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Uni que Manuka Factor (UMF) Fortified Honey FIELD OF

I NVENTI ON The invention relates to UMW anended food
webrufsiigozand medi canents. I n particul ar, althougbaTmazoos/000118

exclusively, the invention relates to UV fortified

honey, nethods for the preparation of UW fortified

honey, an ' UMF

cont ai ni ngJ a{@?%%%é)ﬁc{oﬁmﬁﬂgg%ﬁg § OF THE

| NVENTI ON The manuka tree is native to New Zeal and and

yiel ds a honey that has a very strong flavour. Besides

bei ng used as food for mllennia, honey has al so been
FIEiSB ©F INVENTON nal purposes, principally as an

anti bacterial agent. The najor cause of the

anti bacterial activity is due to hydrogen peroxide
Thetimtentisn piatds teed MiFrarhentey fogd sthifs ang edicgimeoiss dn particular,
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preperativsodf & VR Fortified haney,. anthmethadsifor thenprieparetior oft YMF sontaining

K he non-peroxide activity and is comercially
fral?ﬁ%\‘/\\@qmo@'zm%%i gque manuka factor (UMF). There have been

many studies identifying properties of the

B%g%?j%@ﬁ:ﬁqgllm,%m?w attenpts to identify the

on responsi or this additional activity have
al so been made but have so far been unsuccessful .
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antibadtersy) actinitnis dap B hydmgenpenaddestbat is pheicge il rangy by the
enfzy?r\r/lg lé;'iuscose oxidase. Manuka honey has been found to possess an amount of

activity that is in addition to this antibacterial activity. This additional activity is known as
the non-peroxide activity and is commercially known as unique manuka factor (UMF).

There have been many studies identifying properties of the non-peroxide activity and
attempts to identify the fraction responsible for this additional activity have also been
made but have so far been unsuccessful.

Honey has been used for millennia with the first written documentation dealing with
honey dated about 4000 years ago. Honey is the only sweetening material that
requires no manipulation or processing to render it ready to eat (White, 1992).

The manuka tree, Leptospermum scoparium, is native to New Zealand. It favours
wetter and low-fertility leached soils, and lives to about 60 years. The tree can grow to
6-8 m in height and 7-10 cm in diameter. It has flowers which are 10-12 mm across and
they are generally white (Ward, 2000). Honey yielded from the manuka tree has a
strong flavour with a herby, woody characteristic and is dark in colouring.
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wetter and lowfertility |l eached soils, and lives to

about 60 years. The tree can growto 6-8 min height
w@p@s/i2@80 cm i n dianeter. It has fl owers whi chPEr/az2005/000118

10-12 mm across and they are generally white (\Ward,

2000). Honey yielded fromthe manuka tree has a strong

flavour with a herby, woody characteristic and is dark

i n colouring. There have been nmany studies carried out
Theee hakerhaehymamestodiap oamidd opirtesd;emtlfw the Isom@puUndRaRrseen in honey.
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Most of the conmpounds are included within the classes
of carbohydrates, enzynmes, aromatic acids,
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1978), many ot her oligosaccharides have al so been
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honey" 1 ncl 0] I bl ose, 'turanose,
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erl ose and panose, nelezitose and nmaltotriose (Weston
& Brockl ebank, 1999; Wi, 2000). Wi (2000) found
s|gmﬁ@anm$@qsec@~@ndhs;ldpmlfmhnpmanuka peneydoclude deltulaserkajiase,
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BIuelgelw\ksﬂ 99a) forsimaltaseto tie thenprincipal eligogaechaxideen.
Manuka honey contai ns high concentrations of aromatic
acids with the dom nant bei ng
Othehsuhstanges agdrshipl the bpheyhytha beel a(eraminetacids theiges abundant
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degrades hydrogen peroxide into water and oxygen.

Manuka honey contains high concentrations of aromatic acids with the dominant being
2-hydroxy-3-phenylpropionic acid (Tan et. al., 1988; Wilkins et. al., 1993) and the
aromatic acids are in a much greater concentration in manuka than New Zealand
clover honey (1000 times greater) (Tan et. al., 1988). Aromatic acids also identified
have been 2-methoxybenzoic acid, 2'-methoxyacetophenone, 2-decenedioic acid, 4-
hydroxy-3-5-dimethoxybenzoic acid, 2-hydroxy-3-(4'-methoxyphenyl)propionic acid,
syringic acid, 3,4,5 trimethoxybenzoic acid and acetophenone (Tan et. al., 1988,
Wilkins et. al., 1993).

Irrespective of the season and geographical origin, samples of unifloral manuka honey
can be characterised by the combined concentrations of the propionic acids being
greater than 700 mg/kg honey, the benzoic acids combined being greater than 35
mg/kg honey, and the acetophenones being greater than 20 mg/kg honey combined
(Wilkins et. al., 1993).
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cl over honey (1000 tines greater) (Tan et. ai, 1988).
Aromatic acids also identified have been

wQ200st1b2iy benzoi ¢ aci d, 2'-net hoxyacet ophenonePCT/NZ2005/000118
2-decenedi oi ¢ acid, 4- hydroxy-3-5-di met hoxybenzoic
acid, 2-hydroxy-3-(4'-nmethoxyphenyl)propionic acid,
syringic acid, 3,4,5 trinethoxybenzoic acid and
acet ophenone (Tan et. ai, 1988; WIlkins et ai, 1993).
Irrespective of the season and geographical origin,
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dewmmaqukaﬁlomlwg@t ai, 1993).Tan et. al. (1989) also
identified 2-hydroxy- 3- phenylpropionic acid as a nmjor
characteristic conpound and illustrated the use of the
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be‘géﬁ%:gorlt%d%‘?ﬁ htagi dg éewmtlﬁfé‘t bpuygbayn hi gher

( ntrations in nmanuka oney than ot her honey
Di aci ds i ncl udi ng oct andedi oi ¢, nonanedi oi c,
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port e
dua@me) fre@aﬁd\ty amﬂmm fihs litegetiirs daesot ﬁoraieln@nymfﬁm'onwn these

in Wgngﬁ? ﬁ&ne or |}§1 %I%?%)an* PEQ)I%H@@' nlfc?rﬁ{aﬂaﬁ on MARbRERe chhteRt of

acl terature es not contaln any
mamﬂ@rhcvaey on on these in manuka honey, nor is there any
publ i shed i nformati on on the noisture content of
manuka honey.
Honey has been used as a medicine by many cultures since ancient times (Ransom,

1937, Adcock, 1962). More recently the interest in honey as a newsworthy agent has
increased due to the recognition of a definite antibacterial effect. This antibacterial
effect of honey varies substantially depending on honey type (Dustmann, 1979).

It has also been observed that manuka (Leptospermum scoparium: Myrtacaea) honey
has a higher level of antibacterial activity that cannot be explained solely by the honey
osmolarity, pH and glucose oxidase activity (Russell, 1983). This contributor to activity
is now referred to as the “non-peroxide activity” or “UMF”.

Dustman (1979) had noted the existence of antibacterial activity that was not due to
glucose oxidase activity or the high osmolarity. However, he was of the opinion that
the latter activity was only a minor portion of the total activity.

Molan & Russell (1988) gave evidence for the existence of antibacterial activity not due
to hydrogen peroxide in manuka honey and also found that manuka honeys with a high
overall activity had a high amount of the non-peroxide activity.
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Honey has been used as a nedicine by many cul tures
since ancient tinmes (Ransom 1937, Adcock, 1962). More
w0 e@sntd2go t he i nterest in honey as a newswort hRCEYZ205/000118
has i ncreased due to the recognition of a definite
anti bacterial effect. This aftibacterial effect of
honey varies substantially dependi ng on honey type
(Dust mann, 1979). It has al so been observed t hat
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antibacterial substamaeg. was only a mi nor portion of the total
activity. Mlan & Russell (1988) gave evidence for the
exi stence of antibacterial activity not due to
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hon- per oxi de activi les 1nto
(1999)-shewest ithit thecadditiongl attiviowas swable irf ongAdictsakentst e aa%thanol
aﬁ%qgﬁegnterestlng and apparently contradictory
properties. Verge (1951) obtained active fractions in
wat er, al cohol, ether and acetone. Schuler and Voge
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acti vi extraction possi Wt h acet one
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|s(?%]§91§,‘}1hﬁ5n gﬁi?é/)a I \le ile at 950C. M adenov

repo dney cont ains volatile,
heavy-vol at i I e and non-vol atil e anti bacteri al

R e e
antimicrobial actlwty (Clzmarlk and Matel, 1970, Cizmarik and Matel, 1973) and have
been isolated from honey (Wahdan, 1998, Weston, 2000). However, they are found
only in low concentrations and contribute little to the antibacterial activity of honey
when compared with the contribution from hydrogen peroxide (Weston, 2000).

Marhuenda Requenda et. al. (1987) reported antibacterial activity of other phenolic
acids including caffeic, vanillic, p-coumaric, p-hydroxybenzoic and syringic acids.

The flavonoids isolated from honey include. pinocembrine, pinobanksin, chrysin and
flavonone (Wahdan, 1998, Ferreres et. al., 1994). These have well documented
antimicrobial activity (Rivera-Vargas et. al., 1993, ltoh ef. al., 1994) but also do not
occur at high enough concentrations in honey to have a significant antibacterial effect
(Weston, 2000).
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1988, Tan et. al., 1988, Russell et. al., 1990), and
prelimnary studies of Tan et. al. (1988) showed t hat

w0 b@saeidse i onal activity was sol ubl e i n organi BCT/NZ2005/000118
solvents, e.g. ethanol and ether. Aromatic acid and
phenol i ¢ conpounds are the ohly other substances wth
anti bacterial activity apart fromthe hydrogen
peroxi de and the enzyme |ysozyme that have been
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Identi'fied as posses ing antimcrobial activity
tripethexsenkoaidd Matel , 1970, Gizmarik and Matel, 1973)

and have been i sol at ed from honey (Wahdan, 1998,

Weston, 2000). However, they are found only in | ow
Preralie cxtesinaus meaterial celiastad iykees) fram the gusn exidates of trees and
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contri butron en peroxi de (Weston,

acmmgélﬁm@q@q@@ﬁ@@cw gg V\(ahggg 17998 gtgtqsetbat flavonoids are the
mé}wﬁﬁg&h{%&é il Séété!ménnﬁrcfﬁoné’t her phenolic acids

I'nc g caf p- counari c,
p- hydr oxybenzoi ¢ and syringic acids. The f I avonoi ds
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cur
coppaoents lackpd ﬁstlmlﬁrquh aytwutm, M\b@aétl\éiyglvﬁsf ¢rtbaﬂbserved for whole
p@‘g’q gbacterial effect (Weston, 2000).Russell (1983)
entified 2 aromati c conpounds as nmj or anti bacteri al
conponents from honey. They were
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rrnme I''s, a resinous teri

itsesiakeaniibacterjal petadty f Bahof thesgars pwiaing a3y gl fittialies and

chromatography has shown that the antibacterial substances in manuka honey have a
molecular weight less than 1000 amu (Russell et. al., 1990). '

Other products that could contribute to the non-peroxide activity of manuka honey
could be antibiotic peptides characterised from the body fluid of bees. Those identified
have been abaecin, apidaecin, hymenoptaecin, royalisin and lysozymes. The peptides .
possess strong antibiotic activity and if they were present‘in honey they could contribute
significantly to the non-peroxide activity (Weston et. al., 2000).

Despite many years of research the non-peroxide component of the antibacterial
activity of manuka honey (UMF) has not been isolated or identified. Indeed some
researchers do not consider an isolatable fraction of component of manuka honey to
exist.

Russell et. al. (1990) considered it likely that the difference in opinion on the
significance of the additional antibacterial activity (i.e. that not due to hydrogen
peroxide or high osmolarity) results from the difference that exists in the amount of this
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used as an antibacterial agent in the hive, includes
substituted benzoic and cinnam c acids and fl avonoi ds

w@ Mwsazest , 1995). Wahdan (1998) states that fPE/NARIOS800118
are the maj or substances in antibacterial propolis.
The conponents found respons ble for the anti bacteri al
activity have been identified as gal angi n,
pi nocenbrin, caffeic acid and ferulic acid. (Lavie,
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anti bacterial substances in manuka honey have a
Bo?ggrgrsMMQi])\mieg’rmed exdetermime ihGdGchemactipRitesrdn-perpxidakbctjvity
.. Ot her d t
ocF‘Lgﬁe_%%%%esaa tlnggﬁ y@%@ #l)% oﬁ%%gghn%ﬁg ét@"tagldc aﬁcﬁ]Sasm
fraetidrisb Hetdid thixcipyt fedtirg mbac’amy@rf asathpfe, oemmhm b dragtidn, endithen

h .
B o BB S BRI HE SR B e e copaes
thaneips aﬂ&&cterlabmsmesttwmmem irbihetremoeext radtion. Exidhctién of

{
volgRauRlaingd Y55 ons B HEAITY o BTGB U RPoBRRY Rothfiss Earacton
of 8bn-pol26tdh-volitepsutataneey wye dose by QF‘EBsmtmrphs tEhdraction of bases
W N AR i Lo fidfe Bl A Bl o] Bt dcde Was cone
oni dtedtiion exshange delanindotie Qdsarar. Eoeasid demon thedrsiey avas st to
pl-tif) |§<? taca:'lgls $vefrer iia'l%e 8lssomat88 A %H‘n of manuka honey to

Bogdanov stated that the shift in initial honey pH to pH 11 had no effect on the
antibacterial activity as back titration to the original pH resulted in the restoration of the
initial antibacterial activity. For manuka honey, Bogdanov stated that 100% of the
activity was in the acidic fraction when tested against Staphylococcus aureus and when
tested against Micrococcus luteus, 75% was in the acidic fraction, 10% in the basic
fraction, 5% in the non-polar fraction, and 10% in the volatile fraction. It was hence
concluded that the non-peroxide antibacterial activity in honey was found in the acid
fraction and correlated significantly with the acid content, but not with pH.

Wahdan (1998) found by comparing the osmotic effect of sugar solutions to undiluted
honey, that the high sugar concentration is an important factor in the antimicrobial
activity but when it is diluted it becomes apparent there are other contributors also
present. It was also stated that in this study pH could not have been a factor because
the honey was diluted by nutrient broth (pH 7.2) so there must have been other
substances present.
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Russell et. al. ( 1990) considered it likely that the
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acl ds were 1 dI ssoci ated anron form Bogdanov
différahess. t hat the shift in initial honey pHto pH 11 had
no effect on the antibacterial activity as back
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manesacsiari§ea haye o estinastesial propertieslit wae suggested that the
antibacterial component is being carried by the sugars.

Weston et. al. (1999) demonstrated that the phenolic fraction as a whole had the same
antibacterial effect between active and non active honeys so concluded that while the
phenolic components of manuka honey individually and collectively were antibacterially
active, they were not responsible for the “observed' activity.

Weston & Brocklebank (1999) hypothesised that active manuka honey may have had a
unique oligosaccharide similar to the tetrasaccharide sialyl Lewis X which is the
antigenic determinant which mediates the adhesion of the bacterium that causes
stomach ulcers, to the lining of the stomach. They tested the oligosaccharide
composition of active and non-active manuka honéys and found no differences
between active and inactive manuka honey.

Perry et. al. (1997) discovered three chemotypes of manuka existed in New Zealand
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‘gepgrzphy dues not influence the phenolic profile.

Weston (2000) stated that:

0] hydrogen peroxide is the only antibacterial substance of any consequence
in honey and that other substances such as propolis-derived phenolics are
insignificant in comparison to hydrogen peroxide;

(ii) the level of hydrogen peroxide in a honey is essentially determined by the
amount of plant derived catalase in the honey; and

(i) based on the findings of White et al. (1963) and Dustmann (1971), hydrogen
peroxide is geherated by glucose oxidase in samples of honey or fractions
thereof, when they are diluted and prepared for antibacterial assays the
amount of catalase added to these samples in present methods (Allen,
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at @%H Ig\%i ih eAEg RAbheMati€ E‘orﬂﬁ&ﬂé?ﬁ§§f Hed&ir %Q&?ﬁi 18&1’(93‘ the

acteri t causes stohmch ulcers, to

honey aa gnifipra, rd@ hae watioxidart ejopestissdut have ratibges &@@H%ﬁd e
ha&@%%h&odr Iflgf/elé‘sféﬁfﬁ &@Hal%ﬂw@(c“ve manuka honeys and

erences etmeen active and inactive
manuka honey. Perry et. al. (1997) discovered three

g&'smoﬁ%?gne‘.)%ommd ?é{h%‘i @er 8 dﬁ?é/\ﬂlgé‘o'ﬂn@"tﬂé'ﬁésénﬂm& of the

ey can IStIﬂgUIS conp03|t|on of
exigtenmetdf AIMPH AN suggeststids Ineqie lsely tbaéltmeator@ La!umi@h{ hlgh level

of %2%88 g@ﬁoxﬂe%ﬁ’c% mcﬁrﬂﬁfa@ g&t%@@ b ¥ adiricAlof ﬁhe catalase.

enes and t grows 1 n
TrEa&unlqaa cﬂacrt@rij couid incfant kd the psesenga Opabqﬁ@rce pbea’t@lﬁseam large

&ﬂﬁ{a% HFSRRARE Gctive &@Qﬂdhﬁk h
arg?@é I'f]éan i mﬂg}! hﬁal?aﬁéactl?%lgt f/: l of rtﬁih rlee anoney:
Honey with a high UMF value, and products derived from such honey, are sought after
by consumers. This is irrespective of whether the beneficial properties of honey with a
high UMF value are attributable to an isolatable UMF containing fraction.

If a fraction of manuka honey associated with the UMF activity could be isolated UMF
fortified honey and other amended foodstuffs and medicaments could be prepared.
The known favourable properties and beneficial effects of manuka honey could be
augmented.

It is an object of this invention to provide a method for the preparation of a UMF
containing fraction of manuka honey, or to at least provide the public with a useful
choice.
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Weston et. al. (2000) attenpted to detect

| ept ospernone in a sanple of very high nonperoxide
w@eaosa2yo manuka honey by three different net hPOGENZIN0£000118

was using XAD-2 resin to adsorb the phenolics, another

was using extraction with 2-1utanol, and the third was

liquid-liquid extraction. Analysis of all three

extracts failed to detect any triketones. It was

STANRMENE PR INMENEONuse | ept ospernone is insoluble in
water it is unlikely to be present in nectar and
consequently not in honey. Wston et. al. (2000)

In edirgtiasngct the ipiestion proviseapdifeforifiedmonge ant i bact eri al
manuka honey and inactive manuka honey and showed t hat
there was no difference qualitatively or

Prgfigsahly thethoney {8 mamigka hongys of ci nnam ¢ acid and
flavonoi ds were also very simlar and conparable with
many European honeys. By testing 19 manuka honeys they

Prefesatyithethoney has phdviiovalde graster thamthat picrmr urdertifiectmeriska

el R pTerdy e (RRREROI,GET= YN S REER Fh 5, more
prefetabhogneaisethexid®e is the only antibacterial substance

of any consequence in honey and that other substances
such as propolis-derived phenolics are insignificant

Iniarsesondaspedithe iBventindgeridesed meihed; of preparing @ WK &rtifggd honey

i i d h ' | det er ni ned
L e b T ot St
and (iii) based on the findings of Wite et al. (1963)

B i o A i
fractiem by beparkaiing thi éyac@mgt]?m sulbsiantiaty ah obihetetdl monosaccharide

su@QFsi ip A ?efrhﬂg fRRSPNiSh 1HeSraction is obtained.
Preferably the method includes the steps of:

e applying an amount of honey to a matrix;
¢ eluting the sample from the matrix with a solvent; and

e collecting the UMF containing fraction.
Preferably the collecting the UMF containing fraction commences following elution of
substantially all the monosaccharide sugars present in the sample. More preferably
the collected UMF containing fraction is substantially free of the total amount of
monosaccharide sugars present in the sample.

Preferably the honey is manuka honey.

Preferably the amount of manuka honey has a UMF value greater than 25, more
preferably greater than 35.

Preferably the matrix is a size exclusion matrix or a reverse phase matrix.
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anount of catal ase added to these sanples in present
nmet hods (Al l en, Mol an and Reid, 1991, Ml an and
wRemsabd250 1988) is insufficient to destroy al | PCF/NZ2®5/000118
hydr ogen peroxide produced in this way. It was al so
stated that the volatiles aral ysed by GC-Ms are, in
general, conponents of nectar and contribute to the
aroma of flowers. Although there are a wide variety of
them their quantities in honey are small and the
Pdﬂ&%% g% lh unique to a particular flower
sour oney o not appear to have any
antibacterial properties at their |level in honey. Also

| dentify th
PrAFY RN [FTERERRE, Ao FETH AR PSILET L L but

have not been identified as having appropriate |evels

In foirsft% é:% t oﬁtheatﬁirc% ¥é%éé 8 rR/Qnt(%OﬂQ)metth‘?iseef %ﬁeﬁexclusron

conclu I scoun t he possi
andfiort hxchengs metrixe Ryeferay ﬁned:ogutgg iostis Naf. Mgramriet;erabik éteyﬂatrlx

hats Eaéizé %(é:'ll%ho‘mﬁnit & ﬂf" Féllfer¥iaig 'tl'g‘mgﬁyﬁ%ssﬁﬁngyo%mnzene

'S inconp e roye
coaddweron of the catal ase. The "uni que factor” could in
fact be the presence or absence of catalase. in large
anounts in manuka honey that differentiates active and
In acecant émbodigrnkef the thiy. aspeetof thel inyerdion thghmeluk i &l Ge,
r ' ght after
ik A 5 g s T
benefi ci al properties of honey with a high UW val ue

Wﬁﬁe th?tutse P Miglglhﬁ sa&efeﬁ?h a&dﬂﬁ:{gﬂeh@ﬁor OBRIRS giﬂ&avt%e 8Iy

rac SR 0 assocl
sepatated fnam lbwﬁeyamqiudmg/s@md hbriey, mayhige @é UgRSE irf thetmethed
honey and ot her anended foodstuffs and nedi canents

coul d be prepared. The known favourabl e properties and
In ladioufth@Eispéctdiid inventiopfprovideska UVimeantaining fraplioreefgnanyka doney.

Preferably the fraction is substantially free of monosaccharide sugars.

Preferably the antibacterial activity of the UMF containing fraction is labile at alkaline
pH. More preferably the alkaline pH is greater than 9.

Preferably the UMF containing fraction is prepared by the method according to the third
aspect of the invention.

Preferably the UMF containing fraction has the chromatographic characteristics
described in Examples 2, 3 and 4.

Preferably the UMF containing fraction has a retention time of 19.4 to 25 minutes when
a sample (20 pL) of honey containing the UMF containing fraction is applied to
Shodex™ Sugar KS-801 and KS-802 analytical columns in series and in the sodium

form, operated at a temperature of 50 °C and eluted with Milli-Q water at arate of 1



10

15

20

25

30

It is an object of this invention to provide a nethod
for the preparation of a UMF containing fraction of

worewalz02bbney, or to at | east provide the publPCT/™iZ2des/000118
useful choice. STATEMENT OF I NVENTION In a first aspect
the invention provides UVF fiartified honey. Preferably
the honey is manuka honey. Preferably the honey has a
UMF val ue greater than that of any unfortified manuka

miorireyMotebprefepaitdy thediViy cohimirfing fradtioe das emetgnticrstime OVIR.4 to
val L eater than 25, nore preferably greater than

213@““]%5&% second aspect the invention provides a nethod
of preparing a UVF fortified honey including the step

fe. ol Xi . 1D Ml LOoN, a
Sl e WAl s Y OB g B b
coptaipieg fraciioa aobérdingriv hetfongh epaxt pbthelirwestiqrar at i ng t he

fraction fromsubstantially all of the total

nonosacchari de sugars in the sanmple fromwhich the
Prefesatily the medicdmenit reeal wobma tlessainp ysuchesriigatitedcribec in desy

. zé@%%ﬁﬁ%?&ﬁ g%qcﬁﬁg,p?%yédqgsﬁn amount of haney to a

e sanple fromthe matrix with a
solvent; and collecting the UVMF containing fraction.

Pr r.abl I I [N [ oo
i R e T
fraction semxcding taibe Sougtr aspecesfding inventtone sanpl e. More

preferably the collected UM containing fraction is

substantially free of the total anmount of
Prefenalshathetfaod steff sulteney. present in the sanpl e.

“UMF fortified honey” means a honey to which an isolated UMF containing fraction has
been added.

“Manuka honey” means a floral honey derived predominantly from the flowers of
manuka (Leptospermum scoparium).

“UMF value” means the measurement of antibacterial activity determined for a whole or
sieved honey or fraction thereof determined relative to phenol equivalents in an agar
plate diffusion assay.

“UMF containing fraction” means a fraction of whole or sieved manuka honey
containing a non-peroxide antibacterial activity.

“Substantially free of monosaccharide sugars” in respect of a fraction means the
amount of monosaccharide sugars by weight in the fraction is a small or negligible
portion of the total monosaccharide sugars in the sample from which the fraction is
obtained, e.g. less than 5% (w/w) of the total monosaccharide sugars, more typically
less than 1% (w/w).

It is recognized the adoption of the invention may allow the unequivocal detection of a



Preferably the honey is manuka honey. Preferably the
anount of manuka honey has a UMF val ue greater than

W@ 200510260 pref erably greater than 35. Prefer abP@T/Naz005/000118
matrix is a size exclusion matrix or a reverse phase
matri x. Preferably the solvenB is water. Preferably the
matrix is in the format of a chromatography columm. |n
a first enbodi nent of the third aspect of the

UNin germtaining frasdiomint whale heney retseviqusiuigioym tasehipt mon-peroxide

.chang ' J : o j
aoffe 108 S [ochopipe 1Rk B Hork D6rok@L 2oty il b bfited oy
hopeysiother then eanuisa Bpagy 3na mad yatiesied fersthe pyasenee of a UMF
VAN ene copolyner. In a second enbodi nent of

Coﬁ%ﬁ“%%#?gBéSpect of the invention the matrix is C18.
Preferably the matrix has a 15 mmparticle size and a
100A pore size. Wile the use of whole honey is
preferred, conponents or portions previously separated
from honey, including sieved honey, may al so be used
in the nethod. In a fourth aspect the invention
provi des a UWF containing fraction of manuka honey.
Preferably the fraction is substantially free of
nonosacchari de sugars. Preferably the antibacteria
activity of the UVF containing fraction is |abile at
al kaline pH More preferably the alkaline pHis
greater than 9. Preferably the UW containing fraction
is prepared by the nmethod according to the third
aspect of the invention. Preferably the UWVF contai ni ng
fraction has the chronat ographic characteristics
descri bed in Exanples 2, 3 and 4.
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Preferably the UW containing fraction has a retention
time of 19.4 to 25 mnutes when a sanple (20 m ) of

whemwss2eemt ai ni ng the UMF containing fracti on PGI/NZ2005/000118

applied to Shodex(tm Sugar KS-801 and KS-802

anal ytical colums in seried4and in the sodiumform
operated at a tenperature of 50 OC and eluted with
MIli-Qwater at a rate of 1nlL/m n. Mre preferably

BRIEF QESCRBIRTIANOMIHEDRAVWINGBas a retention time of

19.4 to 21.7 mnutes. In a fifth aspect the invention
provi des a nedi canent anended with the UVF contai ni ng

Thieringntion willreay bié dgsaribed ireddtailiwitinrefeneoce tadthe aheompanying
dré\ﬂi\‘@é‘hi\ﬁmch":r eferably the nmedi canent is a wound
dr eSs '

I'ng, such as that described in New Zeal and pat ent
application no. 501687. In a sixth aspect the

i nv ' j Ui A 0B it ‘
cont 1gure ! HPL@YLALER A et e RN Wil it khige and
t he SZ6\PEAYSIBENIGEIPABI v t he food stuff is honey.

"UWF fortified honey" neans a honey to which an

i sol [ i fr ' .

IR p BB D 5 DE (R RIR G o s
pr edeneariged exelrnge Bed sizepsskgonehreraziowarhyLept osper mum
scopariunm). "UMF val ue" neans the neasurenent of

antbpact rial. activity det ined for _a whole or . . .

1 eV AR HETC ST Sipyeg MBS LB e RTHALE Pesrapgnyiging of the

t o penbironeg@P0rainEaticn of BOGMg/agsieved fney.di f f usi on

assay. "UMF containing fraction" neans a fraction of

whol e or sieved manuka hon contai ni ng a non-per oxj de

ant i iawe 4, HBLC %félfq r\glynlﬁ?:_ted ac(ta‘nye fraction from thg KS-2082 ccﬁumn.)%e(%ractive
index monitoring of the eluant from a 200yl injection of fraction 4 (at a concentration
that would be equivalent to that which would occur in 200 mg/ml sieved honey.)

Figure 5. HPLC of the re-injected active fraction from the KS-2002 column.
Enlargement of the refractive index monitoring of the eluant from a 200pL injection of
fraction 4 (at a concentration equivalent to that which would occur in 200 mg/mL of
sieved honey).

Figure 6. HPLC of the 20.5 to 25min fraction from fraction 4 on the KS-2002 column.
Refractive index monitoring of the eluant from a 200 uL injection (at a concentration
equivalent o that which would occur in 100 mg/mL of sieved honey)

Figure 7. HPLC spectrum of the 20.5 to 25min fraction from the re-
injection of fraction 4 on the KS-2002 column. Enlargement of the refractive index
monitoring of the eluant from a 200uL injection of this fraction (at a concentration
equivalent to that which would occur in 100 mg/mL of sieved honey)

Figure 8. HPLC on the C18 column. Refractive index monitoring of the eluant from a
2ml injection of 0.5g/mL sieved honey.

Figure 9. HPLC on the C18 column. Enlargement of the refractive index monitoring of
the eluant from a 2L injection of 0.5g/mL sieved honey.
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worewsaaeshar i de sugars by wei ght

"Substantially free of nonosacchari de sugars" in
respect of a fraction neans the anmount of

in the fractiPOI/N2@5/000118
smal | or negligible portion of the total

nonosacchari de sugars in theSsanple from which the
fraction is obtained, e.g. less than 5% (ww of the
total nonosaccharide sugars, nore typically |less than
1% (ww. It is recognized the adoption of the

| NV eFre M0.MynoRktdvh bitRe farBcns comszadd isiRtIQah@ MeCN frki\he C18
conta,nlng fraction in whole honey not previously

knoWi'f'8" exhi bit non- peroxide activity. It is further
recogni zed that this non-peroxide activity may be

ex hipre 41, Bfre B SR O bR Bl nbALBEroXBE AUty 1P BHRYacetr=ftn.

yet tested for the presence of a UMF containing

fracti on. BRI EF DESCRI PTI ON OF THE DRAW NGS The

I nv digure N2.\nvektigabon df ¢hedesimr—rtiobalily ofortiging sieved Hohey.

reference to the acconpanying draw ngs in which:

gure 1 HPLC refractive index anal ysis.of manuka.

honé:y}gtlig f'!"rd)qtq f@%&leé‘%‘&fwa& @@eamantgrozlee%m% (@72 1s the zone of

c hr aysating tnapis; andFiagol iseh&ralmbidragn Mpseved heney,agien of

a HPLC refractive index anal ysis of manuka honey by

I i gand exchange and si ze excl usi on chronmat ography.
DETAJLE® DESCRIPTIONsi eved honey on KS-2002 col um.

Refractive index nonitoring of the eluant froma 200m

i njection of 300 ng/nL sieved honey. Figure 4. HPLC of
Thehpvantion iy the dettrmpiatiomr thak ashiad fratiionoftthe hatsey? @bRh typically

s fpless iph Bt pHeshldride BRISGH ihedhe kfafi A2b gk

perdrdde mmmmmqmwmm isblatedfiedm thiel leitk ofdhé toneycsoureenas a
Ulﬁpc Cg ﬁd honey.) Figure 5. HPLC of the
Pﬁ?@g{g %Y ve fraction fromthe KS-2002 col um.

The UMF containing fraction may be separated from the bulk of the honey by a number
of means known to a skilled addressee. However, while previous attempts have been
made using HPLC to separate and isolate the agents which confer the non-peroxide
bioactivity on honey, the choice of columns and solvent used in the prior art have
prevented this goal from being realised.

The prior art attempts have likely either unknowingly destroyed the bioactivity of the
honey by using the wrong experimental conditions or used columns which did not allow
adequate separation and thus the identification of separate fractions.

Further, because the UMF fraction is a small portion of the honey, it is also likely that if
separation had previously occurred the elution peak could have been unwittingly
ignored or disguised by other compounds.

In the preferred embodiments of the invention separation columns designed to
separate the principal monosaccharides present in honey are used. These principal

monosaccharides are glucose and fructose. Examples of columns include Rezex™,
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Enl argenent of the refractive index nonitoring of the
eluant froma 200nL injection of fraction 4 (at a
w@omsan2s@t i on equi val ent to that which woul d PCDNZ2G05000118
200 ng/ mL of sieved honey). Figure 6 . HPLC of the
20.5 to 25mn fraction fromfaaction 4 on the KS-2002
columm. Refractive index nonitoring of the eluant from
a 200 nmL injection (at a concentration equivalent to
NudeasilifandShasiekd. bsbould be appciatgdthaithess areegivenorneway of
e%ing%&ﬁ. HPLC spectrum of the 20.5 to 25mn fraction
hé reinjection of fraction 4 on the KS-2002
colum. Enl argenment of the refractive index nonitoring

Diting 18 cRR ) norl R MR Sl Rbtond e WisdpiabS”
cajectad and am@l@setgwmmg ofie sndfvreitbth bivVeabsoffitignmad 8efradieCindax

adBBioFA8 g oS BE LBk BPRRerdg {07 19 Of (e

ant om a n ec /mL sieved honey.
F| gure 9. HPLC on the C18 col um. EnI argenent of the
of .the el ua

e‘%‘g‘f b V%&#g%e@ga[ﬁﬁ@xtgo“ L qqup‘zeeye@ ual?pgallr‘%%%pog?a%rigl clz‘oIUmns
therhaaeeMsedi taosepafate gricbsaand Hoctosoirdre otred compbhérits ofhe honey.
nd MeCN from ¢t 8 .col igure 11. Effect of .
1 B pefT e SR i A B bR P otacl 4K Bjabpeqniy hep index
mbmitrihg telufedgtiteetheFructovegekgat i on of the
proportionality of fortifying sieved honey. Figure 13.
Data fromthe fortifying experinent grouped by plate.

THis fraétionshaislzeUV absorpfiorcwhéreas fructose dv8s naThis frbctionitas been
i eved

tetggg 'gpaéﬁl fgégﬁt%fﬁ af-l&:@ﬁl?l?ﬁlggﬂ p%mxﬁ ﬁw%aic?ergll ggtivity of the

hathey eTHis frattionris tdi@treditosassthe UMRiCdritg@ining firatiien. vnely using catalyse
tové'i‘?astroy arYyP peroxndé/ based antibacterial activity of honey the activity of the UMF
fraction is maintained.

Liquid-liquid extraction of honey using ether could also be used to simplify the isolation
of the UMF containing fraction. In these experiments, ether can remove many of the
non-sugar, organic compounds from the honey, while maintaining the non-peroxide
activity in the remaining sample.

In order to further purify the UMF fraction, it may be passed through the columns
multiple times to eliminate more and more impurities or subjected to chromatography
on columns with other types of packing resins, for example reversed-phase columns,
which might separate the components of the fraction.

The UMF fraction has never previously before been separated, or even recognised to
exist as a discrete faction despite multiple attempts by a number of different research
groups. Reversed-phase, Bio-Gel P-2, XAD-40 and anion-exchange columns have all
been previously used in the prior art in attempts to isolate and identify compounds with

non-peroxide bioactivity.
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makes up | ess than one percent of the dry weight,

contains virtually all the nonperoxide activity and
W ba@s/12256 can be isolated fromthe bul k of theChuazws/000118

source as a UW containing fraction. The UM

containing fraction may be s@parated fromthe bul k of

t he honey by a nunber of neans known to a skilled

addr essee. However, while previous attenpts have been
Untied ghagsicagdifimceither thedeactierwanaoi sarasated phwaggetfegognised

. - | I .

™l 28 pEMBpPBES BB Bf Hioyetat fihtaBleride peak
in previays\PLSy Boray iddienhprsthg shronfategrapiy eaditions desitpyeditee
e f ts have likely either unknow ngly

bl edg%yo?éﬁde?m&ygipoactivity of the honey by using the

wrong experinental conditions or used colums which
P A 0 SRR P e 0y R S RRioR o tho e
fractien carmot peeuriopreolusnng tatdpauirrorlkaliog pht, stefeasamiey-ex¢hange

ool DA SRl wtre BTRACRSPR DRI rRSREY T,
colugney rustde ltﬁeéglnﬁtw@lagv nsenBeutigdfPounds. I n the

preferred enbodi nents of the invention separation
colums designed to separate the principal

TheddE seoteiningikaction awsieundionessayosiral ity Hivactivityi @ger 30 minutes
G ; r ;
o B B B A R eer T oy
roitifghSialsel iongerdhan this e Hl the bigastidty eftheney isdmmegdiately
de§¥r8 g ven by way of exanple only. During the elution
0 ¥1ohey t hrough the colums, small fractions are
preferably collected and anal ysed usi ng one and/ or

I3 et RBRERE sREwRE foh Tl e Ay IR R B ShdrBttels it ether
using standard techniques to remove fatty acids that could interfere with
chromatography. Both the aqueous and ether phases were tested by using
antibacterial assays to determine in which phase the UMF activity was isolated. The
UMF activity was found to remain in the aqueous phase, with no significant bioactivity

found in the ether phase.

To examine the level of non-peroxide activity in the honey samples catalase was used
to destroy any antibacterial activity -conferred to honey by hydrogen peroxide. Catalase
solution was made by dissolving catalase (0.02 g) in distilled water (10 mL). Honey was
dissolved in distilled water at a concentration of 1 gram honey/mL water, in 1 mL
aliquots. Then either 1 mL of distilled water (for total activity) or 1 mL of catalase
solution (for non-peroxide activity alone) was added to each sample vial.

EXAMPLE 1 — Well diffusion assay of antibacterial activity

Nutrient agar was prepared by dissolving agar (23 g) in distilled water (1 L) and pouring
150 mL amounts into flasks before autoclaving. When required, flasks were steamed in
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Shdex(tm) (m xed node |ligarid exchange and size
excl usi on) chromat ographi ¢ col unms have been used to
waee@anaeo gl ucose and fructose from ot her conpPCENEZ006000118
the honey. It has been discovered that a fraction
detected as a small peak by Befractive index
monitoring is eluted after the fructose peak. This
fraction has a UV absorption whereas fructose does
a water bathi(80 mimd00YP), had thesdhe agantenparaure giasdedudsed in another
. : ) : . cral
WS o Hniiatufe RicrabfordRy bEGRRY CHR BTN BACSECE o
the UMF containing fraction. Wen using catalyse to

THRES LR RSB SRR S R SIRl g Bibhe hdperdh oo
withi ajbeat ¢uliyre anditen dnauibatingdf1 8hoWe§). uldienyy astréres cutturg wias

to o . o . _
sshRBS SRl kIO S WIE 12 20 B s Wb
Spegtronie Helies/y speatipphatometards40nnur Jayntic sow b mds Used as the

—piddke honey, while maintaining the non- per oxi de activity

In"the remaining sanple. In order to further purify
the UM fraction, it may be passed through the col ums

L St pespich S, RArDEB S THY o8 HTRESy U S 245
mmypoEBsmoT) wede krapgracee aevel siurfacs inpbering:1%G mb@f phidsat agar
; ar,  yeg

sspld ] . el i3 1 TERSIO™ O/ A/ERATRARBBLC, inp 2pldticd
thé platessegrarstared upgide-down at é¥bgyarsight.t o exi st as a

di screte faction despite nultiple attenpts by a number

of different research groups. Reversed-phase, Bio-Cel
Whelg hogyDsaroples weemprepaeddlyavrighico whaiedhonay ¢1.80 b) arckdissolving
. -1s . .
o BEAUSLY A1 P SpRLLAET b, B BERLSS Uk side
incubation (37°C, 30 min) to soften the honey, while keeping the time available for
H,O, production constant. For other experiments, where H,O, activity was not being

determined, the samples were stirred at room temperature until dissolved.

The resulting 50% (w/v) solution was further diluted by combining equal volumes (1:1)
of sample with either distilled water or catalase solution (20 mg/10 mL distilled water)
depending on whether total non-peroxide activity is required.

Honey fractions from HPLC and liquid/liquid extractions were dissolved (1:1) in distilled
water to give the same concentration that was present prior to separation of the honey.
The resulting 50% solution was further diluted (1:1) with catalase solution as only non-
peroxide activity was of interest.

Phenol standards of 2, 3, 4, 5, 6, and 7% were prepared from a 10% stock solution of
phenol (10 g phenol/100 mL distilled water). These were stored in the dark at 4°C for
up to one month before being replaced.
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non- per oxi de bioactivity. Under these conditions either

the fraction was not separated or was not recogni sed
whewansesof its small size, perhaps being di sgedEad2005/000118

the | arge nonosacchari de peaks in previous HPLC honey

studi es or the chromatography conditions destroyed the

bi oactivity of the honey. Prelimnary investigations

by the inventors have found that separati on of the UMF
Wellsaweregruingharhiota regular 8 o @isl usingsan & mm cettqiorer anidkadduteting

on .
noBle 5 HiloReadt: TETHBRRARSE for g fie AR on the plate was 2
Quasirbgtin Stvase with demumbersd wrllsuepahtechd timeagver the plat@nce in

f
oo B B e e, 2O oL RS 4R M Al g the
plata o fenzaveikias frers edee effested after 5 minutes at pH 10
HPLC separations routinely take | onger than this. At
pH 11 the bioactivity of honey is inmediately

Harey tsewpias. at KePutanchoratipnsadphesolstandards were -piasedin gach well

(ﬁgjunélt Ly C%HM?QSW%H? extracted with ether using

echiniques to renove fatty acids that could
interfere with chromatography. Both the aqueous and
EXAlBLERhases were tested by using antibacterial assays
to determ ne in which phase the UW activity was
i sol at ed. The UMF activity was found to remain in the

HiIgfIBE R e E g@@%#ﬁbéé&g}mﬁm@%s%ﬂé\f&é@’ b ¥ ViaERtpLC
sysiem peindx ﬁdié I-&’cm gy & 2410mefracsive jndexsdetastorca P86 abefodiode

andy et it C?ﬁwtﬂ l\ﬂﬁeﬂrﬁlﬂ%{ o@@%tn@@ébﬁ%ﬁa@éer lal activity

ogen peroxi de. Catal ase
solution was nmade by dissolving catalase (0.02 g) in

In ?Hiﬂsatl is!uldleeg é’é%‘d%ﬁiw %%Saﬁkéso&?é}%‘é cBftmns were found to provide the best
separation out of all the columns used. Here, Shodex™ Sugar KS801 and KS 802 were
used in series to fractionate the honey samples by combined size exclusion and ligand
exchange chromatography.

The KS801 Was in the sodium form with an exclusion limit of 10%. KS802 was also in
the sodium form and had an exclusion limit of 10*. Both were packed with styrene
divinylbenzene. The operating temperature used was initially 80° C with a flow rate of
1 mL/min as suggested by the manufacturer. The eluant was Milli-Q water.

Honey samples of 20 mg/20 pL injection were loaded onio the KS800 series HPLC
columns. Figures 1 and 2 show the plots obtained with refractive index detection.
Fractions were collected for antibacterial assay from 20 injections.

In Figure 1, the fraction A was collected from 0 to 12 minutes, fraction B was collected
between 12 and 19.4 minutes, and fraction C was collected from 19.4 to 25 minutes.
The plot shows the glucose (1) peak followed by the fructose (2) peak. An
oligosaccharide (3) peak is also shown.
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di ssolved in distilled water at a concentration of 1

gram honey/nL water, in 1 nL aliquots. Then either 1
waorkoosfizadsesti | | ed water (for total activity) orPdI/NiZ2§/000118

cat al ase solution (for non-peroxide activity al one)

was added to each sanple viab. EXAMPLE 1 - Wl

di ffusi on assay of antibacterial activity Nutrient

agar was prepared by dissolving agar (23 g) in
Theisstibhdternl aativity of the depaeatel frpctiont mags teHedrusingrithenvell diffusion

f ed, flasks were

teg’sr{n@}é%é 91:anaag\@?? %{,Iro%g ia%:ur?g%am%nce%c%gg@e and then the

agar tenperature was reduced in another water bath to
Fr%t?ﬁﬁgg%geﬂf%{éﬂ%eﬁg% g%r S:cg%:tllnjn %r@ d \Ad?cfrét%h &%Hg%ﬁégﬁcéosﬂessure
onaeSBk’r‘l:ctHi BBy Fotmapbesdupipdwipa Bichs @ bratetbatiSet 40°C) The

Wi a a ubat i 18h, .370C
salfpleialerd 1540 8-t Ged ol Ty GAFERMAAE o ttilfd Vster ana
2od¢msdftc;§ta¢sfse&oﬁsﬁbh o &msure yp@un@nq:@poﬁiﬂeoadtiyitwwém gregent. -

Therno Spectronic Helios Yspectrophotoneter (540nm.

Tryptic soy broth was used as the blank. Large squared

Haey apmplestvase ¢e§mcnm rggéoncenidatioh Iof 25Vcfor hrﬁtluabmaalsaylwty
ar e

THebadera ZeRAsy e Gpndis g ees reR AP fing Bafhol standarcs

rafgieg &omvi% o &% amdrtines te filé tuplic4tdO0f the samples beDgassted were

re QVve),. ce splidified he pl ates were

mtgqc&% rﬁ%&%"a@?e)&daﬂ%ﬂ ngifnd[b%?ﬁ?rém SS\Wol e honey

sanpl es were prepared by weighing mhole honey ( 1.00
TR sgRuErS PRYeRall € SR dRbE s pddiagbgraf el
posBiBleh Hfiep Mc(iBatid, digital rcbhlberts(we?ememtd theaswra the, disvinelee of the
keeg.i Eﬁ the ti gt? ava | abl e for H2OQ2 production
areg RsinaiRition epung iR Vel per i nent's, where H2Q2 activity

was not being deterni ned t he sanpl es were stirred at
Threor?orrq ;t)eefomger grt'lt%a%teLrJigf activity ofstﬁe ¥10ney was completely contained within

fraction C (Figure 1).

When focussing in on the baseline region of the HPLC plot, two peaks were visible in
the active region of fraction C (Figure 2). To determine which of these peaks was
responsible for the activity, another scheme of fraction collection times was devised:
fraction D 0 to 19.4 minutes, fraction E 19.4 to 21.7 minutes, and fraction F 21 .7 to 25.
minutes.

In these experiments, all the antibacterial activity was isolated in fraction E.

This test was repeated a further two times and the same results obtained.

EXAMPLE 3 - Semi-preparative fractionation of honey (combined size exclusion
and ion exchange)

Previous studies (Example 2 and Snow (2001)) determined that a UMF containing
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The resulting 50% (w v) solution was further diluted
by conbi ni ng equal volunes (1:1) of sanple with either
wale@sitkd2ed wat er or catal ase sol ution (20 ng/ 1PCTINZ2005/000118
distilled water) dependi ng on whet her total
non- peroxi de activity is required. Honey fractions
fromHPLC and liquid/liquid extractions were dissol ved
(1:1) indistilled water to give the sane
fractiorc equtld he iresolveldfrorma substastiah portion of theanengsaecharide sugars
Y- f ] %S ol_ut i f; r
sl SRR U AR S SO a el RallR g S
nonper oxi de activity was of interest. Phenol standards

A Blegfietdder B AT 1SESr ARGl ¥l ) v
to wetrexsp. thd bewentvafrsemptecthetcauld béhpassad khratight theé dobummnupTheo
o 0 T r 6L S SO AR i, B ARG BB e o
di- analcaligasaacharidsscng finally mopesacalb@idesThe t enpl at e used

for placing the sanples on the plate was a Quasi-Latin

square with 16 nunbered wells repeated 4 tines over
THelShdleRMS UGAR &K S2002 g@hmprask B00 fnni, R0surapdrticiel sixe) S0A Pbressize)

o SR bSEBeB e atebSRa AR e B i B b

we(éqmﬂ%léd:ilc?ﬁ% QNa*am@Prrpétlﬁlnlﬁéd st g(rrm)éregagmem Bmit) eu‘la\r/gﬁhgtcgrﬁmhhvas
,at allocat osi tiqns.

pefrmed AEeR ek EreOR B Sty 2as bl et Enciect B rate

of Bmmilgt ers HPLC system using a 515 HPLC punp, a 2410

refractive index detector, a 996 photodi ode array
detector and M Il ennium operating software. In initial

Hi?lﬁ wgﬁ@s&@d@_ il } h&%ﬂﬂer’éﬁ@&ed @ritb @200QJLUBHS Therspectrum was
t
mor%t%ped us(?néJ Eé’%'g 8 IJIJ]P? ande EJHO RI detection. Any collected fractions were

freeze-dried in large evaporating dishes.

Figure 3 provides the elution profile obtained from a 200uL injection of a 300 mg/mL
solution of sieved honey. Due to the honey being sieved before injection the glucose
peak is reduced, compared to the fructose peak, instead of being in the roughly equal
concentrations at which they are found in whole honeys (White et al., 1962).

Size exclusion matrices are commonly slightly hydrophobic and weakly anionic, which
leads to non-ideal separation whereby separation is not strictly a function of molecular
size (Cunico et at.., 1998). This column uses styrene divinylbenzene as the size
exclusion polymer, which may interact with phenolics allowing for ion exchange.
Therefore, the retention time does not necessarily imply molecular size.

The eluant from the column was initially collected as four fractions:
1 0.0-13.0 min Phenolics

2 13.0-18.4 min - Di- and oligosaccharides
3 18.4 - 22.6 min Glucose and Fructose



separation out of all the colums used. Here,

Shodex(tm Sugar KS801 and KS 802 were used in series
W0 0005naes6 onat e t he honey sanpl es by conbi ned BC®NZ2005/000118

excl usion and |igand exchange chromatography. The

KS801 was in the sodiumformwi th an exclusion limt

of 103. KS802 was al so in the sodiumformand had an

exclusion limt of 104. Both were packed with styrene

di vidyl b@3£e3d0 mine opekaie ehijng omatrrieht ure used was

initially 80 Cwth a flowrate of 1 nL/mn as

suggested by the manufacturer. The eluant was MI1i-Q
Theeactivity W egnsistenilydeurst in factinystetween 1.4 end 8A miar Attempts
' ol ums. Figures 1
w%rggﬁ%ﬂnﬁ dh %&%n%(%g&“& ytﬁéggﬁ%ﬁr efracti vegl ndex
detection. Fractions were collected for antibacteri al
TR B RO b bR QR froh & k8YOE doturfi Fraction A
was collected fromO 12 m nut es, action B was

col |l ected between 12 and 19.4 mnutes, and fraction C

was . col | gehf ?1f rom 1,4 of&ea?'lgg rﬂM?] -PhER& &Rl %Ier?g‘(’%@

5
the gl ucose ) peak fol fructose

peaksradtion Ol i giasas chasvertge (|3)speakni S AletayeSNOBE. Then
antibacterlial actiwity of the seéparate fractions mas

t est edl usin@.@-Ha5wel | N&i f flusi-on|t8chni dife usi ng 2

St nhyvl acaeceecus avredus—as tiha t At el e rart |
lAPIIyIU\/ \avae aur Cuosoao rnc— ot Cot—oyrturCs T

acTT

coll e ed [f ABRT'EHe |HPNG f o resi i By (werNA evapor at ed 2

under—red o sur M Behi—RET— i Rotpv T
coupl € witﬁg'ﬁ'%% 2118 tQ:BbbatﬁEat ' Th(gggarrplzes
were then [resdi v Ut} on cpngal ni 2[00
m of‘pdi sit ?Flggg% at :‘? and Slg {Zoof cat al as@g2 2
sol uwhole tjo ensure|onl an- per in dg activity was
presepte Honey sarrp"l8 g weroést estled i#-&H 0.92 2
concent |yati on of 25%for antibacterilal activity. [The
an{i batt er|i #.0-d886ays War e |[conrduct®d |usiNAy t hree 2

r enl recatacl af tha mhonnal ctf andar da
tJI T U UAT UJ A\ A | L LA yriroeTirol J| UJ

2 135184 | NA | - | 10 NA - 2
3 18.4-21.5 15.47 0.27 10 17.63 0.40 2
4 21.56-25.0 17.79 0.13 7 21.91 0.54 2
5 25.0-30.0 NA - 10 NA - 2
Sieved
_ 20.78 0.15 16 28.26 0.68 2
Honey 1
1-3 0.0-19.5 NA - 10 NA - 2
4 19.5-25.0 19.15 0.16 9 25.20 1.00 2
Sieved )
- 19.15 0.12 16 26.86 0.25 2
Honey 1

Values are based on a) individual wells over all plates, and b) calculations of phenol activity on
individual plates.

Table 1 shows the results of the trials of three different fraction collecting times, and the
non-peroxide activity of the resulting fractions. Note that the first assay shown used
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ranging from2%to 6% and three to five replicates of
the sanpl es being tested were introduced into recorded
wo avdapa2del | s in the agar plates. The pl at es WeCBENZ2005/000118
i ncubated at 370C overnight allow ng the bacteria to
grow where possible. After 2hcubation, digital
callipers were used to neasure the dianeter of the
area of inhibition around the wells. The non-peroxide
whalethidnay t whdras thetlater two udedtsirvedhosgy-was conpl et el y
contained wthin fraction C (Figure 1). Wen focussing
in on the baseline region of the HPLC plot, two peaks
Alller detectablelastivity waseeveotualle corsigiedrio dfe fractions befween 19.5 and
ur. 9 ch
25%@%0@e§5ﬁg&fﬂgﬁe mietvals I’ erl‘ﬁéo nhhﬁgﬁS@Hﬁés%% fractions
ard gisien inorabd®dR| ection ti mes was devised: fraction DO to
19.4 mnutes, fraction E 19.4 to 21.7 mnutes, and
fraction F 2 1 .7 to 25 mnutes. In these experinents,
Thalconfidenca intérvals tderrios bvertspi foi ¢ihendhe 206k &f elgaling or phenol

eq[lfil%fé[\‘ﬁ hl'éh shols tl'fa‘l3 §|1J &gﬁmwﬁ@{ f'igiﬁﬁcéll‘{)‘ﬂwé LdRS as

sane resu
thaefthemiayedhaney.dhis ladlca@ﬁalnat@nrr@flowegﬁtIWWM| asedrred, sgher

by%)ﬁ @ﬁ@?%t%%é@%ﬁ?ﬁpﬁ%ﬂe@r rfghlhﬁuo?h%tl\#hgﬁs ReIER bRIow

the deteationi lingtsrad thel assay olhedavssagesappw @f Aetiyity in fraction 4 was 90%

b t osacchari de sugars using
OfEiwé %%‘%Pt”r?@l"‘%%%&%%@ @8?5 U&; 802 anal ytical colums
in series. A preparative version of this colum (a
Talie 2295% C‘Ff&h HED) R cIH%ﬁg afid Pllléno lvglgﬁb ?d? HeSinkiQrial of activity on
I ncrease e anount coul d be passed
the F-8QRFIFOLAE col urm. The eIutlon proflle of sieved
honey is characterlsed by early phenolic material,

f ol | owed—by . ,
Sample Zone of clearing (mm) Phenol equivalent (%)
Fraction 4 18.97-19.25 23.20-27.20
Sieved Honey 20.04-20.65 27.50-28.50

Values for zones of clearing were based on individual wells, and values for phenol equivalents
was based on the calculated from plate data.

As can be seen from Figure 3 this fraction contains almost all of the fructose. The
monosaccharides themselves do not have antibacterial activity, except for the physical
effect of reducing water activity and providing the substrate for glucose oxidase to
pAroduce H.0, and gluconic acid. lt is, therefore, evident thét other compounds, in low
concentrations, exist in this fraction.

A small peak at the tail of the fructose peak was observed by Snow (2001) in studies
using an analytical version of this column. Attempts were made by Snow (2001) to
isolate this fraction and identify its constituents through GC-MS and NMR. However,
the large number of components in the sample meant that the results were
inconclusive. Attempts were also made to correlate the size of this peak to the activity
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di - and oligosaccharides and finally nonosacchari des.
The Shodex(tm SUGAR KS2002 (20 nm x 300 nm 20 nmm
w@a00si120260 si ze, 60A pore size) preparative sScaPET/5zkawsmoo118
conbi nes size exclusion and |igand exchange. The
colum was in the sodium (Na4) formand had a 1 x 104
exclusion limt. Chromatography was perfornmed at room
tenperature using MIli-Q water as the eluent, running
of tite whdl¢ boneyaatthaighfhorrelationship wWagfoundathis indicafes3ba the peak is

) | ! L oop. The
H%/g%drﬁﬁnﬂgxs%dp g#’é@‘qeﬁgﬁﬁg&g%ﬁﬁ%ggg{%ﬂ)&éand 2410 R
detection. Any collected fractions were freeze-dried

Sno}]/u %ﬁ%&?%cftﬂ?{ Ak &lef gg@&?ég 5} g rrF.! f@kﬁaﬂe\g uV*b%pve This
waBl0 Goutg hat idsntifyithese UM active peakshdirectp. th@p@paratlv@ eaﬂmm@fyhe

re. I

ool B BB SepoREof Pl eBElerBE sRing b Eefcllioh Stwealdy UV
activs ogen crhaimreaonmagbdhqndequaihlscregment rations at which

they are found in whole honeys (Wite et al., 1962).

Si ze exclusion matrices are comonly slightly
It Wd@wmboeaﬂ@btweeﬂﬁrw nokaain G, frakion freé etiisndsaccharides. The

spBein of e 2raed Actio Flghtel4) KPR o Widsfipd 8 g pongentrated

pedk 9Bihe tdihofthe mdnmaa:ﬁasdespe)akeamamgh lameviopskearisingsat 1106 min
t

wetiiies 1 £ B0l e bPaPnr e ER RaRsaCcrAiar ap Bk 5 Ikpido be

resi¢li® Blucose. Amenlatgementodf tinebasesimeiis ghowrpinyFigare &cul ar
size. The eluant fromthe colum was initially
collected as four fractions: 1 0.0-13.0 m n Phenolics

Sudail SorfimbBlydndreaisebithe sdlabilitl iof SsarihglyasoiubiEsmolecules in aqueous
systems. ltis, therefore, feasible that there were compounds associated with, or
solubilised by, the sugar. As the concentration of sugar declined, they disassociated
and were eluted earlier.

It is possible that this peak could be the active factor, and the size of the peak is
consistent with the idea that the compound (or compounds) responsible for the non-
peroxide activity is found in exceptionally low concentrations. Alternatively it may be a
degradation product, as the sample used had been stored for one month in the freezer.

A test of activity in the sample prior to being re-injected, however, showed no loss of
activity, and this is supported by the findings that the active fraction is stable to being
stored for in excess of 2 months in the freezer after isolation. It is possible that this
peak may reflect degradation of a non antibacterial component.

The 20.5 to 25.0 min fraction from the re-injection of fraction 4 was collected and re-
injected to investigate whether the active peak observed by Snow (2001) could still be
identified. It is evident that the new peak observed at 10.5 min also arises in the
spectrum (Figure 6 with an enlargement in Figure 7), albeit much reduced.
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3 18.4 - 22.6 mn ducose and Fructose4 22.6-30.0 mn
Late eluting material The activity was consistently

wo oaosd20280 f racti ons between 18.4 and 30 m n. APCENAR®5/000118
were then nmade to confine all activity into one
fraction. Table 1: Activity26f the fractions collected
fromthe KS-2002 colum Val ues are based on a)

i ndi vidual wells over all plates, and b) cal cul ations
Thisf suggests thai dhe peakywasmnat Aadiegratiatipn prasiugiiTon staragelanshipdeed

m%};\'ﬁ 15 S &l%&{lraéfgh%f e %ﬁ\?tﬁf‘orﬁ L& )8% ferent fraction

ect in e ‘non- per o e activity of the
resulting fractions. Note that the first assay shown

A IH@;%%%%‘? lqt]? Y ?é}ﬁf'ébi{l@@?altagg J GHBRE aliNRy OPEE =L |ﬁj\é€t@d fraction

e ac 1 VI ty was" event ua
(a mmmurre@f 200 m@ of honeytpassisg ﬂ‘ewﬂi’eﬂheml@mﬁeﬂazgryofongl'hmdlcatlon

o BB R AR StAL 3 A o) T

confidence intervals do not overlap for either the

- It I% ﬁgf@s‘%glé: ooy %ﬁgthﬂg c%&h@lﬂg e %BHut\{ﬁe ERdrve l%h%ﬁ@%ﬁhlc :

acti vi I's not "statistic
behanotgrafnupvaeg tehinjection. ﬂh@a%¢@m§i rmbttepurswtms amueabté@stead

Agé&urﬁ &ﬁe@ﬁwﬁéﬁnbﬁ‘! ot yem.oﬁ%u ag{r??tﬂ gérgamgy by

sorp |on onto the col um or
other fractions, at |evels beIOM/the detectlon limts

EXHMPLE 588 g}ré;%(; FAGiGHERGR of Hor2 gtué(,b}ge biiase)

on e S|eve honey "equi val ent
phenol activity. TabI e 2: 95% C for the zones of

|
HERRb B B Sy B RN R Bk iRl 4 ey
Iargeeeapamgy wherebp 4g edn ba injecied patadhe erlumg at ahitne, iistaag of the 60
§9{at %?Wﬁéct%&?h%%eeké?zob@%oia%?d on the cal cul ated
romplate al a.

The reversed phase preparative column used was three Delta-Pak C18 cartridges (25
mm x 100 ‘mm, 15 um particle size, 100A pore size) in series. This was fitted with a
Delta C18 guard insert (25 mm x 10 mm, 15 ym particle size, 100A pore size).
Chromatography was performed at room temperature at a flow rate of 10 mL/min with
high loadings of 0.5 g/mL into a 2 mL loop.

Two different eluent systems were used. The first used only Milli-Q water. However, it
was later decided to initially run with 100% Milli-Q water and then switch to 100%
acetonitrile after the sugars were eluted. Due to the high flow rate used, detection was
only possible using a wide-bore plumbed Waters 410 differential refractometer.

Fractions collected in water were freeze-dried In large evaporating dishes. Fractions
collected in MeCN were concentrated under reduced vacuum and then drying was
completed on the freeze drier.

This greatly reduced the amount of time spent collecting sufficient sample for the
biological assay of activity. Additionally, it was of interest as to whether this column



As can be seen fromFigure 3 this fraction contains
al nost all of the fructose. The nonosacchari des
wo b@sazi2ses do not have antibacterial activityPCENZ2PE/000118
for the physical effect of reducing water activity and
providing the substrate for 2gl ucose oxi dase to produce
H2O2 and gluconic acid. It is, therefore, evident 'that
ot her conpounds, in | ow concentrations, exist in this
cofild aarg @ﬁectmeb/nasqu)mka@wtytfrmn the moegsacpharidesdrigwe 8 shows
thé)ﬁ?%ﬁtrmsb RESS H6H (B TARYolAAPbhning [P MIAlCRbatP b g Eolumn

|ca ver sl on ttenpts wer e had
|0adjn95r(6\59(11210(2]3)L infectign)l ate this fraction and identi fy
its constituents through GC-M5 and NVR However, the
| ar ge nunber of conponents in the sanple neant that
5 Thisrepectgmlis domimated hydbe man@sa@hamdasewwsw@z@uran y@smgtiable to
C
reqehe e Wi o £t Rlaleioub i drpepis el ind ot tne
mm@sscqhadﬂeﬁaﬁwndhwtot%empeak is conpri sed of many
conpounds,. where at |east .one is not active. Snow
(2001) noted that the peak correlated to this active
Somenaftthene pewks oen he wtttibuted tn gigreadchatidgsd Whish arel grasentyin active
10 mdriRERohdl ALIAL oSBT B4R fiif NBREPATSLLY EndBldkRBoak
nd erence

u0| ng resolution, a rom
1909)e Figugsh® @bmsa an enlargamest OWéwglblayeltﬂe c&mqnﬁﬁawmethesmmaks
nonosaccharides in this region. It was decided to
re-inject fraction 4 to obtain a fraction free of
Thewhena romdhe delomnTias igivieity wmtgd as fieur fiactionsect ed
fraction (Figure 4) showed no evidence of a
concentrated peak at the tail of the nonosacchari de
15 peakA al thotgB.3aminew pekRriynelutingggateriall0. 5 min was
not e T the nni ng of the
m)nogaccgr F%eggégi Fﬁg%y to be residual gl ucose.
An efl ar gth@in 290 nmne blasterelutm ingtesisbwn in Fi gure 5.
Sugar commonly increases the solubility of sparingly
sol ubl e nol ecul es i n aqueous
It was found that all detectable activity eluted in fraction C (Table 3).

20
Table 3. Activity of fractions initially collected from the C18 column.

Fraction | Zone of clearing ® (mm) | Phenol equivalent ® (%)

Sample )

(min) | Average | SD n |Average| SD n
Fraction

0.0-8.2 NA - 16 NA - 2
A
Fraction i
5 8.2-11.8 NA - 17 NA - 2
Fraction
c 11.8-30.0 17.51 1.31 8 21.10 | 240 2
Sieved

_ 20.91 0.48 15 28.15 0.21 2
Honey 5

Values are based on a) individual wells over all plates, and b) calculations of phenol activity on
25  individual plates.
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systenms. It is, therefore, feasible that there were

conpounds associated with, or solubilised by, the
wG@@an20286 t he concentration of sugar decli nedPCT/NER05/000118
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-1 njecte fraction m ni num o

(anpmwynqb%m éB min ehatdhg retemi@ndusmemfr% r@rn),aas\/ief#iyatgg twyte rapid rise in
thb ?géé: d %s?& \Agfhte' c\.Hahée irffefrggtgleqﬁ’déﬂf tife §6I\9é?{tol*g1n§‘§ﬁ§b{me

S not I'S not possi

thwo&myt valuges oh¥eGbiware dbsnad thiuigh Hatepumn, and the eluent
Coﬁg&ggrggﬂ.g&gﬁ%c behavi our following re-injection. It
Ide

was dec not™t o pursue this avenue, but instead

As Table 4 shows, all the detectable activity was retained in fraction Cy20 and none
was associated with Cyecn. This shows that the activity is not being reversibly retained
by the column.

Fraction C and Cyz0 only accounted for 72% and 75% of the sieved honey equivalent
phenol activity respectively, with no other fractions displaying detectable activity. This
suggests that the activity could have become irreversibly bound on the column.

The column used was preparative and consisted of C18 chains on a hon-endcapped
silica support and it is possible that material could have adhered to the silica, or even
been decomposed by reaction with active silanol groups. Additionally, the fraction
consistently gave varying levels of partial activity. In this particular case it could have
arisen from the lack of diffusibility of the non-peroxide activity in the assay when the

sugar content was reduced.



try a colum with a different nmethod of separation and
greater capacity. EXAMPLE 4 - Sem -preparative

wo e@stizas@t i on of honey (reverse phase) The adrernNZz®5/000118
of the C18 25mm reversed ph&se colum is that it has a
substantially |arger capacity whereby 1g can be
injected onto the colum at a tine, instead of the 60
ng that was i pje¢eted—onto—the—KS2082—<cotuim-— The
reversed phase preparatji ve| col unm usied was three .

11%}

Del t a- Pak C18| caftyijdgese ( 25 m X¢ 100 srm| 15 1m %
particle size|gl00A|pore s|ze) In series.| Thig was

fitted with a|Pelta|C 18 guard |nserft (29 nm A 108 mm
15 mm parti cl egsiize,|] T00A pore size)|. Chriomat agr &hy
was per f or med| §t rogmtenpergture at| & fljow rate ®f 10
m/mn with hi{gh|Boadings pf¥0.5 g/nL I ntoSh 2 nig

| oop. Two diff&rent |el uent|systenms weré ysed. | The

first used on 'g ML - Qwat er However it _wag | ager
decided to injRialdy run wth 100% M I 1i-Q water @nd
then switch t p%10@n0|aceten| tRil e af ties t HeSsugdar sgwer e
eluted. Due top th& hifgh ¥1 ov@r at e# usledy detct|i ongwas
only possi bl e| usiffg |a wi de}bore| pl unbed Wat er s 41@
differential refractongter| Fractions col{iected ig
water were freeze-drjiied In|large evaporatiing di shes.
Fractions col |ected i INERCN Rere Eoncegit rlated |undgr
reduced vacuungand tlhen dryi ng was clonpl gt ed an @e
freeze drEer. | Enhis greatly|reduced the amount |of @i me
spent colgectifg|suf|ficlent sanple flor the bial ogscal
assay of actiyEtyn Adpli t i' ohakl y| ! t was af < nteregt as
to whethed thi$ ¢@ ynhcoll d dore effleaddiveky resofve
the activ@ty f&€om the npnosaccharides. Filgure|8 shows
the spectgum olgt armed—Fromusing—thils—cotumm—T{unnng
in MIIi- yvaiSr & |hi gh colym| I oadi ngs |(Q, 59/ M3y,
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This spectrumis dom nated by the nonosacchari des
peak. The colum was not able to resol ve glucose from
wo eastizes) but it does show a set of peaks el uPCTYZRwSN00118
after the nonosaccharides, around 14 to 25 mn. Sone
of these peaks can be attril2dted to ol i gosacchari des,
whi ch are present in active manuka honey at |evels of
around 8% of the total honey (Wston and Brockl ebank,
ComparjsorrpiineKS-200d and &18&alumgenent of the basel i ne
denonstrating these peaks. The eluant fromthe col um

was initially collected as four fractions: A 0.0 to
The. Delia-RakeGi 3 gctivediaction inaerppiaigd Br Bsg sugarthatdheK§-2002 active
§ b (=Y YL P i.al
oA e i b el B RSl P g s, o
gréateicpriopertion effthislastidly. wapaierevesed frmatthe/KSyZO@ﬂ coluaut, whigh may
reidtt BAAI IFRIacRR e thp Qe el il HESiice it 11 1o
cobwrcul ati ons of phenol activity on individual
plates.|It was of interest whether sone of the activity
could be eluted by MeCN as this would show
Fulliactivtyovas elisesusidibthe adiivefraction ffanathe leer200@i aeluing @gldppesed

[ (ny et lg: VA
o e PSR RS SRR o AL TRE o) Wi i e
gréaaNsugar eonrtenti de KERI002 fractidnaaiding diffusion®ndhe assgyhase

chr omat ography and so it can be used to flush any
residual material fromthe colum. The fractions were
EXAMPLE tSedstability of banagrexideagtivity ingUMFrongajningfraglions
initially run with MI1i-Q water and fractions A and B
were collected as previously outlined. At the
Previogs authers Have mofaddbatihones with nerrpeioxide@civity have argignjficant

acﬁimﬁl @H%ing after the honey is heated (Bogdanov, 1984; Molan and Russell,
1988: Roth et al., 1986) or stored (Bogdanov, 1984; Sealey, 1988), and this was part of
the observation which lead to the proposal of nbn-peroxide activity.

This study looked at the stability in the isolated HPLC fraction while being stored for
short periods of time (8hrs to 24hrs) at room and refrigeration temperature, and for
moderate time periods (1 to 8 weeks) at freezer temperature.

This was of practical concern as in the course of experiments, we want to be certain
that the frabtion is not degrading and therefore that any loss of activity is due to
removal of non active components. Additionally, it was useful to know how much
sample could be "stock piled" for use in testing.

A side interest was to see whether activity could, in fact, increase in storage due to the
anecdotal evidence in industry suggesting that storage can increase the activity of the

whole honey.

The summary results for this experiment are given Table 5 and the results are shown
visually in Figure 11.



was

st opped,

and the sol vent was swapped directly over

to 100% MeCN. Fraction CH20 was collected from 11. 8

worzevsani2sé t he MeCN reached the detector (apprPXI/NAE2®FY00118
13 min or at the retention tinme of 24 mn),

as

indicated by a rapid rise inothe base |ine caused by

the change in refractive i ndex of the solvent.
this tine,
t hrough the col um,

Tat)lre%cgurﬁrﬂar?dﬁél\f,%ﬁl tﬁ@

act IVIty was retain

al

From
three col umm vol unes of MeCN were fl ushed
and the eluent collected as

| the detectable

; OWS,
g%ahtﬁmgract i on CH20 and none was

associ ated wi th CwecN- This shows that the activity is

not [being reversi b £ g on
C and Ny %%5%8{1 SP &@2% F&!?e%gtiéaﬂ?/algﬁ
Si eye oney eqk }é? ent S@he hol ,act 'A\(/bFaﬁ rlesgectjvely,
with no other |fractians displ avin det ectlabl e
actijvi tReonThi $ suggests that the activity coul d have
becongmjdritae! sielig boungs on the coliym. Thessco] umn
used was_preparative [and consi sted of Cl8 chains on &. ..
non4{endcapped|silica |support and it is passible|that
mat eri eﬂtoooroul d have adhered|to the silicd, or eyen
been , é{g@sed 1B¥%5" eac bpniw gh actigwe silg@gwl| -
gr oups itijonal Ty, e fraction consi gtently| gave
varyi ng 2*evel § of parti al activity. In this particular
case Rdfrigepdidrd [have arfi sen fromthe lTack df
di fflusi bl ity|oftéle noh0Per oxPde adBidfi tly Q38 t he 2
assay V\:hé-h the sugar conten vvas reduced Tabl e 4
Vi ghRefrigereforact i ia% gbr act i d| phase
chr omat agf aphy oﬂé bl u 8% '%fe bdsed
on & catted HPL f‘ experients; Fndi "i dual weHs
over af'® i at ¢s,47apd c)o_g@l cul gt i on§3_@% pheng 2
activi tywlon i mdi vi dual pl at e¢s. Conpari son |of the
KS- 2 UUFre@ié‘r’ €18 Cotunns—ThebDettagPakCi8actiVv
fragti on I nconparared f@eo | ess8sugar3ighat| tdu2 KS- 2002
actijve 2wks -
Freezer,
18.33 0.19 7 22.29 0.52 2
4wks
Freezer,
17.78 0.14 8 21.06 0.41 2
8wks
Control 17.28 0.27 34 20.86 1.55 8
Sieved
eve 19.88 0.1 72 26.62 0.65 10
Honey 4
Freeze
20.34 0.23 17 27.27 0.72 4
drying test ‘

Values are based on a) individual wells over all plates, and b) calculations of phenol activity on
individual plates.

Sieved honey was separated on the KS-2002 column and the fraction between 19.5 to
25 min was collected and transferred immediately to the freezer. At the completion of
injections for the day the fractions were freeze-dried.
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fraction, and reflects a better separation of the

activity fromthe sugars. Conversely, a . greater
w@e@poe2sdon of the activity was recovered fronP€Tyz2005/000118

KS- 2002 colum, which may reflect cheni cal

interactions of the active faterial with the silica

support in the C18 colum. Full activity was observed

in the active fraction from.the KS-2002 col unm as

Orspshhisd thayoveraaeganstiiutad tadi0% strgnath with distiledmeaten o then

i t
e TR et S T e
Eagh sampleayasagquivaieuito #86 mg aftsigypd hegelof non- perOX| de
activity in UVMF containing fractions Previous authors
have noted that honeys w th non-peroxide activity have
Aftgr stotagief saraples aere dilutgd tas2atb strergth Bine testaskintiouravells on

dugﬁz,aatté‘:odplgl%g ggwgé/tigs’at}e’;\?/égth%{gé@‘tgﬁ%gr @{@ g@é&tlgt}?&%rregoﬂbse

resudis 8)ere aerpaneddo fresaqbixity ofghe frashly bellsctesttactve fm¢ttm tesiad on

ind e SRR BB REIN R b o s SO,

invsistigate the eftect oldhe frebze-dyling progessi andbe eftivity wéthedtansyt o
24hrs) at roomand refrigeration tenperature, and for

~ noderate tine periods ( 1 to 8 weeks) at freezer

Theqrepeantagerretention of eviginal frapticids givan irc baide AnTlhesratentionof the

orBL R ESRETRIERE & 88 KK bR EEE R, Bt o

116% iadhé phenpl esulwentsoTh@ﬁfomrthaﬁarwcﬁfqmtsm gtorage have had

soﬁ% @F&H ﬁon-é% }(igib QRN g/tmt |slﬁﬁge(§t’act?(/é”fra&%nknow how

use I n testlng
A S|de |nterest was to see mhether activity could, in
TaB@%t ReteRfth SR86h-pdroxide UcAFG ifldiSted RadibiR. BOESHQA the original
evidence I n 1 ndustry suggesting that storade can
acfi¥itr ease the activity of the

Storage conditions Zone of clearing ® Phenpl equivalent
(%) (%)
Room temperature, 8h 93.7 85.7
Room temperature, 24h 96.3 89.9
Refrigerator, 8h 95.2 88.1
Refrigerator, 24h 97.3 91.4
Freezer, | wk 103.9 110.5
Freezer, 2wks 103.8 114.2
Freezer, 4wks 106.1 106.9
Freezer, 8wks 102.9 100.9

Table 7 provides the REML analysis of these results. These results show that some of
these changes in activity on storage are statistically significant. Using the zones of
clearing data, the room temperature and refrigerator samples are all significantly lower



whol e honey. The summary results for this experinent

are given Table 5 and the results are shown visually
WO pooBitg2se 11. Table 5. Summary data from the sPebNE2w0§/000118

trial. Values are based on a) individual wells over

all plates, and b) cal cul ati38ns of phenol activity on

i ndi vi dual plates. Sieved honey was separated on the

KS- 2002 colum and the fraction between 19.5 to 25 min
thamthecenirekt ed and transferred imediately to the

freezer. At the conpletion of injections for the day

the fractions were freeze-dried. Once dried they were

Thesrhenst eauinatant deesuokssiewetajisticalsignifigange in thasereatments,
préBshiy Qﬁé‘toﬁh%%iﬁg%sfrerpﬁ@%@s Aftnis 'dQFaSse"{”aPE 5b lﬂ%’laf%? %andard
I'n the re ac

tenperature, or rigerator or freezer.

5 erg&%swremme@iﬁer@aceeh@twe@nMrﬁgic@d reeanged honey. After
storage, sanples were diluted to 25% strength and
tested in four wells on duplicated plates to

A staijeticallgsigeificanee frareansyin aolivily was @dgorsesh imthei 2oney of clearing

S o AR PP g AR SRR, Sl B i four
weskifeeegprfractionddi tional |y two replicates of sieved
10 honey were freeze-dried to investigate the effect of
the freeze-drying process on the activity of the
A lirsitatipn iTHis pxecigenh dewererewas that ttatoranig werle rfat gendusted in

bitafl, YAA wele 3RS Qupl] I  Yrlsd to-
regcta%\h\_ét y reange%J f?oH?g%Fet %Igl%g_%&)tﬁﬁs?ﬁeehggncgidsg?%lg’ day-to
day|vesirtiangnaw pidy Ariage deletimdatennining signficghem dhe use of the phenol
(S Blnets HLpenct BGuVALHOUSodS By
Shave Eléd so%%ngéé_}gect 5onn°ngﬁilper ox?g_% éggétqs%\?% ?/ﬁ%gérfﬁlﬁigr
15 rangspfaadupsdban veing zenssiabgleaniag seggestirg that phemol standards are not
RSS! bdviotday dketfsor ed fractions. Percentage
oo Rl elr el dhy e
Despite the statistical significance of these results, a good retention of activity is still
observed. There is also statistically significant evidence of increasing activity in some
20 samples stored in the freezer. However, the influence of day-to-day and plate-to-plate
effects in this experiment remains unknown due to the treatments not being replicated.
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Table 7 provides the REML anal ysis of these results.

These results show that sone of these changes in
W@eaosu2@2y0 on storage are statistically signifiPERNZ2005/000118

Usi ng the zones of clearing data, the roomtenperature

and refrigerator sanples are3all significantly

| onerthan the control. The phenol equival ent does not

show statistical significance in these treatnents,

probably due to there being less replicates in this

Taﬁétﬁséﬁét.caﬂg Mt;é%ohﬁﬁ&&émﬁ:‘aﬁ&d@% éﬁéﬁg%% iR PaFdsRie @Bty

f erence_between redi cted means.
follgwing stefagg &f g agtivghﬂ?éfaﬁt?é i ncrease in act ivity was
al so seen in the zones of cI eari i ng data for the ei ght

el fraoaa—-a

rEK— 1 E€€Z€ ffaCtiGﬂ, au +f an pncnu

data for the fctAnegRERarpg e@?’@r f rlact |P6ﬁ“°',§a'i"\’3:ﬁarlt§{%)on

in this expEpiERHte [ NOWEYET, Was [(HifdredceEat MENLS WeT e

not _conducted in repl [ égi §Ig@ﬁ‘%gg Eﬂwtggattgﬁﬁ@ Sigudig';eam,?

dyiplTfE@Emeat p| Heeepn| 4
- day. varl ati. omemynqo ay all arge rqltle meardet er-m ni ng

Si gll[l-\llhallb —Tthe—use of Tthe phenot—stangard—cprve to
generate t he phenol | equi val ents gppears tog%ive an

ey &mMRErdee. r andé’ of 8ues tY8&n si n*Sone 0
cllear pmg, syuggesting that phenol |standards are| not
corpepsating—Fer—these—day—to—day—etfeets—DPespi-te-—the

statisPMcal [ signifi

cance|of thesg results, a gpod
r etemperaiwreof aeBvi 1 P-4

fic

Bl

c
i8s | st iYleP olbserd@H. |TREBe|is M@ so
stati sy cal [y signi evi dence of ingreasing

Nt
a(f|V|fv in sone sah sistored-in the freezer
0

HoVRsVige at"crhevlv.é)%? enqereol daysto-daygnd | 768 | No
pl ateaho pI ate effec

ts in this experinment| remajns
um erto—thetreatments ot being
re ’T‘T‘é‘l’rgé{a‘t’df Tabler 7. | St7st i stiveal i|nf er.t@mt ijomeabput Nde
silgni Pftance of the|changes in nan-peroxilde activity
f 0T TErakzeg Storage of thelactive HPLC fracdtion.
Di f f er ence et 8&n 1 HeAbmpansNe s i vePBoy:| BB8d| ct P

mean 6 theltreatnent - predicted nean of

Freezer,

-0.49 0.62 No -0.5 3.44 No
2wks
Freezer,

0.44 2.5 No 3.71 2.84 Yes
4wks
Freezer,

0.85 0.6 Yes 3.18 3.44 No
8wks

Difference between the means is given by: predicted mean of the treatment — predicted mean of
the control. Values are based on a) individual wells over all plates, and b) based on calculations
of phenol activity on individual plates. )

EXAMPLE 6 - fortification of honey

Honeys with exceptionally high antibacterial activity do not routinely occur naturally,
and as a result, they command high prices. Therefore, a commercial advantage exists
if a method could be developed to concentrate the activity of honeys that are too low in



the control, Values are based on a) individual wells
over all plates, and b) based on cal cul ati ons of
w@b@soabo2scti vity on individual plates. EXAVPLEPGI/NZ2005/000118
fortification of honey Honeys with exceptionally high
anti bacterial activity do no# routinely occur
naturally, and as a result, they command hi gh pri ces.
Therefore, a comrerci al advant age exists if a nethod
aQElMILM e hsemedicallyaseful tas te instaase the koteney ofenialreagy bighly active
g?&/ ? IdVapthafEShrioP Be \’&thlg%ﬁfdn’}@dtﬁétﬁr?ll})e medi cal |y
us u or to Increase pot ency an al ready
hi ghly active honey to a | evel that cannot be
t I [
THI%%Cden:}ﬁl#%%fl{a E&P&#gﬁ?mé&?@g 3’; péléOXl a%tl{llpﬂ&% éés‘;fefr&bdéc Qétlwty of
5 hcmwswrpylueﬁd ln@vteend depersisindte pencantratmscbf@emmsie@ﬁoyers
r eroxi de destroyers and
st a@&ﬁ??ﬁﬂ%f@%%%@% @%%éé)e oxi dase. As reversed phase
HPLC was able to resolve the UMF and the col um coul d

'Ascr%Qﬁr gmha%\?f-l? é@é%détﬂé? @Eol?@fFBlWFfaiﬂa‘ﬂ?é. &dl rﬁn%@ﬁlﬂ%@ﬂe with -

wat er as opposed rac
Iaméomnm o eempi, (fmpﬁlQﬁhC éeduﬂedmgb Rl Millo 2t we B canoposed o

o
10 fr#bgr&tquf Iﬂet Qéfgrbm clﬁéls ractl on {%ro uce%)t%ro&%d to fortify sieved
hasepar at i on of 1g of sieved honey), was added to 1g of
unprocessed sieved honey in 1nL of distilled water.

This 50% solution was further diluted with catal ase to
Togenerate mjosifledisanplesTfiactiondy wrodused fiom theseparetion of 1g of

: C
sé\%\ﬁ%oﬁ%@r) %g&'& @rﬁt I'Fqua ‘fbte c))(fc@ G &y é,é\gd%g%?ﬂhhﬂmgi@ stilled water.

| ment
15 Thisr0% siohudice ase fw'eef ddmtad anib@eta!aee tagiveva 25% sblutions Therefore

SEACANBAY niBS tAES 3Py | .
° rﬁest Fga?]ﬁ%n ? E lfeort | n|Tcat ?Igﬁasot st,féé/\é/ggo%ea/n%oytrol
An initial experiment (Table 8) showed that a small increase over and above the activity
of the sieved honey was achieved.
20
Table 8. Initial investigation of the fortification of sieved honey

Zone of clearing ® (mm) Phenol ® (%)

Sample

Average SE n Average SE n

Fraction C (1:1) B 22.52 0.10 15 28.43 1.01 2

Sieved Honey 6 20.16 0.13 10 23.91 0.27 2

Fraction C 19.12 0.33 10 21.19 0.74. 2

Values are based on a) individual wells over all plates, and b) calculations of phenol activity on
25  individual plates
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Val ues are based on a) individual wells over al
pl ates, and b) cal cul ati ons of phenol activity on
wo pabsaademl  pl at esThis accounted for a 23. 5% | PCT/NA3®5/000118
i n equi val ent phenol activity of the sieved honey.
Since a doubling of the actiity was not observed,
this experinent was expanded to include increasing
| evel s of fortification to investigate if a directly
proportional response to increasing dose of the active
THid ?ﬁobﬁ‘t@d‘f@% ﬂ%‘%’ im:r@ ézﬁ\%ug/g%ﬁt R adiffly of thUb‘?eved honey.
tron o concentration equi val ent
Snm a Heubling @ﬁt!neu ewtlmty \Qaaamt o@sgN@ﬁ this @xperimenttayas expanded to
I A Ay RO i e RS & S PR Sortc R cponse
to ingreastig dase®f thegpative ireetionavas passiie. gr aphical ly in
Figure 12. Table 9. Investigation of the
oportionality of fortifying sieved honey Values are
Ea§a§gae gonsigted néﬁheueddapn weiragiiop\feat aagancenisation equivgla to that -
| gt I .
fof ) 14, 2end i i 8ea Rpof oY ] UndB o ey hoRe b et
abgveli rectly proportional response is occurring. This
identifies that it is possible to increase the
non- per oxi de activity of honey. Linear regression
Taltead glaves th@rkiviyrof thehiereiting hamples end thsl 2angtaf clsiadng sesults are
of these sanples had statistically
Shgﬁﬁ%r% [ canfﬁdﬁﬁéﬂeil%nces in gradient (p value = 0.01
1). These curves can be seen in the Mnitab output in
Table! festFatich of of e PR oG R 3k foﬁ@t ievbd bRy of fect s such
as ese al ready di scusse pl ate varlatlon is one
of the nost significant variables in the WDA net hod

an@ consequently alzongampéaeiﬁg V\@{ng TEsTed mHenditple) cat e

pl at es, S¥Yﬂ£l8h wele averaged to conpensate for
Average SE n Average SE n
1:3 24.60 0.14 8 33.61 0.87 2
Sieved honey/ 1:2 ™334 010 | 8 31.00 040 | 2
Fraction C 2233 | 007 | 8 | 2864 0.00 | 2

11

Sieved Honey 7 14.87 0.11 8 15.75 0.34 2
Fraction C 20.39 0.11 8 24.80 0.05 2

Values are based on a) individual wells over all plates, and b) calculations of phenol activity on
individual plates ’

A strong correlation (R2=0.9874) is seen indicating that a directly proportional response
is occurring. This identifies that it is possible to increase the non-peroxide activity of

honey.

Linear regression analysis, however, showed that the duplicate plates used in the
testing of these samples had statistically significant differences in gradient (p value =
0.011). These curves can be seen in the Minitab output in Figure 13.
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this effect. Alternatively, the data points at 1:3
fortification (ratio 3, Figure 13) show nore variation
wheidsaznse he two curves conpared to the ot her POT/aE2005/000118
fortification levels. It is, therefore, possible that
some factor, |limted to this6point may be skew ng the

curve. This could sinply be due to this sanple not

bei ng honobgenous when added to the two pl ates.
It islovkymuspak th eea piadgy effectmistchaas thesss iAsialreaady discygsed, plate

Vit £ or thi ; o

vaffgionfs thg SpnEiod SERBREN Rhobit B Ak ROR TR s ccseauenty
alltshmplasiveare désted emdupligateoplates nyhiciewereskicragedda sampargate for
thigief‘féé:tcuu' (ii) Diffusion is nore variable. (iii) The

zoné of clearing can exceed the highest standard. In

this study the fractions were carefully spaced to

BB AIE 8 P AR, PO g e arton
betysmnathe iive gurivee ceropared tty thef othérdhisiedortification dewdds: & .is, therefore,

- po%giﬁlgﬁﬁgtcsto. e gglfoatliﬁf}ga (t:%ﬂ'{ﬂs;b&ﬁtr rﬁ‘la)'f Bé]gké'i]lvirq?h%%r\;eo rthe

reparation I ning Traction of nmanuka
honey and its use in the fortification of honey has

e ed . | f ' L Dt
TR TR S in CR8h I ot 8B PR AR WASE Lot Bhe two
plates.iHayvevan Wine aspaly Veahafrassenbitive sithigh acfivitiea! Bhre reagens for this
arh rr%%po%ncorporat ed as if individually set forth.

ué' the i nvention has been descri bed by way of
exanple and with reference to

(i) The zones of clearing can overlap which tends to cause the zones of
clearing to elongate, making measurement difficulit.

(i) Diffusion is more variable.
(iii)) The zone of clearing can exceed the highest standard.

In this study the fractions were carefully spaced to minimise the chance of the zones of
clearing overlapping, however, the 1:3 fortification sample was approaching the activity
of the highest standard. ‘

Irrespective of these considerations a method for the preparation of a UMF containing
fraction of manuka honey and its use in the fortification of honey has been
demonstrated.

Where in the foregoing description reference has been made to integers or
components having known equivalents then such equivalents are herein incorporated
as if individually set forth.

Although the invention has been described by way of example and with reference to
possible embodiments thereof it is to be appreciated that improvements and/or
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b) eluting the sanple formthe matrix with a sol vent;
and c) collecting the UV containing fraction. 7) A
woredosogn2accordi ng to claim6 where the anpbunt PET/NERNORA00118
honey has a UMF val ue greater than25, nore preferably
greater than 35. 8) A nethodiaccording to claimé6 or
claim7 where the matrix is a size exclusion matrix or
a reverse phase matrix. 9) A nethod according to any
ClAIMSf clainms 6 to 8 where the solvent is water. 10)A
nmet hod according to any one of clains 6 to 9 where the
coll ecting the UVF containing fraction comrences
Whatlwebelgingisel uti on of substantially all the
nonosacchari de sugars present in the sanple.11l) A
nmet hod according to any one of clains 6 to 10 where
1)t AdJMDb Fartifigddtbnel= cont ai ning fraction is substantially
free of nonosaccharide sugars. 12) A nethod according
to any one of clainms 6 to 11 where the matrix is in
2)t Adohey aegordifig to dainufrvhetestha hepehisinarskehdney t o any
one of clainms 6 to 12 where the matrix is a size
excl usion and ion exchange matrix. 14)A nethod
3) abdoney according taadlain 3 onblaine 2 wherecthafiortified lnoneyhablatUMF value

ﬁ?eéte'?‘ﬂ‘ié?ﬂﬁ AFER" W Mrid P hlﬂéarﬂojnéyor claim 14 where

S oMt 11X nas a Slze exc usion mt of 104. 16)A
nmet hod according to any one of clainms 13 to 15 V\,here

4) tﬁg?ﬁgg); 5&88réllﬁ ?bt A5 & i 136 33T %ﬁ’l{i@ F\% &Y as's a UMF

accor o any one of “cl al s
t Yaluergteaiex than 251810re preferably greater than 35.

5) A method of preparing a UMF fortified honey including the step of mixing a honey
with a UMF containing fraction.

6) A method of preparing a UMF containing fraction including the steps of:
a) applying an amount of manuka honey to a chromatography matrix;
b) eluting the sample form the matrix with a solvent; and

¢) collecting the UMF containing fraction.

7) A method according to claim 6 where the amount of manuka honey has a UMF
value greater than25, more preferably greater than 35.

8) A method according to claim 6 or claim 7 where the matrix is a size exclusion
matrix or a reverse phase matrix.

9) A method according to any one of claims 6 to 8 where the solvent is water.
10)A method according to any one of claims 6 to 9 where the collecting the UMF

containing fraction commences following elution of substantially all the
monosaccharide sugars present in the sample.
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18) A nethod according to claim17 where the matrix

has a 15 mmparticle size and a 100A pore size. 19) A
waktsaensa@i ni ng fracti on of manuka honey. 20) APCIVRZ2005/000118

contai ning fraction according to claim19 where the

fraction is substantially fr4de of nonosacchari de

sugars. 21) A UWF containing fraction according to

claim19 or claim20 where the antibacterial activity

of the UMWF containing fraction is |abile at al kaline

1 QH méthbd éc%n@%‘éﬁ\} S8 c‘flélﬁl%té i‘]gnl Oaﬁ/ﬁgfeqb? doit e%té;ﬂ;'%fM?ne

of clains 19 t where t
t ﬁawa@'rgs‘yac}xowet@éﬁaﬂaalmfw@ qf mmﬁmchaud@smang to any
one of clains 19 to 22 where the UWF cont ai ni ng
fraction is prepared by the nmet hod accordi ng any one

123/ reethpdaceprding 1‘83”32‘3!)6 o dlaims Bdatidiwheng thermatrik gin the format of
ageelimg to any one of clainms 19 to 23 where the UW
contai ning fraction has the chromatographic
characteristics described in Exanple 2. 25) A UW

: 13}Aﬂﬁé¥h&ﬂ BSchcﬂlﬁ@Ed %E/ GHELE HiImE 6tt§ 1 Q%e?é‘ﬁ-ﬁ%atﬁk?é fEizd9 -

where the contai ning fraction
r€¥‘e‘ﬂﬁ'?rb?P4'Pﬁ@X973n99 naatfy 25 mi nutes when a sanple (20
m _) of honey containing the UVF containing fraction
s applied tg Shodex(tn) Sugar KS-801 and KS-802
14&6@%}?9%3@%%%6'%1%where he geunter iohis Nadi um f or m
operated at a tenperature of 50 C and eluted with
Qwater at a rate of 1 nL/mn. 26) A UW
15&6@9%“?\‘? ﬁ‘§°°f¢'%ﬂ:f°i Srimat ot dirifg14 wheredhermagixtiasrasizd exclusion
Uivhit epd4ai ni ng fraction has a retention tine of 19.4
to 2 1.7 mnutes. 27) A nedicanent anmended with the
UMF containing fraction according to any one of clains

16JR n‘iéih@according to any one of claims 13 to 15 where the matrix is styrene
divinylbenzene copolymer.

17) A method according to any one of claims 6 to 12 where the matrix is C18.

18) A method according to claim 17 where the matrix has a 15 ym particle size and a
100A pore size.

19) A UMF containing fraction of manuka honey.

20) A UMF containing fraction according to claim 19 where the fraction is substantially
free of monosaccharide sugars.

21) A UMF containing fraction according to claim 19 or claim 20 where the antibacterial
activity of the UMF containing fraction s labile at alkaline pH.

22) A UMF containing fraction according to any one of claims 19 to 21 where the
alkaline pH is greater than 9.
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28) A nedi canent according to claim 27 where the

medi canent is a wound dressing. 29) A food stuff
wapmsdetswi t h the UMF containing fraction accopdi/Ng206/000118

claimany one of clainms 19 to 26. 30) A food stuff

according to claim29 where4fhe food stuff is honey.

23) A UMF containing fraction‘according to any one of claims 19 to 22 where the UMF
containing fraction is prepared by the method according any one of claims 6 to 18.

.24) A UMF containing fraction according to any one of claims 19 to 23 where the UMF

containing fraction has the chromatographic characteristics described in Example 2.

25) A UMF containing fraction according to any one of claims 19 to 23 where the UMF
containing fraction has a retention time of 19.4 to 25 minutes when a sample (20
uL) of honey containing the UMF cohtaining fraction is applied to Shodex™ Sugar
KS-801 and KS-802 analytical columns in series and in the sodium form, operated

at a temperature of 50 °C and eluted with Milli-Q water at a rate of 1 mL/min.

26) A UMF containing fraction according to claim 25 where the UMF containing fraction
has a retention time of 19.4 to 21.7 minutes.

27) A medicament amended with the UMF containing fraction according to any one of
claims 19 to 26.

28) A medicament according to claim 27 where the medicament is a wound dressing.

29) A food stuff amended with the UMF containing fraction according to claim any one
of claims 19 to 26.

30) A food stuff according to claim 29 where the food stuff is honey.



