxi . at vari ous nts urin
processi ngbfdheé?ehsmpa@elf may b@)@éﬂ%ﬁéo theobe‘@éfg%@fbﬁﬂlthht €a8¢ Qfes, the

anti oxi dargo QQ&@ 6x@dés@%ul'5§&zﬁé 1§"de3ﬁaﬂ11$/ dddedqoyged to extract
sol u&( lids fro he co or tea. e wat er V\L/?}hch is used
tra

wa
for VSRR %%IS%FP ?eﬂttaytsofgéméwaaleegs WEVET, BUcHHER t he
gl ucose oXbed@sszedavivichiniseraitly céhtain)gluca@sdyTurthert glopeseatesdasotdeaddedbout

vater. The ant [irRasdat ofRRBIMER Ba8 Ahlng e Rty SR RERE 2T "
after ext radphues argpartieularlyaiseful addnenganicosxytgen seavsngeraSuitableant i oxi dant
system thg) lté‘srm‘é‘ru'afe% }R&d’i&ﬁd@%ﬁﬂﬁh Xstﬁlr}ﬂﬂte s&ﬁuﬁ?ﬁﬁ%tﬁ&ﬂ?ht@oc A ter

t He ext xact been enated, the e er ne treated
f or %§<anp|aéllw@f¢wqdém&fw abfterpqs@ssmrp%ta&suhﬁ% ’ﬂI*DéJ;PH%P@@ﬁﬂBnbxygen

scavenger lﬁ@@lfphiweﬁnd ﬁnf@ﬂﬁ@ésaéﬁhaée égﬁﬁmr%&ﬁﬁﬁs@bﬁﬂelﬁﬁ&lcﬁlarﬁow se, for
best effect, Lall Baaﬁ{ ‘ghocesm ng of the extract .should be carned out

under oxyg‘efﬁf"‘?ré?ﬂ]c CHIGTIGVARE VAT (G LIOTEIUC \PXY BER SCRVEDRAT ques
descri bed remdves l'@/ldrogmlypd:rexmsegénetamed by sherglycose bendasage, bever age

concentr at e orhexsi AReePAIE AR FOBLALAS J AIAREEGHAARE sSHTLRR and
B hiohtang sy FARpUIEEL D,

| ow | evel s of OXy e an I OXI rrar%
added0t o tu@é:eoempégedpﬁ/@ tﬁvet of exyganpressnt hfés%,etheraayemtsww &i ners. At

the time ofarfldidd H ;:%brefmst hﬁh@%ﬁaﬁld%t §ﬁ€‘er§x5vﬂ‘lrl&éﬁ%ti(1%h thY $hB¢indd®

tenperature of t After the beyerage
has been d¥oW§E dhe Wé?sg%}’&%m?ﬁ?ﬂtb%ﬁf&e& @“i“ﬁmctl?é SHEYFRE USEfner .
Fox best e\fvfleabpeﬁdt@p@uh&mmy dfithé engymeé. trheséaanenﬁgavilhb@r&dﬂ ai ners may

be carri ed ggr &g 8‘ reduced or oxygen free conditions. e various
t echni quesd ggreque g FACT HBAUOR hay be used. The beverage obt ai ned 20

pref 8§ably conHaweset,asgehéral thbantouht ppgiucbsedsriabe esedisylgesthamabeut
preferabl y, kes %y%@hfigﬂﬁte tGtaP \x%ﬁ)éﬂt%ﬁﬁg LS RNBHL treated. For example,

the amount of glucose oxidase used is preferably in the range of about 0.001% to



The anti oxi dant system may be used in conbination with any type of pgvmqgm
such as tea beverages, coffee beverages, chocol ate beverages, nalted
beverages, and the |ike. However the systemis particularly suited for use
in 25 coffee beverages since the systemis able to conpete with the potent
antioxidant effects of coffee. Black coffee beverages, which are intended
to have a clean, fresh flavour and arona, are especially suitable. These
beverages ordinarily contain about 0.5%to about 1.5% by weight of soluble
coffee solids. They may al so contain a sweetener. 30 Specific exanples are

D epar od A5 Dok B Eleh of tRIGA Sieidlft ATHE Bibgiice BIESARKE B3PS 3
oxygen. Traneynigdn thevangsd abbut/@.085% t abaus 05G58% rblyywolgbt/\msmmﬂﬁy whi ch

cont ai ns (é/fé?i/ed"f%&QB%eE’fbe%ljagQaelég@%étﬁﬁﬂsBtg’%?éug& &28ds Pﬁtﬁe | nst ant

J UL 200 e
cof f ee ancﬁb@b‘ﬁ:{g@&gnlﬁs (AT Pgﬁ Gunigpmbpios eéémtrpi‘ilagl&}% aéalmh@ /mahi

bfeverslaggI {mﬁvfﬁ][tﬁe@n@unlt aféﬁfyahé yvhl%hewed tebERLuMU T Cofdad P df 94 by wei ght
OoT Ssol ubl e €e, S

%I i ds ﬂ; Mt of Novozym 358 enzyne

pr epar atlcﬁ? 55%% F‘ﬁh?f fmp and 0.008% by wei ght of sodium
Sulj ph|h te. The ﬂm/anagss?fagdlacdsw aiudasecsuhmau&exrmchpeusédaxstdaﬁvemgnﬂy$es@f air
and the c t of _di etermn

Mt erval o TR abOR |y e T B o YRR P e S R BROSR B rbA F or oy
Bever age ‘Biapyuitvthd agounp phighBese pagiase Dilsyoite vsedis p(rq:ﬁgmbledmgmgSOS%S

"o 58bs. 4 TgpORER5R0 19 AR 0T el o i R et of e subsiange 5, 565 o

5)90. 5 10 begegtedyrsamauntdatthe rangenftabext 800 &g abeuh(. 37 wietgld i3 r enpves
di ssol ved @ypygian rﬁ@f&nfea%ﬁwfé@sexfe&s%éy Yorioé@ele @BQuﬂ MO5R by Gridiae.
Therefore,{. éeox an stemis gto ag'quu% § ngte trhthe
cof fee for 1&&3@@9 REidEE pilTeta AY DeREcTeRH fotie FONAaYS BRE FERSET 15 Cans
cont ai ni ngnapbtaddsdlté dﬁa %}tbetamenﬁrlﬁdh Ushany,n&rgcﬁbabav%hgeﬁ tHe % b%t WEic 925
T T A (AN
filled andreamﬁeﬂt the amOZDOQf g_@lcose ox1dase substrate used is preferably kept to the
minimum necessary to obtain the required glucose oxidase activity. In this way,
the formation of undesirable Maillard reactions may be avoided.
The amount of the inorganic oxygen scavenger which is used 1s
20 conveniently less than about 0.1% by weight of the total weight of the substance
to be treated. For example, the amount of inorganic oxygen scavenger used is
preferably in the range of about 0.001% to about 0.05% by weight of the total
weight of the substance to be treated. An amount in the range of about 0.002% to
about 0.03% by weight is especially preferred for coffee beverages; for example
25 about 0.005% by weight. Further, relevant regulatory requirements concerning
the maximum residual levels of inorganic oxygen scavengers in foodstuffs should
be respected.
If a catalase is used, the amount used is not critical. Usually the catalase
will be provided in a mixture with the glucose oxidase and hence the catalase
30 levels will be determined by the amount of glucose oxidase used.
The antioxidant system may be used at various points during the processing
of a beverage. For example, for coffee and tea beverages, the antioxidant system
may be added to the water which is to be used to extract soluble solids from the
coffee or tea. In this way, the water which is used for extraction may be
35 efficiently deoxygenated. However, because the glucose oxidase denatures at
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(PPM N The various techniques described in the art may be used. The beverage obtained
20 preferably contains less than about 1 ppm of dissolved oxygen; more preferably
less than about 0.5 ppm dissolved oxygen.
The antioxidant system may be used in combination with any type of
beverage such as tea beverages, coffee beverages, chocolate beverages, malted
beverages, and the like. However the system is particularly suited for use in

—au

25 coffee beverages since the system is able to compete with the potent antioxidant
effects of coffee. Black coffee beverages, which are intended to have a clean,
fresh flavour and aroma, are especially suitable. These beverages ordinarily
contain about 0.5% to about 1.5% by weight of soluble coffee solids. They may
also contain a sweetener.

30 Specific examples are now described to further illustrate the invention.

Example 1

Three beverages are prepared and are standardised to contain about 8 ppm
35 of dissolved oxygen. The first beverage (beverage 1) is freshly brewed coffee
which contains 1% by weight of soluble coffee solids. The second beverage
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beverage_c.o.n.ce.n.t.La.Le_.\mJ_c.h..J_n.cLJ.Ld.e&

conpri si hfime enzyneDixeoivediO, ((ppm;or
oxi dase spbstrate, a caial ase,
process ' ' b & :
process BO conprisii®: addi ng an ant iSxi dant syst em ¢ Brrprl Si ng o] ucosa
oxi dase, ['@ GI'UCOS€ |0xLdase substratea catal ase and gn T nor gani c_oxypen
scavenge Ll-g—t—be—beru.eya.g.e,_u-l-u-ug—t N He-beverage—i-nto i ; \
10 4.3 . 7.0 0.4
15 4.1 6.6 0.5
20 3.9 6.4 0.5
25 3.6 61 0.5
30 3.4 6.0 0.5
35 3.3 6.0 0.5
40 3.2 5.9 0.5
45 3.1 59 0.5
50 3.0 5.9 0.5
’ 55 3.0 5.9 0.5
60 3.0 59 0.5
10
The results indicate the antioxidant system in beverage 3 removes dissolved
oxygen much faster than freshly brewed and instant coffee. Therefore the
antioxidant system is able to adequately compete with the coffee for oxygen;
hence protecting the coffee from oxygen damage.
15

Example 2

Cans containing coffee solids are prepared. All cans contain about 1% by
weight of coffee solids, about 5% by weight of sugar, about 0.065% by weight of
20 sodium bicarbonate, and about 0.01% by weight of lysine. All cans are filled and



sealing the containers. 35 10. A process for reduci ng oxygen in a
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extraction substrate using the extractﬁbn liquid to provide a beverage; 5
filling the beverage into containers; and sealing the containers. 1~ . A
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MB10% o[ 08o6). - After 12 days, a can of each group is opened and a sensory panel is used to
10 analyse the aroma and flavour of the sample.
)
Group Time Dissolved Aroma & Flavour
' (hours) O, (ppm)
Test 1 0.9 Fresh, clean flavours and aroma with
roasty notes. Less acidity.
Control 1 6.8 Acid notes present. Prune-like, bland
) flavour.

The beverage of the test group has much less dissolved oxygen and much
improved flavour and aroma.
15 Unopened cans of each group are stored for 10 weeks at room temperature
and are then opened. The pH is determined. The beverage of the Control cans
j has a pH of about 5.5 while the beverage of the Test cans has a pH of about 5.7.
A sensory panel is used to analyse the aroma and flavour of the beverage of the

Test cans and it is found to have fresh, clean flavours and aroma.
20

Example 3

Roast and ground coffee is placed in an extraction system. The conditions
are not oxygen free. The coffee is then extracted with one of three different types
25 of deionised water at a temperature of about 25°C to 40°C. The first type, Type
A, is untreated deionised water. The second type, Type 1, is deionised water
which is treated with an antioxidant system of 0.05% by weight of glucose,
0.01% by weight of Novozym® 358 enzyme preparation, and 0.005% by weight
of sodium sulphite. The third type, Type 2, is deionised water which is treated
30 with an antioxidant system of 0.05% by weight of glucose, 0.1% by weight of
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Novozym® 358 enzyme preparation, and 0.005% by weight of sodium sulphite.
The dissolved oxygen content of each type of deionised water and each extract is
determined.
Each extract obtained is diluted with a sugar solution to provide a coffee
5 beverage containing about 1% by weight of coffee solids. Each beverage is then
filled into cans and the cans sealed. A can of each beverage is opened and the
dissolved oxygen content of the beverage is determined. The remaining cans are

retorted.
] Water Type | O, Conc (ppm) in | O, Conc (ppm) in | O, Conc (ppm) in
Extraction Water | Extract Beverage
A 7.79 2.54 0.81
1 2.96 0.86 0.08
2 0.04 0.15 0.07

10
The results indicate that reducing the oxygen content of the extraction liquid
greatly reduces the oxygen content in the resultant beverage, despite the beverage
being produced under conditions which are not oxygen free.
Unopened cans of each group are stored for 10 weeks at room temperature
15 and are then opened. A sensory panel is used to analyse the aroma and flavour of
the beverages in the cans. The beverages produced using water Types 1 and 2
have a fresh, clean flavour and aroma. The beverages produced using water Type
! A have an unacceptable flavour and aroma.
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9. A process for reducing oxygen in a ready-to-drink coffee beverage, the process

30 comprising: adding an antioxidant system comprising glucose oxidase, a glucose oxidase
substrate, a catalase and an inorganic oxygen scavenger to the beverage;
filling the beverage into containers; and
sealing the containers.
35

10. A process for reducing oxygen in a ready-to-drink coffee beverage containing extracted

solids, the process comprising:
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