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acetic acid to spoil wine during bottle storage due to a lack of oxygen. As long as the wine
is stored in an anaerobic environment, conditions ensured by quality corking, acceptably
low quantities of acetic acid (e.g., below sensory levels) are produced and the quality of the
wine is preserved. Unfortunately, the sealing performance of wine corks can degrade with
age, and the long term behavior of low quality natural corks and synthetic stoppers is not
well documented. One consequence of a leaky cork is the admission of oxygen to wine, a
triggering of Acetobacter function, and the production of acetic acid . Furthermore, the
admission of oxygen into the bottle in the presence of heat can lead to oxidation of ethanol
into aldehydes. These processes lead to changes in odor and flavor, and therefore spoilage,

of fine wines.

[0004] Current methods for identifying acetic acid in wine are very sensitive,
detecting roughly 50 ug/L acetic acid, even though the accepted spoilage limit of acetic acid
in wine is 1.4 g/L (see, for example, Kellner et al. (1998) “High performance liquid

chromatography with real-time Fourier-transform infrared detection for the determination of
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SUMMARY OF THE INVENTION

[0005] The present invention provides methods and devices for the analysis of

sealed consumable containers by NMR spectroscopy. The high static and radiofrequency
(rf) magnetic fields used in the NMR experiment in no way affect the quality of the food or

beverage examined via the methods provided herein.

[0006] In some embodiments, the present invention provides non-invasive, non-
destructive analytical methods for determining the level of wine acetification. As such, the
methods and devices of the present invention can be routinely used in the evaluation of the
quality of fine wines and in the study of wine cork aging. Furthermore, these methods of
intact bottle analysis are not limited to the determination of acetic acid spoilage and content
in wines, but can be extended to the study of other wine molecular components (e.g.,
aldehydes and flavenoids), as well as to components and/or contaminants in other types of

sealed consumables.
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[0011] The present invention also provides NVR probes configured to

posi tion amiggmcidson of a seal ed consunabl es contai ner within an NWR
spectroneter. The NVR probes wused in the present invention can be any of a
nunber of [@dOkct i onThe oletisodsiof Heptesegt ingentiongpclude the step of positioning the

portion of the consumables container within a data collection region of the NMR probe. For

example, either the neck of the container or a portion of the body of the container can be
placed within the data collection region of the NMR probe. The homogeneous static
magnetic field is then established across the data collection region by, for example,
adjusting the one or more shim coils in the probe. Preferably, establishing the
homogeneous field allows for resolution of chemical shift difference between selected NMR
spectra peaks a minimum distance apart. In certain embodiments of the present invention
involving "H NMR spectroscopy, the resolution will preferably allow for distinguishing
peaks that are about 1 ppm apart. Optionally, th¢ NMR peaks generated by the selected

components are integrated, thereby analyzing a quantity of the selected component.

[0011] The present invention also provides NMR probes configured to position a
portion of a sealed consumables container within an NMR spectrometer. The NMR probes

used in the present invention can be any of a number of detection probes, including, but not
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include, but is not limited to, one or more non-magnetic zero-to-ten (0-10) picofarad high

power rf capacitors.

[0014] Optionally, the probe also includes additional components useful for NMR
analyses, such as electronic components for generating magnetic field gradients, a
calibration fluid sample tube; and a fluid jacket for modulating the probe temperature, to

name a few.

[0015] Systems for analyzing contents of a sealed consumables container are also
provided by the present invention. The system components include, but are not limited to,
the NMR probe configured to position a portion of a sealed consumables container within
an NMR spectrometer; an NMR spectrometer having a bore proximal to a magnet and
configured to receive the NMR probe, an amplifier coupled to the NMR probe via co-axial
cable; and a receiver system having a preamplifier and a detector. Optionally, the system

further includes a pulse programmer.
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entire bopiekent diventioearefprgvided Herpianel s A and B depict an alternative
enbodi nent of the systens of the present invention, show ng the placenent
of the body of the seal ed consunmables container within the NVMR probe.
Fi gure 4B shows an expaBRIEFDESCRIPTIONOBIEHE DRAWINGS

Figure 1 is a schematic drawing of an exemplary probe of the present

invention.

Figure 2 depicts an expanded view of an exemplary probe, showing the

placement of a sealed container within the data collection region.

Figure 3 panels A and B represent one embodiment of the systems of the
present invention, depicting an experimental setup used to obtain an NMR spectrum ofa
full, intact wine bottle. Figure 3A provides a schematic depicting the placement of the
sealed consumables container (a wine bottle) and NMR probe within the body structure of
an NMR spectrometer. Figure 3B shows an expanded view of the probe, depicting the
positioning of the selected portion of the container with the rf coils of the probe, and

indicating that the NMR probe head is capable of housing an entire bottle of wine.

Figure 4 panels A and B depict an alternative embodiment of the systems of
the present invention, showing the placement of the body of the sealed consumables

container within the NMR probe. Figure 4B shows an expanded view of the probe,
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5 WD 2004/ 008104 PCT/ US2003/ 022452 depicting the positioning of the body
of the container within the sanple neasurenent region of the probe. Figure
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commonl y understood by one of ordinary skill in the art to which the

i nvention pertai ns. Fidurdbupsnebndy and Breoel sabbes depigting NMB-dstined pgregitages of

equi valent _to_th d i bed h i . b d..n.th ti
Losting oftheiied (HeEBsaHiA) sg aReiicorid comsenipiops BN OB/ &G soHE Hods ar e
descri bed%é/agerg%ﬁ bolilts 3¢ B O D isAMbeflet B vighdn ot e dMROGA 930&HA4 977

PCT/ US200 2452
DETAILED DESCRIPTION
DEFINITIONS
[0018] Before describing the present invention in detail, it is to be understood that

this invention is not limited to particular devices or container systems, which can, of course,
vary. Itis also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting. As used in this
specification and the appended claims, the singular forms "a", "an" and "the" include plural
referents unless the content clearly dictates otherwise. Thus, for example, reference to "a
capacitor" includes a combination of two or more capacitors; reference to a "coil" includes

mixtures or series of coils, and the like.

[0019] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials similar or equivalent to those
described herein can be used in the practice for testing of the present invention, the

preferred materials and methods are described herein. In describing and claiming the



present invention, the following termnology wll be used in accordance
with the definitions set out below [0020] The term "consumabl es" as used
her ei n r ev@r ®od/a@sa4f ood, beverage, or alternate energy PROWS2003(022452,
bacterial media) intended for consunption by an organism (e.g., a human,
an ani mal,,..a,celbnitl, WY Buod t&%’ﬁn&bgﬁmn BB 4Sed ihh€cdriibe Wwililhe definitions
consumablpes contai nér re?er to a packaged or unopened vessel or

recept acl &t eatriedowni ng t he food or beverage. Seal ed NVR tubes prepared with
sanpl es of food or beverage products are not considered seal ed consunabl es
cont ai nergopd}t h r espeeterhccomanabRsent usedterein @fiers fOHRDY, Géveragerors " NVR
probe" and "probe head" are used | nter,ch,ange?‘c?l y herein. to refer .to the

conponent altsmaincnuey sQeq (cetetasterial media) RNARD £ir SREFHIIRIION, RYARL e i o
sanpl e ang recej VR, & . 0a2] hSadaBl

col lectio ’gr"eagl onﬁﬁ raféplg]r S ’to"sétlﬁg?tg%l’ ﬁ!ﬂ&%@?&?%ﬂ%&%&%ﬂ?eﬁ%ﬂ%ﬁ% tersle NVR
si gnal i scagiiesrateis to ypiaciedged or tipehahvuges @i taceptackelventaigngthedodd @ d of

the spectroneter is optimzed in thi.s region..l0023] The terns. "rf coil"
refers tob@CEASE- _§Fa1Pﬁ1Ni\ﬁ% %Syrma@_@m“&l%s %frfL%‘g@E%eWeﬁagg p_r%dg‘llcfsca&? not
geonetry @cﬁjgiéigfﬁﬁ' s%ﬁ%@ cbiNun]b RS Bhthire RGNk RECt EGRIpYdsest indelitehr equency

si gnal s. term"tuning capacitor™ as used herein refers to one
or nore c i tor ! eaMVR]o ' . ' ad to
mat ch andﬁ@g t he ggggeg&?oﬁmgr%bgr rect @?%&%&%g%ﬁl@;&%ﬁgg%%%%ﬁﬁge

mat ch t hetokfegitd thidi dondponerit@f as XaMRIspectipthefer sySOR5Yhidh avsmits pudgss ite theol enoi d
coil™ (or "split_ pair solenoid') refers to a solenoid having nmultiple

coi | s of gamRle ppdipgrivgs the NVIR signalcsmneratidy t hat generates a magnetic field
when carrying a current. METHODS [0026] The present inve ili royi des

met hods of0032k! yzi ndhetesmodatpolleetimiragios” Efers fo Q@éloétéolb‘bé} ﬁﬁ@l‘#@gp cm

cont ai ner. ,The, s d. . I ﬁﬁgg . [aTatgr f ood
or bever a&'gm?lgpﬁ mlgrs @%&\%%@%@%@ﬁ@%%?@ Irllt er e@%t??%%ﬁ@frjnﬁﬁg bﬁ? Orflg{e
linited tegpectraeR® dindzedrtaiseedioni c beverages. [0027] In a preferred
enbodi nent, the container is a corked (e.g., unopened) bottle of w ne. Any
nurber of [og2Bf bot t e terhyHresoilr Gatd® At oNfibdRhegy imrotsbetions tiranged(ias wel |
as devices and systens) of the present invention. For exanple, the nethods
of the pr bslaal gedmetanaidadesizand Fis tipsamitiiee aKkerysesiving sadoie@ifiy edlhe hi gh
shoul dered "Bordeaux" bottle 7 WO 2004/ 008104 PCT/ US2003/ 022452 (typically
used for §024i gnon Bhanem Cahieg capacBalias geehherdibreists togmd OBBIOHREAPRCIMITends) ,

components of the NMR probe which are typically used to match and tune the probe to the

correct Larmor frequency and impedance match the rf circuit to, for example, 50 €.

[0025] The term “split solenoid coil” (or “split pair solenoid” ) refers to a solenoid
having multiple coils of wire (usually in cylindrical form) that generates a magnetic field

when carrying a current.

METHODS

[0026] The present invention provides methods of analyzing one or more contents of
a sealed consumables container. The sealed consumables container can be any of a number
of food or beverage containers having contents of interest, including, but not limited to,

alcoholic or nonalcoholic beverages.

[0027] In a preferred embodiment, the container is a corked (e.g., unopened) bottle
of wine. Any number of wine bottle “styles” can be accommodated in the methods (as Wwell
as devices and systems) of the present invention. For example, the methods of the present

invention can be used to analyzed the contents of the high shouldered “Bordeaux” bottle

7



t he sl ope shoul dered "Burgundy" bottle (Chardonnay and Pinot Noir), or the
taller "Hoch" bottle of Germanic origin (Rieslings and Gewiirztram ners).
The cont ewos200d/008h@npagne/ sparkl i ng wi ne bottl es, Chi antiCTag2003a8245and t he
shaped- neck bottles typically wused for fortified wi nes (port, sherry,

etc.) Cﬁgtryg afly %ﬁecﬁﬂ?bg&ﬁgﬂ@faﬂ@ CBERRAS AR edoREMPIOE S8 BokdtER bieAds),

Furt her a’ran si’zes can be Used in the met hods of the
present ithwsopé simulderedaﬂzjugmmiy’ bottie{€hZBonmdy dndtRines Naipner tha tallgpi degh™wi ne

Il th Il hal.f bott| 7 ths" (375 niL
collar. JANE GBS DALl choLieShy CoBbi SpildS) iplgfies 1, (975 T0)
be exam | pL%{é%gerThg Rt bbifles @m&ﬁﬁm 2id @b khgkd Glsabotdes Bplcallgd

(e.qg., n or- brown) glass. In addi ti on, the beeswax seal and/or
| ead cap usédﬁ:ﬂfoméi&d|w1n¢$(90ﬁmhmrmgetcbﬁ@t@%@b%Wét‘?YB’éﬁ metedeal P81 t he
anal ysi s. ion to W ne

e ot navcent e tSeb b PEer e AER ERR GBI, Y

vinegar gjgkeft inVéntRin; in Ad¥i@sotth®750 mEcattdionnd ﬁpty@rchbwmmeﬂas;ma gmaller
sol utions or suspensions not typically considered as "food" aé}lgrg
be

ni cr obi alha&;ﬁhqtﬁlnSe“Srpél@H”aﬂS?\@MaIl ﬁeﬂ@ﬁ uf3ds mlakas welkas thg regam
exam ned ugt'llesg(ﬁ ﬁ&s ﬁdhaon[%%Logotﬁ%gaﬂ{ hhéﬁ’ent' on. Preferably, the

conponent he' sea a| ner generates an NVR spectrum

havi ng at or nore s def | Q 0

anal yzi ng9 ﬁ?é flée l%‘gﬁ? g"ﬁh (liet e@@%‘%{lgﬁ 0[58 goggrga@ké arm;el{] g?nnger enpl oy
an NVR spgg ?%ﬁése n&aditdn, hyBedtakge0nl/opWat dap oftaceetin ehepmmngn of the
seal ed consunaBl es contai ner. In one enbodi ment of the present invention,

the NVR moe&&enwimmbﬁlrgm‘e@ﬁobthe@@elb’@lé t he narrowed upper portion, or
"neck," of the sealed container. In an alternate enbodi nent, the bod%( of
the cont ajon29] i s t hin guditidnan vpha@dmbrpqnmmblet&llvw pe @mﬁéyzepcbwehq methogs g

nmet hods of the pr.esent invention, ortlo
consurrabl@%%‘iﬁﬁ&éﬂ‘?é’inopsm }ntgr]i’)‘ﬁ fllﬁ ED %%ar ?%ielg% Pgnﬁfg%% ’ of

the NVR prgil-rec E@c%s%@ﬂtaﬁﬁng’ﬂ‘é‘dﬁtﬁiﬁ@ oph’us?él@%tfﬁglol heicligtcahdi@ésrednd Hbod’t he
pr obe, cft hen fnserting the probe o the spectroneter, such that the

sel ect ed (@qy. miznotodl ctulterecrucdlalhﬁ!é?al (lne@kes addhe lilse)ccan ajsg be sxpmipgd uging the
positioned ﬁ\-fgh? Bgthtfe E?geisg ggén:uﬁp o ﬁg éﬁltlg gﬁéﬂt%m&%st 11’%‘ltﬁeesr691@a' vely,

t he probe ter Ior to insertion of the

cont ai nercoﬂtﬂn&' éeﬁ@t"atéé%ﬁQ\JMR@ectﬁﬁﬂh@hﬁgat a1 q&aﬁorélsh)mplj/ defimbd péeks. a porti on
of the consunables is positioned within the nagnetic field of the

spect rorret@r_,, !eand PR IBlods 8f hﬁ?yﬂiﬁg &% dr RbretcoptedlVRRf HieiRaled Tomsunebbasi ned
portion o he seal ed container will be determned in part by the shape

and/ or 8 wWAtZAeKNNIST ad NAMR/spS2068i@224 82 NMR probe configured to accept a portio
of the sealed consumables container. In one embodiment of the present invention, the NMR
probe is configured to receive the narrowed upper portion, or “neck,” of the sealed

container. In an alternate embodiment, the body of the container is the portion placed in the

NMR probe.

[0031] In the methods of the present invention, the selected portion of the sealed
consumables container is positioned within the data collection region of the NMR probe.
This can be achieve by placing the container within the probe, and then inserting the probe
into the spectrometer, such that the selected portion of the container (neck, body, etc.) is
optimally positioned within the magnetic field of the spectrometer. Alternatively, the probe
can be installed into the spectrometer prior to insertion of the container. In either case, the
container is positioned such that a portion of the consumables is positioned within the
magnetic field of the spectrometer, and proximal to the rf coil of the NMR probe. The

examined portion of the sealed container will be determined in part by the shape and/or
8



configuration of the sealed container, as well as various requirenments with
respect to the type of NWVR spectroscopy perfornmed. For exanple, either the
neck of tWw® monomicaer or a portion of the body of the cures2nevoesn be

pl aced within the data collection region of the NW probe. [0032] In one

preferr es:}c])g 1 hgﬁa?f the sEed {(on@ﬁhér 2 ES¥ AN NeFouk RRuemEnQfwith Wkt toaet | e

bet ween se of the cork and the flared body of the wine bottle.
Al t hough tiesfNMR sgeesescopyrpérforinedt fios examplereithenbie npek ef the eontaigsr &ignal )

homgenedticia o e adt b o NaPredn e et B e R T B bRRTIA | B0 ©

enhancin Bhebabi ity of obtaining narrow (resolved) NVR spectral
peaks. [0033] A honpbgeneous static nagnetic field is established across

the data [ﬁgini[]eﬁ I ong, Jn%%!réfaré& 7&@&1&%, QDo Yexahanga sk REbaRWERS, €. 9.,

by adj ust of cryogenic and/or roomtenperature (RT) magneti c field
shi ms. ThetiNVBRtepactcbasd of thtieork ot teciladd bydy efithe wane brjtle-hAltheughohers inf

the sanple to an rf_ electr etic fiel.d pul se gener.a coil.
Pr ef er abl s %W@?%ﬂ&éhlétf?%o? F"glﬁgﬂeégﬁoéeo{efs%ﬂ S egﬁgglﬁeglap e{)hgﬁ' ‘t)%&lgl | ow
for resolyid s ehsi&heBGHlishShtidnho ghE iR Tsaiic SadhefinEel ovet s wehibMRusplect r a
peaks set a "‘mninmumdi stance apart. The degree of honpgeneity necessary

for per f argiongthuh enhmtingdie probatitiey qfiobtaéming Nyt (Teselved)) piepl pigales-
nunber of factors, including nuclei selection, nagnetic field strength,
and chemi @a83]st r uct Aremolgandolne statit hogsetisf fidlthés qstablished acrnse thei data callgetion

honbgeneous, stati c _na ic field.i t.abl i shed h t hat
peake of FatoBrcshc NFRORCDREY CHREHMH HRARIRS & Babl VLI PR OR e A R
spectral dﬁ%ﬁlkt%mggﬁhirggﬁ%ggnétﬁrﬁeléméMWTﬁé)m ApEubERltheh @lletioe byont ent s

of seal ed w ne bott e mninmumadesired resolution is approximately 1
ppm t he dbsitarimpethbetsperse of e smeipiyto anaf clsaieagnetic fisls pules gepPiaied Beienance

of the aceti cid nt.am nant.. e LY NMR spe f of
conpoundstt€qh: %éef?rﬁﬁﬁ'd, efnéargnél‘éﬁgqéee%}’ﬁs}%éﬂésl’\ﬁ?la‘%e%%&%i Gglro g yﬂ):)%m ?’I—Foénd 13C
FT NVR  Speditifign ofdichiie shif difi8@ncastetii@s sttedted 2UMR sPoctedyesaks ssnd Behnke,

Al drich Chem cal Conpany), from which a desired m ni_num resol uél on _can be

readi |y deimmuinnditahge ame. dihe degicejof hpmepgrneiy necessrag r psrigrangriae mghiods i ¢

field is not stabil.ized with a flux-] :

typi cal | yo’gtﬁ?ﬁpﬁi?g& gy eno8 sl 40 uo)r§r1\9al ﬁﬁﬁ?eggﬁg#gogsﬁg%@ggﬂu%lelgﬁi%gﬁg%ut erat ed
standard gighetRSield/Ferigth, Ad cRasishlhRciues. Beahd adtheidnef thetptésest, indantian, the

6} sets

of 1o | houosssmReimaeH deld 1 sHAPIDRY SHICBaOR o TP PR PEITaa:
700 scans top{HE SRR Eaf FiscBRU TR SHIBRI MR BRIR Plals, Tor denna e ©
over | appe8] NMR spectra collected on the contents of sealed wine bottles, the minimum desired
resolution is approximately 1 ppm, the distance between the methyl resonance and the
methylene resonance of the acetic acid contaminant. Exemplary NMR spectra of a number
of compounds can be found, for example, in the Aldrich Library of 'H and ®C FT NMR

Spectra, Edition I (1993, volumes 1-3, eds. Pouchert and Behnke, Aldrich Chemical

Company), from which a desired minimum resolution can be readily determined by one of

skill in the art.

[0034] Since the magnetic field is not stabilized with a flux-locked loop, and a ’H
Jock (as typically employed with small volume NMR samples “spiked” with a deuterated
standard such as TMS) is not possible for sealed wine bottles, data collection is typically
performed via block averaging (e.g., n data sets of free induction decay each derived from

m scans). In a preferred embodiment, the data are collected as block averages of n =10

groups of 100 scans. The n = 10 free induction signals are Fourier transformed, overlapped

9



WO 2004/ 008104 PCT/ US2003/ 022452 by shifting the frequency, and added
offline using Matlab (Mathworks Inc, Natick MA). This procedure elimnates
t he ef f ecwaoofood/busi1d4ong time drift in the static nmagneti cedied2doson24she

col |l ected data, thereby producing highly resol ved 1H NVR spectra for the
met hyl g 'ftihgaieq?e uBndY, B8d a&&gﬁﬂlinéfutsﬁ% M NRISRe6HKE To, NaticoM &xt ed,

t he peaks of t spectrumare exam ned. Typically, the analysis_ involves

exam nat i Tiis pfocghey Ehminatesitieeffec pEdepengdamp drif in the satic magichn fishd eyide
t h K t d i
he’ seal waligant Sithane Ry prRuERE e ety ed i NIRRT RRERLD bl 1 1

gener at ec}eg}gnh@@mean‘i nati ng nol ecul ar species (contam nants) indicating
spoi | age or exposure to oxygen. For enbodi nents involving the anal ysis of
W ne, Ongogﬁ]t' cul ag f O RN trth ié BOIRLRIL thepealdTithEspreirm andi ch i s
generated by ‘the bacterial netabolism of et hyl “al cohol . For anal ysis of
acetic acéxdmindde Typipallmsthetnilpsie mystves exanaimaiierofipreyinvsly fidentifgd Bpakisdn &hi ch

t he net hyl peak. f acetjc acid can be found 6 ppm
(the T eq) IR e QS HE Ry EREA AT o Aia EhipRg o EHBthetes) !

Al ternatipelyin ik BEIEPORLARE! Fos Bedingls, Bb ﬁ@efk}é@@&l’c&és’c did aptivmallg genantedby
exam ned. [0036] In sonme enbodi nents of the nethod, . the analysis is on a

qual i t at i comtdneineiing melegular spesies KeontauRnprakiadisatingpetlags O FFEBRE ILPX YRR ent .

I n ot her enbodi nents,.the.anal ysis .i ant i e : : gaks are
i nt egr at e}goraeﬁg’oggﬂﬁ$ By Véngﬁlg%ég?‘nl ar gf\gﬁe%ko{lén}§%{r%l¥%y?&1 t lgfgllétg’gtug?rg?/ﬁ ding a
quant i t at josgc asal Which i9ferehfediey Bebacted simpenissiism afethyiaiobal. dtbr analysisnhbl es

container. Preferably, the NWR resonances generated by the co ent . of
i nterest anetic aeids the régiens aftinterashare FRowwA i RpFa(the FRSE 1Y EhBlF n%g Pete

integratign f [ fat ; h fedminhk enk he
spect ool bACasas e BEIBEs SHINM ol F SRR (R BB RAIL ety
ol d- f ashi prgdromycetivychl i Médated).t Atesiptiedly ayine wompoendasuch e aldelbydes oof
interest, and wei ghjng the paper scraps. NVR PROBES [0037] The present

i nvent i onflayeseidscaybeg ‘probes for use in the nmethods described

herein. The NWMR probes of the present invention are configured.t O&%ﬁi tion
a porti o036l a sealmespreaemboriments of erasthed, thy asywisis opordualiieiys er,

t hus avoi di ng_t.he d 1.0 M | i i Iid O
anal yzo 1 Fi- AP EAPER Tl bt Siebol oF ftent Tn oler CREL AL Lt kRS
havi ng a gaititative] BB eelecte@bedkshard Btegeateld afd ¢dnepapaithy a siardact peak intendity; st r f
coil positioned proxinmal to the cavity and the goorti on off t he ](s?gal ed

cont ai ner thezghy PROVigERglvaRpatye aralysiiff the selerteheprnponenis o MeFeelsda | ength of

coaxi al C@&{sﬁmjagles container. Preferably, the NMR resonances generated by the component of
interest are sharp, facilitating the optional integration process. The integration can be
performed using a software program provided with the spectrometer operational software,
or it can be performed the old-fashioned way, by printing the spectra, cutting out the peaks

of interest, and weighing the paper scraps.

NMR PROBES
[0037] The present invention also provides NMR probes for use in the methods

described herein. The NMR probes of the present invention are configured to position a
portion of a sealed consumables container within an NMR spectrometer, thus avoiding the
need to violate the seal on the container in order to analyze the contents. The probes
typically comprise a body structure having a cavity disposed at a first end of the body
structure, a first rf coil positioned proximal to the cavity and the portion of the sealed

container; and a tuning capacitor coupled to the rf coil and to a length of coaxial cable
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WD 2004/ 008104 PCT/ US2003/ 022452 configured for connection to the NWR
spectroneter. In an alternate enbodi nent, the cavity is disposed in a

m ddl e regioowowbosidae body structure, rather than proxi maCmes2oés2e4sd of t he
probe. [0038] The probes of the present invention can be used to detect any
desired_Nuiehrea FAHANEc R BPNPNRIR BlbcRomifet OB arlARARI GmbEHARAN AR ARily
havi ng adequdte chem ca(f shift dispersion between sel ected contam nant
and/ or saispisposddgnalmsiddBragion ofithefhrodyetuahre; tather thanguaxinah jetreicad of el ude,
but are not limted to, 1H probes, 2H probes, 13C probes, 170 probes, and
the |ike.P"PB¥t hernore, the probes of the present invention can be single

f dual f b . g.,. 1H 13C . 039], The. bod
of “the prBRESE oty pTeapPIOpet oHps Bescrs fvRaliaR P DA R S Ry el
suscept | b&épﬁl%lﬁ é)tfg?ﬁqgﬂﬂfgea ARGLL :i%a%{éé’t‘i'@l%otﬁhéé M AR Lidel e Sharhicsl shegnet i ¢

field when obe 15 posit d in the spectroneter. Exenp

| ar
mat er i al sdiggesion bettween selnetbd coniarpinaht andfe shmgle signalre tTiws, the prabes 9¥@ﬁs
t hereof) include, hut. a ot limted to stain]ess.steel, zal um nu | ass,
ceram c, BESFH F15’§Pﬁl%ln§{}’gﬁpl§§ aﬁee‘?qtg’r‘fnfeﬂg?’yl PaFY ﬁ[bllplioe e ;é)p%qu’l m@ )
(pol ychi Oﬁﬁbég bhd8laflee TR} thedtie, NG pEdBRd ¥ivthD ¥lesbiltafiveleidn cadBeélhglehe body

structure has a cavity that iIs configured,to accept a portion of the
seal ed cofrsqureaby esdwbfitgiensy prehes fe.ghat Ha @orobebn of the container is
positioned within the data collection region of the probe. Thus, the

sanpl e capiosy] i s gr €as bodyt bithe prubk it typically cympeseglofyeeeriah haying p 4o
configured for, NMR types. The overall dinensions qof, t he. probe.. i Iy
range f roma%%msumﬂmtw 18 ‘ﬁ?erﬁ’ﬁdfqﬁ PrEYABt ‘ﬂ,Sto é‘fogrﬂéebsfq?ucg%%%ﬂeu?%idn‘&ﬂg#he

outer di aﬁ?etp‘?ﬁbe% b BoRIOBENE ERERSmERT. SEZSN 1519 Th 0918k dddn Yedmem fadture of
di aneter, al't ougﬁ

an outer dianmeter of up to 310 nmis possible with the
current migrbety strbddiertenportibhethsicpd inolfide, fwt arawot limited t9 ainksss steel, pr obe

i1l d d th | ed t ai t | -
cont i gur catphaR R & Rtk AOPeri ot & TR BN bR RRRE | o)
the cavi t yyolRQMdrbRiTBodidiR) nd ParaMdolyvivatidatide). r ange from 34 mmto 85 mm

in diameter.” Larger cavities able to enconpass a w der portion of a

consunabl f%@?nt ain ebﬁafgtr mﬁsQeéﬁtﬁﬁﬁipe&m@}emawm_atp@mdm(me g,

about 100 mm i n di ane are also’contenplated (see Figures 4A and
4B) . [ 0043daldhensauililys cantainerf suphrtbat atperiiw] of théeondsiaticd pesitipagdiwithinthe

position through the _.use_.qf, for exanple ne or nore. P it g
rings. | nd8acolsRtionirRERt Pfﬁﬁé’r%%iﬁws’ngglﬁﬁgﬂﬁlg C?Yli‘}'rﬁs(%eeateern%rg@%%ﬁgfrlgbe to
the data %&hid;&& PR pRBE BnfidiREd FRIRVIRI tBResOTThHE Re et aligehsi@anifaheigobé r om t he
open end. | n alternate enbodi nent, the cavity is _enclosed within_the

body st r uoptiomsllyamtedcon sbed 699 ram to 6o mwy in lngtheprefegbly pbeud 0B gy The
structure ‘outer diameter of the probe ranges in size from 100 mm to 150 mm in diameter, although an
outer diameter of up to 310 mm is possible with the current magnet embodiment. The size
of the cavity portion of the probe will depend upon the sealed container to be analyzed; for a
probe configured to accept a neck portion of a wine bottle (Figure 3A and 3B), the cavity
portion of the probe will typically range from 34 mm to 85 mm in diameter. Larger cavities
able to encompass a wider portion of a consumables container, such as the base and body of
a wine bottle (e.g., about 100-150 mm in diameter), are also contemplated (see Figures 4A

and 4B).

[0041] The cavity is configured to hold the sealed container in position through the
use of, for example, one or more PVC positioning rings. In one embodiment, the cavity
extends from one end of the probe to the data collection region, for insertion of the sealed
container from the open end. In an alternate embodiment, the cavity is enclosed within the

body structure, and accessed by an opening in the side of the body structure.
11



11 WD 2004/ 008104 PCT/ US2003/ 022452 [0042] The first rf coil is positioned
in the body structure of the probe, proximal to the cavity (and the

sel ect ed wegioos0miost he seal ed contai ner inserted therei MPCT/Gve3an2adsky, the
first rf coil functions as both the transmtting coil and the receiving
coil. In enbo ']{E%g f  COL N I 6h8) Ipfo:é@hl to An
exenpl ar Jagﬁlit so?%nm trgt&Bﬁ15{1586s§t}20néggﬁtgg%8!3%%@&%E'Pgt%und :’pn alcm

di anet er thpeavaly,(aidhefselested cegion phithe sestedamiaiger dnsetted thepdin). t GrticveBpehe wi r e,

and coupl ed (via_.a connectin orti of .the wire).to a. ond coil portion
havi ng ar@ﬁtﬁngiﬁF%?PH’%S %bo(t’lbﬁﬁg;anﬁpﬁﬁr_xg ﬁ?’r{ea‘ﬁ wgfec)glc‘)’iufg °6$teli%c?ﬁlgi s pos!oti oned
on one Siéﬁﬂ)oglirgegﬁb e FRMIrF Yoil W dpfit §d1EnoREEAN JAE BkémplaryispliDsdlencd@8eil isaized on

an opposite the cavity; "the connecti n% wire runs between the two
portions geaphcapecwirssvongdtine loav diaynetar seirdl, the Tigst cod peFtpn haymed wetkffer ence

of the cayity). Preferabl the secaond. coi l.. pord IS, alj a
sanme axi stﬁ‘?a%gl%pr‘?éwﬁer %Ilf%oélig}edég]ratai (@H?ecﬁﬁg%grlq%n&fadﬁeg?ﬁg)r {Oean%gléllg{{rlgﬁlt ﬁdrﬁﬁxg rf
coi | Ci r QuRERf dnbBeRr i hems 8¥édppef i@, , THe Rastsil origdn istpositivnetyors duaideiof
defining the cavity act as a fornmer around which the rf coil is Wou_nﬁl.) In
a furt herthepdty, wiHe thsf secomd enibpsation iseositioned on aepROSHe Fge & the cgvity; the

bi rdcage-style. coi.l. Such I I kd: t 4l hhed
' or - cSpAMETHBE Wity Y Bpen Gt A, b Ricca Y e (5 MOME

r adi of r e BRYuERIdncE OF thatvak By FayfetivR), itnegtorg] @il gorGorkd is dlignvegiang aReson.
63: 622-628. [0044] The probes, of the present invention also include one or
nor e t uni $ne axigrsdhe g cotrpartiofini ng capacitor is coupled at a first
position to the first rf coil, and coupled  at a second position to _a

| ength of [0843Ixi al cEtdnsthes ambgdimseat, il ricoM sEeymemrbentheraviiie 2 sihealls Rkt er .
I n one enpodi t, . th uni i.faor 4 = i ; iopf ar ad
i g poverte PPUE Apiep g FRRD Eb] Ba b nd AL RARE I Ron i o oo
the presepnt, fuphendhBstimensdTalnepiobe, thé Gist ef cbil dBngiiseslDbirdungeisyiscdibdjuch
structure 20, first rf éradi of requency), coil 30; g?d tugi @% g)a‘gﬁgitors 40
and 42. Boagnfiguraiionpleold Poripns shdssrRpddn. 1onexanplediayes shdled 8 end for
recei ving_t.he al . j ‘ NNR D Rerston of
cavity 50° Q{egﬁ%gghﬁgp%&gg#%%g%ﬁ%@gg%ﬁﬁoﬁkpgg}l gér}q;é%ﬁ%f%@g%’obe %r@]g irst rf

coi | 30 iy MidnRassh ©60:62apeas.tor 40 at a first end 32 and attached to
capacitor 42 at a second end 34, and is positioned proximl to cavity 50
such that g} Port TABSrobes afthe Pestiitinveitibiialse dndladesirtche ek tming dat a
coll ection region 60. [0047] Tuning capacitors 40 angﬁgg ar e%ﬁl sQ coup ed
at secondcapasiters.ofbe iningenpaitoris ceuplsd aip fegimositiondo thefiryrfc ia&’a CBP@

configured, I oo l%ls?t%ril 2 lgl(l)gth R IR LBEAE LEMREES for connection to the NMR

spectrometer. In one embodiment, the tuning capacitor is a non—magnetic 0 — 10 picofarad

high power rf capacitor.

[0045] A schematic representation of the probes of the present invention is shown in
Figure 1. Probe 10 comprises body structure 20, first rf (radiofrequency) coil 30; and
tuning capacitors 40 and 42. Body structure 20 has opening or cavity 50 disposed at one

end for receiving the sealed consumables container (not shown).

[0046] A portion of cavity 50 extends into data collection region 60 of probe 10.
First rf coil 30 is attached to capacitor 40 at a first end 32 and attached to capacitor 42 at a
second end 34, and is positioned proximal to cavity 50 such that coil portions 36 and 38 are

situated to either side of data collection region 60.

[0047] Tuning capacitors 40 and 42 are also coupled at second positions 44 and 46

to coaxial cables 70 and 72, which are configured for connection to the NMR spectrometer

12



12 WO 2004/ 008104 PCT/ US2003/ 022452 (not shown). In addition, tuning
capacitor 42 is coupled at a third position to rf in/out coaxial cable 74,
whi ch pr owiodms4/0dseodr adi of r equency signal for NVR spect r (POTHES2003A022450 .

[ 0048] Figure 2 depicts an expanded view of exenplary probe 110, show ng

the pl aqgoEAbwal BERIIRHKC AR HBhcifR A2 W duipledtah @ thiad ositdd aff rdoutr egi on
160. Coil" portions 136 and 1 of rf coil 130 are I%‘R/E{OXI mately 2.0 cmin

di amet er domsiakeablen®hwhigh prodides theradiofippreasy sgna |fgr SRRCHEBSRRB 0B per
surface of tuning capacitors 140 and 142, respectively ﬁrreasur_errent B),
such that[0048] t ot al Fieieghdepidts arf expandedidew iof cxqppplawi prabel 10, shawiamtheoi |

ti 136 and 138 it] . i ly 3.4
& wi th wleeme: o seala soabst LOGRREIRE e st sy TB: CRlbpPET 18 oo
bet ween thq (590 rPOLJil PiSare SH5BxintdaY 21086K iP@akeRR (heduimar ) afd enehai ner

100 can be positioned between coil portions 136 and 138 for optiml data
col | ecti capproRmaielial.5ym fromtthe nemer $@Gopiof hurting/eapseitnsp dt0 and 142, sespecticht at

sorew t dgeaensr 5 srdghippe i fsigt SEREON L3 it e Bl 8 i 1 e s
col I ect i of, G 198 2h@Q 38 WS Posititted %%@ﬁﬂi@ﬂiatell%mﬂapm(mémﬁﬂ@t €) wiithitht he
data col l'ection procedure. [0049] Probe 110 optionally includes .positioning

ring 112 ietspaedipiemygilmoriéen (epregniediyifottnd line) 4icips Peivwssn die TRARGOmSsBICch: he

aperture in positioni rd n 1 : i : i3l € 100
5 be postei BRBa U EHtR Hspled s Aanh ¢Be i Ehher Al ahiondid,
regi on f g d8sbr otirfial dapd dciRatiors aPptinklly, cohmitr 108 Wikt hpositoprend@4 on t he

di stal side of tuning capacitors 140 and §.42. gﬁgamtors 140 and 142 are
appr oxi mepesitioned 8t thadistalizar g neck nestien 1% Stoprer 404 iSeptionglly §8ek & SFEF- edge

of coil p%%;%;gg,golr;aﬁagﬁgg}grbeg}%gi Sl 160 % ?oﬁﬁoﬁ&p@ﬁf}iﬁ%ata oiectich RBRA¥OMAL el y

9 cm and h out er ges of positioning ring 112 and
capaci t or sighaind stoppei Bdadues axi imterfetoywith therdatd @isofioprecgdusbes of the
present invention optionally incorporate a second rf coil, preferably
posi ti oneghodopt al t probRa 10iopHbndlly ificlides pobitiongaing V12 sepirhtinguf chd 18fpl oyed
for a nunber of purposes. For exanple, the second rf, Cﬁ#ﬁﬁan e used.for
ei t her tr fnsrthe mafypertion o ewiityi 139 ths@perturs iy PRI A% rsthe selgried

the first _rf. coi >t . . ;. &ineni
A ornar Dbl EaRYREh: PUREHIN A, Bk ophimnstiyi tho e peaipe
or nmore Sidpivl Sorhdaw, atcc Dptivnal dapaciwasphé114 is ppettioaedomte dsthicidmefiitningt he

second rf coi| provides for selectiyve [tation of a heteronuycleus
(i ncl udi ngapapiiers AP angd i3 capacgordd! f&gﬁ%ﬂ{e @Bﬁé}mﬁtﬂé{l‘?gf@g’ﬂ&m 7Pb, and

the |ike) the%quéllheg?grté&@% }vyeen.tahtgr BiRle cI)i‘l'PBRi_%h 136 Gh& dR5diaEsi € ofdap8citor
conmponent s Tor tuning ang or 1 npedance matching the rf coil(s) to at |east
one rf powdd isupproxématelyed sl ewt thd distance between outer edges of positioning ring 112

and capacitor stand 114 is approximately 11 cm.

[0050] The probes of the present invention optionally incorporate a second rf coil,
preferably positioned distal to the first rf coil. The second rf coil can be employed for a
number of purposes. For example, the second rf coil can be used for either transmitting or
receiving the rf signal (in embodiments in which the first rf coil does not function as both
transmitter and receiver). Alternatively, the second rf coil can be configured for
measurement of one or more signals from a calibration sample. In yet another embodiment,
the second rf coil provides for selective excitation of a heteronucleus (including, but not
limited to, °C, 170, 2H, *Na, ¥’ Al, "*Hg, *’’Pb, and the like).

[0051] Optionally, the probe further includes one or more components for tuning

and/or impedance matching the rf coil(s) to at least one rf power source at a selected

frequency.
13



frequency. 13 WD 2004/ 008104 PCT/ US2003/ 022452 [0052] The probes of the
present invention optionally include one or nore additional conponents
whi ch enheecmwod/bmsidsunct i oni ng of the probe. For exanpl e,Pdines2po3ahaed4sean

i ncl ude conponents for generating magnetic field gradients, which can be
used, f orjog3famp! &, Tidrob KA ApRUERARRAor SpIENRy IR JTEIDE mort belifne
|ncludes a calibration fluid sanple tube. The optional calibration sanple
tube is tqmmpmahﬁywmmﬂlmﬂmn@ﬂmaﬁuhhwmnﬁefﬂ@évﬂﬁy expapPlsothg PERRCU @R ur e such

that the .c I|brat|on i ti ed portion
of the sé&? Eﬂﬂgﬂﬁﬁgﬂgggﬂﬁﬂ% %gﬁﬁeﬁqp &ﬁé éw%g93$§bf%§g?%£d |ﬁ t he
cavity. le, it 1ﬁ1a§ﬁffgtﬂﬁ% s@ﬁbﬁ%ﬁ@f&nboﬁhﬁeﬁbﬁylﬁ]@pmbemowdeb bealfret@nt
|nvent|o op i onal | rt

include a fluid jacket, reserv t her
rechan Znﬁhﬂdrsamp]@dmﬁ T amtonelaipbiation senplg i Cymeily posiO iR g
ral e GuBRE ooy Sutidal) g o BRRALOUE Ny A8 i S RATRAP IR B UL OF

(Bl anz). s%lé‘éi% SNPENENESIEDERGImAbies gonedrertwhenvtbe tomainet is anseried indbs
systens for analy2|ng contents of a seal ed consunmabl es container. The
systens i%¢¥ittide one or nore NVR probes of the present invention, an NMWR
spectroneter, and a receiver system confi gured for electronic

comuni cal00s3] wi t h Inrefuduer pnbbdimenty ghe oherpidhe present srventien ppiicnshly
| nventi ong can %glg 35fhid RS rfegf PUL S ?%%isﬁ)n’ﬁ)lf%d’éﬁ‘faq g ﬁ,_l‘g?gfa%ﬂE NVR

exper i ment&he trone conpris
Struct ur eef e WeEer@Hﬁ?ﬂuiﬂ J'Eadilieﬂdédﬁglstfﬁﬂ%ewtrﬂtmmetprﬁ,enanbmtmnm@x| mal to

the magnet and configured to rec nd an a

conf i gur edestabedipuforiengnpls, HSfPa?eélf Nﬁo@ﬁ@ﬁ) i Bﬂec{ QQaW% ?WB%@%PMMI ly,

t he nagne%ﬁ%g”@B stant external magnet, a roomtenperature (RT) rmagnet,
on

and/ or cting magnet. Any NMR spectroneter having a bore capable
of receiving the NVMR probes can be used in the systens of the present

inventiOn§X§EE§L§$§Eg¢$Eﬁ§§%NNR spectroneter is a super w de bore

spectrone ctroneters are avail able commercially from for
exanpl e, jwsupn ( Pair@e prdsent 163A§ntlommsopm@as|systemsrﬁa)r aanatyzagcnoaten(scgEfrarrany
www. br uker . cor‘r) The field strepgth of net co

systens céales copswaaBles conkingrg 1 #’gé}ﬁti’mﬁﬁmg"dﬁ?ng OﬁmPr%ﬁB'ﬁQ RF% &’fé’ﬁ%sgﬁl The
systems of, LA PLERNIR dpBURhAAN ahd % tddER efsysREEENBTgusAdSiop Bl'e@t%iﬁd: gured

communication with the NMR probe. The probes and systems of the present invention can

be used to perform pulsed, continuous wave, or gradient NMR experiments.

[0055] The NMR spectrometer typically comprises a body structure, a magnet
housed within the body structure, a bore proximal to the magnet and configured to receive
the NMR probe, and an amplifier configured for coupling to a first position on the NMR
probe. Optionally, the magnet is a constant external magnet, a room temperature RT)
magnet, and/or a superconducting magnet. Any NMR spectrometer having a bore capable
of receiving the NMR probes can be used in the systems of the present invention.
Preferably, the NMR spectrometer is a super wide bore spectrometer. Exemplary
spectrometers are available commercially from, for example, Varian (Palo Alto, CA;
www.varianinc.com) and Bruker (Germany, www.bruker.com). The field strength of the
magnet component used in the systems can also vary, ranging from 2.01 T to 9.4 T and

higher.

[0056] The systems of the present invention include a receiver system configured

for electronic communication with the NMR probe. Optionally, the receiver system is

14



for electronic comunication with the NVR probe. Optionally, the receiver
systemis 14 WD 2004/ 008104 PCT/ US2003/ 022452 incorporated into the body
st ruct ur ewar20051@8NMR spectronmeter. The recei ver system RopUs2ed3/o22450npri ses
a preanplifier configured for coupling to the NVR probe and a detector in
communi Caht@Botddn{o Ve Bo@PSRIckrt 8fthemm&§e@cféiﬁabmﬁe reécivdig@ysyat ems of

the present "I nvention, the receiver includes a passive rf duplexer as well

as el ect rtypicelly é@mprisegnaireaniplifiey configiredi fgr coundingde thedMR prgbe andpstector

Fukushi ma_and Roeder rinmental. Pul se NVR a. h,
Addi son- ViBSPEYRY OQBYEIﬁPt%.eL SEHIP 1?555 ]onagfnlbc?ﬁ%'{l\%ﬁt@f%h%ggsé@g % lg?nt ¢ Er %S%gt?
incl udes @Red¥R, Pidhs&ivr AWIATEE B PassivEARPIaKHt a8 Wesleasii@goaityEorsigbmixing
avai l abl e from Tecnmag, Inc. (Houston, TX, _ww.tecnag.c r’q [ 005¢ some
embodi menans digitizationsess don examplen Frlsishimaandshesdembxpermgntal Rulse NMR a;

spi nni ng 1, Seal edo COnLANGE Wellll RikhgodbRoprobe. Exempl ary spi nni ng

mechani s are not ited to’air-propell ed mechanisns (e.g.,

[0050] 1 A0S of er r OB GFRBAT SR T AR A TSRO SRR St e al so

i ncl udes paenifla fo p1O8aGMerf fe a0¥%0dbld REmtTRARCIe] (HustoinnTXhe seal ed
container. [0060] Figurée 3A provides an exenplary system of the present

i nvent i onwdepiecmaggom).ne positioning of bottle 200 within the data
coll ection region 260 of probe 210, which is inserted into nmagnet 280 of
t he NVR s[®68F onet eln sofigemieoddBenth ofthetpiesent ingentiont thefsystpotineleds8@o wi t hi n

probe 210 with regpect to rf coil 230 and,tupi apacitof 242,
Al so depi ’E‘le%}t?nﬁréf%ﬁﬂn&m% tf‘?: Bq?gﬁﬁlrf@ﬁfaéneﬁgvsﬁhﬂl? @WW&R@G'Z%ﬁ%ﬁ%&%ﬁ%&H or
stand 214.,. D061 inEiu@lHRE adbAof NfhitdB o ARbESpeRd Mleblamiad s clk0 i tutbinay Of

bottle 300 wthin the 'data collection region of probe 310, in which the

body of buotterd med@oisins, jtrapdrasetbimieehapiststaad tewlifect i on regi on 360. In Figure
4A, probe 310 is inserted into magnet 380 of the NVR spectroneter. Figure
4B shows [G058pi | 33 a prefiemngl enstpeloinemog t1B4Resnting dmtions wdyatiemeadsl iwsgludesy o
and 372, and rf in/out_cable 3&?, inIh. r.e;geect t.0 tpe al i gnnment of bottle
300 wi t hi AT REESOwee, opFitneie fycle wihis e kPR 4Nk sampl e inside of rf
coil 330, which is nounted on PVC positioning rings 378 .and 379. EXAVPLES
[0062] |t [0080Linder sFigyie 3ADOTIARS ABEXFHPELY BYFFTR Rl SR SR
are for ||l rativ : : { rg;q,lr i i

changes i#\helﬁ%gﬁltogﬁgeogggwe\?mﬂ@ﬁ%@ﬂ k%eu‘gagg%étlggﬁ?ﬁé&r&d?‘;% r?s sk(igﬂlef%g’ ?Eﬁth Egé art
and are t ¢nshiged ined melggbt @80 bf thetNMRsypecttdmetad Higurei3Bshofvs the alignment of

bottle 200 within probe 210 with respect to rf coil 230 and tuning capacitors 240 and 242.

Also depicted are optional components positioning ring 212 and capacitor stand 214.

[0061] Figures 4A and 4B depict an alternate positioning of bottle 300 within the
data collection region of probe 310, in which the body of bottle 300 is inserted into data
collection region 360. In Figure 4A, probe 310 is inserted into magnet 380 of the NMR
spectrometer. Figure 4B shows 1f coil 330, tuning capacitors 340 and 342, coaxial cables
370 and 372, and rf in/out cable 374, with respect to the alignment of bottle 300 within
probe 310. Positioning ring 376 centers the sample inside of rf coil 330, which is mounted

on PVC positioning rings 378 and 379.

EXAMPLES
[0062] It is understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be

suggested to persons skilled in the art and are to be included within the spirif and purview of
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15 WD 2004/ 008104 PCT/ US2003/ 022452 this application and scope of the
appended clains. Thus, the follow ng exanples are offered to illustrate,
but not twd iond/e08tdde cl ai ned i nvention. [0063] The net haag/usiM3/qe4sbes and
spectroneter systens of the present invention are capable of detecting

| ess then..Q. . i 1.6k N7 RkYfd s of
acetic agllngag%lg{agﬂ?,g}?#'%ﬁg?@%@%ﬁ&%@ga%t §'I Tléerl%glg fﬁggvrvgigg?%aﬁgcl ei and the
et hyl alogfehal toritidtate, Huiong tdhiiohitdhe claimsl ieverdion. exami ned, which differ in
chem cal shift by approxinmately 1 ppm This nethod for acetic acid

quanti tat[bmAdoes MCHe rMétBb@, BIMR @robies and Bsectrbmeter systamsdfths ptesertthe bottl e
contents, and can be easily extended to _the explo . ot.her_vi

ti on of |
i ngr edi erimeensiag ary capable affleiseting less thep %étg/lvﬂ’i‘@mbtég’??l gé’ﬁ]&%t“ﬂ%‘? %‘\éﬁf‘%d
consunabl nt ai o : | | I ¢ I N
W e Savarees a? alite i d Bl B e e e e er o
per f or medi@hof tikthybgioup dydmetn audeiiale etaamded, dehiclpdiéfsninechemicalshiftdtyur es  of

de-ioni zed water, 200 proof et al cohol . obt ai.ned from Col hiel d

Chemi cal apBroximgighipl ppmcAhs I%‘?fgg‘g@r?Ce%cgarcé‘gﬂ%nu%@?id8esa1&c?ct58'mgfff ?ﬁea‘%]ﬁ from
EM Scie ' Thgthan i Rd96 AR xpREatin dfi | 11 ng,
or "char}%ﬁéé%@@%%%%gﬁ%&eﬁ% %@%ﬁ;&ﬁh@&WS % (v/v) ethyl al cohol
in water dibariviigl mgseliants Bl orconteerinanty indntacifwiae doitles ard ather sealgidng bet ween
about 0.5 g/L d about 3.2 g/L). Sodium chloride (Fisher Scientific,
Hanpt on, %pﬁwgﬁﬁgorﬂ?@%l ved in 750 nL water and used as a calibration
standard for both shimmng the nmagnetic field for nuclei with | ow

Compar ot 1 saprfde 1 0En ER b R B ACKRR: aCp B VLS 0 S e

tested wnes were_either pyrchased fromlocal nmarkets or obtained as gifts
fromthe UC Dof Viticulture and Enol ogy. Experinental
Set-up [ g@@@h{ The NMR EX¥RRN XBBLBRD wRAH@fbritded 8n Bl bbigle av@icaachpdthmtardd at
2.01 T netic fields corresponding to a 1H Larnor frequency of 85.78 Mz
respect i viekyared\frohi mixtitesbfidivRizeg exatero preof &byl adephoheb amﬁ@%rarm@el,d Pal o

Alto, CA | Qi 9.1 T tic fi-gld '
fr equencySBRRrgGe, Clashrd EF b by e QisTTbARPRIFbgdsCa Botfhtear ot
concent r agdions (CRBIHWARL NI Thechr] Eirgples Wostdersmid, byuslling, dvO6hdrging? i quot s

of the sanples. 16 WD 2004/ 008104 PCT/ US2003/022452, _
empty wine bottles with 750 mL of 12.5 % (v/v) ethyl alcohol in water having a selected

(@]

concentration of acetic acid (ranging between about 0.5 g/L and about 3.2 g/L). Sodium
chloride (Fisher Scientific, Hampton, N.H.) was dissolved in 750 mL water and used as a
calibration standard for both shimming the magnetic field for nuclei with low gyromagentic
ratio y and for determining the Larmor frequency of the comparatively less sensitive Bc
nucleus in full bottle wine samples. The tested wines were either purchased from local

markets or obtained as gifts from the UC Davis Department of Viticulture and Enology.

Experimental Set-up

[0065] The NMR experiments on sealed wine bottles were performed at 2.01 T

magnetic fields corresponding to a Y1 Larmor frequency of 85.78 MHz respectively. A
high field NMR spectrometer (Varian Inc. Inova 400, Palo Alto, CA) employing a 91T

magnetic field (correspbnding to a 'H Larmor frequency of 399.76 MHz. The ) was used to
confirm the acetic acid concentrations measured on the low field instrument, using 500 pL

aliquots of the samples.
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[ 0066] The single resonance NVR spectroneter delivers rf pulses to a high
power anplifier connected to the NVMR probe head nounted inside of an
Oxford | netor2enwensso4 Pal o Alto, CA) 310 nm room t enper atROTEUS20038022452
super conducting sol enoid imagi ng magnet. The full intact wne bottle is

housed 'r[ of t &?@@f&&%@&@l@% PSR tdr e @Y EfpulAs td hBighrfovesi | is

pr oxi mal he nec he w ne bottle between the base of the cork and

the main an’qxbxﬂiyer odnntebtedm th@ MdRjirebe hadaTqunted inside ofan Qxford AestigmeptidPalo

t Ll f
ooy aor 1 s ot DS TBo e hCial Ry Bk st ey gl i PLERE, e
l'ine wi dtdy) @ftact wifle bBtHe 1ﬂ6da@@gﬁldehﬂm&:m%5e slamomhbmtm F:gumng Thef t he

bottle in conparison to the bottle body and base, S mJ sier.to
est abl i shf eoihismuepemabtesths naek of theidrechqtide betwesn 3\‘?&)@5? phe Gen “g i egi on
and ul ti teI rodu&gtt&grrow hi ghly resolved NWR |lines. Current for the

room terr{)g?l VERRF S pI’OVI ded by a CGeneral Electric Orega series NWVR

t t] d nod I Vt
w5V B‘é”‘ihﬁgaé'ﬁgﬂﬁ e S 5 SRR e rd B e S iR e (L0
obt ai ned d{HMas %@r’fdrﬁﬁd%ﬁgﬁlsﬁ%%o%n&ﬁl@ﬁem Vi e MRl es(peidicatestbar .

[0068] After termnation of the rf pulse, the sanple emits a lowV - nV rf
signal  th'# lihswidth efi<tddizudilthoige dwemml@@ sampledn ghis regien ofthe hettiRvrR

F f th d
NNR specteaaaarisabie Bnbrise oo Aot et & P Hoifait e lihE e o 345G
sel ectively, YarRNE Iid R B éﬁ%ﬁﬁé&ﬁipﬁ@rdgibitanﬁh@tﬂﬁébydm&i&mﬁnowmgﬁm wfolvée 1H

NMR spectr between 1 and 2.5 ppm "Operation in this way renoves the
massi ve HsbRytioesnCsieghfr the mm@wpraatre ahlalsrymﬁprmde@?y s&eaeral Egeticer ent

nucl ei ingludin 0Xx ogen
(1H) weré E‘Sﬁ%?%’é’ﬁmpﬁ%]?g‘?eg%én%@%g? g‘ﬁ Q%Qr &’gf ?@?rﬁ %r?o‘:ﬂgﬁegctg& gm{ gs(;l g
I evel s i nyw n6.v 5C é\@eR RS bThd duppBy wamnﬂrbﬂmw eystewdsmetenbaik due to
its superior sensitivity and the 1 ppmchem cal shift difference between

t he spectobianed frames VeriatEd 39&{80%32)5%@@?1&@15673%@ WRETIREHGT al cohol |
the two najor constituents of wine. NVR Data Col | ection: Control Data
[0070] ThppopsEesenceAseriennimtiamof thy rHpulss; éid sampds emitna laxr Y usmM Heignaked

sanpl es was,  determ ned by 1H NI\/R ectr control .

F gur o 5AGE i TIEb AR RO A RIS BE L TRy SIrCPEREa™{ BITR 500 pL
sanpl e of ﬁrﬁ%ﬁ&l%f ﬁﬁ@ﬁgﬁé@l«%\’t’hé stafRA 28 NVIR haétruvh NSt chtighipeirBedments
Sauvi gnon e 1 ntense pe pmis due to water, while the quartet

and tri pl atdyenieraagde edn 1% agpy mtlycly eppiting epd exesuringtisstiips MelhwhetodAd 17

VIO 2004/ 09e8g%o%4of€g{ﬁJSN2MoRo ?’s/p(e):(%u?ulrlr? %etween 1 and 2.5 ppm. Operation in this way removes the

massive background signal from water at 4.8 ppm.

[0069] Several different nuclei including deuterium (2H), oxygen (170), carbon
(13C), and hydrogen (!H) were considered as possible candidates for determining acetic
acid levels in wine. Of these possibilities, the 'H nucleus was chosen due to its superior

sensitivity and the ~ 1 ppm chemical shift difference between the spectrum of acetic acid

and the spectra of water and ethyl alcohol, the two major constituents of wine.

NMR Data Collection: Control Data

[0070] The presence and/or quantity of acetic acid in various wine-based samples

was determined by 1H NMR spectroscopy at 9.1 T as a control. Figure 5A provides a
portion of an NMR spectrum generated for a 500 puL sample of the 1997 vintage UC Davis
Experimental Vineyard Cabernet Sauvignon. The intense peak at 4.8 ppm is due to water,

while the quartet and triplet centered at 3.6 ppm and 1.1 ppm represent the methylene and
17



met hyl groups in ethyl alcohol, respectively. The 1H NM R spectrumin
Figure 5B (also obtained at 9.1 T) corresponds to a honenade sanple of red
W ne Vi negar200dbmsicaew peak at approxi mately 2 ppm cl eardgr/usdezoae4ss t he
met hyl group in acetic acid, and the lack of splittings of this single

line is Cogﬁyﬁ%r%@és A e&ﬁ&ltaﬂ%hglgféél)gﬁvefé}. el bt caiRUATiQie 3806 aci d

in the ref negar’ was mned to be 2.6%(or 27.6 g/L), based upon
t he rati oobtsihed B®. T8 bytfresponditopdmitdneidg straplernf Fedywine Vii;gans Swemievgpedkaat t he
et hyl al cohol was 12.5 % of the full boé%l e vol une. ri.gr tgh el%i i cation.
NVR Dat a @irexderichn? prsasledr rdndigriepie ot ﬂj’upé%éﬁﬁﬁ“g% fa f‘ta:%F &ted by

the met hods, A PHALER oRirshecAsRRGA il HENdABa] sdrfict M dinduinguf @%1i6A and

6B. The 1 spectru gure 6A was obtained for a full bottle of the
UC Davi s £adbarthetredSaineiimepar was déteseihed to hee2.6%dor A7.6 gllobasedapem theyptio gr oup

frequenci es_bet n 3 ppm .The.triplet-splitti f 1 t nance
depi ot od Of o PR SrouR Heabhrieban BidRe 1B B iridbe el et el TN
the 500 L, 1Eo&fle FbRieSorio?Ad adetifidhtfor, O scal ar coupling with the protons
in the nmethylene group in‘the ethyl alcohol nolecule. The full bottle 1H
NMR spectrum shown in Figure 6B, corresponds to a 750 nL m xture of water,
12.5 % et hyl aNdbhdlata Gallection: Eﬂﬁﬂﬂmemal%@iﬂd. The singl et peak centered at
2.1 ppm ( nt in ' ' i BbnWM ne
campr o) BIOGEFT B o R R B o
conpar i sofy shewhherspesteAanmd 6B ThetH NIMR spbetnami Figued Glvevas lobtemedrfofa gur e
5B. The NMR spectrumin Figure 6B corresponds to,an acetic

. [ id
concent r afiilbpotde obthg U7 D,aVlﬁééﬁbPSﬂeB.S@“@gnf?@swithéeléﬁté"%’aa@nﬂ?@ﬁ‘imeﬁ’é’bt ic
acid spoilage dimt.faor wine. ,Tifrati L A H}?]' ' :
shown in F% q‘?elbcll%g |ea‘§%enai %Bﬂpaflfhs? gﬁplc%)? &@H{éﬁ%ﬁ%& e 311%%5@? %r%c%?g?%ﬁe@
concent r af] BR8N &lberedpiRARAS YRSt Shedm aCEL bpndaitle SENEE BimpleiobRigune t he
prepared sanples, as determned fromthe ratio of the integrated area of

the aceti 6A)s dhefe atalaratouplidg withntheprotras imtbegreth Wenegrenp &1 thegthyd pleghol

al cohol triplet at 1, jven the 12.5 % .(y/lv hyl alc I

concentr aﬁ(@?ﬁuler ﬁ'g’eoft}é #%B{Qr% g@ﬂ% SPE© Wlndl(‘ ﬁﬂﬂ%\g/ r %055638?1%{1%?%% 750 mL

measur ene%%;]&{ oiiv?ﬁeﬁqQPSi % B AIcERACHIY 6.8} Qeticraom. el sididtigesk Mivirspact r a
I'Te

at 2.01 T, e open tri‘angl es represent one neasurenent of the acetic
aci d concerit pmah (esenhinaths Bizure 68 amsger sampde butmot thedigurs dawinesamgte) uni t

I is ipclud i i 7 i.ndi,cat h (g [ d
2nd” exper Y SHiGA Eidhe Pifscsh QL BRRERERLER Sl RoBld b Sh Bl RoeRReey |
field "f ulghibpltheihe FRATWORFRN R walTd Fif\ge BBYITHRINV® spsemmirh i BignteetB 18 WO

2004/ 008104 PCT/ US2003/ 022452 ] .
corresponds to an acetic acid concentration of 5.3 g/L, nearly 3.8 times the accepted 1.4 g/L

acetic acid spoilage limit for wine.

Titration Data
[0072] The titration data shown in Figure 7 provides a comparison of the prepared

acetic acid concentrations versus NMR measurements of acetic acid concentration in the
prepared samples, as determined from the ratio of the integrated area of the acetic acid peak
at 2.1 ppm to the integrated area of the ethyl alcohol triplet at 1.1 ppm given the 12.5 %
(v/v) ethyl alcohol concentration. The open circles correspond to the average of nine
measurements of the acetic acid concentration from full bottle NMR spectra at 2.01 T,

while the open triangles represent one measurement of the acetic acid concentration in a 500
uL sample at 9.1 T. The dashed line of unit slope is included in Figure 7 indicate the
correlation between prepared and experimentally-determined concentrations of acetic acid.

Both the low field “full bottle” measurements and the high field “small sample”
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measurenents of acetic acid agree with prepared concentrations, although
there is sone spread in the data. In the case of the high field small

sanpl e r esd 1084/008n uncertai nty between the prepared arrCgszseseels2
concentrations is nost likely due to a liquid volunme neasurenent error in
t he sanpl i - as.; ) . ] i eG4 B$me as
shown in F%ﬁ%%%f%ﬁtﬁ@?%gsggrﬁg)é\flgleﬂgé:%?&aﬁﬂc%%IHP%IFEHE?%%%%uI ation by
i nt egr at | @iead ifhie dens.r Bathe dadeiofi¢haigh Kisldi smailhsamipld fesudtst theamesaprantyment shown
in Figure

6 introduce nore error, into the neasur nt of acetic .acid
concent r ae§terEtbe BERARFFAARdRasWiEr SPngsgrations 1¢-g ﬁtrlg(%%?éueatﬁ @alfaéllcl Yl%lml%ﬁ creased
difficulty in assignin tarti.ng and .endi ints for pe l LON.
Cons equenIEgUETRYE “Phl%ﬁg? FATPIg ﬁf‘ﬁ’ WA TAS Qﬂ% %@[P%ei% RerLe uElilﬁ\r];%ﬁélg%)‘fa{edﬂ?Sn
prepar at i anpafd in F?@fe S?Eﬁ{ﬁﬁ '!réax%&%% Fhadd peaR intBisitg@dralatioh B intgoddvhat i ons

nt w e

C
from exact agreene _ ashied line in Figure_7. I|nproved magnetic
field shife yicesastidrinensidtiovie thd fuldotti experivgnishawniinFigpire  dpwdgee meEe

accuracy of the acetic aci oncent ratiqn .as. : ite
Thi s ol el RARF Bl ERBe AR RS HBRoN e S Tbr, U b S FRRR T
amount of 7 Wene t@ﬁ&ﬂeﬁéeﬁ@ﬁfmﬁgﬁ QViksio@ingtstdreas inderflingd pointsdorepenk antegratién.t he

accepted spoilage limt of 1.4 g/L. Further calculations [0073] Ev%n
t hough wi Gendequentlyestroreingtosh Hawigvekumsg m@@ﬁuéef%qﬂt%qlwgsséﬂ@i@ﬁe%rﬁtwn an

constituents,. i.ne sanpl.e p . j. 2 i rum
In the abg%aifdgtaenﬁy ‘g%%}*}l gen 1@%@&%&%@@%&%@%%8 égaét:d e of w Egé (as
obt ai ned fht@¥heTh Righie! enovaiemagietit fiald shimsigichiing iverees liapceilpr ovi ded
in Figure 8A) has a singlet resonance positioned at ., 4.8 pgm%lcq_ires ondi ng
to wat er) subgtaniiglly ingteasmthe epeagy. ddhe geelc daidicoreeniralion ah gty (HORFE
resonance . PP A i ; RLRsense of

| ow | evel g&%ﬁ%ﬁggglp?fé d%@?la@d@g%?%b%%e spo%ﬁ%gégd%%éf;/ﬁg%gg%—%gwby anot her

si ngl et r esmnaRtfcativasiowinonet least 0.2 g/L, pme thiabalighe dveeptad sppilage tindt of 1.4
integrated intensities of the ethanol triplet to the water peak, and the
acetic acg@-peak to the ethanol triplet allows the percentage of ethanol by
vol ume and the concentration of acetic acid in wine to be quantified as:
103 fEtOH x ERQHvdailddn® + 8.2 fHOAC) fEEOH + 4.6 and 19 WO

2004/ 008104 PCT/USZ0037 022452 4 : . .
[0073] Even though wine is an extremely complex mixture of diverse chemical

P

constituents, a wine sample produces a relatively simple "H NMR spectrum. In the absence
of spoilage, the 'H NMR spectrum of a sample of wine (as obtained following a single pulse
excitation using the sequence provided in Figure 8A) has a singlet resonance positioned at
4.8 ppm (corresponding to water), as well as an ethanol-derived quartet resonance and
triplet resonance centered at 3.6 ppm and 1.1 ppm, respectively. The presence of low levels
of acetic acid due to wine spoilage is indicated by another singlet resonance, positioned at
2.1 ppm. Taking the ratio of the integrated intensities of the ethanol triplet to the water
peak, and the acetic acid peak to the ethanol triplet allows the percentage of ethanol by

volume and the concentration of acetic acid in wine to be quantified as:

fE‘[OH x1 03
(8.5+ 8.2 fHOAC )fEtOH + 4.6

EtOH % (v /v)=

and
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[HOAc] (g / L) =f HOAc f EtOH x 10 (8.3 + 8.0 fHOAc) fEtOH + 4.5 where the
nol ecul ar wei ghts and densities of water, ethanol and acetic acid have been
used to wa wodenseost he val ues in the denom nator of the rguet2n@me245The
measurenent of fEtox is derived fromdata collected by a one pul se
experinment as depicted in Figure 8A. However, a simlar estimte of fXxoAc
is conplicated by the strong wat er a ,Eé‘sthm‘!'signals (e.g., 99% of the

tral i i ./ 1S t he” BEIAG| sonance f th | d
et ¢ acil RIS/ é"‘ﬁzgtgi g,@mﬁg&%m AeSpectively. and that the
|

wat er resonance is shifted 2.7 pp romthe acetic acid peak
(e.g., a 232 Hz downfield shift at 2.01 T), the pulse sequence provided in
Figure 8B can optionally be used for data generation. The conbination of
sel ective excitation, delayed acquisition and bl ock averagi ng can be used

" Ui ng. AR BieSpelsgip Heh e Acti s oo anay) i reic dgiliave b §do)”

The 3 ms Rics Il (RS dendiBatdRb Lihe RREHHRE ZRhé ARadcrh a8 DT EAGNSS
degr ees, tg(r% 1tC&Elfg}ntﬂgI(‘)]rgrbiesned Wi ﬁ% a %00 Hzeaudi o filter bandwi dth, the

si gnal i ndeeivsd frprodats bellastetddry pensioilss expeamenitos depibisdtin Ereves 8ar Hepvever,

magni t ude. .The del ayed.acqui sition conbj.ned with i N 990/

rel axat i %Slmﬁﬂﬁgs(% © 0{ A‘h’étcﬂwﬁfﬁl%m eisﬁo%% Wgtﬁ%ﬁﬁ%%tg&goégﬁngfsgg.{ga Huces
the shor tofhy gsbclrhiEatenSC ISR tRemthyl flouf Yesonaee denithariohand hetid atid doe oad
spectral lines, thus yielding the desired narrow resonances (él%ftgp 7| i ne

wi dt hs of ceafspecbat. 1. Upper)and Rolomm respectivshynpid Geblls wadgiiteiongpoetlh
spectrum for .a full bottle of Vi i t UMiegnon i s
hoan i n G dpEnBAt G35 s heRlc £33 beakst e tEe B GFRR 3 010N el 0

12. 5% (w }?:ilseﬁéeﬁﬂéi&b pibiaal Medgieis® camtoptionaliytte Bedfor(@atavdenaitionl Theet i c
acid is shown in Figure 6B. The triplets in, thes ﬁ“i ctra correspond,to the
et hanol  erambipatiqgrafislectsewitaiiorh delayed aqquisition @%@ﬁﬁe%}ngsqqp USefly t he
splitting er . oup}.i ' e VAl gt NMR

met hyl enere?@glﬁfua(r:l élpq#(ﬁu(%ﬁg ti@%g%c&)? ﬁéof‘lr[){?g?g@%(fe?%g (l\gi%%g%gg p)eak at 2.1 ppm
in the sproidinfullimee: wine Boglese].GBagoResapd6t9198).atkt 3 msasoitdf pulssiting”t he
formul as provi ded above, fEtOH |s ggterm' ne(ﬂ 0 be 6.4 x.%O;é hedriati o of
the int egﬁa’t’?’é‘%{ maEnSHEAtop bytlegsfaan, P5rEcSat? Wé‘é‘b?(on[ﬂbm?%‘é” IR 4Dl et i n
Figure 6BaRLMERahid 8 Signd: imrolisihtsdne Whief ekl alénidfadbber sdlrdet ait € t hat
the concentration of acet!

Ic acid[HOAcC] in the sample is 5.7 g/L, as
conpar ed tmaghiheles Ahetdetayed scquister eunifisedwijh thedpng spinispinaelagation fimes oy WO

2004/ 0081Q4 PCT/ US2003/ 02245 . 5% (v/\Vv) ,stapda | Wit QF g/ L
di fferenc eB’%‘EtWé’_ﬁOtPH% Ebg‘ﬁ%‘?i G’F‘gﬁ‘i‘f %C dst)5 d‘%? %ﬁlg B F‘gﬂ%ﬁ'g&l ?Ilg g g%drugt;m? ﬁ&taﬁe
'standard pEBRBAPoh&Hs that lead to broad spectral lines, thus yielding the desired narrow

resonances (e.g., line widths of approx. 4 Hz).

[0074] The methyl group region of the 'H NMR spectrum for a full bottle of 1997
vintage UC Davis Cabernet Sauvignon is shown in Figure 6A, while the comparable data
for a full bottle having 12.5% (w/v) ethanol dissolved into water, with 0.5% (v/v) added
acetic acid is shown in Figure 6B. The triplets in these spectra correspond to the ethanol
methyl group, based upon both the 1.1 ppm chemical shift and the splitting pattern (due to
scalar coupling with the two equivalent methylene 'H nuclei in the ethanol structure). The
single peak at 2.1 ppm in the spectrum shown in Figure 6B corresponds to acetic acid. |
Using the formulas provided above, fgon is determined to be 6.4 x 102, The ratio of the
integrated intensity of the acetic acid peak to the ethanol triplet in Figure 6B gives fuoac as
4.5 x 10”2, which can be used to calculate that the concentration of acetic acid [HOAc] in the

sample is 5.7 g/L, as compared to the solution as prepared (5.3 g/L of acetic acid in the
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EXAMPLE 2: DETERM NI NG ACETI C ACI D SPO LAGE | N UNOPENED BOTTLES OF W NE
[0075] In nost practical applications, there is no prior know edge of the
rati on f EWOHoo4/m8cuse wi nes of different vintages, sourrazys2ngsmesssand
quality can differ in ethanol concentration between about 7% to 24% (v/v).
In these 0?5%3%') darll REAYA S eriRany $N1C A fRfencObAWeae thebmBhgtéerisi S fi r st
used to neasure’the entire IH NVR spectrum followed by application of the
pul se sequebabdy die i qyror én B8 standauw| preparatiiny excite and detect the net hyl
group region. In this manner, both fEtoH and f HOAc can be neasured peak
integrals and used to calculate the percentage of ethanol and

concent r X AMRILE 20BETERMININGA CRITE dh GIDoSROIAEE INIANORENTAWBOILBLES cal | y
per formedOFivaIN® ock averaging (e.g., as block averages of n = 10 groups of

100 — The sets of free induction signal Fouri ey transf or med,
over | appdOTBy Shi {IVREtPRENER GRBRAYRS I SRR AP Piee R T Bt
el i m nat Qg bl hELst diftbrchi fintads O dolib iyl hid dubifeCariliffet 11 mGREL | © T el d

on the c ecte er eby “produci ng hltghl y resolved 1H NWR spectra
for the nembgrtragion bptweegiabouti 7% ta 2480 (W) cln thess siwatignedthe pulsg seqnensedsy

measure fHOAG. .[0076] JThe accur and sensi f.i vi [ as
been test@&v‘lgﬁd¥ qgu%%%z{; Fse@lrs{swag%f?ﬁﬁﬁr%gwteﬁérelﬂm Fé%%%@%&%ﬁ%$ons to
act ual prﬁ@ﬁ&ﬁﬁm%ﬁ@ﬁ&lé@&éq%&e oFiFecIRB 8B tb clotivchoheasand dbetikemettye
different "Concentration nmeasurenents with the less than 0.1 g/L acetic

aci d sensginyiegjornfIntthis nharner, both feex MMRimppeandieinpasyradipsak intedials apA 4587k s
The NVR-derjv ercent ages.of et I e g i |
concent r afi¢ l?g?a??:&’ﬁ@%cen%gﬁffft&a%d@g&? %’%C%Fﬂr%iéb:nl Oefia ngc %g(gl %g‘ﬁ%)fgfi Iaﬁg‘?t?td Bs of
the UC Da&dlﬁct%bﬁftyﬂbalﬁa%&fm@@ vhaslbéled erdeioneay akPbdtkarverabdyadf merld
conpared. As expected, the amount of ethanol in this, seri?s oes not

corr el at ezmaupy offQ0rscanre Theasets o prpevrductien pignale ars Fayrshugny ‘i’ﬁ‘”éﬁgeg‘fqrﬁ@mﬂ, t he
two nost, recent i ' ] -af : Hese to
the. i naust S G RoAASy. UpRBluats GRRGPIGEEREATO BRI, YR pel

correl at i pAgitisncdrifeinvidd stabfic gragaetidfdldborthd dvdlectedidatabthietdby paedicing haghly
concentrations for_these same w neﬁ. Al t hough .he .ol dest. wi ne di égl ays the

| ar gest desgelaed gt NMMBspectiacion thegneth ¥l gousregioyyip wing, yetueh, gan B 1ed1Q "\ ne has
no neasu i id contam nation, the acid concentration in the

ot her vi n%%g}eagelggﬁaggreq%%ﬁmen 0.4 g/L and 2.0 g/L. It is therefore

i ncorrect ssune+ hat er W M : i 1

concent r a1 or *acar gaficy g el df s TBAHBL LTI AR yrbanes
2004/ 00810¢ chiapdrispADe IMR 2HbiRed Ttrechipitigs itd yctud] préparaioroncérirations ntiee ortve

quality of the bottle seal agai.nstioxygen |eakage wth t. i s .of
par amount t9-pRsorereRRet betwesa thedifereyt eSentration MG Rurements Wlthnﬁl)e less than 0.1

g/L acetic acid sensitivity of the full bottle NMR approach prompts further analysis. The
NMR-derived percentages of ethanol (Figure 10A) and acetic acid concentrations (Figure
10B) in a vertical series of sealed full bottles of the UC Davis Cabernet Sauvignon bottled

between 1950 and 1977 were compared. As expected, the amount of ethanol in this series
does not correlate well with the year, and varies between 10-20%. Interestingly, the two
most recent vintages display concentrations of ethanol very close to the industry standard
for most wines (12.5% v/v). A similar lack of correlation is observed (Figure 10B) for the
full bottle acetic acid concentrations for these same wines. Although he oldest wine
displays the largest degree of acetic acid spoilage (6.3 g/L), and the youngest wine has no
measurable acetic acid contamination, the acid concentration in the other vintages caries
between 0.4 g/L and 2.0 g/L. It is therefore incorrect to assume that older wines will

automatically have a higher concentration of acetic acid as compared to younger wines.
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[0077] It should be enphasized that the apparatus is capabl e of
investigating a variety of common bottle shapes and sizes, as well as

ot her seawexkoogosuw¥abl es containers. Al of these factaca/usrodudessg t he
effects of lead or netallic seals can be conpensated for by carefully

adj ustin - ! SIIRES leGedll 2ghihsB6¥y@®n leakage

Addi ti Ongr¢é}§t{gﬁ1§?of§335%1{@ﬁng}1&al l'ic @%a%ﬁ:bgog%gﬁg?leﬁea_sa%r ably ylgﬁl%erfegr e wth
t he pr obewith tiinte) is0of ganem oy porgancy to zostic aeideagiamynagfont he rf fiel d across
the wine bottle. Although the titration data shown in Figure 7 only
docunent s[oog3pl t s dwhoiild b8.emphhdizeicthbti the agpatatus Bwepablelofunvesigating g/ L have
been neasured with the probes and systens Qf the present invention. It is
ant i ci pat edietnat conprn battlsshepes gpd Figes F‘%Weﬁé‘ﬁﬁ eﬁg?ge%acr%‘flgpa SRR VR
probe hea il . . ek A8hmeatdiBgnby ude.
D e S shegf AR RS ROk o toall r BREARC SeA QuoklBd As not oo
herein, t&ecilgadjustingitheribimerbuilo roonheniivRieeabagietc Heldsbihs dAddibamalivabices

cont ai ner re not..limted to nmet hads ,and devices i.nvol.vin forn 1H

R apect s eopyliaeals Gt ot nan age ke arert ey SR Horkeha e
of dil ute,, £OMRRRGBE ekt HKA dtRY BRAYIAS baie. AlgehydS)itration #Rlalshasn o extend
the full %ott e technique to nuclei other than 1H, an additional probe

embodi menFignas7 onlystocunests résubie deig tr @8 gilaaegtig aciiBlevelslopardn Od Z/EL8¥%E ni ng

t he appr oxi mat el 5 . sanpl e vol une in. the n . 1 he M ne.: , the
pr obepcr:) anﬁff'é‘ Iﬂgaéﬁr ow'glhnﬁﬁeﬁé%)ef ﬁlgg Fﬁffgfﬁmf %flr}B% F’Fe(g ?Iﬁ‘i]léfe%&g{"u ?rtel%%tl %ég&{)%%ﬁ of
the wi nexdgR sbRen?NubpRYEN {RBniHBGNRHIE afdugl il INIRySobE hyad willextael ther oss a
| arger sanple volune, exam nation of nuclei having a |arger chem cal shift

di sper si osenshivity bt amielor niase prdsss ofgvaiitufiiée to the increased |ine width.
[00791 In one enbodi nent of the nmethods of the present invention, sealed :

consunmabl es contai ners are exam ned using 13C NVR spectroscopy. The nuch
P L ’;.‘5;: as conpar ed

wi der  chEXAMPLE: f 1C NMRSPEATRGHEQ
to 1H (21 versu e . i . d the
necessi tyl‘i%rsllwr?gr r o%ﬁrlmﬁleeﬁgﬁrég hM?éFe%grétﬁ% %}é’uz;’s‘ f 6@ m\éﬁ%‘%ﬁ% f easi bl e

t ﬁ ceBt er chfiRnizbld@b@ineeure thl( l(ijmhed foanethods dmddielvto:bs tﬂvfelving‘ 1rmfdmniltg 1&1

t hereby inproving sensitivit ue to greater, .volu of nucl ei) . t hout

sacrifici gg\/erﬁﬁé%ose@m- @i@l%@&_tPM%S? ﬂ[ﬁ(ﬁ@@%}]lvﬁihﬁ%%%f?% U n echoes

for lowy cg&ggg‘%mé aill_&‘%ﬁ%&liﬁs AR dg&ﬁlgﬁé‘s),p%%é’fasqt) exichl@ (R RFaNitld OMARGIaB
exanpl €, “ Fi A an )

(see, for ures espite the observation that 22 WO
2004/ 0081 aicIeCItheiSAAH H 0l onkherobe embodiyneof washeonsueted (sep Fegyirést4A aidknoi d
rf coil is_not optimzed, for_ honbgenei

. h i al f .
spect r oscdpy, msicagdint cramipingihe aopn mae%&'gﬁ &ﬂﬁ%ﬁﬁpgﬂzlo &iag }réﬁ%?llgc -of 3 GVR

bottle, the probe can be used to analyze the much larger (~ 1L) volume in the body of the

wine bottle. Although the magnetic field homogeneity is worse across a larger sample
volume, examination of nuclei having a larger chemical shift dispersion than "H will be less

sensitive to the increased line width.

[0079] In one embodiment of the methods of the present invention, sealed
consumables containers are examined using >C NMR spectroscopy. The much wider
chemical shift range and lower Larmor frequency of B as compared to 'H (21.56 MHz
versus 85.78 MHz at 2.01 T, respectively) reduced the necessity for narrow line width for
analysis. As such, it becomes feasible to center the rf detection coil on the main body of the
wine bottle, thereby improving sensitivity (due to greater volume of nuclei) without

sacrificing the rf coil filling factor.

[0080] The formation of spin echoes for low y nuclei is possible using the probes of

the present invention (see, for example, Figures 4A and 4B) , despite the observation that
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times tend to be long, nmultiple 71 pul se sequences (as depicted in Figure
8C) can be enployed to refocus the nmagnetization and increase the signal
to noi se wat1004/¢BiN) for a fixed nunber of scans by addicrgus2edsidze4se) the
free induction signal following the 100 s rc/2 pulse to the echo signals

appearing,at 102 th@hﬁfrf%]g%ggﬂo d(g)lérﬂicﬁrf%ﬁﬂ nefot opHididedibt EQHEeRdity. IBGHAINR

spectra cpr%espo ding to scans can be obtained for full bottle
zgrerglt rez Osr;:ec]ziall fae%s??lebﬂleﬂ?gxept?mﬁcqby, 1ri11i1 whidhabegiinitties ansl pin-spid rdsxaliopi ct 13C
n fu ottles of either the 1997 Davi.s Caberpet Sa

(o8 or rt@ﬁeﬁvﬁeﬂ%w%@g&rmws}eﬁ S5 b (PP SR ACRTS B VRRH | n Fl gur e
Wi n. = I . : ; i

From t he HBLAYTE Lo R R ey The i e

ZB: ! E E ! ngﬁia‘dtr%@w bf 4485 bz addinp @ffline) tHetfeedndesiks sigasl fmﬁbwﬁwﬁ@ hep ps m/2
itting patterns, are consistent with, kK s | i L

TH nucl of pulkafortheedomagais FRABIne & AArSiBRaR L Je 138 Bt filss SRR 8 pom:

and 21 p%i% s@gc&@@ﬁgg@g&%@%mb[agéns%ﬂeeabfaineuh@r AlGottee Agiples  The

i nverted in abel e acetic acid nethyl group
quartet. ihhecaanblegqtiad of titnegr ated intensity of the nested quartets
suggests that the anount of ethanol and acetic acid in the sanple of red

Wi ne vine@@g1pr e NeRighyesSAAd IRdEgaPC spnaioatfalbottiet bf tither thei 1997 A1Qr e
(Jaki sh (%38_5?1 Modern W nemaki ng Cornel |l University Pr esa, |t haca NY).
[0082] |t Daws €lebemet Savvignes (2pbet ted wWikeyingga (98), psipgdihg RMUSSEIRFIC  net hod i s

feasible for.. the_expl Jron_ gf L {4l [PV ARP t

tannins, ?Iio?ﬂflgﬂél? ggg,l@epﬁdé%# sl? 9a|@gﬁhy§g§§§nq&1‘ﬁ4§%?cﬁg acl ei(}?ﬁ pl%rrllf1 %irﬂi[:ir.lgcllig?e,
cont i nuesasdegreth tiamactagieng and tethybvabbns dfesenpk adspectivelyt Hehelge sphdéimgerodm

al t hough the spectra w Il _ be ver iﬂ%ﬁed L.n the absence of Bupling

: b _
{ F] ?21 E EZ ahoup 449 Hiz.in bpih fiihgsepea ingsg‘bj # 29 {heiL Splitiang ﬁﬁtﬁ‘?{gf’ af%cqnﬁ§§Pg§r?tat o
resol uti o%caga%% 8@‘%1?{{5 t%)ira@let f ?g{rﬁdl %ﬁ?@%{?@l t|hé ?ﬁég‘é}?éai%&y béldifignadl T paked

_ y, nucl ear Overhauser effects)
t hrough t he seeeatafs grh deddLippindue thiine ¢eebonyl end methyb grosppebibeesetic acit

230 and TReERe ERDLLEs 0T SR AT R S PRSI bRt Aaiee ThY " e
| SOtopes gy, F%ﬁ%‘%t%hliﬁ‘teﬂﬁﬂ i iRosEAt RGO Bugdenli thd: e Shangaf ethftioland

mcroliter "vo NVR spéctroscopy,  the increased vol unmes enployed in the
full bott hectspestindbe syiple b tedodse amgspraspaestlynappl ﬁif%%ﬂttcﬁESiﬁMh&‘F spi ns

by a factgor of 104, -t [ - i i
tségm gfeggﬁ?gﬁaﬁ%flgg@?a@%%&%@ﬁﬁ%%QO%@@?@@@t oA AN evi ces. of
wi ne bot t (082 se| 1 (Ibi.s'ﬁfe?‘;]g; P SRS g&%@ﬁ?ﬁﬁ&ﬂ%%%%@gd ﬁ%%gﬁe %y the
ﬁg{”{j‘r gf‘t ! o Q5139 aiaRRME1 MYR coRPEhERS 6ReYds taihihd, lab bt @ pher(ots, t her
aldehydes and amino acids. In principle, continues signal averaging will reveal these peaks
in the *C spectrum, although the spectra will be very complicated in the absence of
decoupling from the 'H nuclei. Optionally, an additional 'H channel is incorporated into the
probes of the present invention, thereby providing increased resolution and sensitivity (and
potentially, nuclear Overhauser effects) through the use of 'H decoupling. Furthermore,
probe embodiments for detection of additional isotopes, such as W7pp, 1Hg, ©*Sc, P’K,
27 A1, 2*Na and the like are also contemplated. Although the abundance of these isotopes is
typically below the detection limit for standard (i.e., microliter volume) NMR spectroscopy,
the increased volumes employed in the full bottle spectroscopic methods and probes
amplifies the number of spins by a factor of 10*, thus making the study of trace elements in
native wine samples accessible for the first time. Moreover, the methods and devices of the

present invention can be used to analyze the quality and nature of the wine bottle itself (e.g.,
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synthetic) could be studied, e.g., using 13C solid state NWVR techni ques.

[ 0083] The di scussion above is generally applicable to the aspects and
enbodi menw® 2004008 present invention. Mreover, nodifi catli/useonemsbe made
to the nmethods, apparatus, and systens described herein w thout departing
fromthe i ritf 23h ARV i Rk etf3@rhorent i on
can be pl??%tc(rghg)l%@% Z’?@ﬁ?agﬁifyearent S?Egg&le%@hvgﬁﬂg t he f%iﬂlﬁovm' ng: [0084]
The use efnthatid)vRuldriestudiahtigymsing '{© selitspe NMBdathaitussnsumabl es

container or an NWR systemas set for the herein, for performng any of the
net hods 30B3]assay isetisdissishaboet ¢ genefall§applichbie toshe adpeetn aNl/Empodientsr
system as descri bed herein for perf rn‘i)(r;}g1 no invas%é)\r/?1 anal dsi s _of a corked
Wi ne bot tof hedresert inyertinn. Vxeeiet-dBoE{ARINIS Stk Biioafls i the methods, appgrallis, |y o
of one or, ' i ied &pirid £A&LbpLPotthé irkenisr & NY
one or n@?gggsﬁglﬁggésgﬁg%?ﬂ%ggr@%&% ?E%Irel‘?c gﬁr%]frrléalﬁttﬁigeplg., acetic acid titration
sanpl es) dldimad sadtesinvensunmblbeput tre mimler of fiffereg as¢sinelidingdh Bdlowingsvi ces
or systens of the present invention. Optionally, the kit further conprises
an i nstrygosqn manuge fseiof pENMR Piotg cohfigured hoatsepa sehledpoesmmbldsnvent i on.
[0087] While the foregoing inventjon has, b%en dfescri bed i nlbesorrg1 &et il for
pur poses copfainer gf a1 aviiera s setdercthp gerein, Iop nerfopuing anyof e WRBodSANY g i n

the art fr r ing.of this disclosure that various changes in form and
det ai | caarslg Sgﬁafg%ﬂwﬁhrgut departing fromthe true scope of the invention.

For exa all t techni g a } . be used
in vari gﬂbsﬁnbi nat 1°0h&° ngull R@E‘%Iﬁ?%’éﬁ% %2%%%%%%?@%3 gglftég{%?g%ﬁlﬁgg%l ons,
and/ or  GidARIvasios HREINES ofh talled WirldYottlampnlywalidraealed eorisnmablpecattaideyy
reference in their entirety for all purposes to the same extent as if each
i ndi vi dua-g-ploslandssip @ﬁpnwmm,copmn%wqté%h Bffe!m- and/ or ot her document
were individually indicated to be incorporated by reference for all .

pur poses. [0886]WO 2004/ 1(isPETNESL 003¢ andpsd sol@émswé copjammans (L AM0ED | S:
1. A nethod, of anal yzing.one or, nore nt ent. s of I |

cont ai neraciq figati S@B’rﬁb?"iageidr?ﬁps%? %ﬁ/)elscﬁ%’ g ”ée%’ W@g&@ rrn%ﬁrrlgtccl %r@ gll’(l: an NVR
probe confj@Hsef tﬁéﬁgr;@m RivedtiGiRrOptivhallpfthé kie ftiedr edmprissumahdtestiaont ai ner ;

positioning the portion of the container within a data collection region of
the NVR mewké for performing the methods of the present invention.

[0087] While the foregoing invention has been described in some detail for purposes
of clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the invention. For example, all the techniques and apparatus described above
can be used in various combinations. All publications, patents, patent applications, and/or
other documents cited in this application are incorporated by reference in their entirety for
all purposes to the same extent as if each individual publication, patent, patent application,

and/or other document were individually indicated to be incorporated by reference for all

purposes.
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establishing a honbgeneous static nmagnetic field across the data collection
region; collecting an NVR spectrum and anal yzing one or nore peaks in the
NVR spect wamood/om8i@by anal yzi ng one or nore contents ofPdTmes29esal2ed?
consumabl es container. 2. The nmethod of claim1, wherein the seal ed
consunmabl es contai ner conprises a bottle of wine. 3. The nethod of claim
1, wherein the seal ed consunabl es cogijaAyMg conpri ses a contai ner of .

nonal cohol i ¢ beverage, al coholic beverage, beer, vinegar or olive oil. 4.

The ﬁethQﬂfet;ﬁingg&gﬂvh§re'n the seal ed consumabl es contai ner hol ds

conprise everage container, wherein the contained food or

bever age conpr i ﬁ&ﬁ% ond Y hidde ﬁ&ﬂ&ﬁé ¥t £16dal e nNiYReeAdontaifer, thee
ere|

nmet hod of ‘cl aim alyzing t cont ai ner conprises determning a
presence1ﬁmhadcmnpﬂmhgat|on of a selected conponent of the contents. 6. The
met hod of claim5,, . wher t he sel ecte t co S_acetic d.

7. The met hod REPVIEIng 3 F‘E?Iﬁet?ﬁ%ndg%ﬁg&ﬁg 8%%@%’5?5 RS e S r@%{e or
nmore al d&ﬁu@gegled%ony}ﬁam@gmgn% claim5, wherein the sel ected conponent
conpri ses one or nore l'avenoi ds. 9. The nethod of claim 1, wherein

posi tioning t rw)spmnungmhe pbrtionef dorecaiaiesr v@&n@adg%ollmtmrﬁgoaot}@@m t he
cont ai ner thin the data collection region of the NVR probe. 10. The

met hod ofpr\évi’%l m 1, wherein positioning the portion of the container
conprises pl aé“s'tdbﬁsﬁn%@%nﬁigeﬁéb@s §@f¢ alapestionidld atrobe datazoiledtionatgion;
regi on of the NWR 25 WD 2004/ 008104 PCT/ US2003/ 022452 11. The

met hod of cl ai mllrctmm@lmswﬂ@tma%@)ectroneter further conprises one or
nore shimcoils and vvherel tic
el d across. 1P SRCB s ERA haa RE G T RRRRS A ot o RERE
nmor e shi mdi@idiSof the sealdtEcoiBimasieofontdinerm 1, wherein anal yzi ng the one or
nore peaks conprises performng integration on the one or nore peaks. 13.
An NVR prebe copf i @tHoaGrtRiRAS whbRmh e REAIEd Edhs@inables ealtsidecanguizedh bsttle
container wthin an NWVR spectroneter t he probe conprising: a body

st ruct ur eofrsiineng a cavity di sposed at a first end of the body structure,
said cavity being adapted for receiving a portion of the seal ed container;
a first rs. coi Thpnsitodafethimprioxihemin the sedled censimmpblgs donthidepeRrisas df t he

seal ed
container of nonalcoholic beverage, alcoholic beverage, beer, vinegar or olive oil.

4. The method of claim 1, wherein the sealed consumables container holds comprises a
food or beverage container, wherein the contained food or beverage comprises components

having sharply defined NMR peaks.

5. The method of claim 1, wherein analyzing the container comprises determining a

presence or a concentration of a selected component of the contents.

6. The method of claim 5, wherein the selected component comprises acetic acid.

7. The method of claim 5, wherein the selected combonent comprises one or more
aldehydes.

8. The method of claim 5, wherein the selected component comprises one or more
flavenoids.

9. The method of claim 1, wherein positioning the portion of the container comprises

placing a neck of the container within the data collection region of the NMR probe.

10.  The method of claim 1, wherein positioning the portion of the container comprises

placing a body of the container within the data collection region of the NMR probe.
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container; and a tuning capacitor coupled at a first position to the rf
coil and coupled at a second position to a length of coaxial cable
confi gur ewdmod/esmmection to the NVR spectronmeter. 14. PUTRUSIMR/(ae4sDe of
claim 13, wherein the probe conprises a 1H probe. 15. The NWR probe of
clai m 13, { wher g hy,Ligd BF Blfin § OWREEHe AMK! sPEneter FirthekbenipiResumelae of
claim 13, wherein the probe conprises a 13C probe. 17. The NVR probe of
cl ai m 13, moteshiri moilh eng mbisreie evighlishing the hamogsneens state, magnstinRdscess thet

claim13, . whereip the.first rf coil.c rises 12 opper wre wound
als an ﬁiSQcFﬁtV\; ?‘i}feﬁ{}‘in e s %‘ﬁ}l?‘%“ggg%)%%%?r %rgisﬁﬁ%gl.l SC’Thg NMVR probe of

claim 18, erein the first rf coil conprises a first cojl portion havin
4 turns o?z-coprﬁ]é?’fnﬁﬁhf’goﬁﬁ ilolagre; ETﬁi“}gs eQF‘ag“gPretW@k%%@?QVeSand a )
second ColdrorReEd infiEr RN diGhé ohdBoRipealper wire and coupled to the first
coil portion by a cOpper connecting wire, wherein the second coil portion

is positipped I i 1 It kS as
the f1 st FEol | BORARIABEE HirfigBhAingbyiliota pbmtif s3BR el AL R Toh AL
P'Ortltonf 0$vithimeansl NeRIResh ecmmhgﬁenghepraﬁe cdhpridih® probe of claim 18, wherein the
irst rf coil conprises a birdcage-style .coil. 21 e, N r i
13Ej wherein t hebe ¥ gructyre Bayipg & SR sgd gl hfsﬁgléchogtg? bB‘m’f&ﬁ}g’rﬁ%{% 'f ![ ?Ingrgn
and recei V.t - : | dufHides, further conprisin
a second ?‘Jf"?%oiang%géﬁﬁg%éﬁC%@%:wﬁéﬁﬁge el ey T 5004/ 005104
PCT/ US2003/ 0224 fizst rRil fdsitidbikppmabel tofthetayitmnang thagestien of thheeaddebond 1 f
coil is confi.gur.ed for nmeasurenent of one or nore signals froma
calibrati 6‘?’?"%‘ #pfed 24. The NMR probe of claim22, wherein the second rf
coil is confi ggﬁﬁﬂnézé&paéi%ﬁ%hbl\é& at £t paditiontotthe af doslt id@oUSl usa sedbnd The
NVR probe of claim?23, wherein the heteronucl eus conprises 13C, 170, 2H,
23, 27A1, pasiteigio alength pfKeabi. cablg comfigursiforsoamrstion 1@ e RFpeFipmAeg:
conprising conmponents for generating one or nore nagne}ic field gradients,
wher ei n t hé colfheMNMIR pretrecofciaiml g wherdimthelpoohe @impuiseus &1 probe. The NVR
probe of claim26, wherein the conponents for generating one or nore
magneti c f5el dTae AR PrébCEaMimSEs, wWggHimthepoohzaoantrises a “H probe.

=

16.  The NMR probe of claim 13, wherein the probe comprises a 13¢C probe.
17.  The NMR probe of claim 13, wherein the probe comprises a 70 probe.

18.  The NMR probe of claim 13, wherein the first rf coil comprises 12 gauge copper

wire wound as an eight turn 1 cm diameter split solenoid coil.

19.  The NMR probe of claim 18, wherein the first rf coil comprises a first coil portion
having 4 turns of copper wire positioned at a first side of the cavity, and a second coil
portion having 4 turns of copper wire and coupled to the first coil portion by a copper
connecting wire, wherein the second coil portion is positioned on an opposite side of the
cavity and along a same axis as the first coil portion, whereby the two coil portions

encompass the portion of the sealed container.

20.  The NMR probe of claim 18, wherein the first f coil comprises a birdcage-style

coil.

21.  The NMR probe of claim 13, wherein the first rf coil comprises a coil used for both

transmitting and receiving rf pulses.

22.  The NMR probe of claim 13, further comprising a second rf coil positioned distal to

the first rf coil.
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28. The NWR probe of claim 13, wherein the portion of the seal ed

consunmabl es contai ner conprises a neck of the container. 29. The NWVR probe
of cl ai m W8 200f1@8ei4n t he portion of the seal ed consunablrEI/US2008/@R451
conprises a body of the container. 30. The NWR probe of claim 13, further
conpri si a t-H QR0E [ : ; ' Qlﬁéoﬂﬁéﬁedﬂmerein t he
tuni ng cg%aci t%ﬁg conp?fbgggfgl%gﬁg?%%gﬁﬁ%%%g%g?c 0 - 10 picofarad high
power rf wapacdnicnt sf o¥lor ritve stgviRlsprabe celibretien sanide. f urt her conprising a
calibration fluid sanple tube positioned within the cavity of the body
structureyand B4 RVEOprdbe of bRipae] wheredfthe beoné af il is confignrebios selegnrai ner
when the container is inserted in the cavity. 32. The NVR probe of claim
13, furt hesciteldomel shqigroBugleusi d j acket for nodul ating a tenperature of the
probe. 33. A systemfor analyzing contents of a seal ed cons gEQ%es

cont ai nerZS.Con'DliéFI'MlgproHehﬁcl‘dMRZB[wberebfthehahmnﬂl&buameesE Y Ondier
conprising a body structure, a magnet housed within the body structure, a
bore proxfhe, 2tAq, ]tgﬁngmtﬁ%Eb.and configured to receive the NVMR probe,

t hereby positioning a portion of the container within a magnetic field
]9_ener atedagy tiRe th @ﬁfl\k/)lg o&“mhlijrarmafqgihief tanprisimg ¢qgupcments dor %Egmmltihgg»ne or a
irst position on the probe; and a receiver syst cQ r or

el ect r oni BoromaAgRtic Aleldaragicnts, WhercNVRe SPgBIeTfs e X?'@g%i ‘i?éﬂe b%i %ﬁ’icfmre'
conprising a preanplifier configured for coupling to a second position on
the NMR pRdbe ZheNMRIgrehetasiclaim 2o miaisit ke compopants foR g eEATCIAr &0 27 WO

2004/ 008104 PCT/ 003/ 022452 .34, T of claim 33, wherein the NWVR
probe conﬁ’ragg% fﬁe‘?&W%e@%;@g@ﬁgﬁérgaglgggﬁréﬁé@gét ed fromthe group
consisting of a 1H probe, H pr.obe, a 13C prob an. 170 a 23Na
probe, a 2%A1 EPBTB@ERQTM%% e,"V%ﬁ’PFH’ é‘efﬁgfgﬁl Qg}t%%seeglle§§9 n%nggogeysst em of

clai m 33, .whenel ddisel b btk 8fth€ Bbktaifkr. t he NVR probe conprises a coil used
for both transmtting and receiving rf pulses. 36. The system of claim 33,

B RS AU ORI B bl copyioe 11

pr obe of e seé | 1s configured for
measur enegbnteiheOsEnmiscevbedyofthalcentainem a cal i bration sanple. 38. The
system of claim 33, wherein the portion of the seal ed consumabl es cont ai ner
conpri ses 33 neqie 3fMRRBOBOS AMiIRET3, fikher Comprisiag emmhg cipatitor3®upletide Bien t he
portion of the seal ed consunabl es cont ai ner : .

first rf coil, wherein the tuning capacitor comprises one or more non—magnetic 0 — 10

picofarad high power rf capacitors.

31.  The NMR probe of claim 13, further comprising a calibration fluid sample tube
positioned within the cavity of the body structure and adjacent to the portion of the sealed

consumables container when the container is inserted in the cavity.

32.  The NMR probe of claim 13, further comprising a fluid jacket for modulating a

temperature of the probe.
33. A system for analyzing contents of a sealed consumables container, comprising:
the NMR probe of claim 13;

an NMR spectrometer comprising a body structure, a magnet housed within the
body structure, a bore proximal to the magnet and configured to receive the NMR probe,
thereby positioning a portion of the container within a magnetic field generated by the
magnet, and an amplifier configured for coupling to a first position on the NMR probe; and

a receiver system configured for electronic communication with the NMR probe, the
receiver éystem comprising a preamplifier configured for coupling to a second position on

the NMR probe and a detector in communication with the preamplifier.
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conprises a body of the container. 40. The systemof claim33, wherein the

nmagnet conprises a roomtenperature superconducting magnet. 41. The system
of cl ai m 8@ 200h1@8e04n t he nagnetic field conprises a 2. 0lpCli/us2gosae4s2 fiel d.

42. The system of claim 33, wherein the receiver conprises a passive rf

dupl exer gnd @g%%ﬂemrgfglﬁglg@é ﬁ’hﬁﬁ&%{ %ﬁeﬁm obd &ﬁm{}g?ggg ﬁgggﬁes&ﬁﬁﬁ yst em of

claim33,” furt conprisin ul se progra
probe selected from the group consisting of a 'H probe, a ’H probe, a B3C probe, an 0

probe, a 23Na probe, a 27Al probe, a 199 Hg probe, and a 207py, probe.

35.  The system of claim 33, wherein the first rf coil of the NMR probe comprises a coil

used for both transmitting and receiving rf pulses.
36.  The system of claim 33, wherein the NMR probe further comprises a second rf coil.

37.  The NMR probe of claim 36, wherein the second rf coil is configured for

measurement of one or more signals from a calibration sample.

38.  The system of claim 33, wherein the portion of the sealed consumables container

comprises a neck of the container.

39,  The system of claim 33, wherein the portion of the sealed consumables container

comprises a body of the container.

40.  The system of claim 33, wherein the magnet comprises a room temperature

superconducting magnet.

41.  The system of claim 33, wherein the magnetic field comprises 2 2.01 T magnetic
field.

42.  The system of claim 33, wherein the receiver comprises a passive rf duplexer and

signal mixing and digitization electronics.

43.  The system of claim 33, further comprising an NMR pulse programmer.
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