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I NVENTI ON The present invention relates to the

reduction of acrylamde in food products and to food

products having reduced | evel s of acrylam de. The

invention further relates to an article of conmerce.
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foods have been part of the human diet for countless
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many of these foods contai n_acryl am de.
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have voiced concern. Accordingly, it is an object of the present invention to provide a method

for reducing the level of acrylamide in foods. It is also an object of the present invention to
provide food products having reduced levels of acrylamide. Further, it is an object of the present
invention to provide an article of commerce that communicates to the consumer that a food
product has reduced or low levels of acrylamide.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a method for reducing the level of
acrylamide in a food product. In one embodiment, the method comprises adding an asparagine-

reducing enzyme to the food material before heating.
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when heated, tend to contain higher levels of acrylamide; this is especially the case when

asparagine-containing foods are heated in the presence of reducing sugars. Formation of
acrylamide has also been found to be higher when foods are cooked to a lower final moisture
content.

While not being limited by theory, it is believed that acrylamide forms in food products
via the reaction mechanism set forth in Figure 1. It is believed that the alpha-amine group of free
asparagine reacts with a carbonyl source, forming a Schiff base. Under heat, the Schiff base
adduct decarboxylates, forming a product that can either: (1) hydrolyze to form beta-alanine
amide (which can, under heat, further degrade to form acrylamide) or (2) decompose to form
acrylamide and the corresponding imine. (Applicants have discovered that the circled precursor

atoms comprise the carbons and nitrogens in acrylamide.)
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In a preferred embodiment, the present invention provides a method for reducing the
level of acrylamide in food, comprising:

1) adding an asparagine-reducing enzyme to a food material, wherein said food

material comprises asparagine;
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admixed with a food that does not contain asparagine, then the resulting mixture is added to the

asparagine-containing food. In another embodiment, at least a portion of the asparagine is
extracted from the food material, the resulting extract is treated with the enzyme, then at least a
portion of the extract is added back into at least a portion of the food material; for example, the
enzyme may be added to the stream, or the stream may be pumped through a bed or column of
immobilized enzyme (enzyme either adsorbed or chemically bonded to a substrate, preferably an
inert substrate, e.g., pieces of plastic or beads in a column). As used herein, “adding” the enzyme
to the food material includes, but is not limited to, any means of bringing the asparagine and the

enzyme together.
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longer the enzyme is allowed to react, the greater the level of asparagine reduction and thus the

greater the level of acrylamide reduction. The step of allowing a sufficient time for the enzyme
to react can be carried out in any suitable manner; for example, it can be carried out
simultaneously with adding the enzyme to the food material, mixing the enzyme with the food

material, or combinations thereof.
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material. Wien an enzyne that is safe for consunption
dt(r@ggheheﬁa@@ieﬂl ly occurring and found in conmon foods)

S uﬁ?gsed%gl%mgsﬂé/ té}&oq&ﬁhﬁ%oa rodGRE L “fa&ppreaucﬁ €{iPM&es, but is not

the enzyne ternatively, the enzyne canh be
linigaictoj foatie teady farepnsyimiptietbhnsl feedmto hehused jah ingrddieatsdts prepare other
f"%ﬁ zyme. For exanpl e, the enzynme can be deacti vated

Fough the use of heat, pH adjustnent, treatnent
Wi t hPrafepbtyt dasle\/el of acmlarmldaaitl ithen@nished fewif progugt isheedurod by at least

abté)ﬁi 1 %12 %4 elra%?y at Eeagtea%g %) rfg, 81'6, Lér&%ra%l?loﬂ l,@?s'i gﬁ){)lﬁlSO%/ still more

tge cooking step

means i ner
prefetabaCit 'leﬂsm abolin20% eind yven neaeproferatilyaat tekst abad 90%enoved,
Bor S d to a C |51ation of deactivation and
r eno “SO food material to formthe

fini 'Siikﬁﬁesﬁﬂ@ﬁjveﬂlﬁcﬁdiaﬁ be practiced by any suitable means. For example, the method
herein can be practiced in batch, semi-batch, or continuous mode.
C. Food Products Having Reduced Levels of Acrylamide
Food products prepared according to the method herein can have a reduction in the

acrylamide level of at least about 10%, preferably at least about 30%, more preferably at least



The food material can then be heated in the usua
manner, such as by baking, frying, extruding, drying
W@ 200d/026043 a vacuum oven or drum dryer), puffi nBCT/082003/029478
m crowavi ng. At |east a portzion of the enzyne may be
added to the food material during the heating step.
Deactivating the enzyne may occur through heating,
thus the optional deactivation step and the cooking
abouteﬂ%% rﬁ:}ymgrg Pe?erremlfgt lé)alélt abﬁﬁt?d,%t, meegéﬁllngre p}_&é}gbly at least bout
5y Ing via can denature and inactivate t
%Ehzyne such t hat the food naterlal IS not subjected to
contjnui n Vi
o oA bE et Blhdprpaybiil AaRTRGble Moa Rk
mfl&dﬁnpmtaaﬂmued tcombohgldrauemgntmhmg e, iespgcmltl)epw -Agistugdoods (e.g.,

lei)s Eﬁ?@g?mﬂ&ﬁi elﬁna %rgfhe%edf 1§g P]r&)arat Olnh‘g?r 1ast'imce t]fne me(:(}god can 86 used to

refl@e t&qwumﬁyﬁﬂu(w’[ﬁuﬁdﬂﬁ tasHed pbratoess petata ships) ateidated imack ﬁDods
prepar e, ot her ods.. Preferab

ly, the |level of
Frawrxasnpra@faswem " breifls 0BT GBEKef 9ATR PR oSy RGBT BPUels
hadh blo®as tateralQUbm IO MlasPiit@oakdly. at | east about 30%
nor e prefera ly at | east about 50%  still re

pr ef Ior e 9m§{dlm%sfnegb@mwa{p§wot%{ﬂ Ocrg%ﬁa% ess than about 400 ppb
t ﬁfu@é %J?zl;ﬂfraﬁg 1dsS A%h BHBAW00 PPEOmBe pidratitly ®dss BlaR Gbbuti20@ ppb, still

e Method present invention can be practiced by

manq;preimhlﬂt@s%hw@ﬁgt 50mpgb. aad Bass IecferptlepssharpoutiOmebn
C an R%'&lpa[ng (r\lﬁ)gdllrt{%ntbplteﬁgh frlgﬁrﬂld'el?ﬁ‘)tn?(!ﬁt R&ﬁto&q{ﬂ{/é RYQH about 40

Pro ucts Havi ng Reduced Level s of
pph(am;yllaanded erefémbw Ipssskimabst BP epfa et Rieferblyilass thew 2lpgye20 ppb, and

mwgteﬁgahfkﬁtﬁrnﬁﬁmqgéﬁta reduction in the acrylam de
S

ea 10% preferably at |east about
30% Innnitleanpthexf @ntwbinyenattorh&fashlpmdmﬂﬁ%@&@ less than about 75 ppb

3/ 5
sckyomigE Srotat ooty a0 bR it 1y BRELSHER e
abo gAlthdﬁ@H/mhe ii{&&modhérbmbvm generatﬂy badesbdbed pxpierxmbftpoeftrlté potato food
roduc . a j

oA Y oSt bE ol S8 B Rin g P e s
hesz%@ esi t?lr?bitmeh @cy\aﬂgcshﬁdbéerteocf grodist. (reorglmntmg e&ﬁlpteh areluelb onatkers,

9 at are heate rin t .
e B VIR PP B TG B DOk oIS TPHS Prgbfviss

biks, B, YA Mgl Los RbReia)l el FRGHE GwikBhak, 88Stonsp Sfedretz€lf) isefand hard
fabri cat ed snack foods French fries, breakfast

bread siigkss heapand sefyes) (pasier Bastries,cqpliesy danish £aissapt, [FHEPIG @Y,

pzmr?cg %&ﬁﬁﬁrowﬂi@@%ﬂe@l Sikes, AR, NLAVWOSIs (4.2t petzbIoltsrtills &ﬁﬁb corn
tortillas, and taco shells. in one enbodi ment, frie

cHfipsopatesackips. Fdrieaiws wadks rfgbrwa%pcpt@g STigPREHradsd §hackD extblbiﬁd filled
sriaesY raquglqsgrin{?ﬁaeg PRk, sﬁ&%tﬁ taﬁ)@@uﬁoﬁp QorRal, BRERa, mixes

prefer es$ t han about ppb, ‘stil
(e g., cake mixes, biscuit mixes, brownie mixes, bread mixes, pancake mixes, crepe mixes, batter

mixes, pizza dough), refrigerated doughs (e.g., biscuits, breads, bread sticks, croissants, dinner
rolls, pizza dough, cookies, danish, brownies, pie crust), frozen foods (e.g., pie crusts, pies, tarts,
turnovers, pizzas, food pockets, cakes, French fries, hash browns, breaded products such as
chicken and fish, breaded vegetables), bagels, breakfast cereals, biscuits, French fries, vegetables
(e.g., dried, grilled, roasted, broiled, fried, vacuum dried), taco shells, hash browns, mashed
potatoes, toast, grilled sandwiches, flour and corn tortillas, crepes, pancakes, waffles, batters,
pizza crust, rice, herbs, spices, nuts, nut-based foods (e.g, peanut butter, foods containing

chopped nuts), fruit (e.g., dried, grilled, roasted, broiled, fried, vacuum dried, baked, jellies, pie



nore preferably | ess than about 50 ppb, and nost

preferably | ess than about 10 ppb. In yet another
wepdvatzqment , French fries nmade from cut pot at oBGI/OS2063/029478

| ess than about 40 ppb acryBam de, preferably |ess

t han about 30 ppb, nore preferably |ess than about 20

ppb, and nost preferably | ess than about 10 ppb. In

still another enbodinment, tortilla chips and corn
p t han ab I
ﬁlfgr%sftzarné g ralflnsishuts%%%)p %&%bq@% HER age?ﬁ; (fy rlr)gér% glglraé ():) rp cgiucts

cohﬁﬂsng Maneca’(mmﬁ bedis (pp! bcoco:AIchd@olagh cohfectivptilygdatings, é;ptn:hocolate,

t d .
ORI SHoSeS PRI HR B B B B g
pigfode, gefbilFdod) Martwie f&ddi bitdefdod, Mahi foody dstrich &dodt drau fived, katde food,

R B Sk o A AR b BEENE ey oo

pig }8d, hohe#dod, QAat foold@héth BoodVibikey foafish fgsdqi n product s,
m xed flours | gaves, tvvlsts buns, rolls, pitas,
mat zZos, f ed Po ast, zw eback crout ons,

sof tTH%rIﬁéséﬁl ﬁvenﬁ&f Eanaefédls&ﬂfodnal@rcﬁﬂ}ﬁﬁrzﬁéd ﬁd{:&o phRadts ﬁi\dng reduced
serves),., toaster pastries, cookies, danish, croissan

leyely efsacryreide:r G followiggsets iferdh 2 pisfaried method Rummaking Sgﬂb%‘ihydfated

%ﬁ& ductiOBitliRo ;ﬁéé%%kﬂveﬁ@&ﬂﬁ nb@Qirfited (&I FalthcBilar EIQBJd'l:Jnén@ Although
I ps, corn , potato chips, fabricated snacks

th¢ erppddiregneept frothar éet@l} lpegpgdesgjheg alldipnoh gpayEie b@fg{erthpd@@ked potatoes
ard i’:]ér})rﬁlqutec? NRGIsE vk ruﬂ&%rstéﬂd’ihat%ﬁ%ﬂ%' Ray RAGK eﬁna?f}eﬁntable stage of any
oe-string potatoes | ours,” corn neal, po ent a,
sumbt@moce(se fa. makg@ldehmlrax@g)otdm produicts. nifox wtanm endying may be added to
th?ﬁ)c))( étgés gefg S coo %%{tepc%ggﬁg eog?ﬂg? g@hﬂﬁggﬁe Ellx)(&ﬁmnﬁﬁltok 2 during
anpi &tbdti ilﬁtablb rmaméss,mgb ste;aweﬁ)ta ¢hes finaglr dehgdrated spotath pralpct is formed.
Fuét?narg}oIe % é%ﬁgggwesog other éng E]I{éefngs’s gyrgovr\ﬁ]ﬂri%g (%)padﬁmg enzyme to
rav oty ﬁﬂl&wecp by Z&ﬁ/,entf(ﬁﬁlddehjhﬁktai @otalﬁ&}kﬁ&ssm—g’( e clddihg ieegyme to raw

hash bro breade ducts such as i cken .
PP RIS A er Ay Bt S PEIR B P A H S erle] Big cnevme
raWipdatdl foBowddrbyRERddikd &$hinly8EEAR el Blandieng] then Gllowed by conventional
grilled, roasted, broiled, frjed, vacuumdrje

Pragsetings, (Dhadding, FRAXFRE,, © rhlahss Sbfagdaef‘o@% thl{‘%a%icedd @P‘P‘i‘)l | tadowed by

coﬁ%@mﬁaq: Bl%%essﬁl% Qi r(e)adﬂﬁl ofhef it trlehd s addih€BRFme. The method herein
pancakes, waf batters, pizza crust, rice, herbs

mapilsoes, pristiend Wik SSBla egiod $5%rEAks dsBiied Ret pipducts” known in
thl %%ﬁcwmﬁ&b By @&th 6 PBR % o&:’sgl@ 4* £ UTd1bdrBar: Smih! E@sd 'AVI Books,

, roasted, broi fried, vacuumdried,

aked,
VieNosiran] Rejiheld ey oY 0RO (osiniies Dsto Pouesing B, P op 35646
fil '1&1'& Tefe édae%géi eﬁta&e%g&g&:d chﬁ% 'BroQH&P sty as @Btﬁtghﬁkéscﬂanules or

bever ades beer s products conpri sing
grarodest ezh bo (m;a@le bae aneordagceg with ctbe (fdlo“mm) owthad.esln general, the method

com%{r(llgeg(:t(ic)ona gttl)egg a*&%ﬁaal'ﬂo?c gﬁr 1§e redllﬂz%g g&g&? ! 81 fle cooked

pmmesf(epﬁ)mﬁngnmet mbshOahd (@Ldrjn&githe piagh tbdimh degysdrmd pcm:tg groducts
hanmst er f food, ostrich
e s L Y e R
or! @bilds, 008 usadt tof ere ﬂiBuEEyd&zoaﬂ potmbllﬁk(ﬂntsﬂmmin Preferably, the
tur ke f ood g food rse food, at f ood .shedeq .
demscgate ﬁﬁﬁ?@evo'fhg&dare fpregﬁrelflg 8} potatoes’ su as, but nof limited, to Norchip,

Norgold, Russet Burbank, Lady Rosetta, Norkotah, Sebago, Bintje, Aurora, Saturna, Kinnebec,

Idaho Russet, Altura, Russet Norkotah, Atlantic, Shepody, Asterix, and Mentor.



1. Dehydrated Potato Products The present invention
can be used to nmake dehydrated potato products having
wo edwos®43 | evel s of acryl am de. The foll owi ng BEL/BS2003/029478
forth a preferred nmethod of mmeking such dehydrat ed
potat o products, but the present invention is not
limted to this particular enmbodinent. Although the
enbodlnent set forth |n detai |l bel ow descri bes
combaiieed R4 Br 6 Bh S EROER: Ral-haE bn s Yeliryiet pomo
basigll pdfeaztbl)alays thati abaiulse% $nchgereqoiefaml}1y lesuuhhlatﬂoet m,oxcee}srsferred For

exféx?é nn}g)kar%eg }%\Zlgég)dva]g f{}%gfore : gﬁ%{lggagy tS/bl {‘p are es e 1a preferred for
fried p&hto 6Rkd. ng, before conmi nution, after conn1nut|on
or durin any ot her suitable ocessi.n ef or
Uhe THerafetosa A bipeied Bsrdins SrBRIpom i esehigh, T Soafoes may be
peE1l tFARTITP p&sledNONmpbdRdl IThE pSRBPMBSbeOVhdl Stahay be sliced into pieces of
enbodi nents may conprise: (a) adding enz

y
anpi@tzatbsforwoéswed Ty cee}ﬂ%wmeéhrawae @wew thewer m?ﬁbetérrotype of cooking
pr95e9§ 855 kdi@ns (HR)poRslids N8 BNRMBE KR ifstiice, AR BbtdoésOMbBEdooked by
by shredding or thinly slicing and convent i onal

supmersien &1 iger qr gipamddi ng enzyme to raw potato followed

by Sﬂr%g%@g Rkard Bidal Mav?r{g' &l Dragd hﬁ&n@s%@%ﬁéd’ﬂ 9/8 e R about 172

convent i onal - processing, (d
ménzry txpically boaked Withl stearh haxdeieaitemperaturg off fjons pbq‘se%p%%f%t © to about
2503 HAIRY iy R0V PR AR AR AGE SR Bhrtcarth PonPiBOuOI 1 abour 18
means o I'ng enzyne. herei n

mmanps aflpesthing pit potaiocepieons arh typiopally gcquabeéh stearh bayifgy temperature of

maki n ed t at S, known h
DAL Gt PPERSPT B GoofobrBtsk thgbo i S hputes, more
aEﬁJuQHSI trof oSt b BouEdSminul/ ko RORKS the ddadad hhlﬂﬁdsﬁn d
Rei nhol d Co., New York, 1987, [hereinafter "Potat

Pr ocl¥esd, q‘pgef]fectrﬁt arbcpmt @3@2@3@ preferably ﬁp@ra&qagd is addec? to the cooked
po? di &Idmgqﬁlaﬂ q{e%ﬁéﬁomké‘ﬁ&raaﬁ@ %gé §f the d§farade PQIuGIHL enzyme

kes flanules, ranul'es, can be nmade in
tode aieddl amceowdtmtame Hfalz) irsoAantEe FrEPRBEITe 1diusyesns bafore adgdigion of the
en b D10fhe, GO HSRRS ark HHen CORKI nﬂ@d P@ﬁr@&&@%we( fohstPAHniAbn@idn of the
paragi ne- ré€u0|ng enzyne to the cooked pot atoes;
co(oBe)d rﬁqmwns mapyzbeves¢onpdistied barady ultabld mydapsy sudheas s ot dignited to ricing,
t ucts. Any suitable
mﬁgygt%%gxm§%)%QOBQP%CBg%&%gd to prepare conventiona
pot aOpncfnhlakgsdrexftst @in bk edsled amt migediintd ths wetgaash. b§u0h3>e@iorlab
mg,—reg pgt? §%‘|t 193urf cq]r %%a)r/% cgo}nafug%{%r Ol(csj) Hcgttrlrf; !?3 Eo aréy suitable native or
mpdiggbstach, irchingahattepoataitodsts thatibre Iad)dedlmtmot lﬁdk irtapthe mash.
Nor chi p, . Norgol d, R set Burban ady Rosett
BRI E0t G As2SBAgEY b A0 RGP AP Rl nebec,
| dah@fibUss Blash Al fornied, it Bhiﬁﬁ@furﬂi@rr &eddadnd pﬁtcha&i hCdescribed below to
Shepody, Asterix, and Mentor. WO 2004/

026
fopT T R UBO PRI AT SR ey Eas bF s tagispee producs

suel0af, @RU o NBniH 96 Sash@ofate it REhO Patdes dpdtd parcakks PAd doato snacks
basi's), preferably |ess than about 3% and nore

sush ¥ exiradid Freneh §f1‘t5m§’|‘?“aﬁ'ﬁtﬁ anthanackicBipsy ef erred. For

exanperee'xargélg ahOGet b | Hﬁsﬂ oy ﬂe%‘é@d ® ﬁ?&duE@@Hﬁr’dE@Fﬁh@\aﬁﬁd potato
(i are especially preferred for
products such as those described in U.S. Patent No. 3,085,020, issued April 9, 1963 to Backinger

et al.



fried potato snacks. The potatoes are subjected to

cooking to soften them for mashi ng. The pot atoes nay
wheoo4pe@hed, partially peeled, or unpeel ed. ThBCT/US2003/029478

pot at oes nay be whole or mayqdpe sliced into pieces of

any size before cooking. The cooking procedure can be

any thermal or other type of cooking process that

softens the potatoes for nashing For i nstance, the

g? tea ter§8$T‘i£g< g‘%d'ﬁaggktg ¥ 1584J fied fo avdlehﬁdrgya J gotatg é)roducts These
déhbdrard @Gﬁtooﬁro&b:w.ltan%e&m ayhfotm, ﬁlbm ut bl Bot limirdd a)rﬁakes, flanules,

typi cal coo d with steam havin t enperature of
grf“? {9 ee(‘@@t‘?fest@tsa Iojiindd p?%f)‘ﬁa £%1210 from about

12 t&n)aﬂﬁtﬁﬁle $eocBAund) tsBh, asTRGse kpawd incttid art| figr hrodwoidgomdl dehydrated
14 to about 18 mnutes. Shoestrin CﬁL pot.at oes
Pite groducts gmwpme,sg Ry ke, yedhians, 2 )? s ]ﬁéﬂllﬂﬁm& may be used. For

extaﬁlgiéefh@tn%rsﬁ & be &ri@nd pRAUE: t?eﬁ{@sl:a&graﬁk tb &n&b@ijﬁoc&&@ Fsuch as those
1C) for_about 7 to about

de@q foed EUU &r Pjert Nonb- 8¢, ‘95“9%1\43?5 83{ 2099 t‘hY‘r‘l‘ﬂFé% et gly as well as those
oGRS YSLitR 1ﬁ‘@ﬁ$ rﬁ@n%sdﬂgﬁ%ﬁi?sﬁ&d Addusefd, 8636 8 ording et al., and

anount of enzyne, preferabl Paraglnase i s added t
2 THES53 GeketiFetprnBolis wopladichg uEhﬁmeWecamh?&rleérﬁ%Fnake flanules
actc&H@g r Gtk OﬁoJe 8¢ t&n i gﬁ?saﬁa%f /Q @st EAUGLNG RPEWBE 11, 2001 to
use e coo potatoes may first require
thbgrple eatlur Graadey sambnprodeded bg paergssitigohie @ash lagcordipg (pnihie process
1 e a
descrﬁ)e El%j %@Btaltlg 6339 13 8%? EEE&EH ﬁgoo bg}a'& pg)t7g?% gg&?ﬁ;&%&iém by other
hmcprqzrb%s&mdh Whardyscsbe:d ialb].® PaeariNg. 2gH10.43 laSSLbdlDemtber 6, 1949 to
n shreddi
S S A T
ncéd Michitdd refuidiBddobel Rieyevwe tcrapad wall Seat lexchpligees dfum dryers, freeze-dryers air
r%a rediﬁg{% can include starch. Starch can i ncl ude,
i dpyersanf e ke t ed to, any suitable native or
nodi Preféted URfinghmethds| ibkélidd0th&s8 thad lrbdade mt zaﬁ@npmodwa: H&rmal input.
that are added. into or back into th Emul si f
Foreftampleoresps ABing: H)PmheryHgdEemey et ding, or

cdMHRRESS ihBRofis Prefdifci Sheh PRANES ¥1dkSs; fafd B dft dirfings ABidREd bed drying,
further dried and grocessed as descrlbed bel ow to

oxf&ﬁombaléwuh%rﬁféds peteredWhrngueiueias eaples nat i vel y, the

§ff AR REydREApdiito PFRBUE Rerbin QN B DrinHFNdedGibed i terms of
not Imted to, nashed pot at oes, potato patti'es,

flgos. dt @Oplérb@akdédy apieenpiot o skierbipkthe ar thahthg pokaser sy e the present
m’\:fgn%grq I'u]:art rbE ed%h\/l\dgﬁgcﬁ'icp g Bh&‘,kaﬁ‘?{ &glgedsfi@lg %H';ﬁ?&to llgf-l)rduct that can be

can to produce
dan¢¢ﬁdmdrﬂmmnch frled potato products such as those

LSRRy P e g 33150 A s

theErefdrisa &@310@ ﬁﬁ@?ﬁng thOpdtd erasif to formmitpkeh e hepsdigrred peocamaitilizes a
smgsle grrll d(iile; 8h§r85 rﬂedv%t] ¥&er1t%tmea R g}:t;reazgdo oty tg Hr%tmsin aTlng Meet having a
thickness of from about 0.005” to about 0.1", preferably from about 0.005" to about 0.05”, more
preferably about 0.01". Typically, when a drum dryer is used, the mash is fed to the top surface
of the drum by a conveying means. Small diameter unheated rolls progressively apply fresh
potato mash to portions already on the drum, thus building up a sheet, or layer, having a
predetermined thickness. The peripheral speed of the small rolls is the same as that of the drum.
After the layer of mash travels around a portion of the circumference of the drum, a doctor knife

removes the dried sheet by peeling the dried sheet away from the drum. Typically, the drum



dehydrated potato products can be in any form such as

but not limted to flakes, flanules, granules,
waogkonmerat es, sheets, pieces, bits, flour, orPCT/US2003/029478

particul ates. Any suitable procedure, such as those

known in the art, for producing such dehydrated

potato products froma mash may be enpl oyed, and any

sui t abl e equi pnent may be used. For exanple, the mash

d f 1 ak ' o
dr&r 6téeg§1§ ggat%cﬂg Illengjg 3 Clg a raagscgffflrogng S@QFS 1‘%&}‘({3 QX@)ORBWS F
(161 %) %rgfé'%%bly IS 6ut MR FL B54° @B AbduR 350°F|(F@|°@)'1 and®hompreferably from

as ' those processes described in U S Patent
abbanizo‘ZF (160 (B BabostsB38W (A6RIGBbY fr8ssurlR8 Stedro c@uaintidnygjthat the drum at

sy e S 2B R R R B ol b B
dro& QU hriighd P eRipOraRESth&edf afesultdbly contdolfed sBat rivelidinal
6, 287, 622, i.ssued Sep é nbe

r 1 2001 Vil | an et
praduct gt g qonsen B e 59 SHoEekd. e fragabou 5%
aRGCIOYA I TYgich By, ta'?&adﬂfn@lcsﬁ&ﬂ of #6mGbbOded/ iRy td boutf2Btsedhlev.Noreferably
3,917,866, issued Novenber 4, 1975 to Purves et al.
abght I\seefteM i aboRidilsec/isy ge 8itidielts uch as that described in
U. S. ot veNRashds 4R0ed 3dd 42UEE rEBRAPRGEd bheelS4RikésCan then be

G eene et al. Suitable dryers can be selected from
brokeogatoweilleriepasinns didgsited dssp swaller sectige G4 bpof anydssired size. Any

mgthg%&elgjreffk% %y 'sl%'etzﬁlgt rgﬁ‘lﬂm?J sYstkchr an%%fo@aﬁ?gell\’@alrrlagé" &adh as fracturing,
angers rum ryers reeze-d ryers, alr

gridingr sbrealalngl, tutiéng, |d<epU1\{Erle1f1$r¢aedbﬁd nsedn g Far ekasende. th@lsh@é can be
cr{gpn%%u e h LY %r%&ef I'e%r B zglfufatcglreﬁl b§ r‘%éﬂéi Lag&ytt)rles Inc. of

freeze rum i Nng, resonant or
Vplpdrsieo, ﬂﬂnchmadlo)brerag pp tmfshear eﬁdtedrayverlg theosrheei of fakebiande lefnintact. As

TR A T B DRSO S5 Ty v e

"dohes ks, 1 S preferred when produci ng granul es. Al though

t he dehydr at e ot at roducts herein will be
prin%trily%&éa—%&%mm b ié?—‘@ﬁ%%%s s, it should be

r eadrhe/ aPRRGAOSduded dRRIrkd pdid pratiuttb@ambé utddab rhdke any suitable
potato mash of the present _iny

fQﬂé BSP&P%t &4 GﬁQ?CB}l}j 81§ egﬁ§p of gl c}egbd‘r %rﬂ%?tgpré)&uﬁﬁtsdir the production

oPEBHEdd thdks GRle BOm Qﬁfohg’lﬁcbréfﬁﬁﬂl\yafamtbd &ripsm @S(Mhﬁ]& of such
such as with drum dryers_conmon i n the

FeprOMRIGRIRS nslige Kypse Jestriendn PooPryals. SeohSH ot Brpmie 21, 1976
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S5k Ribn bDirfifg or baking. Furthermore, the forming and cooking steps can be carried out

simultaneously, such as with extruded snack products.

In another embodiment, the fabricated snack is made by the method comprising:



renmoves the dried sheet by peeling the dried sheet

away fromthe drum Typically, the drum WO 2004/ 026043
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but the present invention is not limited to this particular embodiment. For example, enzyme may
be added at any suitable processing stage of art-recognized potato-chipping methods, such as

those set forth in Potato Processing, at pp. 371-489.

In a preferred embodiment, the present invention provides a method for reducing the
level of acrylamide in potato chips, comprising:

) optionally peeling potatoes;

(2) optionally washing potatoes;

3) slicing potatoes to form potato slices;
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The present invention can be used to make French fries having reduced levels of
acrylamide. The following sets forth a preferred method of making such French fries, but the
present invention is not limited to this particular embodiment. For example, enzyme may be
added at any suitable processing stage of art-recognized methods for making French fries, such as
those set forth in Potato Processing, at pp. 491-534, or those methods described in U.S. Patent
Nos. 6,001,411 and 6,013,296.

In a preferred embodiment, the present invention provides a method for reducing the

level of acrylamide in French fries, comprising:
) optionally peeling potatoes;
2 optionally washing potatoes;

3) cutting potatoes to form potato strips;



but the present invention is not limted to this
particul ar enbodi nent. For exanple, enzyne may be
wa@daed2@b3 any suitabl e processing stage of PCT/US2003/029478
art-recogni zed potato-chi ppi g net hods, such as those
set forth in Potato Processing, at pp. 371-489. In a
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5. Tortilla Chips

Tortilla chips are particularly popular consumer snack products. Tortilla chips are
traditionally made from whole kernel corn that has been cooked in a hot lime solution for about 5
to about 50 minutes, then steeped overnight. The cooking-steeping process softens the outer hull
and partially gelatinizes the starch in the endosperm of the corn. This cooked-steeped corn,
called "nixtamal,” is then washed to remove the outer hull and ground to form a plastic dough,
known as "masa," that contains about 50% moisture. The freshly-ground masa is sheeted, cut
into snack pieces, and baked for about 15 to about 30 seconds at a temperature of from about
575°F to about 600°F (302°C to 316°C) to reduce the moisture content to from about 20% to
about 35%. The baked snack pieces are then fried in hot oil to form tortilla chips having a

moisture content of less than about 3%. See, e.g., U.S. Patent No. 2,905,559, issued November 1,
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combinatioh ef fryipgor baking nEprthepmase, the forrmng and cooking steps can be carried out

simultaneously, such as by extrusion.
In one embodiment, the tortilla chips have less than about 75 ppb acrylamide, preferably
less than about 50 ppb, and more preferably less than about 10 ppb.

D. Article of Commerce

Another embodiment of the invention is an article of commerce comprising:

(a) a food product, wherein said food product has a reduced level of acrylamide;
(b) a container for containing the food product; and
©) a message associated with the container.

The message informs the consumer that the food product contains a reduced level of
acrylamide. Suitable messages include, but are not limited to, messages that communicate
“reduced” or “low” levels of acrylamide, messages that communicate that less than a specified

amount of acrylamide is present (e.g., less than 5 ppb), and messages that communicate that the
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Extraction of Sample

1. Weigh 6.00 = 0.01 g of sample into a 125-mL Erlenmeyer flask. Note: Place the sample
into a food processor and pulse for 30 seconds so that the particle size is about 1/8 inch
or less. If the sample is too small to be effectively ground in a food processor, place the
sample in a new plastic bag (e.g., Whirl-Pak™ or equivalent) and pulverize with a rubber

mallet until the particle size is 1/8 inch or less.
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process. In one enbodi nent, {he enzynme solution is

added to the surface of the dough sheet. Cooking can

be perforned by any suitable nethod, for instance by

frying, baki ng, or a conbinati on of frying or baking.

Furt her nor e, or pi.ng and coo e

oo B of P Mo e i g B A9 Brwice
one RNRAGkTBAU-uL bi Fl@tté(@zﬂibkdtéd? debdtRontranesapss t han
about ™ 75 ppb acryl am de r ef erabl%gl | ess t han about

58. plptng €PCWGF é%f“é’ﬁlbroéﬁq ipnizecdistilied atghioufhe Hask gprcoves with

Artiglie of Comrerce Another enbodinent of the

invention is an article of commerce conprising: (a) a

f dodPlpreduta e 65° Garaterciah fopimimood product has a reduced

l %V e‘#&’ltffé dﬁ?ér%éraﬁdq@ ng., ((t{})hyﬁng SBI8HAReb tHeHasic AN ﬁ"dn‘iUgE‘rgze with a
uct; an a message associated w th

t he "DarkniaaTnnmzeﬂ’We(Sﬁi‘s%Q)eorllﬁfmﬂ‘umaXt@ 1§81 &Basiv fiaz 30 s¢vqnds, or until

the fo C e

acryranne R aPCh AU B AR UGB WP

| i6m Pled 25@,of tmslsmgg@atk tvad arCS}ﬂﬂmn/hai ate "reduced" or

LLow! vel s of ac es ni cat e
¢ He Tigtuic%p e 360 o eor TRRARES RS ARN DA 2
P18e SErafisfdr®. gbf ,suﬂeﬁﬁﬁanf tdanother ﬁpbém viarnstingeaead &savoliablid particles.
caomrunj cat e ﬂa the WO 2004/ 026043 PCT/ U 209@/028478
18- £ oH Y alithyl ﬁ%ﬁ‘é%‘%‘”tﬁ? ISRERSEapy a0, Y&t At Uspeonds

MY dREEH ¥yl eBiiBion(t6 bak ug: @AY |bﬁ§\@iﬂihgtdﬁ k1% lofcet twicgmal then

| evel I n one enbodi nent, e message inforns the
cons# ﬂ%ﬂﬁ@ﬁt?ﬁéﬁfood product is made with an

| NGr £dhhas Aluc HRELD ﬁi%riethﬁ\ébé?zge)rﬁ Hé%ﬁ)@: 0 stifi¥liBY GhB without
of asparagine, thus Inplying that t f ood product

t her tefnsfewing asy hmw@rbfrom @wmt@w sEWctatwrcwnmﬁ wigh 5. portions
anot &%Pl QdiJ g@g&d totiGafdL Ednﬁhl@tl&f vifiOTHE! &dd &Bfmfrﬁa%@ysz g of
(a) a 30 product erein sald food product has

r edusbpirbesedivofsulfgpar agi ne;  (b) a container for

cqptainin r fe . b
2R BB SM cRl idecR TEBEROE water by o bou
consumir Ttdnster thiextfapod a ﬁreuleﬁAQTdmIALﬁ%macaneﬂcmmmcﬁi Shaped

| ow |.evel ara Ss a '

. e P oL (o P ' S FacT i AT F el 100-200
cont @i. ®#ce thiakttactiew ad laiitesahip}er oinl wirdd ccmuhl geenear the
container, or alternatively can be a printed,

el ectronic, or

Preparation of Standards

Stock Solutions and Internal Standards

Solution Weight Volumetric Solvent Concentration
Flask (ppm)
Stock 1 0.1000 g 100-mL Ethyl Acetate 1000
Acrylamide
(AA)
ISTD 1 0.0100¢g 100-mL Ethyl Acetate 100
BC-Acrylamide




broadcast nessage associated with the container.

container fromwhich the food product can be
waokepenmesl, presented, displayed, or stored iBCT/US2003/029478

suitabl e. Suitable containerssinclude, but are not

limted to, bags, canisters, boxes, bows, plates,

tubs, and cans. ANALYTI CAL METHODS Par aneters used to

char act erize elenments of the pr esent i nvention are

Any

C%H') icu DY g dggw Idl ar rcal II%&&H&E S€ 1000

are|descri n detarl as flol I ows
Acryl am de et Aadglafnsde Mgasuri ngAcr yl pPistided Wager i
Products SUmmary, Food products are [spiked with
1-13C-acryl am de 3C-AQ) and extracted with hot

n Food

watBIrD 2lhe |aqueou®gsupgr natiatdnli s eXt retdregkdt hr, 100

times with etlp%_gﬁ%faﬁtg‘gé ¢, and the et hé&'”ﬁﬁﬁ‘%’aﬁﬁl

extracts are and concentr af yzed

ee

Int¥mledialStndaids el ected ton nonitoring for specific
“detectron o and 13C-AA. Extraction of Sanple 1.

V\éi gh 6.00 0.01 g of sanple into a 125-nL Erl enneyer

%ﬁ 10U €7 Voldh€ T olefbiice] ! NTSolfenk 000 Pr O6fiem@Phtion (ppm)
pu(f se for 30 seg¢onds so that the particlle size is

about 1/ 8 | Stisk 1g¥A | esFlaskf the sanple is tgo small to
be effectivyel y ound i B fopd processor, place the
sanple in 1ne | astic aq(e Q.. Whirl-PakTM or

equiNTal ent antDOpuI eri 21@ W t h aEthybbeqtate malll et unt i0

Tl 1 ul i Ul C

P 003 SO Ao, fg/L 13
with an

adJ ust abl e 1000-L pipette (calibrated), directly onto

Args Using a dispenser, add 40 nlL of

+he—parti St—Z 51 Hreh WO 2600410626643
029098 ' 17 2010Add dO% A
In de-ionized distilled water (I1STD 2),
Cal
de-l oni zed distilled water to the flask and cover with

foil 4__Place_ into 3 65C water bath for 30 m-p—5-
Starderd [dVelsawskVolum | Yolume |oVolsmefic e Salvemt of i Grct §  Cone.
the flaskyppd| hogoganigg Mt h pagd ekmar Ti ssum 2 TM 1sTD 1
(SDT-1810) or U tra-Turrax(r) (T18 Bagic) for BO
seconds|, LuntiINT i f @k [Ri néBLY he|probe i nf dpemk [ (ppm)
flask with dei onh@d distillled water. |6. Place| 25 g qf
t he hol\rgoqenate i an 8-dramvial 7. [Tightly cap th
tule and céntr|fufe flor 430 nj nut & at |25686y5200 RPM 4.50
Acetate
0.25 250 0 450 10 Ethyl 0.250 4.50
Acetate
0.75 750 0 450 10 Ethyl 0.750 4.50
Acetate
1.5 0 150 450 10 Ethyl 1.50 4.50
Acetate
3.0 0 300 450 10 Ethyl 3.00 4.50
Acetate
5.0 0 500 450 10 Ethyl 5.00 4.50
Acetate




8. Transfer 8 g of supernatant to another 8-dram vial
being careful to avoid solid particles. 9. Add 10 nL
wm@booeophs acetate with a di spenser, cap, and VPCT/E%2008029478
10 seconds. 10. Allow any enubksion to break up; help
by swirling or shaking once or twi ce and then
allowing layers to split. 11. Transfer as nuch of the
top layer (ethyl acetate) as possible to a
scintillation vial, without transferring any |liquid
(water) fromthe interface. Extract twice nore with
Homegenizsr Glegning Pspcedurey| acetate and add to the sane
scintillation vial. Then, add approximtely 2 g of
anhydrous sodi um sul fate. 12. Concentrate the extract
Ugdt this cleagjagprogedyrebetaneebéveryi semplgen in a 60- 65C wat er
bat h f ™
REACHT A AE Ry PR A wdcH=9% G bnd 43
and fishwasking bgnd @miilable drotrtthe Brotten& iGambleaCd. ) anatuivaldngne
Of 2. a grP?ﬁE g@ée?suy e}ong)engggbe into tﬁ)e wgt?r t%ar das e())(StS Ct I nto
an a osa A A A coni car’ Sl eéve’ epar ation
of3. SHammnnts tlﬁtsoiukorﬁot aboutolfsl 5aacbniint er nal St andar ds

Sol ut.i on V\él Vi tri vent Concent

P s By A1 TG T P 0 TSy e AL Bl it hot
1000watdcryl ami de (AA)  1STD 1 0.0100g 100-mi Et hyl

Acetate 100 13C 2004/ 026043

no) eSusarn ainsr ool Qlsaeeor . 1000 ¢ 100- L

Desi OBngts (ﬂhe]ﬂl@ﬂandﬁé?ﬁly%ﬂlﬂhcﬂ @aplW3dri hdnRyded¥e @ hin fd¥About 18T seconds.

2 0.0100g 100- M. Dei oni zed 100 13C—Acrl\1/I am de
Di’st if |tfreéxﬁt% ng clegrgpd frereefipaitisulaies, Sonsinge haseegizigy clean hot tap

XXI E?ﬁer?(@'rﬁfﬂ?hﬁlmliscasﬁ%e‘dﬁm to GHIGR Mi§ &nbi®Bn.(PPM  Stock 1
as
8. When thg hz)t tap water is clear and free of particulates, rinse the probe with deionized

distilled water.

Analysis by LC/MS

Samples are analyzed using a Waters 2690 LC interfaced to a Micromass LCZ mass

spectrometer.
Mobile Phase 100% H,0, 10 mM NHiAc, adjusted to pH 4.6 w/ formic acid
Column 2.0 mm x 150 mm, YMC C18 AQ (available from Waters Corp.)
Flow rate 0.2 mL/min
Interface Direct (no split)
Injection volume 5uL
MS ionization mode Electrospray, positive ion mode
MS detection mode Selected ion monitoring: m/z 72 (AA), m/z 73 "C- -AA); dwell
times: 0.5 s

Data Analysis
Response ratios (area of AA peak/area of >C-AA peak) are plotted against the corresponding

concentration ratios for a series of five standards in ethyl acetate. All standards contain 4.5
ug/mL C-AA, and AA concentrations ranging from 0 to 5 pg/mL. Linear regression results in a
calibration curve from which concentration ratios in extracts are determined from measured

response ratios. When this concentration ratio is multiplied by the accurately known >C-AA




INT 1 100 10 Ethyl Acetate 10 |INT 2 1000 10 Et hyl

Acetate 100 Calibration Standards Standard Vol une
woO/odoweoded une Vol unetric Sol vent Conc. Conc. PAITUS2003/029478

ISTD 1 Flask AAISTD 1 (L) pNT 2 (L) (nL) (ppm (ppm

(L) O O O 450 10 Ethyl O 4.50 Acetate 0.25 250 0 450

10 Ethyl 0.250 4.50 Acetate 0.75 750 0 450 10 Et hyl

O 750 4.50 Acetate 1.5 0 150 450 10 Et hyl 1.50 4.50

et G L pgmirdign ot 8ty Masl PRt B O Re B ot 4

infppri/r&daR003/ 029478 1y Honpgeni zer O eani ng Procedure
Use this cleaning procedure between every sanple. 1.
Fill a 1-L Erlenneyer flask with hot tap water (~40%

sdnid Gal@ndiondst rx/misop of DawnTM  di shwashing 1 quid
(available fromthe Procter & Ganble Co.) or

equi valent. 2. Insert the dispersing el enent probe

The YaBbrhttsh ARVe§Y gedsraled By gl%ttﬂgﬁm‘élr&lp&lse radio (hlemgzenl/ Zfanit£73) on
solution for a%out seconds

4.
the ly esip v gl@enqﬁmr@mnfr%t@rﬂfwd [BG-2ARepdbe xn%lh s%)r yigjexample, the

cgﬁédn'df ﬁat‘ﬁnJlei'ﬁg@fgihofm:s.tap water. 5. Honogenize
gain or abo 10-15 seconds. 6. Enpty the flask and

refill with hot tap water; honobgenize again for about

M%%)sugeg Icuﬂg%eak@zb{)aEQSnﬁ@tﬁbObé not clear and free

t'es, cont’i nue honogeni zi ng cl ean hot tap
Measured area of 13C-AA peak (m/z 73) at 4.0 min: 500,000

Response ratio R; = 0.200. From the slope and intercept of the calibration curve, the

concentration ratio R is calculated: R, = (0.200 - 0.0123)/0.899 = 0.209

Given the spike level of 13C-AA in the sample (2 ppm), the measured level of AA is 0.209 x 2
ppm = 0.418 ppm

Quality Assurance/Quality Control (QA/QC)

1. All balances used in the preparation of standards and/or samples, must have their
calibrations checked weekly with a set of qualified weights. The balances should be
checked with at least three weights covering the range of sample/standard weights to be
measured.

2. A six-point calibration curve should be performed daily.

3. A working reference material (WRM) should be analyzed with each set of samples. The
concentration of this material should be within 2¢ of the running mean. If it is not, the

instrument should be recalibrated and the WRM recalculated.

2. Asparagine

Determination of Asparagine and Aspartic Acid in Food and Beverage Products




water as many tinmes as necessary to achieve this

condition. 8 Wen the hot tap water is clear and free
w@boopardouz ul at es, rinse the probe with dei oni zBdr/US2003/029478

distilled water. Analysis by21C/ M5 Sanples are

anal yzed using a Waters 2690 LC interfaced to a

M cromass LCZ nmass spectroneter. Mbile Phase 100%

H2O, 10 mM NH4Ac, adjusted to pH 4.6 w formc acid

Colum 2.0 nm x 150 mm YMC C18 AQ (avail able from

Waters Corp.) Flowrate 0.2 nL/mn Interface Direct

PRINCIPREI t) Injection volume 5 L MS ionization node

SRR R O Byt Ay RS s S8 e

hoﬁrogeﬁﬁzed d)Aquol'tlontdf ﬂﬁ&omagkelﬁats isB&ﬁt?fugEkﬁ.hrylSheS] aP@stprars ehe supernatant
atios (area ea of 13
s psd B s wob UK e P L SR RBRpofch rescts v

aspahgifSanfl Q§ aﬁlcsa@ﬂt@ﬁ)rxﬁfa highkerludteacedl Bdetivative. RIVBME-phase HPLC is then
acet ate. standards contain 4.5 g/nL 13C-AA  and
uspghforBRbE W%ﬁm@gmaﬁ@mﬁg’q 1agIRlegatEx sownts Dietgtign 1s by
flRQESSSERSsibreR B 3 SanbReBrs (1R dpBh Scht@HibnGad L. MRy bffandards
concentration ratios in extracts are determ ned from
of kpeipagentiabaireaks quantifisationypen t hi s concentration
ratio is multiplied by the accurately known 13C AA WO
2004/ 026043 PCT/ US2003/ 029478 20 level (nomnally 2
LINEARHAYded to sanple in step two of the extraction

[ ¥ I
WRARE SR ion' e PP plagd0s0 LB R, oRelaLIOD98 or eter
A genetab¢nsnit [12000mpint alsygivese cme@qj@ng'éO PA.io (area mz 72
/| area mz 73) on the y axis vs. the concentration
ratio ([AA] / [13C-AA]) on the x-axis. For this
e(wmgg the equation of that line is y = 0.899x +
P 16% Measured area of AA peak (mz 72) at 4.0 mn:
"f‘ﬁf@p B Measured area of 13C-AA peak (mz 73) at 4.0
POttt stareh B, spkOd Wak frankeels afthHoth a@iar&gn& an@ @spaE’fc mni]dt(ma 260, 80 and
and intercept_of the c i.,on rve
oD Bhebr kR TOA PP T aut stadard dﬁ“atm“(ﬁ lespthan 4%) and
re&)v@rjj%'ﬁ)ispértﬁ a83% A06 (REAtive standard deviation of less than 4%).
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SYSTEM REPEATABILITY

A working reference material of potato chip is run in duplicate over five days. Results are as
follows:
ug/g
ug/g aspartic

asparagine  acid

ave 7832.07 1440.98



G ven the spike level of 13CAA in the sanple (2 ppm,
the nmeasured level of AAis 0.209 x 2 ppm= 0.418 ppm
wax@kiorepsAssur ance/ Qual ity Control (QV Q) 1. RECT/US2003/029478
bal ances used in the preparatd on of standards and/ or
sanpl es, nmust have their calibrations checked weekly
wth a set of qualified weights. The bal ances shoul d
be checked with at | east three weights covering the
raggﬁ of $ | e/ %%gdard wei ghts to be neasured. 2. A
si X-poi nt I brati"on curve should be performed daily.

BRrSApWor Ki npor ef gegpce material (VWRM) shoul d be

anal yzed with each set of sanples. The concentration

of this material should be within 2a of the running

mean. If it is not, the instrunment should be

recalibrated and the WRM recal cul ated. 2. Asparagi ne
BEBQWr miARE | STWHPESAT s SfilBMIGHL AshiPt | EQRITMENTT FJd@WEVER,
SESTIROYRIROOE BHRUYAL ENYAL2AGHADR 605\ BT 152003/ 029478

21 PRINCI PLE A wei ghed anobunt of sanple is mxed wth

5% HCl and heated for 30 m nutes, then honogenized. A

' of the honpbgenate is centrifuged and then a

Qg@&{llb%%ﬁof the supernatant is diluted and treated
Watiet, IPERIOCMiBia@ e Gtadé Milliproe)eny| met hyl chl or of or mat e) ,

whi ch r ith asparagi ne and aspgftji. 16t )
A?&”H“S’ﬁf@éﬁffwﬂ uorescent derivati ve. (re(%}é(;kr%g%%ﬁ%%é&ml“'
MERALG], IHFPLIOG@ade used to resol ve FMOC- as rishagiA¥S244r om

ot her sanple matri x conponents. Detectj on i
Ethyl (¥5f@€cence emi ssion at 313 nanonet eﬁ%%(rr#ﬁ?sda%on
pe@gét ati on at 260 nm Anal ysis of st aBladics& JadksdariBnas12-4

concentration permts quantification. | |INEARI TY
Aspgraginp BB iBiat i on curve of four stafdarHEEso -
Asq,glqi@ggm give a correlation of 0.998 orsihgi#£8949 A

curve taken out to 2000ppm al so gives a correl ation of
angnGgHUtYACTRACY Pot at o products: Pot XB&HAPEH i s
9-BRbIEA CMdrdFofnfit¥ ( |'s of both aspar ggNngseod

aspartic acid (40, 200, 400, and 600 ppm. Recover
SadfunpBerateagi ne i s 100% (Rel ative st anddﬁ@sﬁéﬂﬁeé‘ﬁx&g%‘ﬂ

B‘%%S"Fd‘% han 4% and recovery of aspartigaGigsss 110%
el ative standard deviation of |ess than 4%.

SdebkREBENGRifte ICN #194847

Tetramethyl Ammonium Chloride Fisher #04640-500
Sodium Citrate MCB #SX445

Citric Acid anhydrous Baker #0122-01

Acetone Burdick & Jackson #010-4
Hydrochloric Acid, 0.1N Fisher #SA48-500
Calcium Chloride Dihydrate Aldrich #22,350-6
EQUIPMENT

Transfer Pipettes, polyethylene (Samco #222)
Volumetric Flasks (25, 100, 250, 1000 ml)
Volumetric Pipet (10 ml)

Graduated Cylinders (100-1000.ml)

HPLC reservoirs (500 ml, 1 or 2 liter)

Beakers



1. Herbert, P.; Santos, L; Alves, A Journal of Food
Sci ence (2001), 66(9), 1319-1325. 2. Heens, Dany;
wh @K/ 026enevi ewe; Fraudeau, Chrisophe; Verett ePCEUSZNN3/029478
Journal of Chromat ography, #8(1998), 798 (1 + 2),
9-17. SYSTEM REPEATABI LI TY A working reference
material of potato chip is run in duplicate over five
days. Results are as follows: ug/g ug/g aspartic
aspar agi ne .aci d ave 7832. 07 1440.98 WD 2004/ 026043
MBERiG RI050%8 78 22 STD 625,59 195.80 YRSTD 7. 99
Adadyte (BlplaCVbARIe SUGGESTED CHEM CALS AND EQUI PMENT;
S%% .. . SUBSTI TUTI ONS OF EQUI VALENT MATERI ALS ARE
y ABEE. CHEM CALS Water, HPLC or MI1i-Q- G ade
Cénbhitubd tBBs EskreRCRP OIV0X 16 thd) witPtsps G ade Bur di ck & Jackson
#AHO15-4 Met hanol, HPLC Grade Fisher #A452-4 Ethyl
Appwpies vVigl k830 o danla WHIYFZRE Mur di ck & Jackson
#GC312-4 Asparagi ne nonohydrate EM Sci ence Aspartic
acid Sigma #A-8949 am noi sobutyric acid Sigma #A-8379
Safety) Thiy wetyed reanis S sphefiaduneinod) and anyolveserpogrraipghemicals. Please
reB0% &R PEMISE & e £RYd @ROaChe BRAI SpilfiCi d Fi sher #A-73
Sodi um Bi carbonate | CN #194847 Tetranet hyl Ammoni um
Chl ori de Fisher #04640-500 Sodium Citrate MCB #SX445

NSTRUNIERS d anhydrousyBsgr #0122- 01  MANUFACTURER

Robot Microlab® SPE Hamilton
Pump/HPLC injector HP 1100 Agilent
Detector ' RF10AXL Shimadzu
Data System Chemstation Agilent
Column

Phenomenex Luna 100 x 4.6 mm C-18(2) 3 micron # 00D-4251-EO

PREPARATION OF REAGENTS
Diluent (pH 8.3-8.5; 1000ml).

1. Weigh 3.0 grams of Sodium Borate, 3.0 grams of Boric Acid, and 8.0 grams of Sodium
Bicarbonate into a dry tared beaker.

2. Place an empty 800 ml beaker on a magnetic stirrer. Add about 500 ml of Milli-Q™ water
and a stir bar. Stir the water vigorously without splashing.

3. Quantitatively transfer the reagents from step 1 to the water; stir until they are completely
dissolved.

4. Quantitatively transfer the solution from step 3 to a 1-liter volumetric flask and dilute to

volume with Milli—Qm water; mix well. Stable for up to six (6) months.

Calcium Chloride Solution (100 grams).
1. Weigh 40 grams of Calcium Chloride Dihydrate into a tared 250 ml beaker.
2. Add 60 grams of Milli-Q™ water. Mix well. Store at ambient conditions in a capped glass

bottle. Stable for up to 1 year.



Acet one Burdick & Jackson #010-4 Hydrochloric Acid,

0. 1IN Fi sher #SA48-500 Cal cium Chloride D hydrate
wa@\axiozdv43t22, 350- 6 EQUI PMENT Tr ansfer Pi pett eBCT/US2003/029478

pol yet hyl ene (Santo #222) Ve unetric Flasks (25, 100,

250, 1000 m) Volunetric Pipet (10 mM) G aduated

Cylinders (100-1000m ) HPLC reservoirs (500 m, 1 or

2 liter) Beakers WO 2004/026043 PCT/US2003/029478 23

rers/ ) ihcal (4-place)
E’%@?gnc‘%ﬁve ci e E?’?y(l)ﬁce\ﬁé éﬁ]cgb%(;"l)f uge tubes, screw
Satap feilfafixdha ethy) acatatehrc@psile sAd flomewatlk.eterfoinaths fc(l&x@& qpemations in

Ifl I_)[S@Wlth crinp caps Safety: This nmethod requires
W HRod of 4 fume hood, and invol ves exposure to

1.C Iraﬁihieatcm mlFf gaaene tba\ﬁb@mﬂ Baf.e rdemcit bads f or Fune Hood

and Chemni cal i | NSTRU MANUF CTURER
2. R L DS B asete. L P URPIB M E e EU PR EE o1
1100 Agilent Detector RF10AXL Shinmadzu Data System
Chenstation Agilent Colum Phenonenex Luna 100 x 4.6

Mokile hugy Bpffer: Mpthanoh Agetentirile/Os 35rb 3 BREPARATI ON OF
L. R%%NT% %Alywa&mtl%d Anfnoniun R de. 3 é-S grmﬂk gffblgl‘l(QACld and

gra odi um Borate, 3.0 grams of Boric¢ Acid, and
81©0graaws)f sedimodiitrate iBoe dntawabekeit o a dry tar ed

23y G SEPh B ey DB 300 SRR e
shnda fabar. Sin the wiver vigdraslywithontcpkbhngs t hout spl ashi ng.

3. Quantitatively transfer the reagents from step 1 to the water; stir until they are completely
dissolved.

4, Quantitatively transfer the solution from step 3 to a 1 liter graduated cylinder and dilute to
1000 ml with Milli-Q™ water; mix well.

5. Transfer to a 2-liter HPLC mobile phase reservoir.

6. Add 200 ml Milli-Q™ water, 100 ml methanol and 700 ml acetonitrile. Add the latter two
solvents slowly with vigorous stirring. Perform this operation in a hood, and wear personal
protective equipment. Refer to the relevant Material Safety Data Sheets (MSDS) for specific
details.

7. Degas the mobile phase by vacuum aspiration while stirring.

FMOC Reagent Solution (in acetone)

1. Weigh 0.10 grams of FMOC reagent into a tared 100 ml volumetric flask.

2. Add acetone to dissolve and dilute to volume with same. Mix well. Perform this operation in
a hood. Wear PPE specified in the MSDS for the chemicals.

3. Store refrigerated for no more than six (6) months.

Acid solution for sample extraction (5% HCI
1. Add 100ml of Milli-Q™ water into a 200ml volumetric.
2. Add 4ml of 1N HCI to volumetric.

Bring to volume with Milli-Q™ water.



3. Quantitatively transfer the reagents fromstep 1 to

the water; stir until they are conpletely dissolved.
wao0Qoznei tati vely transfer the sol ution from BCEPSB03/a29478

a 1l-liter volunetric flask agg dilute to volume with

MIli-Qh water; mx well. Stable for up to six (6)

nont hs. Cal cium Chl oride Solution (100 grans). 1.

Wei gh 40 granms of Calcium Chloride D hydrate into a

e e POy O R 1. 1 i indtikic 3o
ISTBp@ednzghsaSStandumsioekASt able for up to 1 year. WO
2004/ 026043 PCT/ US2Q003/ 029478 24 Pﬁ ‘%]S’ on Sol vent
1. ( Psighdhygrams plaminpispbyfyrichgidyigto adayg (g ¢ pent ane
2. aﬁ@d A Hﬂ' bt PO BRY SnBlbBuiob all Mlﬂl-% Gater m| sﬂﬂrhﬁ’@ﬁl{tﬂ) @iolved.
e follow ng operations in Transfer

Dlh@@torvblume vidrVing " twates aBBixrell-fioE rpf@g@rla% fqr npgiorq than six (6)
t Add 100 m ethyl acetate. Mx well. Store capped

Sunder the Fume Hood. Mbbile Phase (Buffer:

l\/bthanol Acetonitrile 60:5:35,pH 3.2, 2 L) 1. Wigh

ISé‘Pgl?rB Wg?ktr&r &T;erérgl F{tan td? dttz'(a)‘w()(gus smluggn a@gd dto caleratzon

stdadidst e into a dry tared beaker. 2 PI ace an enpty 800

L et ol i @l o St bl S SOPmEGby 0 "

2. VIDARH Q! S1YmMv It B1illi-@ Pivag i Sedle 13x ofadsith. t ati vel y _
transfer the reagents fromstep 1 to the water; stir

until they are conpletely dissolved. 4.

p@@%fr%mﬁ* mttm&fﬁmsmmw@pn fromstep 3 to a

| gr aduat ed cylt nder an ute to 1000 m with

Stogkl Galib@tiopgelation. mi x wel | . 5. Tr ansfer to a 2-liter

mb@%&%eﬁ?(?%% G3€ vl %%9 /- 800 nfg%&ﬁg gifld aer 1dor %/-0001 2)
wat er’,

nmet ha 700 acetonitril
aspingiclagidt evdd 25venl. Mili- QerWa;elsdnd\Mn;L WINtHRC iPdpoe @ owmc bath until

Sstir in.,Perfo t hi .0 n a.hoo
cisebeb et bripg oSt e TP RC. Sluaf i goq os 8 Fopl Blfseraca.
WBM@I’St@Jdm%@f ety Data Sheets (MsSDS) for specific
details. 7, Degas the nobile phase by vacuum
Prepags the fqllgRinghy glfé“gs‘ia?“’rla?l?{b“an #BC Reagent Sol ution (in
acetone) 1. Weigh 0.10 grans of FMOC reagent into a
tared 100 M _volumetric flas

Std # mL stock final volume (mL) ppm
1 5 200 50
2 5 100 100
3 | 10 200
4 3 10 600

Solutions are good for one month refrigerated.

PREPARATION OF SAMPLES

1. Weigh 1 g of sample into 125 ml Erlenmeyer flask.
2. Add 48.0ml of 5% HCI solution to each sample.
3. Add 2 ml ISTD A to each sample.




2. Add acetone to dissolve and dilute to volunme with

sane. Mx well. Performthis operation in a hood.
wo\ean/0RBE speci fied in the MSDS for the chem ce€BUSBIN3/029478

Store refrigerated for no nogee than six (6) nonths.

Acid solution for sanple extraction (5% HC) 1. Add

100m of MIIli-Q- water into a 200m volunetric. 2.

Add 4ml of IN HO to volunetric. Bring to volume with

PR s PSR ) ARCARES AT R SER AP im
A@J DAdd 1}08ﬂ]DdAlorM}ﬂh@«o&ﬁdh sSinalgdar ? St o;:k Adlzs\é\éimgh 0.5
O b st o mglrdonsd o 1 o har and about 100
M7l | PoufPoriét 6ffsample Xat®J0 Slentrifupg tubat i | di ssol ved.

Dilute to volume with_M and m x wel
SBorkeniriyae g LD g fos 32 Famito Ao L e SPETRgy s T Samples -
| Bl sepdr ki ng Internal Standard Solution B (this
solution 1s added to calibration standards) 1. Pipet

1 mM of Internal Standard Stock Ainto a 100 m

PR AMIIR bF Stendat R3Kd SarndplesDi | Ute to volume with MITi-QT
wat er. Stable for one nonth. PREPARATI ON OF

Tige MRFAGHERe BraNpARDISydstodiutecths asmias{sndasdy add thyinternal

st%x'a%{g a%dtf@rﬁletge Pod de}ﬁ%tf\'/gBIthEéecére MRz bRy, 9 (+/ -
aspar agi ne and g (+/- 0.001 )

aspartlc acid. Add 25 rrL Mlll-Q" water and 1 nL 1 N
Place in sonic bath until gn bring
Q’l)%@w(r)gl ume with MI1T1-QT H0O léélgl%)}réglgdg%odfor
Ditmivshhs refrigerated. Wrking St&RABNPBE. Prepare the
Ll1o king calibration st o Std # L
A@f%w%%a? Oftfe (nl) ppm 1 Sﬁg§§ 2 5 100 100
Fa¥mitich®f BMOC deriyati®@ 600 Sol ut i onaDBEFMQ@Ood for one
nmonth refrigerated.

PREPARATION OF SAMPLES AND STANDARDS USING MICROLAB® ROBOT

Step 1: Standards — Adding ISTD and Dilution Step

1. Prepare two sets of tubes for each standard. Place approximately 2 mL of standard in one set
of tubes, place these filled tubes on the left most position of the Microlab®.

2. Place the rack with empty tubes in the rightmost rack position of the Microlab®.

3. Fill a 20 ml glass (scintillation) vial with Working Internal Standard Solution B and place
on the Microlab® workspace.

4. Select method ADDISTD. (Mixes 200 ul ISTD B, 50 ul standard solution, to 4000ul total
volume with Milli-Q" water).

5. Execute the method.

6. Remove the tube set from the left position and set aside for discard.

7. Remove the Working Internal Standard Solution from the Microlab® work space and
refrigerate.

Set aside right side tubes for step 3.



PREPARATI ON OF SAMPLES 1. Weigh 1 g of sanple into 125

m Erlennmeyer flask. 2. Add 48.0Om of 5% HO sol ution
wo eoogaededasanple. 3. Add 2 ml | STD A to each sapP@l/@S2008029478

2004/ 026043 PCT/ US2003/ 029478 26 4. Cover each fl ask

with alum numfoil and place in 60C water bath for 30

mnutes. 5. Add 10 nL dicl oroet hane to each sanpl e.

6. Honogeni ze sanple for 60 seconds. 7. Pour portion

St%g%:%&?léleg—igl:fug%sg)teé!{ ﬁlg W%J jil];egg ig?@guring 'saggnéyérrefegrﬁgﬁ) at
ug e dPrepare' tSarspts ebtubesDod eath sagpples Ptape dpprd¥r 2 pducdtsinaple wfone set of

e e R

| Bt epiRlihe raékanigathel emy ﬁgdlbﬁﬂhmhetrrg(ﬂtrﬂyga}:ﬂﬁfsiti\bﬁbf the Microlab®.
These are summari zed bel ow. pberati on Mcrol ab net hod

udedSelepi methph RRANBRESDI($et # 48 g Hleéré%\% for ppeipni of samplepg4qooul
ADDI f&T&aE%\IJIEB 'aﬁgurﬁ’fwuﬁm QEW Ve A' ve ADDFMOC
PREPARATI OF SAMPLES AND STANDARDS USI NG M CROLAB(r)
R&BJExec\@¢ the nkthodt andards - Adding | STD and Di |l uti on
e P andar d.
o acRerigs EHERRESet i S 1R ohual %l RGeaR ZRCACS
Set sdidesighpdidectebdsHersepf3i | | ed tubes on the left nost
position of the Mcrolab(r). 2. Place the rack with
enpty tubes in the ri ghtm)st rack position of the
Stbf 87 Addarinrof FMOC Rédgént a Mk asat dgatite | | at i on)
VI al. with VC\% %Mbg énternal ndard Sol ution B and
L) afEPargg 1agkQ FRPISEREY- ‘iﬂ’Bl‘ §bace. 4. Sel ect nethod
2. ADDpfIDihe (¥ XESe ARMmIt rdcBp&idon oFheWMliclladfidar d
solution, to 4000ul total volunme with MIIli-Q~
3.vat Elaye stErdaghand samepls tbes fomabave dlutimesiensan lefiaostutsk pegition of Microlab®.
g fro
* R e G R L b AR EMO L ElachBlolRoRR o £5 KA flcch vt Aad
M cagdradifhntelyvion KL 4% Calatim Clédridegeluene mix well. (Calcium chloride is added to

make the FMOC reagent “charged” — necessary for detection by Microlab®).

Place the vial on the Microlab® workspace.

Select method ADDFMOC.

Switch syringes 1 & 2 from water to Diluent (pH 8.3-8.5).

Perform a wash of at least five (5) cycles for syringes 1 & 2 using Diluent (pH 8.3-8.5)

Execute method ADDFMOC. (Mixes 450ul of FMOC solution, 250 ul sample from ADDISTD above

A S TR A

to final volume of 1300 ul with diluent solution).

10.  Remove the tube set from the SAMPLE rack position and set aside.

11.  Remove the FMOC reagent solution from the Microlab® workspace and refrigerate.

13.  Remove the tube set from the rightmost position and place in fume hood. Let stand for at least 10
minutes or until solution is clarified (but no longer than 20 minutes).

14.  Add 2 ml of Extraction Solvent to each tube. Cap and vortex at high speed for two (2) minutes to
extract unreacted FMOC reagent.

15.  Prepare another tube set of 55x16 mm tubes. Add 1 ml of mobile phase solution to each tube.

16.  Transfer the 1.0 mL of aqueous (lower) layer from the centrifuge tubes to the 55x16 mm tubes.

17.  Discard the upper (organic) layer.

18.  Transfer samples to autosampler vials and seal.



Set aside right side tubes for step 3. WO 2004/ 026043

PCT/ US2003/ 029478 27 Step 2: Sanples - Dilution Step
W@ b@¥D2anas al ready added during sanpl e prepar ap¢DOF2003/029478

Prepare two sets of tubes foegeach sanple. Place

approx. 2 nL of sanple in one set of tubes, place

these filled tubes on the left nost position of the

Mcrolab(r). 2. Place the rack with the enpty tubes in

the rightnost rack position of the Mcrolab(r). 3.

Sel ect method TRANSDI L. (Set # of sanples, 50ul for
CHROMATOGRARHY e, and 4000ul for final dilution
Oar;Dtunt o\h\’idﬁih SM [1i-Q@mwater.) 4. Execute the nethod.
BeTaEE GO t ube set fromthe left position and set
HR$ i @ewifhoCheeh Smiohdoftwdet asi de right side tubes for

step 3. Step 3: Addition of FMOC Reagent - Maki ng

Fl uorescent derivative 1. Prepare a rack of 100x16 nm
D&Edt e Wadrs TR anning FiRbragenck deedt@ck in the ri ght nost

rack position of the Mcrolab(r). 3. Place standard

and s N¥Thes from above dilution steps in |eftnost
rack pamht 000000f Mcrolab(r). 4. Transfer an aliquot

(22 m) of FMOC reagent solution to a gl ass

sci nt (Wavalepssh §1 290 “Add  approximately 100 p.L of 40%

Cal ci um Chl origgezol ution; mx well. (Calciumchloride

is added to nmake the FMOC reagent "charged" -

neces$éaiy 0or detection by Mcrolab(r)). 5. Place the
vial opet.ne Mcrolab(r) workspace. 6. Select nethod

ADDFMOC. 7. Switch syringes 1 & 2 fromwater to

Di | uemespopsd: BSB-8.5). 8. Performa wash of at |east

five (5) cycles for syringes 1 & 2 using Diluent (pH

8.3-8.5) 9. Execute nethod ADDFMOC. (M xes 450ul of
CéiMot Biehonexobyna2G3 @) 18Gxpbent 3 am ADDI STD abov( to

final volunme of 1300 ul with diluent solution). 10.

Renmove the tube set fromthe SAMPLE rack position and

set aside. 11. Renove theCEWECTHOIRgent sol ution from

t he rqol ab(r) workspace and refrigerate. 13. Renove
Floge %@é‘ﬂé’@? fromthe rightnost position and place in
IsbdidtR riD@éb pré@tatioh afdadents - MobliePigke)10 m nutes or unti |
solution is %I&?rified (but no longer than 20 m nutes).
Injegtionyolpme: {P- Extraction Solvent to each tube. Cap
TEHraR€ §edtingdt ndic@lirongeed for two (2) minutes to
extract unreacted FMOC reagent. 15. Prepare anot her
tube set of 55x16 mmtubes. Add 1 m of nobile phase

caplowitaainong each tube.

Sample solutions are calculated against a standard curve of known amounts using area counts:
y=mx+b
y (ratio asparagine/ISTD) = m (slope) x (asparagine concentration) + b (y-intercept)
(y-bym=x

ppm asparagine = (area aspargine/area ISTD - intercept)/slope



16. Transfer the 1.0 nL of aqueous (lower) layer from
the centrifuge tubes to the 55x16 mm tubes. 17.
whe@aeara43 he upper (organic) |ayer. 18. TransfRCT/US2003/029478
sanpl es to autosanpl er vial s2and seal. WO 2004/ 026043
PCT/ US2003/ 029478 28 CHROVATOGRAPHY Operati ng
Conditions HP 1100 with Chem Station software
Detector: Waters 474 Scanni ng Fl uorescence detector
eMyde. Norm Signal : 0.0000 Wavel ength: Ex 260 Em 313
n: 10 Atten: 1 Response: FST Col utm: Phenonmex Luna
proA&paiziging GU2K5. 45486/6mh. &8u- -A. LMD =FI %¢3.ppm. 000
m/mn Isocratic run (see preparation of reagents -
Mobi | e Phase) Injection volunme: 10.0 ul Tenperature
[pat=tughgsl not controlled CALCULATIONS Sanple
sol utions are cal cul ated agai nst a standard curve of
known anounts using area counts: y =nx + by (ratio
as pacagédnert fob8iDytion/hamb gdntpeon ix sdrasppreparutiven step.
concentration) + b z(;f -1.n} ercept ey )/ m= x ppm
8 BREPRIe PO ey by 50
i ntercept)/sl ope WO 2004/ Oz&aT skiapit US2003/ 029478 29
Exanpl e: ppm asparagi ne = (215. 45436/ 551. 828 -
-0.0165) 10. 0023 = 176.93 ppm

[ppm = ug/mL]
Example:

ug/g aspargine = 176.93ppm X 50mis = 8773.65 ug/g
1.0083g

RUN ACCEPTABILITY CRITERIA:

e the Check Sample of Working Reference Material accuracy must be within 10% of known
result for asparagine.

o the linearity of the calibration curve (r®) must be 0.995 or greater.

SAMPLE CHROMATOGRAM OF LC ANALYSIS

Figure 3 sets forth a sample chromatogram of LC analysis.

RT Compound
4.5 min asparagine
6.6 min aspartic acid

11.5 min FMOC reagent

20.7 min ISTD

3. % Reduction of Acrylamide

% Reduction Acrylamide = [(Acrylamide level in control sample - Acrylamide level in

enzyme-treated sample) / Acrylamide level in control sample] x 100.



[ ppm = ug/ m.] Correction for dilution/honogenization

in sanpl e preparation step. ug/g aspargi ne = ppm
wa@zpangiome found X nh sanple dilution (50) grameI/v§2003/029478

sanple [ppm = ug/n] Exanpl 8 uglg aspargine =

176. 93ppm X 50m s = 8773.65 uglg 1. 0083g RUN

ACCEPTABI LI TY CRITERI A: the Check Sanple of Wbrking

Ref erence Material accuracy nust be within 10% of

KNOWphe JofisiIshmpi€fs p@e':pgl%ﬁ APExAEy the Binel hdARATak Iné eRfyntetfeated sample,

calibration curve (r2) nust be 0.995 or greater.
WigAVPEReOMROMATOERAM 1OFadded. ANALYSI S Figure 3 sets

forth a sanpl e chronmat ogram of LC analysis. RT

Compound 4.5 min asparagine 6.6 mn aspartic acid

4.11. 5%Bedudtiinof Aspageme  20.7 min | STD 3. % Reducti on of
rvli.am de %.Redyction .Ac ' = r j
%ﬁ?}ed%ﬂ%thotnr Spard 1&% I-Z&:sp%g 1)% %%ﬁglg'g]c zr\?g lenlgpr?é:— XL;%FQgﬂ\% l!e\%}/ﬁxl enzyme-

rend\sample Y /esspadgisalayl &) cohtrdlcryplaji U¥. | evel in control

sanple] x 100. WD 2004/.026043 PCT/ US2003/ 02947

The BETROP a7 SR e Ter B L BT N IRATT f° [ hDgieareated sample.
witRihe @kcepSori the ee1yzg fiendt addleied sanple, with the

exception that enzynme is not added. 4. % Reduction of

Aspar agi ne % Reducti on Asparagi ne = [ (Asparagi ne | evel

in control sanple - AsparEXANRPLESvVel in enzyme-

treated sanple) / Asparagi ne lLevel in, control sanple

x 1080 felleviag ptamples grgﬁlﬂﬂsgatrvg °6&'§ BEFEY MVRRHOR gm?% [Rgant to be
HSAAE tHERAner as the enzyne-treated sanple, with the

exception that enzyne is not added. EXAMPLES
EXAMPLE 1 — Dehydrated Potato Product

Russet baking potatoes are rinsed with water then placed in a pot of boiling water. The
potatoes are boiled (submerged) for 1 hour. The boiled potatoes are removed from the water,
peeled, then the flesh is mashed. To 15g of the mashed potatoes is added 45g of water and the
mixture is homogenized until uniform and such that no lumps are present.

50 units of asparaginase (purchased from Sigma-Aldrich catalog #A2925) are added to
this homogenized solution and the sample is shaken every five minutes for a total of 30 minutes
incubation.

The amount of asparaginase added is based upon the following: Enzymes are sold in
units of activity. One unit of activity is defined as follows: One unit will liberate 1.0 umole of
ammonia from L-asparagine per minute at pH 8.6 at 37°C. Potatoes generally contain from about
0.2% to about 0.4% free asparagine. Thus, 15 g of potatoes contain from about 0.03g to about
0.06 grams of asparagine, which equals from about 227 to about 454 pumoles of asparagine.

Thus, under optimum conditions, 50 units of asparaginase will consume about 500 umoles of
asparagine in about 10 minutes. However, because the matrix of mashed potatoes may not
provide optimum conditions for the enzyme, 30 minutes is allowed for the incubation time to
allow as much asparagine as possible to degrade and to result in a lower acrylamide level in the
final cooked product.

After the 30-minute incubation, the product is microwaved (Panasonic microwave, model
NN-S5488A) on high for 2-minute increments for a total of 10 minutes until dry (and brown).

Compared to dehydrated potato products prepared by the exact same process but without the



The follow ng exanples are illustrative of the present
i nvention but are not neant to be Ilimting thereof.
WEXWPBLd43 - Dehydrat ed Potato Product Russet bp&i/N§2003/029478
potatoes are rinsed with water then placed in a pot of
boiling water. The potatoes are boiled (subnerged)
for 1 hour. The boil ed potatoes are renoved fromthe
water, peeled, then the flesh is mashed. To 15g of
h h ’
crgfe [BRR G o SRy B BB FooltBp Rl R greacr o
99%I radscti@n én q@rﬂmm wh&Onelyzed Sorokerydmpde wgigribesmetigplset foeth detein.
from Si gnma- Al drich catal og #A2925) are added to this
honmogeni zed sol uti on and the sanple is shaken every

DéliydetediPotatocsodwets a total of Smmlﬁmidesppb) ncubat i on.

Thn ahpunt of asbhar ag| Rrase——a dod | o A+ ha

=] uu.a\.,u U‘P’UII T IIC
COIof owi ng: Enzyrr;s are sold |F112‘O”5l99| ts of activity. One

EAE-1@lte®CT1 VITY TS defined gsiehol [ ows: One unit wl I

lLiberate 1.0 tnmole of ammonila frnml-nc

Per¢entRedugionnH 8. 6 at 37C. Pot 4t98s general |y contain

fromabout— 0. 2% to about 0. 4% free aspar agi ne. Thus,
15 g of potatoes contain from about 0.03g to about

0.06 granms of aspar HXAMPL¥Z cPotateiChiiss fr om about 227
conar T sl g |ARRRE APUR e TG Bl BRL T ices.

P@bﬁﬂintﬁ @&am g thfe to akfbmq’llmsli anamﬂ pa_d)h-m Bleheinotato slices
mggg% vaaéér (g%’t I a5 %S(E))n S ga ram b?aﬁe enhc%gt §oa§36(}fgr%¥1ts oﬂ%mnched

pot&o alideOined0 frd bf dlhﬂled/ﬂﬂulbaidl mrtOMmhg) aspallagmmzeal&vmgdho units of
a as , possi bl e .to degr to result i

S SRR ReF G s el v OF F phe b Blusing

nﬁ&id»ﬁwe ba (BadbnidhiCrolvaa, Biadd] DIN-S3488A ponarkdting oShigh for 2 minutes
crowaved (Panasonjc mcr gut@{) m) el NN Sb

foflpy Bdhen ] iRV HERGHETA of GobeD aien i gl potao

sliB ih la fEYsed ABHSPIEQVYD)secondD (M@mPE 29 THRIWMEHE @Ilt@ldzs BOHALO chips are
products pr tgvr ed by the exact sane process

mggeras gbave+ W VP oo et the Blapeitinggs otrasebio 49 8“01349 (Example 2B)
afNRY SR oS BLnle &8Pl €), the enzyne-treated dehydrated
potat o product r esul ts in greater than a 99%
r edu€eritehsamples exeyprepaicd én thp eameaprangr2ead tp grepere Brpmaplesha, B, and C
e r ato
a9 At eﬁg%plg hayfit 3 %%élna bRIEL fldsg 03 e hih £ buh
EnzyTie-samplas &d theebntréle prcanilyze ﬁu@crwbnudSQng Exangrhod set forth
nbghato Chips

2A - 2B 2C
Blanch time (seconds) 15 60 180
Acrylamide (ppb) in control samples 281 156 50
Acrylamide (ppb) in samples treated with <5 5 <5
asparaginase
Percent reduction >98 97 >90

Conventional potato chips do not undergo a blanching step. Thus, potato chips having a
blanching step are not known in the art. The example above demonstrates that superior results
can be obtained by employing the novel combination of blanching and enzyme addition to the

potato-chip making process. Commercially produced potato chips have acrylamide levels much



Pot at o chi ps having reduced | evels of acrylam de can

be nmade using raw potato slices. Peel Atlantic
w@oiana®ss and slice to -1.1 mmthickness. Ri nSECHOS20p30R9478

dry. Blanch potato slices i8 165F water for fifteen

seconds. Cool and drain blanched slices. Soak 100

granms of blanched potato slices in 250 ml of

di still ed/ dei oni zed wat er contai ni ng asparagi nase,

[ f |

hlgﬁy h‘iﬁg tl'%qg%tﬁ rsafrf?plé% eaaatl:bxi\L mT&}% c%rftrg\[/se ?@Feé Q?nd‘{'% uméﬁ&édqhéanovel
blam;hmg s@p (anrd csoamawethom insRahefsorine) M mene \Welyalemonstkate the added

on & sett f.high for 2 mnutes
efglgktﬁqen@'"%m? iee aiBH I%C?’Jlslgvvashl ngs with about 800 m
of cA cpbtatoaqmpmaatde macﬁy ¥s aibhe: dxc@awetioqm dieabeel seps af dknchingand

er set at 60, seco .
e TN BT BRE R PO G SR o PR d LA LB st can be
seb@aeneEnd tredfindnb) @kpetibiey \blheaMﬂflcl’imgTE einplogdin s@egcially &fective in
seconds npl e and 180 seconds (Exanmple 2C).
reé}&mgrthff‘%t‘?ﬁ% 'H‘I%% prepared in the same manner used
to prepare Exanples 2A, B, and C above, with the

exception that the asparaginase is not added to the

soaki ng sol uti on. M@s’:—&ﬁ&mﬁcont rols are

anal yrzgeah gy ha@i‘ﬁ%ﬂdﬁé‘@d%el‘d of NQy1htiRe BRLYIEhdS @lind AL 616tato strips.

herein. 2A 2B 2 Bl anch tinme (seconds) 15 60 18
PesbAfJangifipefatopyaal Fut infosing haylingsiiqss section arpsgf ahgut 8 mm x 8 mm.
RIS %Idggl g SRR pdeflo SAPPHL a8sE Rk & o% Inihufe5 R0l drain blanched

aspar se Per cent reduction >98
stidlesn ekt 1Q9rga4msmﬁbhtl@eé hotpre sigips nlcﬁ50tlmeé¢1gtdleé/ dpionigecdhvatey

N T i R
fot b atinlm,lq:yeryl fominpes ulﬂctas usirEge rblgrow@t/eaq)we (Papgsopiaphioypivang. mpdel NN-
s{h%gﬁ “Ping %ﬁi‘llgﬁ] fo?é nﬁku@&gf'gl%&%g % gg%%@sg@ogﬁﬁgk@gg Yidatout 800
mpﬁtcablaalﬁhatﬁls Hnyathe traﬂtdyﬂoaam depsl imw Elyer satue B73ABDfor 60 seconds.

004/ 43 PCT 00 78 32 h r th .
ESBAE AR S i e U OLHREITR T er e ‘BT B0 i ipggn s e
blaxeh ltimeadcHahged B@ V.6 Iminutds aBCfiphB By a7 (rivintes $E7ﬁl|ﬁ1plltg3®)d th
pe i s S F TSI Bt TR s 415, ana
aHOl Q) GEhShe AckRibAiHat BHAPardBARe BrdEiddyd.as above except
wi thout the novel steps of bl anchi ng and  enzy

t r eal ievmPleadnd tb%cqnﬁolﬁerﬁatl%weﬁ f%s’;‘“ﬁ PFgsias tf&e?eyrogﬁ?tofeﬂh
hdr&yel of 1079 ppb. Thus it can seen that enzyne

treatnment especially when bla r‘h| ng is enployed, is

especially effective in 3A 3 3C
Blanch time (minutes) 1 3.5 7
Acrylamide (ppb) in control samples 130 84 57
Acrylamide (ppb) in samples treated with 30 17 12
asparaginase
Percent reduction 77 80 79

EXAMPLE 4 — Article of Commerce

The potato chips of Example 2A are packaged in a bag for sale to consumers. Printed on

the bag is a message stating, “Acrylamide-free product!”




reduci ng the level of acrylam de. EXAMPLE 3 - French
Fries French fries having reduced | evels of acryl am de
we24omomhde usi ng raw potato strips. Peel AtPERUSI003/029478
pot at oes and cut into strips3daving a cross-sectional
area of about 8 nrmx 8 nm Rinse and pad dry. Bl anch
potato strips in 165F water for one m nute. Cool and
drain bl anched strips. Soak 100 grans of bl anched
potato strips in E}?QM?LI% Qrﬁélkhf%&%ﬂ@n‘c@m zed wat er
cont ai ni ng aspar a S of activity,
f or BiwepotrorichipsAg Etuamée %lamplpecl@gedsm bag fagsalefte consumprs.uPented on
»M Ccrowave oven
thfﬁa Xamegnage Str‘{%% }&ﬁ%dﬁn\k S5488A) on a setting
of h| gh for 2 m nut es foll owed by three 10 second

washi ngs with abo §ﬁq . .CO tap water. Fry the
treated potato stiﬁ(A Egn rI'deOto MEE875F for 60

s e C oTkkspotatd &x;anqﬁ Emr&#k) 2 we packagedbmb bipefer wfe tbremnainers. Printed on

es are nmade. wi,th. the tion that the
i A P TG En A0 o4t b isf SEET C SltiHepgfrig e for
thé chip$\inBSun{cieaip hiessages) “Owahips ale IS8T &3ylatide!Pr epar ed
in the sane manner used to prepare Exanples 3A, B, and
C above, with the exception that the asparagi nase is

not added. The sapyhsePIF-kEcleNComercal € anal yzed
for acrylam de using the nethod set forth_herein.

3B 3Enif@mbshapedifthsicatad pRitte §1ispg haying less hap r9? eph %Eéylf(“ﬁﬁ%ire
pdcRage @ cgfllncﬁﬁempzlaﬁ%erlf%psa%to 2dnsubrs Y A dTE G 8orl ddRterdif) for the crisps
sanples treated with 30 17 12 asparagi nase Percent
cqmpindcates the es@ge. 7acrylmdepeduced!” Article of Commerce

The potato chips of Exanple 2A are packaged in a bag

for sale to consuners. Printed on the bag is a

message stating, E " WD

EXAMBLES d drtiele of Gommerce |
g?oé'g&mzé?{&g f%%yf po‘{ §é§%%é3&a%e§é;%%ﬂr%é§ havui%r atn'oB«I-:Igend from
whials ke ded pratrude, bargale 0o capaingers. A s:lglnwrcémmde Iﬂnq rnltaé dstahish where

th%% I%gre %%\?n?ea gSurstlrl contgin re(l' OV\(li level o a éje‘?ﬂ' )

¥ e Of ps of
Exanpl e 2C are packaged |n a bag for saI e to

consumers. Print eEXRR’IPLE 9 — Article of Commerce

The French fries of Example 3C are packaged in a paper sleeve having an open end, from

which the fries protrude, for sale to consumers. A sign posted inside the retail establish where

the French fries are sold reads, “Our fries contain reduced levels of acrylamide!”

EXAMPLE 10 — Article of Commerce
The potato chips of Example 2C are packaged in a bag for sale to consumers. Printed on

the bag is a message stating, “Made from ingredients low in asparagine!”

EXAMPLE 11 — Dehydrated Potato Product

Russet baking potatoes are rinsed with water then placed in a pot of boiling water. The
potatoes are boiled (submerged) for 1 hour. The boiled potatoes are removed from the water,
peeled, then the flesh is mashed. To 15g of the mashed potatoes is added 45g of water and the

mixture is homogenized until uniform and such that no lumps are present.



the bag is a nessage stating, "Acrylam de reduced by
over 90% " A television comrercial for the chips
W@ oooedoent es t he nessage, "Qur chips are | owePCT/IIS2003/029478
acrylam de!™ EXAMPLE 7 - Art34«le of Conmerce
Uni form y-shaped fabricated potato crisps having |ess
than 100 ppb acrylam de are packaged in a cylindrica
canister for sale to consuners. A television
COMRY Ghid offg@JtaM@se Gfel 88310 &mg&%& %mhhﬁl 48 SRAGBple is
"Acryl am de-Teduced Article of Conmerce
ﬂﬁh@CFFEﬁcﬁmﬁwwe§ﬁ@ﬁméxéﬁ%ﬁﬁmgsﬂﬁp@msackaged in a paper
s CeXfe Qﬁeror}gmﬂ[Q 1&9@2{1110& Qge prgc[ugms n"}M}b\an/ea 'ilﬁangé'ogx% ?mcrowave, model
pr o trué for sale to consuners. A sign posted insid
NNH$548820) @n higb Sor2ining e invemcats fortactomt (efri@hnnﬁlrtcselsltlhtilra (@dlbcpwn)-

Con&p relsd to d&g‘g{ina el &3 Eﬁ_:& %p%rela R& §cq o%n? \é%%gnc?%s?%ué wj[tﬁ%ut the enzyme

(cErl‘tﬁth gample)] tBSean'mEKequd @hﬁfatahmtmpﬂodu@e cesulfs im geatpethan a 10%
h
Y X e AT

the retail establish where the French frles are sold

rea "Qur r|e contaln reduced

o Sould Rt mon ot e e e org e Boep lupgged and
ded@bad, at hlildse dﬂvmﬁmrmise skdedan the pacﬂ&agﬁd)uk Bthér dhagped oid

sale to consuners. nted on _the ba

a
meditigatippy, can Waﬁ’édef"i“ﬁ‘r?f‘ﬁ BreRg EoM e spit i Sﬁ%‘é’f Eh‘é rygHion. Iui
th&SOMAkEEndel 1o ERBYH "tlﬁztaﬁgen@é& AMigs Bl oy Gﬁangéhsa%@ﬁnobﬂiéhtﬂﬂs that are
potatoes are rinsed wth water then placed in a pot of
wisin the sepppat ®is inveR@on. pot at oes are boi |l ed (subner ged)
for 1 hour. The boiled potatoes are renoved fromthe
water, peeled, then the flesh is mashed. To 15g of
t he mashed potatoes is added 45g of water and the
m xture i s honogeni zed until uniform and such that no
| unps are present. WD 2004/ 026043 PCT/ US2003/ 029478
34 200 units of glutam nase are added to this
honogeni zed sol ution and the sanple is shaken every
five mnutes for a total of 30 m nutes incubation.
After the 30-m nute incubation, the product is
m crowaved (Panasonic m crowave, nodel NN S5488A) on
high for 2-mnute increnents for a total of 10 m nutes
until dry (and brown). Conpared to dehydrated
pot at oes prepared by the exact sane process but
wi t hout the enzynme (control sanple), the
enzyne-treated dehydrated potato product results in
greater than a 10% reduction in acrylam de when
anal yzed for acrylam de using the nethod set forth
herein. Wiile particul ar enbodi nrents of the present
i nvention have been illustrated and



described, it would be obvious to those skilled in the
art that various other changes and nodifications can
wheoonmei®4im t hout departing fromthe spirit andPGDUR®03029478
the invention. It is therefese intended to cover in
t he appended clains all such changes and nodifications
that are wthin the scope of this invention. WO
2004/ 026043 PCT/ US2003/ 029478 35 Wiat is clained is:
1. A nethod for reducing the | evel of asparagine in a
food material, conprising adding an
Wastpaclaignedds: r educi ng enzyne to the food material before
heating. 2. The nethod of claim1, wherein said
aspar agi ne-reduci ng enzyne i s asparagi nase. 3. The
l.met hadnemﬁoddbaieﬂmdng thh eveliof asfaengineieh fakl msgal aginpesiigsadding an

reduced b eas 4. The method of claim
aSRara%%?egF‘%ngseé’FHne 8 %‘K %‘fj‘ﬁf’emﬂ%‘bfféelie NG & zyme i s an
2.eNZy TR Bapsaiifelaimt, »h;éckﬁmiayzasp;gaglﬂfeere&m@emgrnmm aphragingse.
asparaglne od for re u0|n
3-as paf BgPeiRod "%CQH’F 6’0@3%‘{ br Feé{f’l ° E‘H’ﬁ’ﬁ % fsﬁ “C?c%y *’ggﬁéft Agout 10%.
4.an asRAMAGSNSE dAMUC Whre BNEY MepdrapinR-rEQuRthg ¥BLyedel igthn enzyme capable
wherein said food material conprises asparagine; (2)

ofdpydrobitine|the aRids FepP e pPYAE G t h the food material ;

( 3)  Alnhe@YMd&t rBduRiah teQdv@Ndf abpaiRireQR a F38 nﬁfb?M”EorﬁﬁlsfngaCt
th the asparagine; and (4) optionally deactivatin

or of i ongdding ap @mmgmg—rqdﬁgngwm to ggfoodymatgria] uheggin said food

reduci ng ;ng@nhgg {msQIasB&rE%{h@m de in a food material,
conprising reducing the evel of asparagi ne in the

f ood(2rat eeptighallyghising thq@atmgwthﬁhe foadmastitlod of cl ai m
f 00 Zr i ﬂlo(v?rggua%uﬁgne'hp@mé §>¥ ﬁle e9 nﬁ%@@aﬁ%lﬁﬁh& iﬁg&r@ﬁne, and

roduct Tconprises addi ng an aspar agi ne-reducl ng
enzy t ooptimealfyomttlnatne ror egtion@ly rghevipgthtiontywe. cl ai m 7,
V\,her [ [ n LS . .
as D ag %etlhog og re% %9 ievgl %E%%{p!h%ln? iy F(X)g%la\klailglf (éolmrPrlssglfg éeducmg the
lead paﬁ@gﬁagme rnenhmbmgamyoafera haatarg enzyme c ap abI e of

hydr r. of fre gspar agi ne.. 0..A
T o Peod BhEa ERECT diuPing ARyl R HEhel ip i 004 produc
cohEpiaés aaHing an (siﬁra@ﬁkﬁeﬂ@n@’bnﬁﬁﬁtﬁba@lfﬁ@}mﬂdwh ng enzyms
toafood wherein said fo
5o FIBEh AL a1y D B O PG EPRREPE
oW t hThd\Beth@P6k dBMET, Whkrein(s3 a3pdrapMenediRinghiyin® ieah efidyfi® capable
for the enzyne to react with the asparagi ne; (4)

ofdyydirobizine|the %‘E‘éﬁ'cﬁrP‘iPaﬁf 58 2BA28P%i onal |y renoving t he
1€ NZY ABnetidddor reducing the level of acrylamide in food, comprising:

¢ adding an asparagine-reducing enzyme to a food material, wherein said food

material comprises asparagine;

2) optionally mixing the enzyme with the food material;
3) allowing a sufficient time for the enzyme to react with the asparagine;
4) optionally deactivating or optionally removing the enzyme; and

(5) heating the food material to form the finished food product.
11. A food material, wherein the level of asparagine in said food material is reduced by at
least about 10%.
12. The food material of claim 11, wherein the level of asparagine in said food material is

reduced by at least about 30%.



(5) heating the food material to formthe finished

food product. 11. A food material, wherein the |evel
woboaspanagi ne in said food material i s reducerBChysSaN3/029478

| east about 10% 12. The foodsmaterial of claim11,

wherein the | evel of asparagine in said food nmateri al

is reduced by at |east about 30% WO 2004/026043

PCT/ US2003/ 029478 36 13. The food nmaterial of claim

131.2’ mef{ogcll pnaIehgl dfec 19f whet ﬁrtl?egl'e@ of Qspﬁﬁ ﬂe npgaqd food material is
materi a Th

reduce by’ at east about "50% . e
reflaed byrattlensi abbutd0%c| ai m 13, wherein the | evel of

222{‘ l%g%)&?{n a{}bléa&dcéaf 8% rgl ﬂ?el le{/esf of FS%Q#Q%? up ¥a1d”’l¥ood material is

materi a aim 14
redmdbynltdseibbmwe% of aspar ag| ne in said food rraterl al
Qu A food

2np'i'l?eed¢ ﬂg mgg, 61 cg c ngﬁxg121t4 \% erel\t}wt]hee?level %f F‘]%’afaél\?ee I1n gapd) go%ﬁtmaterial is
reaﬁqaabﬁgllﬁetabﬁutm%j food nmaterial is reduced by at

east .about . 10% 17. The imi16, . .

o B R EPe A4 B D R Ghi8 1Bl My inedy sid food
mh@rlﬂﬁﬁémsdb)r)at lakt abe@g0%about ﬁO% 18. The food

roduct of claim.17, ereint IvIof.asara
1 Sieropb airg et i v federByF pieRe D plips materia i
reﬁ&éqb)l& leabf®oht®ach. pr oduct of claim 18, wherein the

| evel of asparagine in_said food material js. reduced

1§y afhe fogd progues of claimel7.2uherem drerlest ohsperagine &t sad fofymaterial is

re&@oedﬁ@ﬂﬁ&is{‘abhﬁt%o%we' of asparagine in said food
material Is reduced bg at | east about 90% 21. The

1. o odThsr foedi erodegt of ickitnl §.evheftie theilpvel af esprigsiae i il food jngterial is
reﬁ&‘ée%}ﬁq &t SBuit#d8,. group consisting of potato crisps,

pot at© ch I'ps, tortilla chips, and corn chips. 22. A
26. 0 odTieafioed prakuct\off elaish A9t Werdie the le s ofiespgtiaging dresdichfosd inpterial is

i €duced by at | east about 10% 23.
‘?“EC%QPgﬁdgaSi Omg%q of claim 22, wherein the |evel of

2lacr ylenfode pronluetacofoblzﬁmotﬁ watem aid fod praoc s delpytedfrom the group
rrate Lal ,0of claim23,

C‘Wﬁ‘%‘l‘rg ﬁp?tﬁtg TR O%ﬁ ChapcS toft(h% RS- an %oa{? FP%od materi al

21.s Adoundcmatedi), \alierdue ﬂ&tle\a:b oflicrdfitde Absaidlfved fnmtelial is reduced by at

mat er i of claim 24, wherein the |evel of acrylam de
le?sﬁal%oéf ﬁdqf ‘ood material is

23. The food material of claim 22, wherein the level of acrylamide in said food material is
reduced by at least about 30%.

24, The food material of claim 23, wherein the level of acrylamide in said food material is
reduced by at least about 50%.

25. The food material of claim 24, wherein the level of acrylamide in said food material is
reduced by at least about 70%.

26. The food material of claim 25, wherein the level of acrylamide in said food material is
reduced by at least about 90%.

27. A food product comprising a food material, wherein the level of acrylamide in said food
material is reduced by at least about 10%.

28. The food product of claim 27, wherein the level of acrylamide in said food material is
reduced by at least about 30%.

29. The food product of claim 28, wherein the level of acryamide in said food material is

reduced by at least about 50%.



reduced by at | east about 70% 26. The food naterial

of claim25, wherein the |evel of acrylam de in said
woé oad/opaberi al is reduced by at |east about 9P@a/URN03/A29478

food product conprising a foed material, wherein the

| evel of acrylamde in said food material is reduced

by at | east about 10% 28. The food product of claim

27, wherein the level of acrylam de in said food

l. t 9 T o

00 S’fheal!o {oducs %g l‘é%ﬁnmg% g’ e\rl\%lg ?12 : lﬁ\gr ﬁfé&clr)é%nﬁde gr? said H)%d material is

reanme&amtdeasterbosta?io%food material is reduced by at
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re&foe&byﬂﬁmehetabbutmml food materi al |s reduced by at
| east, a 70% 3 e food pr claim3
Suhor BB TR Simat yPRRTAB S oG r e o RRpL IR the srou
conSistingedl p6ie@ cHypsadotdieats, @RlatchiPOUnd Satn cﬁrbe f ood
groduct of claim 27, wherein a| d fo@ %
el elabEgaed PR FiSPYTERPHSING (S %‘Hbﬁﬂt pB Bm’élFl sps,
3400t af1R fehtidagd pbtafolchibgsdf EIRINDIB, caism@Ndds thah Msout D). ppb acrylamide.
Fabri cated potato cri s?s corz)rl sing |l ess than abo

3400 Phstabricaipr apipi@atispIof claime3% appprismedys par al?%lt%qqubgcrylmd&

3@f  CTR ibR3ted g&%rcht?ﬂs RYc1hiES5S, LARRisRR LS thaf FodaPy ppb acrylamide.
acryl am de. fabri caf ed potato crisps of claim

34, TEhsrfpbricgied gothiessissihelaiabi corpuBing hass Her 9okl Qepb acrylamide.
3836 Blifo fcﬁp{e ‘;@heq%ee; tﬂs@absﬁt' 4%51) Qryanfem 35,

conpri si ng n about b acrylamde. 37. The
39. abr Tluatomp guopsaf olain % p@nmsmgllefﬁ thag @bout 3hpabi asiytagnifiees s

hanal n I ‘chi .
4, ormpFitatitno IR BaBR LA g teoffhn BOMPICpE R Tmide,
4lpot aThm pIhltqD@nmfof c]amnm Bﬂnprwmgpwss gian gbdue $& priblearylaapdat
0 ppb.acryl am de. of claim 39,
% ot PR RSub i oSl B BB REe ge ' T “The
4ot aTlQ: tohillp 8hipd ofc:lladin A2 lkempﬁmrg:iessshangabbleﬁ ppthavnylarbide:t
Tortilla chi i sin Iess

b acryl am de, . r
4 han BRIOTA o8Pl e & fieampiune 15 oSy JP PR 501
4pf C{Aﬂhnglé%fc&ﬁm&ﬁiainmgmh@ss thﬁn abo]cht 50 ppb ;
acryl am de 44. The torti aC|soc
compf® si nyfacd §§’dt“ﬁ’a‘ﬁheé°b‘b§i’f‘l fli’ed PRt CéE*fs)?l rﬁ‘iﬂc?fﬁev"? gEacrypgqnide;
arti@he of c&eiPeidi RotARRE theifetd prddadt; andf 0od product,
wherei n said food product has a reduced | evel of

acr yfcani demesspggjasspcigisa tvith fercopgineiz ont ai ni ng t he f ood

pr odyfidrein 304 message associated with the container informs the consumer that the food
product contains a reduced level of acrylamide.
46. The article of claim 45, wherein said message informs the consumer that the food product

is low in acrylamide.

47. An article of commerce comprising:
(a) a food product, wherein said food product has a reduced level of asparagine;
(b) a container for containing the food product; and
(c) a message associated with the container;

wherein said message associated with the container informs the consumer that the food
product contains a reduced level of asparagine.
48. The article of claim 47, wherein said message informs the consumer that the food product

is low in asparagine.



(c) a nmessage associated with the container; wherein
sai d nessage associated with the container infornms the
wa@ongoa®n3t hat the food product contains a repPOTE82003/029478
| evel of acrylam de. 46. The3article of claim 45,
wherei n said nessage inforns the consuner that the
food product is lowin acrylamde. 47. An article of
commerce conprising: (a) a food product, wherein said
44,000TRY RAUECS: i 48, &@a&m %osefsﬂodm lsqsfeealagﬂem@nt (b) a
container for containing t d product; “and (c)
SGres sApearggis ofclamdd. wierdin sahﬁbfoeémoamqﬁ isra: fogghiagrefliants ai d
nessage associated with the container infornms the
consuner that the food product contains a reduced
| evel of asparagine. 48. The article of claim47,
wherein said nessage inforns the consuner that the
food product is lowin asparagi ne. WO 2004/ 026043
PCT/ US2003/ 029478 38 49. The article of claim 45,
wherein said food product is a food ingredient. 50.
The article of claim47, wherein said food product is
a food ingredient



