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PCT/ US97/ 06395 -1 OVEN BAKED FRENCH FRI ES HAVI NG DEEP- FRI ED TASTE AND
TEXTURE BACKGROUND OF THE I[-NVENTI ON The present invention relates to French
fried potatoes baked in an oven. Mre particularly, it relates to

oven- fi ni shed woesemif ri ed potatoes that approxi mate the attFFHYSEEI
characteristics of French fries that have been finished by deep fat frying.
French fried potatoes are one of the nobst poOpul ar conveni ence foods whet het
they are prepared at hone or purchased fromfast food restaurants.
Deep-fried French fries are particularly well liked by virtue of their
textural dichotony. InS RN i (fm [ | | oduct
which has a fairly cﬁﬁsf)&{e@ﬁerl orcgmaghggﬁ y tiﬁggrﬁfgﬁ?ﬁfh&ll)g?x?ﬁtﬁ%ri or.
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for i.nparting this desired textuBaCKGROUND ORTHEINVENTION fri ed pot at oes.
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core. The oven finished fries have substantially the same textural dichotomy as deep-fried French fries.
The external surface (i.e., crust) is moderately crisp and not excessively oily and the interior portion (ie.,
core) is well cooked, tender, mealy and moist, yet free from sogginess.
The oven-finished French fries of the present invention can'be differentiated from commercial
and prior art oven-finished French fries in that they possess a combination of attributes, in pasticular, bulk
moisture, total fat, internal moisture content, surface water activity (Aw) and Texture Value, that renders

them virmaily indistinguishable from deep fried French fries. The oven-finished French fries of the



WD 97/ 40711

PCT/ US97/ 06395 -2- present invention can also be differentiated from
comercial oven fries based on subjective evaluations (i.e., expert sensory
panelists). It is therefore an objective of the present invention. to

provi de overwodnawghied French fries that are significantly ROMESSTHIOOVer
comercial and prior art oven finished products on the basis of
taste/eating satisfaction and that are parfty in taste with deep fried )
French fries. It is also an objective of the present invention to provide
oven-fini shed French fries which are virtually indistinguishable from

deep-fat frie L ot.at o i ch may be urciha?ed i.n..fast food
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about 0.55; afréfaugants. a Texture Value of at |east about 200; wherein said

Texture Val ue is tig i bbRdivebERe frénittehtion o réVide Ve Bnidhed SRS WHRRRE t he
force deformation.curve du hird of a conpression test.

Lio @FE:E the fi rdst one- t
The oven fi ni &RE PPRITAROUPGed BXa grisp yet tepder ouersorfacs, i ch i s virtual |y
i ndi sti ngui shabl e Thegrndairenehicciivas of Fe prassit infventigewill berbadbicleacbyhigaliscigsre paeied by

deep fat frying SUQ@%M{#mﬂﬂluﬂﬁo&ﬂigm&:&&jch fries. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention is concerned primrily

with the attributes of oven fi niéﬂﬁ g E&ﬁ f ﬁﬁq he present invention
further relates to _oven finishe AR 8 EINY 1 l;Eare ready to eat, and
are virtual ly indi Theiprespns invgution relafes o gyenrdinished Frenchyfried potatoks comprisiog: Def i ni ti ons
As used herein theayt er nionfkB6ye 3424 oRSbufsbRBAk mbiktkr@s " refers to potato strips
whi ch have been cogked to [ gAYt 05 formby imersion in hot oil. As
used herein the te@ms "é(’é"ra-%?“rtg% JO'P"“?%SS/%‘?‘rﬁ?’ed" refer to potato strips that
have been subjecte® to about 55% to about 80% intemal moisture content;
d) a surface water activity (Aw) of less than or equal to about 0.55; and
€) a Texture Value of at least about 200; wherein said Texture Value is the maximum force
(grams) or the area (gram sec) under the force deformation curve during the first one-
third of a compression test,
The oven finished French fries have a texture which is virtually indistinguishable from

commercial French fries that have been prepared by deep fat frying such as M€Donald's ™ French fries,

DETAILED DESCRIPTION OF THE INVENTION
The present invention is concerned primarily with the attributes of oven finished French fries.

The present invention further relates to oven finished French fries which are ready to eat, and are virtually
indistinguishable from deep-fried French fries.

Definitions

As used herein the term "deep fried French fries” refers to potato strips which have been cooked
to a ready-to-eat form by immersion in hot oil.

As used herein the terms "par-fry" or "par-fried" refer to potato sirips that have been subjected to
at least one frying process (e.g., deep frying), but which have not been completely cooked.



"at | east one frying process (e.g., deep frying), but which have not been
conpl etely cooked. WO 97/ 40711

PCT/ US97/ 06395 -3- As used herein the term"oven finishing" refers to
converting the product to a ready-to-eat formby cooking in a toaster
toaster oven, WOY%M®Fikir convection oven, high air velocity RNEH® 9FAG%i ¢

| npi ngenment oven, infrared oven, conbined copvection/infrared oven,

m crowave oven, conbi ned m crowave/ convection oven or a conventional hone .
oven. Typically, cooking entails reducing the noisture content of the food.
As used herein the term"fat" or "oil" refers to edible fatty substances in
a general sense, | ncludkeagermmureai. "cmn tﬁﬁsﬁihg'leifércmtaaw&m@m pﬂhﬁdﬁlo@@ﬁ&)i-ﬁieitﬂtﬂm
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Conpressi on test (Seeys36a b te fer Agibo firlishél rdtdiSib a BRUIOMHS nhsHeenTRtjdted BlaR lobed) -
OVEN- FI Nl SHED FRENCH FRI ES The cri %cal eatures of the present invention

are the Texture § pRoces RSO ETt iie AFFPYEYFRO™- e i nternal noisture tontent,
t he surface Aw, and tﬁhsseAhmmbe!afn“bmbqkmgs'dnttoibakutgheanmmucﬁhﬂifmairmnwmt
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r
prior art oven- fPHsKEE Y é@'ﬁ?f@e ‘é"ﬁ'ﬁér‘g'“'i“}%%"!}‘f'?‘fau%?“f’f"feﬁﬁf EPYRaic HB e
from deep fried denvemiphal komie @wen.

As used herein the term “Texture Value" is the maximum force (grams) or the area (gram sec)
under the force deformation curve recorded during the first one-third of a compression test (see section on
analytical test methods for more details).

OVEN-FINISHED FRENCH FRIES
The critical features of the present invention are the Texture Value, the bulk moisture, the internal

moisture tontent, the surface Aw, and the amount of fat present in the oven-finished product. Importantly,
it is the combination of these atiributes and not a single attribute that distinguishes the present invention
from commercial and prior art oven-finished fries and renders them virtually indistinguishable from deep
fried French fries.

The distinguishing features of the present invention reside in part in the recognition of critical
physical characteristics of the par-fries and their thermal properties wherein this relationship can be used
to insure oven-finished French fries having moist interiors and crisp crusts for a variety of different oven-
finishing processes. More particularly, the present invention recognizes that for oven-finished French '

fries, a certain range of values for surface Aw and Texture Value are required for optimum palatability.



The di stinguishing features of the present invention reside in part in the
recognition of critical physical characteristics of the par-fries and their
thermal properties wherein this relationship can be used to insure
oven-fini shed French fries having noist interiors and crisp crusts for a
variety of dwvbdmewent oven- finishing processes. Mre parti ®GCrasPH63sShe
present invention recognizes that for oven-finished French fries, a certain
range of val ues for surface Aw and Texturd val ue are requi red for optinmm
pal atability. WO 97/ 40711

PCT/ US97/ 06395 -4- One enbodi nent of the present invention is the par-fried
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at an oil ternpiheyrefried atpn ejiempsmiyte of fFeprabout 37°E(133°€) to phgut 3BT {168 S )fors timer
(168[ err] C) fsfficidnt id pidduce\phrifricsi comprising®abowt 30kd CCabPd 58% nbistire.C AR Myhik, M@ padmest 30%
to about 58% mmi.sture. Af t ral ng, -fri . ' i at
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sol ution, or HPEHUs sic) sithep befory opaffer, gqolingoprofeszing:  The Rap-frigo By beystesrd Fezenedti ng.
The par-fri eSterijystubesbebicor ot T SMCRind about 20°F (-6.7°C).
The moisture, and fat content and thermal properties of the par-fries are important to produce the
oven baked fries of this invention. Of particular importance is the distribution of water in the par-fry and
the control of water migration from the intemal core to the crust region of the par-fries during storage and
oven finishing. By controlling moisture transfer from the internal core to the crust region during frozen
storage and oven-finishing, ready-to-eat oven-baked French fries can be prepared that possess a highly
palatable moist interioc surrounded by a low-moisture, crisp crust region. The textural dichotomy that
results in the oven-finished fry is very similar to that which exists in French fries that are finished by deep

frying.



t enper atures between about -70[err]F (-57C) and about 20F (-6.7[err]C). The
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absorbed into the outer crust region during baking. The surface of the
Surface heat transfer coefficient

The generat equation for heat transfer across an interface is well known:
Qi =UA (T2 - Ty) - AH,, + Q, where:
Q, = amount of heat transferred across the boundary (watts, or equivalent energy unit),
U = surface heat transfer coefficient (watts/mz-°C or equivalent)
A = surface area of the boundary region (m2 or equivalent)
T, = Temperature on the hot side of the boundary CCor equivalent)
T} = Temperature on the cooler side of the boundary ‘Cor equivalent)
- AH,, = heat lost due to evaporation of water from the surface



par-fry may al so be nodified to inprove the absorption of radiant heat from
the oven. A typical nethod of acconplishing this would be to alter the
color, porosity, and/or reflectivity of the par-fry surface. Thernal
conductivities and surface heat transfer coefficients can be cal cul ated as
foll ows. SuMmW@BmMiMat transfer coefficient The general equXCIEISHEISheat
transfer across an interface is well known: Qerr] = UA (T[err] - T[érr]) -
[err]H err] + JQerr] where: Qerr] = anoulit of heat transferred across t he
boundary (watts, or equivalent energy unit). U = surface heat transfer
coefficient (watts/nferr]-[err]C or equivalent) 2 A - surface area of the

boundary r egid,)Q rddihliG Hedt uQ{sfe?QHky ‘e Fﬁ‘? wharEF fs}thezsha ERRG A4 U'isethéjﬁefgnﬁfblm si de

of the boundar [err] C or equivalent) T[err enperature on the cool er
side of the 6§ )ary ([err]C or equivalent) [err]H err] = heat lost due to
evapor ati on of waAcareful oasudrentdlieipetature on eifiler §de/ of he boundary versus time as well as the
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T[err] ) where F is the shape factor an err] 1s ‘
constant. A GHFEfurhighthesyrfaepditecty expose ik aliay caiqulatiny ofthe fyeface daijanshy cqeffigient
boundary verguls tine as well as the noisture |level on either side of the
boundary versus tine, and the tenperature of any infrared heating source to
whi ch t he sufhemalCpaduetiviect |y expose will all ow cal cul ation of the surface

heat transfer coefrhdnfid @uctitily.for EresdRuteriPVRS W Grudt Vit cAbuBlelBAce TORHMA ) Mkt Y
for a food mater | al with a crust can be calculated once U, T[err] and

T[err] are known. k = UL(T[err]-T[err]/(T[err]-T[err]) k = thermal
conducti vi t y keWLERfa¥d}B) or equi val ent) L = crust thickness (m or

equi val ent) k[-@Nefrbal condulfivity BIVMRECloRdamodi@aur e Whi | e not wi shing to be bound by
theory, it ii_belsgtﬁ\c/k%d {:mhg}_te “?]’E“iﬁ’ﬂ'%{ art oven fries lack the desirable
I at h

textural di cho_t%"rry EXEo) hi gh-qual ity deep-fried French fries

because the Jarreferepcesampertiret es (noi sture; fat; surface fat; thernal
properties) and oyen-finjshin itions are not optimzed for producing a

n
fini shed oven fry Xt 1‘?‘3‘%‘%?‘ "I(‘:’?Rdg’?’ thgary, it ixpelieved thatprio] a5, gven ffies dagk the desippble o
exanpl e, nmanyexwmehdishowmy| associatedr withr hightgualifyadeer-friedoBrerli Eries dechise) khe ipar-fryDangibutes e
content that qHigke e sdraCORERRARH pYits) Pak iom-fmishing conditions are not optimized for
producing a finished oven fry with a moist interior and a crisp low-moisture crust. For example, many
commercial or prior art par-fries are so high in moisture content that upon the recommended oven baking
the oven-finished fry is not sufficiently low in bulk moisture content or the crust region has not been
sufficiently dehydrated to yield a crisp surface texture. While using more rigorous oven conditions may
remove waler from the surface of the fries and may improve the crispness of the crust, excessive intemnal
moisture transfer from the internal core to the surface often occurs simultancously, resulting in oven-
finished French fries having one or more of the following textural deficiencies: a tough surface texture; an
interior that is perceived as excessively dry; and/or an excessively crunchy overall texture (i.e., the oven-
finished fries do not possess the desired textural dichotomy associated with deep fried French fries).

Other methods may also be used to control water migration and water distribution of the par-fries.
Howeverthe preferred method, as described above, comprises controlling the bulk moisture and thermal
properties (i.e., thermal conductivity of the high-moisture internal core, thermal conductivity of the crust
region, and the surface heat transfer coefficient) of the par-fries. The bulk moisture of the par-fries may be
controlled by the process conditions used in producing the par-fries; e.g., the conditions used for
dehydrating the potato strips before frying; the par-frying conditions; and the level, if any, of surface
hydration of the par-fries. The thermal properties of the par-frics may be the modified likewise and
additionally may be modified by application of various ingredients onto the surface of the par-fries (e.g.,
enrobing with oil; coating with hydrocolloids; etc.).



the oven-finished fry is not sufficiently lowin bulk noisture content or
the crust region has not been sufficiently dehydrated to yield a crisp
surface texture. Wiile using nore rigorous oven conditions may renmove water
fromthe surface of the fries and nmay i nprove the crispness of the crust,
excessi ve i nt WOW4OTi sture transfer fromthe internal core PEVIREOSHEf ace
of ten occurs sinultaneously, resulting in gven- finished French fries
having one or nore of the follow ng textural deficiencies: a tough surface-
texture; an interior that is perceived as excessively dry; and/or an
excessively crunchy overall texture (i.e., the oven- finished fries do not
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Texture Value
A critical attribute of the present invention is the Texture Value of the oven-finished French fries.

This value is dependent on a combination of factors such as moisture content, crispness of the crust,
degree of dehydration of the crust, and other physical properties of the fries. The Texture Value is
determined by the use of a Texture Analyzer equipped with a rectangular, blunt steet plate probe. A
compression test is run in which the plate compresses the French fry while the force of resistance is
measured (see section on analytical test methods for details). The force. {grams) vs. time (sec) data is
plotted to produce a force deformation curve. Two textural parameters obtained from the force

deformation curves are used 10 characterize the texture of French fries, average maximum force (grams)



and nost preferably |l ess than or equal to about 3 m nutes. Upon renoval
fromthe oven, the baked fries may optionally be coated with oil to further
enhance flavor and nouthfeel. Preferably the oil used for coating the baked
fries is a flavored or conditioned oil. The oil may be applied to:-the
surface of tWOMMKBY fries by methods known in the art; e. FCTEPAHRyi ng
warmoil onto the surface or by rapid i rsion of the fries into a
reservoir of warmoil. The oven-finished French fries of the present

i nvention can be differentiated fromcomercial and prior art oven- fini shed
French fries in that they possess a conbination of attributes, in
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oven |nstruct|ons adk OﬁDUS aracteristics as ftfoun |n t he
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40%. Thicker-cut oven-finished French fries of the present invention (e.g. regular cut, crinkle-cut and

steak fries) typically have a bulk moisture of from about 35% to about 50%. Preferably the thicker-cut
oven-finished French fries have a bulk moisture of from about 38% to about 48% and more preferably

from about 40% to about 46%. The bulk moisture of the products herein can be measured using well-

known techniques and commercially available instruments. An oven-finished French fry with a bulk
moisture much greater than about 50% will not have developed a sufficient crust structure to yield the

desired textural dichotomy (i.e., the fries will Jack crispness). At a bulk moisture much less than about

32% the oven- finished fries can become too dry. Keeping the bulk moisture of the oven-finished fries of

the present invention at a Jevel between about 32% and 50% allows production of oven fries that possess

both a low-moisture, crisp crust region as well as a high-moisture internal core.



art oven fries are below 200 and the ratio of the average area to the
average maxi numforce is about 1.0 or |ess. Over-cooked commercial oven
-fries may exhibit an average maxi mum force or area of at |east about 200 or
greater. However, the oven-finished fries of the present |nvent|g 'gﬁg'be
di sti ngui shed™MO#PThe over cooked cormmercial oven fries baseSCHISTHE Bu
and/or internal noisture and based on the fact that the ratio of the
average area to the average maxi num force of the overcooked conmercial oven
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critical attribute of the present invention is the bul k noisture content of
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core) is well pokRdsurelof Watein théBiter Yrusd ReioABiVisdd by ﬁst,apt.rﬁeasuierdppnrsaaeiamssme The
oven-fini shed fre h fries of the present invention have an internal

moi sture of fromrapbout 55%to about 80% preferably from about 60%to about
77% nmore pref er abl hefovenrfinishsd Erench Sigs eftheplrernt invpMing preferably have a surface Aw of less than

or equal to about 0.55, preferably from about 0.10 to about 0,52, more preferabty from about 0.15 to about
0.5, and even more preferably from about 0.2 to about 0.45.

Total Fat .

Edibie oil, natural or synthetic, is generally on the surface and within the crust region of the oven-
finished French fry of the type disclosed in the present invention. Edible oils contribute to the flavor,
lubricity and texture of the oven-finished French fry. The edible oils or fats present on the surface and
within the crust region of the oven-finished French fry are well known by one skilled in the art and include
but are not limited to beef tallow, lard, cottonseed oil, canola, soybean oil, corn oil, palm oil, fish oil,
safflower oil, sunflower oil, coconut oil, peanut oil, medium chain triglycerides, structured triglycerides
containing a combination of short or medium chain fatty acids and long chain fatty acids (e.g. Caprenin-
like) and the like or combinations thereof. The oils may be conditioned or flavored, see Flavored

- Vegetable Oils as a Substitute for Beef Tallow in Deep Frying Applications, Food Technology, pp 90-94
(1989) and U.S. Patent 5,104,678 (Yang et al.)



Surface Aw of the Crust A distinguishing characteristic of the
oven-finished fries of the present invention is the exterior crust. The
"exterior crust is conprised of dehydrated gel atinized starch and oil or
fat. Preferably, the exterior crust has substantially the sanme conposition
as the crustwodnaenp fried French fries nade fromraw pot afEGEAISIREIBver ,
the crust may contain ingredients typically applied to the surface of
potato strips such as starches, hydrocol '&ids, gums, flavorings and the .
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canol a, soybean oFﬁefm R Hs 'g"’lf fat gr- QU RSTY O g ipfacg pad 'i"g'ﬁfa'];"‘l BHETFEIM 9t BeYEHY | ower
oi |, coconut finished Frensh frigs of dhiclpresentayentinn tmkafras farty acifi lgvelof abdw 9.8% ot lessict ur ed
triglycerides containing a conbination of short or mediumchain fatty acids.
and | ong chaiaaditigiai Mgediesds (e€.9g. Caprenin- like) and the like or

nbi nat i th T ' diti . | d
Veget anl e 01 s s Avoting s biFu e, A ol AP e Ry b BT i Lo b O
Food Technol St-finishsd Gigs gjljto enhange the Agyar qmadifyptheflaypr togny) drsired tagfe. ( Qg aigfllediin e )

WO 97/ 40711 art will readily appreciate that the aforementioned listing of flavoring agents is in no way exhaustive, but is

P SO 063 Sty e Ao Bl e e R SacRR R L ol SO 6 U by S IGREK 1 O

nodi fi ed ot herw” I't1 onal non- toxic, tatty materi avl ng
properties simM¥ to triglycerides such as sucrose polyesters and
A ean[err], from Dierikredizinekno@iiil tHearinhycalsobgdaed yo theeditlle FabsGind ciislusedib &y mret/of at S,

Dot o AL g LY 5 BT i K Bk K
acid, and antifoaming agents such as dimethylpolysiloxane. .

The oven-finished French fries of the present invention can also be distinguished from
commercial and prior-art oven fries based on sensory evaluation and Nuclear Magnetic Resonance (NMR)
Imaging. Sensory evaluation reveals that the oven-finished French fries of the present invention possess a
desirable 1extural dichotomy (i.e., a crisp surface surrounding a moist interior) typically associated with
deep-fried French fries. Commercial and prior-art oven fries do not typically display this desired textural
dichotomy. NMR imaging provides a cross-sectional image depicting the moisture and fat distribution
within the fries. The high-quality oven-finished French fries of the present invention are characterized by
NMR images that appear qualitatively similar to the images of deep-fried French fries, i.e., both products
are characterized by images that reveal a high moisture internal core surrounded by a low moisture crust
region that contains the fat. In contrast, NMR images of commercial oven fries typically appear
qualitatively different; i.e., the dichotomous feature of a low-moisture crust surrounding a high-moisture

core is not as readily apparent.



present on the surface and/or within the crust region ofthe oven-finished
French fries. Sonme preferred oils are soybean oil and corn oil. The total
anount of oil or fat present in and on the oven-finished French fries of
the present invention is fromabout 8% to about 25% Shoestring French-
fries of the MM nvention typically have from about 12%’?%’"3?7515?9525%
total fat, preferably fromabout 13%to ahput 23%fat, and nore preferably
from about 14%to about 20%total fat. Thicker-cut oven- finished French
fries (e.g. regular cut, crinkle-cut and steak fries) typically have a
total fat level of from about 8% to about 22% Preferably the thicker-cut
oven-fini shed FrencArcdrdinglys thie disdosed dmbbdichenfsate coisidertd io fall fesppets @ibo illpstritdeaidmot
about 20% and i6e. 2 18% Preferably the
edible fat or 'S?%E’%r gﬁsegsﬁiaggﬁ%‘ﬁgﬁtgﬁiﬁ?‘gﬁ&g%%(%mﬂptg‘ﬁa%e crust region of the
oven: finished French fries of th & kﬂ’ j b has a free fatty acid
| evel of about 0.8%or |ess. Addi | avori ng agents, such
as salt, pepper, but aumber of pirametersore uged th characterize plementy dEtie par-frieh potgtastrips padgls or
the oven-fini sheslfifishidrenh lfrick Of e PREGEintenfon! | BIP bre YaaniTRd i by Yparkiliffar fekpedihbheal O
any desired taste. lOneadskl H"Ed #‘n the art w Lbl 'rﬁﬁgl'a%\é appreci at e t hat the
af or ement i oned™ T EPIPREINTS FrRIEPIRYOSYER s desribed if Y8\ hausti ve. but is
nmerely suggestive of the wi de range of additives which are suitable for use
in the practice of the present i nvciukMeistureQantentTestr edi ents known in the

art may al so be added to the ediple fats, and oils used to. fry and/ gr enrobe
t he pa?/-fri ed pot a5§°'§‘t'??°b‘§'}‘°1e%$ﬁ‘§?°ﬁa’ sHﬁﬁ“fof“ﬂ'ﬁif’%“‘ég‘é‘rfs &‘é‘"@@'agﬁé‘f %ting

agent s such asoved method agfoliors: and anti f oanmi ng agents such as

di net hyl pol ysi | oxane.  The oven-finished French fries of the present

i nvention can hl so YfemikErind s SPREentavs Rt Poatey pring 19 Fispoh dHies dp o blsgdsp or
fries based oncopemivesl foodpradessert | on and Nucl ear Magneti ¢ Resonance (NWR) _
| magi ng. Sensory eval uation reveals that the oven-finished French fries of
the present i n¥ent iAnureysweighapproximassly hirins of greund sampled(iveight tAShripto (ajprexiouslyaredr | sp
surface surrouéi g ondiskpi St interior) typically associated with deep-fried
French fries. Comercial and prior-art oven fries do not typically display
this desired t¥xt urkidee ti¢ wétd dihepntaidindRhé samgls ing fopredair wesctign oveom 1058t 3 lows |

i mge depi cting the noisture and fat distribution within the fries. The

hi gh- qual ity oYen- fAI5T ¢ hews psmerrcthe meepldish semaining the deied 1mPE ARLATEY dcogl g room
characteri zed tomperdhi ib ndegicratot dverta desizpmmesuchquahydiont daleimmyultemi | ar to t he | nages
of deep-fried French fries, i.e., both products are characterized by imges
that reveal a hi gh Reoveigh ghecdish spnisining the dried sampler ayd gelenisteishe weightof thefiried prple
crust region tHaighcEnbaubitcing@e disitare wéightOnt rast, NVR i mages of commerci al

oven fries typically appear qualitatively different; i.e., the dichotonobus
feature of a |®&w nufaisulate te peragnt moistureotrheramplgasdoliowsy h- noi st ure core is not as
readi | y apparent. WO 97/ 40711 ) -

PCT/ US97/ 06395 - 11- % Moisture = {(A - B)/(A)] x 100.

French Fry Texture Value Test

The Texture Value of finished French fries, which correlates with crispness of the fries, is
measured with a TA-XT2 Texture Analyzer (version 05.16 equipped with 25-1 load cell, Texture
Technologies Corp., Scarsdale, NY). The Texture Analyzer is linked to a standard personai computer (e.g.
IBM 433DX) that records the data via a sofiware program called XT.RA Dimension {version 3.7H,
Texture Technologies Corp., Scarsdale, NY).

The Texwure Analyzer is configured with a rectangular, blunt stee} plate probe (2.5-3.0 mm
thickness, 70 mm width, 90 mm length) that is fastened vertically to the main arm. A "Compression Test"
on 2 single French fry will be run to generate a plot of Force (grams) vs. Time (sec), from which the
Texture Value is obtained.



Accordingly, the disclosed enbodinents are considered in all respects to be
illustrative and not restrictive. The scope of the invention is indicated
by the appended clains. ANALYTI CAL TEST METHODS A nunber of paraneters are
used to characterize elenments of the par-fried potato strips and the

oven-fini shedoPmgorth fries of the present invention. They arGIMGRIINEDIS i ed by
particul ar experinental analytical procedures. Each of these procedures is
described in detail as follows: Bulk Mistlfre Content Test Mbisture content
of par-fried potato strips and finished French fries is determned by a

forced air oven nethod as follows: 1. Uniformy grind up a
representati vems le& <Qf, R liQus rgﬂpsrex%r Er nch fries in a blender or
conventi onal L\wei gh approximately 5 grains

of ground saer‘I e (\ﬁé'r"gﬂl‘“’wﬂ)ﬁ'lam“do'br"éw ously tared metal pan or dish. 3.
Place the nmetal dish corMoa¢ Ni NQ KéxureFRR In@omplessiod Or C€d ai r convection oven
at 105C for 2 hours. “n Afteﬁ 2 h urs, renove the nmetal dish containing
the dried sanple and al?p to cooef“"fo roomtenperature in a desiccator over
a desiccant such as Beeplttsus cafremum sul fate. 5. Re-wei gh the dish
cont ai ning the driedﬁﬁu’m.hge and s"eainasul ate the weight of the dried sanple
(wei ght "B") by Sl.{#)ls[ﬂl;‘a |n9 the dish tare weight. 6. Cal cul ate the
percent noisture 0O e°mhrrplea ol lows: % Moisture = [(A- B) /(A] X
100. French Fry TeReedie#Sneed:ue Textmmbdee Texture Val ue of finished French
fries, which corrpbgimessped:h crigimess of the fries, is nmeasured with a

TA- XT2 Texture An tz[r-Jr %V‘FI’SI on 5/16 equi pped vmth 25-1 | oad cell,

Texture Technol ogl &3 prse Scargéﬂ‘i'fsé NY). The Texture Analyzer is |inked
to a standard personal &wputer 88%g. | BM 433DX) that records the data via
a software program qaggeelpe<T- RA fhg@NSi on (version 3.7H, Texture

Technol ogi es Corp., Scarsdale, NY) The Texture Analyzer is configured with
a rectangul ar,, blu be(2530nmth|ckness 70 mm wi dt h,
90 nm | engt h) 2t hat r';'l'lgtsm% &S{eé%eh ver |cal ly to the main arm A "Conpression
Test" on a single Frerf@mphiType: i |Forcpes. Fipp t 0 generate a plot of Force

(grams) vs. Tinme (sechuao-Séafmig Whigth t he Texture Value is obtained. WO
97/ 40711

Scali
PCT/ US97/ 06395 -12- rcli"r GCatur e for §ef -up and Cal i br atl on of the Texture
Anal yzer _ Force Scaling Min: 0 grams

Peak Confirmation: . On
Force Threshold: 20 grams
File Type: Lotus 1-2-3
Display and Export: Plorted points
Acquisition Rate: 200 pps
Force Units: Grams
Contact Area: 1.00 mm2
Contact Force: 5.0 grams

3. Calibrate the force by placing a 5 kg weight on the calibration platform and press the "calibrate”
button on the Texture Analyzer key pad.
4. Calibrate the probe distance from the base plate with a probe starting distance from the plate of

10 mm for shoestring-cut fries (increase probe starting distance to 15 mm for thick-cut or steak
fries). Ensure that the bottom surface of the probe is parallel to the surface of the base plate.

Procedure for Sample Measurements

1. Immediately following removal of finish-cooked French fries from a fryer (deep-fried) or oven
(oven-baked), place the batch of fries under a heat lamp for 1 minute prior to beginning the texture



1. Set-up the Texture Anal yzer as follows: Mde: Measure Force

I n Conpression Qption: Return to Start Force Units: G ans Tinme
Units: Seconds Di stance Fornat: Strain Pre-Test Speed: 2.0
nm sec Probe Test Speed: +1.0 nmm sec Post-Test Speed: 10 mmi sec
Strain: M0 AOTH gger Type: Auto 10 2. Set t he PEEXR%®¥ et hod
as follows: G aph Type: Force vs. Tinme Agy.o-Scaling: O f Force

Scal i ng Max: 5000 grans Force Scaling Mn: 0 grans Peak Confimation: -
On Force Threshol d: 20 grans File Type: Lotus 1-2-3 Display and
Export: Plotted points Acquisition Rate: 200 pps Force Units G ans

Contact Area: analysiODhesitftemmiptrhtureonibetic hedt @i & between 3bobt 130°H A aBout 180°F (almbti skt e
the force by pl @gﬂoﬂ&za}‘cri kg weight on-the calibration platformand press
the "calibrate" button on the Texture Analyzer key pad. 4. Calibrate

the probe distance fxmphtMaiRRI8IdKNEHA elapstd) pidee RBASF &R iy RAGN the SisAPIRE of heO M

the plate of 10_.nmm for shoestring-cut fries, (increase probe starti
di st ance to 15 TGPy GRatet pordpdialer aiteprpouth Wkeh o Prpseniotbf mayie
surface of the prsiseeed) whikamantallpholding tielsrds of thefFreach fiy fllushlagaingtAhedasg plate.c .
Procedure for Sanple_Measurenpents 1. iately foll ow ng renpval of

) | medi, : \/
fini sh- cooked FenchhergsulingiForse {arams)-y5. Time (sech gataris japsd for later anplysis. (Nipetddifonelfey) |
pl ace t he bat chsamples framcthe samelach arehesed inlam idgntitabinanherniNreuéniysamgiés filom elich Gatehuren g
the texture éé@ﬂ?d?AnﬁngI}.lTexmre analysis of the ten fry samples should be completed within 3-4 minutes. (3-4

PCT/ US97/ 06395
minutes after Step 1).

4. Steps #1-#3 are repeated for each new batch of French fries. Generally, 5 to 10 batches of each
type of French fry are evaluated in this manner.

Data Analysis
1. The "Force vs. Time" plot for each individual French fry sample is evaluated for the following:
¢ Maximum Fm:ce (grams) within the first 1/3 of the test.
e  Area (gram sec) under the curve within the first 1/3 of the test.
(e.g. if the Compression Test requires 6 seconds to complete, the Maximum

Force and Area are obtained from the 0-2 second time period)

2 After analysis of the "Force vs. Time" data for all ten French fry samples sclected from a given
batch, the ten Maximum Force values are averaged and the ten Area values are averaged. A computer
program written in Excel automates the task of analyzing the Force vs, Time data for each fry sample and

averaging the Maximum Force and Area values for each batch of fries.

3. Remaining batches of a particular French fry type are analyzed in a similar manner (5-10 batches
are tested; 10 fries/batch are analyzed). The Maximum Force and Arca values for each batch are then '
averaged to yield an overall average Maximum Force (grams) and Area (gram sec) for that pasticular fry

type.

4. For the purpose of this invention, either the overall average Maximum Force or Area may be
designated as the French fry Texture Value. Both texture measurements correlate to crispness of finished
French fiies.

Determination of the Internal Moisture Content of French Fries

Internal moisture content of finished French fries, i.e. moisture content of the interior starch

matrix, is determined as follows:



-13- analysis. The air tenperature under the heat |lanp is between about
130F and about 180F (about 54.3C to about 82.2[err]C). 2. After the 1
m nute hold tinme has el apsed, place a single French fry flat on the base

pl ate of the Texture Analyzer (oriented perpendicular to th robe width).
Initiate t heWEIMHssi on Test (1.0 mmisec probe speed) whi RETHEUMPS,

hol ding the ends of the French fry flush algal nst the base plate. 3. The
resulting Force (grams) vs. Time (see) daia is saved for later analysis.

Ni ne additional fry sanples fromthe sane batch are tested in an identical
manner. The ten fry sanples fromeach batch are selected randomy. Texture

anal ysi s of the t egngddiite %mlvﬁé uﬁb&“bﬁmﬂﬁc&%ﬁkﬂ&h@ﬁes‘ﬂoﬁ}' ﬂ%rex?{dé meﬂ)% Bven
(3-4 mnutes after St

are re each new
batch of French fr (%% E}"!ffsf the frigs Ip g&f@{;&%’?g FrEXdyp cmgﬁﬁﬁ'ﬁ% ?)'fmq‘—'f‘%ﬂ R

fry are eval uat ed sabilizhthsinemaimeisture@istridutiomal ysi s 1. The "Force vs. Tine"

pl ot for each,indi g&,,@u@lﬁoggmpﬁg*,mlzq:@@o@ym“md for the follow ng:
* Maxi mum FQr ce g}gram; within the first 1/3 of the * Area‘sgram

sec) under thé cur ﬂ“Wi‘Fﬁ’ﬂf’Fﬁ@"f'f‘fg‘tmﬂ"gP’(ﬂ‘f‘%ﬁé‘“‘?‘é‘%f”‘“{“é @"°""|'\'°ff‘ﬁé°
Conpr essi on Test r gightlyfigrSeveralnginges aIodmenyenintead fecilititd remdviabof thieieres-or ce and Ar ea

ar e obtained from Eﬁ}&xgor o?ﬁ&%ﬂt&'oﬂ?sn&%ﬂ oz%frywntha%ﬁﬁdea'ﬁ@(ktyﬁkﬂlepindt he

"Force vs. Tine" data ten French fry sanples selected froma given
batch, the ten WXFWW'WW@'VQF'M%%M%@@QHH foprsidet en Area val ues
are averaged. 5A conpistiae fpradmeivr warc henx (whitebsolidified atatedatiedind tnnickiotely plade i0h

anal yzing the Forcg, pii g fass VLR ﬁg;anfoqry.s %Léﬁé}é.ﬁ?%ﬁmﬁtﬂﬂ B Y& R Gy LIE

Maxi mum For ce and Afea vaI ues each Renal ni ng
bat ches of a parti &M French fry type are analyzed in a similar manner
(5-10 batches é6are Reeitaehs #3685 nfnﬁliaﬁﬁrumha)l*ﬁmoamwmaﬂ) starchineatrivischiected. Fbis ce

and Area val ues fog, mtqu@% & then averaged to yield an overall
aver age Maxi rmm Force rans Area (gram sec) for that particular fry

type. 4. Bor tﬁé‘“ﬁl‘igp‘t‘f% WProXmpRly 5 BB of S, interior [§iaseh X \yeishe T")d‘!}‘éf’age
Maxi mum For ce or Apediousinared medipan gpidish.ed as the French fry Texture Val ue.

Both texture geasu Eﬁm taptﬁ{h (ol heGntéifol é&éﬁ%&?% a fohddd éJ’b%ﬂreJﬁB@mbat f 6s'° es.

Det ermi nati on of t ternal Mbisture Content of French Fries Internal

moi sture content of M2#P%hed French fries, i.e. noisture content of the

i nterior star® natAfer2 hours, reiadve thei neet] dists cohihing s dried sai> d/all@V/th kool to room

PCT/ US97/ 06395 temperature in a desiccator over a desiccant such as anhydrous calcium sulfate.

10. Re-weigh the dish containing the dried sample and calculate the weight of the dried sample
{weight "B") by subtracting the dish tare weight.

1L Calculate the percent moisture of the interior starch matrix as follows:

% internal moisture = {(A - B) / (A)] x 100

Determination of the Surface Water Activity (Aw) of French Fries

Surface Aw of finished French fries is determined as follows:

1. immediately following removal of finish-cooked French fries from a fryer (deep-fried) or oven
(oven-baked), immerse the fries in liquid N for 20 seconds to completely freeze the products and
stabilize the internal moisture distribution.

Store the frozen French fries at about -112°F (-80°C) until analysis.
Transfer a bag of French fries (~0.5-1 1b.) from the -112°F (-80°C) freezer to a cooler containing
dry ice; ensure the bag is thoroughly packed in dry ice in order to maintain the fries in a frozen

state at low temperature.



-14- 1. | medi ately followi ng renoval of finish-cooked French fries
froma fryer (deep-fried) or oven (oven-baked), imerse the fries in liquid
N2 for 20 seconds to conpletely freeze the products and stabilize the
internal noisture distribution. 2. Store the frozen French fries at
about -112[ erWOPH#0BY[err] C) until analysis. 3. Renove sE@’é{PgﬂW"ﬂ’ges
fromthe freezer and place on a stainless sfeel tray. Allowthe fries to
warm slightly for several mnutes at roomtenperature to facilitate renoval
of the crust. 4. Carefully cut off the crust on one side of each frozen
fry with a razor blade. Rotate the fries and repeat this procedure until

_th.;a crust Pas Eﬁ.ent rx&me‘ze\j\mﬁ; frl’:dé h'a_t?rﬁ%miﬁedﬂﬁ)_lel and ragid_@dclla%flﬁesh:?ﬁe (ﬁflfﬂﬁzf%n_
Interior starc matri.x Ol | | € erl arn | | e plLace 1 n
a capped gl ass vi al .w“faﬁ(sg'gk'éﬁ%g Baﬁ?rs’hfl% g%{;r?téhéts" "ﬁeShfvrﬂ'fgélp{'rglE? s?i‘?‘]té?’cf%drﬁ’( an's
do not include any ommediatetytransfanthe shaings to a cappesdglasstviakt eps #3- #5 unti |
approximately 5 grams oOf 7ek:Q&®bnly Bkﬁfe&%rfa&tsﬁdirﬁ%l fFEBtKel oitef GrusEr@gidnE th8 Brench liy:S

requi bout 15:20 fries. .7. A t h tely 5 °
grams of the i nt er i P PEPHIE O AEcIh ot YT reion i plulifne o By et S et

metal pan or dish. &xposed Pl ace the netal dish containing the interior
starch matrix i§ a fiRpdfthp 84 dntiCppRHBEidPIS-0Y Bin SsurfddohBingd is Sonbdd; iis WMWqHire 9
After 2 hours, renove the meff?l di sh, containing the dried sanple and all ow
to cool to room t enpSPRREIPW 100 FoR Rt cat or over a desiccant such as :
anhydr ous cal ci &m sUbeciesbiue, thelvdter activifReAwdoF tydsutfizeshaiinghusing  Ratronic higsreskep Mirdeldd
sanpl e and cal cul at gejfliendidicy BEteRﬁoJoﬁi@ln%hégtﬁ c&ﬁ.,rmhlﬁng(owmxgm folidvs) DY

cul a

subtracting the dish tare welight. 11, ul ate the percent i sture of
the interior starch %t r?’?"zfvﬂm‘r'fﬂmms/%‘m'%&‘w ‘ﬁ%'i{“gf ¢ Rstumpnt Yorp)- gy
(A)] x 100 Deterni nati on lohediarly pBor thakwe dicomsiniggohe suifice/shévingy inbfond-of hebbmifiityi es
Surface Aw of finished Frcaﬂ%hua‘ernygﬁskb& MIEA DTTRIRRE nidsidify Thehed WRd cidse the cell cover

| medi ately follow ng renpval of Tinish-cooked French fries froma fryer
(deep-fried) or oven (ové‘ﬁ’!“&aked), imrerse the fries in liquid N2 for 20
seconds to conpl et eley fr edipethe meteryeadicieios@bilizn (vait | iy bri ignger) Y fore rerording the reading
moi sture distribution. 2auqeempersiuRl € the frozen French fries at about

-112[err]F (-80[err]C) until analysis. 3. sfer, a.b of . French
fries (-0.5-1 I'b.) ffomt 5""‘-‘%1‘2‘?‘@’?‘?1‘@"(’5‘%&8}’5? g g, XD s 2 syt
containing dry ice; ensumepirddccaliagion sraphHmeteruepding vip 2%RKE prepared (it tiefelloiving @Hder
to maintain the fries inggndaa@zen state at | ow tenperature.

11% RH Saturated solution of Lithium Chioride (see Greenspan, L., 1977, J.
Res. Natl. Bur. Stand., Section A, 81A:89)
35% RH Standard solution from Rotronic Instrument Corp.
50% RH Standard solution from Rotronic Instrument Corp.
65% RH Standard solution from Rotronic Instrument Corp.
e Convert %RH of the surface shavings to Surface Aw as follows:
Surface Aw = [%RH / 100}

Total Fat Content Test
Total fat content of par-fried potato strips, and finished French fries is determined by a solvent

extraction method as follows:
Apparatys
i Soxtec HT6 extraction system; unit includes heating block and cooling condenser.
2 Recirculating water bath for cooling condenser.
i 3. Recirculating oil bath for heating block.
4 Extraction beakers.
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PCT/ US97/ 06395 -15- 4. Renove one French fry at a tinme fromthe sanple
bag and rapidly scrape the surface of the fry with a single-edged razor

bl ade. Collect the surface shavings onto a stainless steel tray and

i medi at el y tW@PH40EK t he shavings to a capped gl ass vial. THROFUSSIEE3N|y to
col l ect surface shavings fromthe outer crust region of the French fry; do
not scrape so hard such that the crust regr Bn is penetrated and the
interior starch matrix core is exposed. S Repeat step #4 until
approximately 0.3-0.7 gram of surface shavings is collected; this wll
require scrapi r i Determ ne the water
activity (Aw) g? %%aﬁr?é@gbﬁsshzg\% nF}css'Eeﬂﬁ’slszzBom%otrom c Hygroskop Model DT
relative hum diSty rré'ﬂ'@ﬂ‘“(i’ﬂé’a‘s&ﬁlc Instrurrent Corp., Huntington, NY), as
fol'l ows: a. 7. Tr avaduern ddylagowhir f ace shavings to a plastic Aw dish
(Rotronic Instgunen | medi ately place the Aw dish

cont ai ni ng the surfgc cﬁg%}?nﬁgg%plfcﬁ o one of the humdity cells of the

Hygr oskop Model- DT Pispeatisapipeta(f@mPty neter and close the cell cover
tightly. c. MacnI ow the nmeter reading to stabilize (wait | hour or_

| onger) before ding the reading and tenperature. d. Convert the
stabilized nmetgr re Hum dity (RH) using a previously
prepared cali b?atl oﬁmhwnem r&tﬁlr‘e@%ielg D ng vs. YRH) prepared with the

fol | owi ng RH stzandapﬂfg“gsg’ﬂ mmeTFEFSHQH'BPﬂ'@@ sol ution of Lithium

Chl ori de (see G}eensmamml.(Fushe&'B:Ylﬁoo-ﬂvg)Res Natl. Bur. Stand., Section A

81A: 89) 35% RH, lgﬂg%r l'ution from Rotronic |nstrument Corp. 50%
RH St andard sofsutl rom ot roni c Instrument Corp. 65% RH
St andard sol ut p@Eedet Om Rotronic I nstrunent Corp. e. Convert 9%RH of the

surface shavings to Surface Aw as foI | ows: Surface Aw = [OARH/ 100]. Total
Fat Content Test To{akomhi L ar-fr ot.ato s, .and fini shed
French fries is deter rﬁ";r'lgcf"gé;ga S0 ve“ﬁet) e&"frg@gf‘gﬁmﬁse?'h %472 (C)li}\g’d"' or
Apparatus 1. Senvestignalfpodprpgesiest r acti on system unit incl udes heating bl ock
and cooling cogdens r %l R CII’ ul ati.ng water bath for cooling.
condenser. 3. AEIPEY i (g T p f)‘é?t%"“f" Pt #fEs3 tvrel suflicig jin sizg to contain sample

Extraction be aRiegesin the thunble) and the extraction thimble; record weight of thimble + glass wool (weight "A").

3. Load the ground sample into the thimble and cap the loaded thimble with the pre-weighed piece
of glass wool.
4. Accurately weigh (to four places) and record the weight of the ground sample, thimble, + glass

wool (weight "B").

5. Place two or more boiling stones into an extraction beaker and weigh (to four places); record
weight of extraction beaker + boiling stones (weight "C").

6. Place loaded thimbles on the extraction unit and raise the thimbles to rinse position.

7. Pipette 50 ml of methylene chloride into each pre-weighed extraction beaker with boiling stones.
8. éet oil heating bath to 110°C and water cooling bath to 28.3°C and allow temperatures to
equilibrate.

9. Lower the loaded thimbles into the extraction beaker containing the solvent and aliow to boil in

the solvent for 60 minutes with the condenser’s pet cock in the open position.
10. Raise the thimbles to the rinsing position and rinse for 60 minutes.

11 Tumn the condenser's pet cock to the closed position and allow the solvent to evaporate for 60

minutes. Tum the nitrogen purging gas on to aid the evaporation.
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PCT/ US97/ 06395 -16- 5. Extraction thinbles, 26 nm (Fi sher TC1522-0018).
6. Ni t rogen purging gas 7. Vacuum dryi ng oven 8. Anal yti cal

bal ance (4 pl ace) 9. Di spensing pipette (50 m) Mterials 1 . '

Met hyl ene chl 3Q ¥édiBaker 9315-33) 2. Boi | i ng stones (Chg%pé'mﬁ??E

Fi sher 09-191-20) 3. Silicone oil (Fishgf. TCLO00-2779) 4. d ass
wool (Fisher 11-390) Procedure 1. Uniformy grind a representative
sanpl e of potato strips or French fries in a blender or conventional food
processor. 2. Accurately weigh (to four places) a piece of glass wool
(sufficient in $.ze Transotht htaker 3@ arRdcaunp dVen, ee-wanneki e 1200G, 11| 30 )mimures] att flakk vacuum

extraction thingle: ouasf s\mig@ of ‘thinble + glass wool (weight "A"). 3.
Load the grounggsahple i%?‘g t he ts})ﬂ nbl e and cap the | oaded thinble with the

pr-e- wei ghed pi ege Of ARPwARHeMIAb cootle room tempPéfinié bl Wbiyh (Wb Pladed)Qechrditie wligR Gk

and record the ' 0of the.qgro anpl.e.. thinble, + glass wool (weight
"B"). 5. Pl é\%féeg?é\%mﬁrm%?%‘%%ﬁq%t “ﬁngg't gr?‘es into an extraction beaker and

wei gh (to four gl acegyculalePerintloi®l si¥buoRf: extraction beaker + boiling stones
(weight "C'). 6. Pl ace | oaded thinbles on the extraction unit and raise
the thinbles to rinse position. 7. %Fat =R pet)/e )] wicoof nethyl ene chloride
into each pre-wei ghed extraction beaker with boiling stones. 8. Set oil
heating bath to 110[err]C and water cool igRamppd t0 28.3[err]C and al |l ow
tenperatures to ejui | ibrate. 9. Lower e loaded thinbles into the
extraction beakef aining the solvent and allow to boil in the sol vent
for 60 m nutes w th TieowewfiddatBencs frp elodue® ad dné déepritied Préith [frp Protiucodre prifared as
Rai se the thinmbggswt 0 the rinsing position and rinse for 60 mnutes. 11.

Turn the condenser's pet cock to the closed position and. al I ow the sol vent
to evaporate for 60 fi nut@usn-finished.French fries according to the presentinvention: o to aid t he
evapor at i on. Frozen shoestring-cut par-fried potato strips are an acceptable starting product (e.g., Simplot Par-

Fries; J. R. Simplot Co., Caldwell, ID). A typical processing history may include: sorted and graded
Russet Burbank potatoes are peeled, washed, trimmed and cut axially into shoestring strips (0.25 inch
square cross-section). The potato strips are blanched in hot water or steam and partially dried with hot air
such that the potato strips are reduced in weight by about 15%. The partially dried strips are then par-fried
in parntially-hydrogenated soybean oil (lodine Value of about 67) for about 50 seconds at an oil
temperature of about 375°F (190.5°C). The par-fried potato strips are then cooled and frozen in a blast
freezer at -30°F (-34.4°C) and packaged. The par-fried potato strips have a moisture content of about 64%
and a fat content of about 6%.

About 1 b, of the frozen par-fried potato strips are further processed by deep frying in a 45 Ib. oil
capacity foodservice frying kettle containing Primex 108 vegetable oil (blend of partially hydrogenated
soybean oil and com oil available from the Procter & Gamble Co.) for about 3 minutes at a temperature of
about 290°F (143.3°C). The resulting par-fries are immediately frozen by immersion in liquid nitrogen for
20 seconds. The moisture content of the resulting par-fry is about 47% and the fat content is about 15%.
Immediately after being frozen the par-fries are enrobed with oil by immersing in liquid vegetable oil
(conditioned Primex 108) having a temperature of about 335°F (~168°C) for about 1-3 seconds. The
resulting oil-enrobed par-fries are again frozen by immersion in liquid nitrogen. The frozen par-fries are
packed into sealed foil-laminate bags and stored at normal freezer temperatures of approximately 0°F (-18
°C) to about -20°F (-29°C). The oil-enrobed par-fiies contain about 9% surface fat by weight of the fries.
The total fat level is about 22% and the bulk moisture level is about 43%.

About 128 grams of the above frozen oil-enrobed par-fries are placed on an open wire mesh oven
tray in a single layer and then baked at a temperature of about 400°F (204°C) in a forced air convection
oven (Wells Manufacturing Co.; Model No. M42003S) for about 1 minute, Then the fries are transferred
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PCT/ US97/ 06395 -17- 12. Transfer the beaker to a vacuum oven, pre-warned
to 120C, for 30 mnutes at full vacuum (about 30 mm Hg pressure or |ess).
13. Al'l ow t he beaker to cool to roomtenperature and weigh (to.four

pl aces); reQoW/40mHd wei ght of the beaker + boiling stones PCWS%O@Q%d f at
(weight "D"). 14. Cal cul ate percent total fat as follows: % Fat = [(D -
C / (B- A] x 100 EXAMPLES Exanple 1 TWwH" oven- fi ni shed French fry
products and one deep-fried French fry product are prepared as follows: A
Oven-finished French fries according to the present invention: Frozen

shoestri ng- cu, 2 Rea stgxfll\eﬁgte&me B% |§L£lﬁg@fl&ﬁ¥§td ﬁﬁe@%ﬁ&&uﬁ?ll% nﬁlgnﬂg tARx%uquadUCt

(e.g., Sinplot Par- Fries; r{geoa |ca
processi ng hi ¥ f/“ﬁ‘?d'ﬂ)‘ht"r'l'tfl"t‘!ﬂé’““g’ﬁrt it "ﬁ'&c“@lP‘éb@d“‘mg@%?v%ﬁhmb%kmﬁ&ﬂwmes
are peel ed, vebeteak pradndt bawke & abaudi900 fket pex imdriule (274 ie@rs PEraifdtd).i TonTénkovil FromQhe2 5

i nch square CHas fie HRS bre %ed;&ﬁ%vﬂgk@}op vidiolis! t&ﬁrhéf ﬁmﬁ]te@ epe ltédrskppgtaluy\@dtfg roor

steam and partially dried alr such e potato S are
reduced in welRyNErdIsKus Ry SEnsorsetfingrne partial ly dried strips are then

par-fried in partiml | y-Comslecislonsnifinishes Brgkef &ies;0i | (| odi ne Val ue of about 67)
for about 50 seco bout 375E
mnartmﬁawq lp SRIRFLA e ﬂd Qo i FB%&C ?r e r R

par-fried potato strips are enc n ozen'rn a
- 30F (- 34. 4C)Pushryedsbincalserery yipre Tha frics somptise pRout£3% meistue pagt abaut 4% fat. Tbg fiesaree
content of abeks uGdidnamibnd hénki ovenq(Géneial Eliricds Goltbwsd dproSRatty 8 bz. bbfrozél frikshf:

frozen par- frgpgg,@g‘;,ﬂéqus%ie e?;gc(;agtghhegldproce seddp%ed £€ “Q@ylﬂﬂsw}, a. 45

| b. oil capacit ervi ttTe contal nin vegetabl e
oil (bl end of""b“&\’“f“t’aﬂf PROUASBFF G976t zpnmmé&nm@nelovmue &lawr @F‘Iedlwbawﬁ'a%ﬁde

fromthe Prochevarids ehiiod gribates)or It@d'ﬂtﬁ%alﬁteﬂoﬂ%&%nﬁ‘xnﬁe tyQéHEyRY restiny, € Of
about 29[err]F (143. 3C T0& =0 ' rT;f,peﬁ ar e mTEdI ter frozen by
i mMersion in I|qU|d tent of the
resulting par-fry ¥ S%‘EJE!P‘SH‘F%“&HQ! fiied oty tripscysadean the sring poerfry o5 peeparation of

| mredi at el y airdded: "Aredf i ekdnfpledSimpirePaioiviés; §. Ri SiGiplR(00.; €AdRDAD) ¢ fufiheP prbceldyd by

i mersing in jel | ed Primex 108 Vi

t enperature of a out%ﬂp‘;f’fﬁ(’h{%@?er&%ﬁp E‘F'ﬁg o :64}/93.21 tila(gl“mps °?1‘19|"t
resuling oil - %hr obed par-fries are again frozen by imersion in liquid
ni trogen. The frozaeamtpanb fof thefozer far-fiad pobatb striph Are siRdWbEG thaw ifdr abodt ) Kot £ rdemJS

and stored Sl oS EAASED b HELA USR] SRPEMIE! il BAL Lot O)

to about -20[err rres c t 9%
surface fat Hydiery ma‘r"’? M@elf‘tlﬁ %'éb'm?épaﬁatlxatvdwt‘mé%m ol andiserm il gaiablend
t he bul k nDi Stourtke hr@wek GaablaOO)for 2608 midinesiat anld Sengéraire ofabout 336°Fabe3w®. Upamzen

oi | -enrobed H‘@l{ltivglr I’roerﬁ the! rﬁ?er.p lhgggeg-frﬂﬁ F@egchoﬂgsnary\iirﬂn?edm Qva%“gp for various technical
attributes or are salted and evaluated for flavor and texture by sensory testing.
The asbove French fry products (A, B and C) are evaluated for bulk moisture, total fat, internal

moisture content, surface Aw and Texture Value. The results are shown in the following table:

Bulk Total Internal | Surface | Max. Area Ratio

Product Moisture Fat Moisture Aw Force Areato

Max.

Force
Oven Fry-

A | Present B% | 18% | 67% 03 | 205g | 243gsec| 119
Invention
Oven Fry-

B | Commesial 8% | 9% | 72% | 06 | 133g | 13gsec| o085

Decp Fry-Gold
C | smnard 3% | 17% | 7% | 04 | 2435 |2%4gsec| 120

The above data show that the oven-finished French fries according to the present invention (A)
have technical attributes that are very similar to deep-fried French fries (C) that are considered the "gold
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in a forced air convection oven (Wl ls Manufacturing Co.; WNMbdel
Then the fries are transferred
to a solid stainless steel
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the oven chanber. The air velocity at the center of the oven chanber
(i medi ately above the product bed) is about” 900 feet per mnute (274

neters per mnute). Upon renoval
eval uated for various technical

fromthe oven,
attributes or

the fries are inmmedi ately
are salted and eval uated for

flavor and text yngady TREQRMENialloPehinRBed FRnch fries ($)FITBRGAL @é deSined Pm%c'k for SRd Aw

French fries: Fr {‘gn re} ail Oe- I_da%?rr] y Sh‘gestri ngs" Frenfch ried
pot at oes (Ore-| IBYR! pasappgters (maximur forgey grea, apdradio of preplamayimyn 1), . | gr ocery
store. The fries conprise about 63% noi sture and about 6% fat. The fries

are baked in a convefeiabyeFreach fx peodust apealsp eyalyptedfopfaveriapd texiure pyytepsgrydesting. A
approxi mat el y 8pd of Qb wrhifidZividudld 181 the pRARIR R 3diokkNbrsdry iHribiutds Bn Rscalb S0l 189.| Byer

over a 9" x 13" solid cookin

heet
tenperature of SBOU"%58E f"é‘r"r"?"—’%'fggfe?‘ﬂ'[

245 i

baked

or

i

ab
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ity

'{)H ﬁ?r’]'t' %%ﬁé'n'?est he

fries are i medFeiPengarethedensony tek résults; cpehnimerical valus i theaydrage tatingifs thatatirityte. ar e

sal ted and evaluated for flavor an

dtextire by sen:
Deep-fried French fries (MDonal d' s[ er insdry feacdn fr

€S: senthd) Thst9d andard” } :
The frozen shoestri ng-cut P r-1171eq poLato|StTLps ysed_as gne srarting
par-fry for preparatm—mmm B g EFLLOE—E’&J-fI’ieS;
J. R Sinplot Co.; Caldwell, 1D) are®¥tf®ner l'gl'e;gé"d"ﬁ; Je¥® FYying. The
par-fried potato strips have a noi gt Lont gife of | SBBUT ’%AW% a fat
content of about 6% —Abott—i—S5—t+H—rot—the—freorer—phr—i+redrpotate—stri ps
are allowed to thaw fBaseSi#gsout 1 bodr af0rodm t¥npetatuide (F0[e¥r]FE 21.1 C
“and then arm deep-friggeudtlaver 45 | b.] fogglsernvi og fryi ng ket tfl eggBnt ai ni ng
condi tioned Prinmex 108 Vegerable off— (preng of_par{Tatty hydroggnat ed
soybean oil and corn-ﬂﬁﬂ&gﬂf&u—e fr ’thd{—afiw—&’i‘lg\-m@—égi—i or about
3 mnutes at an oil tefiPlereaat ure of |abous 335[eks ] F (1688t er 1] C34B Upon
‘renmoval fromthe frye p-friieds French friep areal mpedi.agsel y
eval uated for vari ouiu{f;%!&.ﬁfpgi? att r'rbs".Fca_uu sé[{c %—ﬁﬂ—%t ed for
flavor and texture byln€agsMoisress ogtjlng S-he Etenc¥ fry priflicts (A B
and C) are eval uat ed bvwrallladdejeabimy Stjur es,ot ofal deat, |i npepnall mooBture
content, surface Aw and TeEXtUTE vVal UE. TNE rTesurts are snown 1n tne
foll owi ng table: Bulk Tot al | nt er nal Surface Max. Area
Rati o Product Note: Within each sensory|tést, attributeratings Wigh letter suptrsceipts jaresignificongly differerftatrac o

Area to Max. FO&8fconfidence level.

The sensory test results reveal that the oven-finished French fries according to the present

invention (A) have flavor and textural attributes very similar to the deep-fried French fries (C).

in

particular, the oven-finished French fries according to the present invention possess the desired textural

dichotomy, i.e., 2 moist interior and a crisp crust, that is typically associated with deep-fried French fries.

In contrast, the commercial oven fries (B) do not possess the desired textural dichotomy as revealed by a

significantly lower surface crispness rating.

Exampie 2

follows:
D.

Oven-finished French fries according to the present invention:

Two oven-finished French fry products and one deep-fried French fry product are prepared as

The frozen shoestring-cut par-fried potato strips used as the starting par-fry in Example 1A are an

acceptable starting product for this example (Simplot Par-Fries; J. R. Simplot Co.; Caldwell, ID). The par-

fried potato strips have a moisture content of about 64% and a fat content of about 6%.



Oven Fry A Pr esent 38% 18- 67% 0.3 205 g
243 gsec 1.19 Invention B Oven Fry . . 48% 9% 72%
0.6 133 g 113 g sec 0.85 C St andar d 37% 17%
74% 0.4 243 ¢ 294 gsec 1.21 The above data show that the
oven-fini shB®¥HEHEN fries according to the present inventPOHUPEPER e
technical attributes that are very sim!l to deep-fried French fries (O
that are considered the "gold WO 97/ 40711 .
PCT/ US97/ 06395 -19- standard."” The conmmercial oven-finished French fries
(B) fall outside the desired ranges for surface Aw and the textural

par aneters (maxi f [The
above French fég,"‘moﬂ‘ﬁéf?*ﬁ;gr';ﬁ*‘g%ﬂt‘gﬁaﬁ‘m Fpield W S f150h

sensory testif ate fyme ket copminingtyimey, 8 vegsiatle Q" folgnd of pagially U&B&“{‘%‘df or
vari ous sensoweybeatoil andromn @i awilabla frerg the Brogsér &lGambdle €o.) brubdo8 @ ndrdrey at b Gfbsanié € I UN,
eval uating eaﬁght %‘ft(h@ J%G'ﬂhefrithuQ GG R nﬂﬁéﬁﬁt@l& lﬁ)‘nﬁ%ﬂl@r&lﬂﬁ i RorfilFfR { Bed

French fri es. | owi n% he sensor test results; eac ri c val ue
is the averad® ?"3‘{"? nge f"“f‘ﬁ%ﬂ' ntaf fhe resting pardy ixapu 48¢pand the fat content is about &% 5 o

Test #2 Pr odulbe frozen par-fries are packéged into foil-laminate t@gs and stored at about BF (-18°C). C Oven

Fry-  Deep-Fry- mg‘f&%nﬁf%esarebal@@ﬁﬂdﬁrb% ﬁ&?ﬁ& wven Wi Iverﬁglgg?otamn,mr cial

Gol d I nvention St ase

40 % Model 2.0 x 051 plggﬂant Jetzone™ oven)gosmmg With2 coptinyeys conveyor. The par-fries arg o
5.5 . Sarrdfged inja single Iaﬁean & dpeCwireOnesh frdyabaois placed on the oveh clnveyor belt. Hot gfr. 3
4. 3A impin e?BJ +

37[err] p é e pr Sur F&E the 8}) .and bottom. delivered ﬂ]bmﬁw b:gxks of mbes]l0c§teq5ab¢}vc

2. 7[err] and belcsv tg‘[c@?\}c]'or beltr dhe aglvelm gqulggisat the product bezgs apout 5,500 feet per mpingte
57 (5.6 aders per minde) eiecdi tbessture withinGhddoven chamber is 4506 (232°C) and the

3. 3[ err ] conve oz s;QLtﬁE h rms&@&u& tl:atWetrdehct,earﬁpin §|% Qﬁe?:rry 1 #Serﬁl}mtesath;ufnédgugé&

ratlngs W th superscri are S|g I cantly di
confi dence | eF?/‘EH‘B Wé"'éhsﬁ%rfy whtith prarm (307D conditigneq Primey )98 vepetahle siie d
French fries shaeavdeing veght bempmsesrﬁpmyda\mmtmm&) Thé deendfihishéd Fried [afd then

textural attriRidies, &?Iﬁ%rigdh U%Jm%rtecﬂnq W€ 6iRre sdite S fha ﬂaﬁﬂmﬂi flabe §nd(&lure ty"

particular, the oven- rench fries according t e present

i nvention pos®HEs the desired textural dichotony, i.e., a moist interior
and a crisp crust .t hatCommertial pveg-Fhibhed Eraelpfiesat ed wi t h deep-fried French
fries. Frozen samples of the Ore-Ida® Vend Fry® for use in the Ore-lda French Fry Vendor™

(shoestring-cut; Ore-1da Foods, Inc., Boise, ID) are obtained from a local distributor and stored at 0°F (~18
°C) or lower. The frozen Ore-Ida® Vend fiies are Joaded into the freezer compartment of an Ore-lda
Mode! 890 French Fry Vendor™ vending machine (Crane National Vendors, Division of Unidynamics
Corp., Bridgeton, MO). The Vend fries are baked in the French Fry Vendor™ according to the
manufacturer's recommendations: about 3.5 0z, of frozen Vend fries are deposited into a rotating basket
and then baked for about 40 seconds with forced hot air at 465°F (240°C) blowing through the basket.
Upon completion of the baking cycle, the oven-finished fries are automatically dispensed and then
immediately evaluated for various technical attributes or are salted, and evaluated for flavor and texture by
tasting. )

F. Deep-fried French fries (McDonald's™ French fries: "gold standard"):

The frozen shoestring-cut par-fried potato strips used as the starting par-fry for preparation of
product "D" of this example (Simplot Par-fries; J.R. Simplot Co.; Caldwell, ID) are further processed by
deep-frying. The par—fried potato strips have a moisture content of about 64% and a fat content of about
6%. |

About 1.5 Ib. of the frozen par-fried potato strips are allowed to thaw for about 1 hour at reom
temperature (70°F; 21.1°C) and then are deep-fried in a 45 lb. foodservice frying kettle containing



In contrast, the commercial oven fries (B) do not possess the desired
textural dichotony as revealed by a significantly | ower surface crispness
rating. Exanple 2 Two oven-finished French fry products and one deep-fried
French fry product are prepared as follows: D Oven-fini shed French
fries accordi MO¥WFHe present invention: The frozen shoest r PREEL06395
par-fried potato strips used as the startlng‘ par-fry in Exanple | A are an
acceptabl e starting product for this exanpl™®"(Sinplot Par-Fries; J. R
Simplot Co.; Caldwell, ID). The par- fried potato strips have a nvisture
content of about 64% and a fat content of about 6% WO 97/ 40711
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further process eep capaci y ogdservi ce
frying kettle csﬂ-egmpﬁg&qu-ﬁbfowsawaefw»émb«mmznsv@ﬁa PPk GIE (ISHFY, Upon
hydr ogenat ed sosshheanfran itheafryelr, eherdeepeftidd Erensh Krizbhre imalimelyhayaliined ddrevaridus Gahiiidae
Co.) for about ﬁmﬂx&‘dﬁﬁ&a@d ﬁﬂPﬂo N5:San “&bo%ﬁlgé“ 90[err]F (143.3C). The

resulting par-fries are I me rozen lon in |iquid nitrogen
for 20 seconds. The 'Hﬁlag‘l”&F'é""&(ﬁ"ﬁtP@H‘l“‘é'P E nd @’sa‘f‘l"P‘ng'p‘é‘F“ npaisgurs, totah foby iftemak o
and the fat connaigire tontett|smiice A Sad Thnee ValuaZ Thi r¢dalts ade Kot indliedolip@ingaged i nt o

foil -lam nate bags and stored at about OF The frozen par-fries are
baked in a doubjfe inp}ngement o ebulK dax. Area TR C Ratif/A

Model 2.0 x 0SI|grfst| plant Jet ¥ V\1 frcca) cont i s
conveyor. The par-frigs are arr I ngle Iayer on ap open V\Hﬂ‘g resh
tray that is pl gced~oin gt e TS O

product from bojh Phe| tapm and bpt #2%m i yeT&6 fir oh t Wa'6Isapiess st | t dbes
| ocat ed above apd _hel biaveptioe convevor The aiir _velbcityl neasufed at}the

product bed is hbogt SgSWtLeet Pske M Nydee | ( Fb76 r@tersg,gerwﬂw ehyr The
ai r tenper at ur e it ) 4SO 232 —andi-t-he—cprvey
speed i s adj ust ¢d Buchsta thel r?d denié® i 8 i n tHe pees | 5495 nRhufes.
| mredi ately aftéer exiting tne oven, e fTries are 1rg y sprayed w{h warm

(-150[err] F) condi t i Theebbviddtashow thétEheweddiniakel Ereadhfijes advarding 6 %heqirdsenbiptventiingD)
of the fries is asp{eaaéﬁg a6t e Y fitPr0 oblBGidd Han il Aol Ecnircd R ~Li

i mredi ately eva uat or varlous techni cal "at utes or are salted and
eval uat ed for f7apRss" Aherommerrigoxenfipished Erepch dries (E) fall outside the depiged mpges for surface Aw
oven-fini shed Fangdnieextral ppsumetérs (riaximurg foreg,aes, and ratioldfarénemdxphwm\fared Fry for use

in the Ore-lda Frenchehie M@.&ﬁ (o&lae%étau. Drufadd for Qc& b knlr R Sstind. Mhe aver-
Boise, ID) are bta ned roma g distributor and stored at err

[err]C) or |owe E’é’ﬁ“’ﬁ‘“&'ﬁ it inveghign (D) hayeaflaygr and textyge simi t"F?

freezer conpart mmd--ﬁemdmmma(mm pirticg@0thé-ovem Olishéd rentefieof lpeprcs}mt weentionng

machi ne (Crane NalelsQRiAesidPREMI Jicnddmy! 2, 2 thofRd itk SN pGRust, that is typically associated
with deep-fried French fries. In contrast, the commercial oven fries (E) lack sufficient crispness and do
not possess the desired textural dichotomy.

Example 3

A non-digestible fat composition is used to prepare the par-fried potato strips in the following
example. The non-digestible fat composition is Olean™, from the Procter & Gamble Company, which
comprises a blend of liquid and solid sucrose polyester. Sorted and graded Russet Burbank potatoes are
peeled, washed, trimmed and cut axially into shoestring strips (0.25 inch square cross-section). The potato
strips are blanched in hot water or steam and partially dried with hot air such that the potato strips are
reduced in weight by about 15%. The partially dried strips are then par-fried in Olean™ for about 60
seconds at an oil temperature of about 375°F (190.5°C). The par-fried potato strips are then cooled and
frozen in a blast freezer at -30°F (-34.4°C) and packaged. The par-fried potato strips have a moisture
content of about 64% and a fat content of about 8%.



Corp., Bridgeton, MJ). The Vend fries are baked in the French Fry Vendor
according to the manufacturer's recomrendati ons: about 3.5 oz. of frozen
Vend fries are deposited into a rotating basket and then baked for about 40
seconds with forced hot air at 465[err]F (240[err]C) blow ng through the
basket. Upowa@smpbrti on of the baking cycle, the oven-fini soeasévacsss are
automatically di spensed and then i mmedi ately eval uated for various
technical attributes or are salted, and e¥aluated for flavor and texture by
tasting. F. Deep-fried French fries (MDonal d s[err] French fries:

"gol d standard"): The frozen shoestri ng cut par-fried potato strips used as

the starting par- f r rat,ion of .product "D' of this exanple
(Sinplot Par-fries® bx‘ff l&’ éﬁﬁ%f%@ed& 4 RRHP strins aie futther proggssed by e RatSs e g
by deep-fryind. °ﬂmﬂp&!°ds?wwefdvﬂpd@m epngining Pleanfttforabout frovingtes At ©lepmrtvef alofit
a1 1100 DOt ars, St Lpe oL el LA Al el misef i b} el 6 i

t enper at ur e (%W% {P'] #PD sifaglfaﬂd(‘,? q%\' 'Ef"‘['%eawg‘af“? et P‘?"f’ﬂd“ﬁ‘ﬁ tempgratuget,of

f oodservi ce fappoxigaibeq°F (-é7 6 (The pai-fiigd potato\4FipShinvehbaut 46% moisture and about 20% fat.
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I mredi ately eyad d ety X _
eval uated for_flI a&“ob?ﬂgﬁkghtaﬁ%lﬁﬁ&“t as?fﬁigovmmaﬁ%ggwg encﬁ‘“??l 89’8 ucts

(D, E and F) %8P Eeteemingin @74 metsr peaimteyoihe frigt aze then Fangferred fp an openywire mesh barkst iet ur e
content, sur fagmgleAuwenmng thecbatkar placethivitidn the lreatmeps zoiné 8f Qhigh edi@itynimpifgeinka® oven
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Example 4

The frozen shoestring-cut par-fried potato sirips used as the starting par-fry in Example 1A are an
acceptable starting product for this example (Simplot Par-Fries; J. R. Simplot Co.; Caldwell, ID). The par-
fried potato strips have a moisture content of about 64% and a fat content of about 6%.

About 1 1b. of the frozen par-fried potato strips are further processed by frying in a 45 Ib. oil
capacity foodservice frying kettle containing Primex 108 vegetable oil (blend of partially hydrogenated
soybean oil and corn oil available from the Procter & Gamble Co.) for about 3 minutes at a temperature of
about 335°F (168.3°C). The resulting par-fries are immediately frozen by immersion in Jiquid nitrogen for
20 seconds, and then equilibrated to about 0°F (-17.8°C). The par-fries have about 383% moisture and
about 17% fat. The frozen par-fries are then surface hydrated by spraying a fine mist of water at ~70°F
(21.1°C) onto the surface of the par-fries. During the hydration process, the frozen par-fries are tumbled
in order to achieve a uniform application of water onto the surface of the par-fries. Spraying of the water
mist is continued until about 7% (by weight of the par-fries) of water is applied to the surface of the par-
fries. The frozen hydrated par-fries are then stored at between 0°F (-17.8°C) and 20°F (-6.7°C). The
hydrated par-fries comprise about 43% bulk moisture and about 15% tou;l fat. Hydration of the par-fry
surface increases the Aw of the crust region, thereby reducing or eliminating the Aw differential between



standard." The commerci al oven-finished French fries (E) fall outside the
desired ranges for surface Aw and the textural paraneters (nmaxi mum force,
area, and ratio of area to nmaxi mumforce). The above French fry products
are also evaluated for flavor and texture by tasting. The oven- fin p
French fries W@8VTHy to the present invention (D) have a f 1B gh%
texture simlar to the "gold standard" deepsfried French fries (F) I n
particul ar, the oven-fnished French fries '? t he present invention possess.
the desired textural dichotony, i.e., a noist interior and a crisp crust,
that is typically associated with deep-fried French fries. In contrast, the
copmer ci al  ovennd i@l cbrEhnd 1BEHush kfibd, WhitRis el drivig) Bo58 fekbisthe Migatiod A6Hng Fozeh he
desi red textur%l dlchotony Exanpl e 3 A non-digestible fat conposition is
used to prepare The par-fried potato strips in the follow ng exanple. The
non-di gestibl e fat c\onpyd2iardmsief the fraes Aydratad phr frifs mrsprepdied furcguspraptiokbybakibg ip a

Conpany, whi ch {6k ics&1ich obémfdummhmgcmdodamd M4UIE). OBR hjXipked P14 are
Sorted and graded FFg.lsset otatoes are i, med a

Ut e al by i nieTeEREE ey on e v 5 i o Bpafel e IS Sl
potato strips oofebol42YIE(REB°Ch mulwa*!wﬂw existewithindbrchvencehanibert The aitvélesity tithe h

hot air such t hgerlofifie &meﬁmeﬁﬁnmeaﬁm a&vé.ﬁqsmd bédiis WRLI0H fem{,eramw(zﬁi.ésmThe

partially dried strl rie ]

seconds at an df l"%'ﬁ‘p ‘éPYfP 'g\‘&)g {fries g'férdfﬂ"g’?'(&’%”'%i’m%é’”p“a‘f‘“‘f purfeeg
potato strips dexturedndmois interiesd Therfohished Grice bavé abulk nivismestcorftantad abopt 38%, 334 faprontedt
(-34.4[err] O aipgboMA6HH StbmalGisuld@dontbdt bEaloud P02 h Qurfade AWLT atdEOR, £hd FRExRAd Wafue
content of about 64‘V and 2 f? C #]’tent of ziagout 8% V\097/4%‘J_
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strips are further processed by frying in a 45 | b. oil capacity foodservice
frying kettle containing Oean[err] for about 3 minutes at a tenperature of
about 300[err]F (149C). The resulting par-fried potato strips are

i mredi ately frozen by imrersion in liquid nitrogen for 20 seconds, packaged
in foil |lamnate bags, and stored at normal freezer tenperatures of
approximately O[err]F (-1 7.8[err]C). The par-fried potato strips have
about 46% noi sture and about 20% fat. About 128 grans of the frozen
par-fries are placed on an open wire nmesh oven tray in a single |ayer and
then baked at a tenperature of about 400[err]F (204[err]C) in a forced air
convection oven (Wells Manufacturing Co., Mddel No. M42003S) for about 2.5
m nutes. A turbulent air flow exists within the oven chanber, with an air
velocity at the center of the oven chanber just above the product bed of
about 900 feet per mnute (274 nmeters per mnute). The fries are then
transferred to an open wire nesh basket in a single |ayer and the basket
placed within the treatnment zone of a high velocity inpingenment oven

(rmanuf actured by Industrial Conbustion Services, Inc., Tyrone, GA). Hot air
at 375[err]F is directed onto the surface of the fries at a velocity of
about 5,000 feet per mnute (1,524 neters per mnute). The fries are



held in the inpingenent oven for 15 seconds. The resulting reduced calorie
oven finished French fries have a texture and flavor very simlar to gold
standard deep-fried French fries. The finished fries have a bul k noisture
content of about 35% a total fat content of about 15% an internal

noi st ure coWe@sm4esfl about 72% a surface Aw of about 0.4, ZEHUSITIEIMSur e

Val ue of about 250. Exanple 4 The frozen shoestring-cut par-fried potato
strips used as the starting par-fry in B@énple 1 A are an acceptable
starting product for this exanple (Sinplot Par-Fries; J. R Sinplot Co.
Caldwel |, ID). The par- fried potato strips have a rmi sture content of
about 64% and a fat content of about 6% About 1 |Ib. of the frozen
par-fried potato, strlpa are further processed by frying in a 45 |b. oil
capacity foo }ﬁ ng kettle containing Prinmex 108 vegetable oil

(bl end of partially hydr ogenat ed soybean oil and corn oil available from
the Procter Ga pp&g“ nkenmperature of about
335F (168. :%[gﬁrr]rCT:J)@‘va“ﬁR resu t| n g&aﬁlessgcrog;m di ately frozen by
imersion in liquPt ni Bg%%/"f‘bts WlemgifBES: and then equilibrated to about
O[err]F (-17.8[erbj C) &EFineS%ao-ZS%tasalfaw@dabout 38% noi sture and about 17%
fat. The frozen Py e Haud i m st
of water at -70[err] F %?%x%@ OPH{Iegﬁqheﬂagh Igggl 0 d ;‘M %"‘%l %S‘ﬂg
During the hydration phagiaym : ﬁ‘é {8rama), op the f #rpd (2w SFEI)ITtSlﬂé@ the dewer to
achi eve a uniform appl defoination ehrvedingiig Me figst bkethird of a66m) %&Essidiﬁeﬂar fries.
Spraying of the water m st is continued until about 7% wei ght of the
par-fries) of water is applied to the surface of the par- fries. The frozen
hydrat ed par 2f ri eJheprodugtaf Glainy bwhereinsaid aven-figished fries havera byl mojistyre 9 d

20[ err] F (- 6froheB8%Gp . 44%\ thtalfablbLRoMANI% fo 23% QAER TebreWie of ¥edh [B10ko

noi sture and, ut 15%total fat. Hydration of the par-fry surface

i ncreases the”Aw of the crust region, thereby reducing or elimnating the
Aw di fferential between WO 97/ 40711
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of the frozen Hy ries are prepare consunp |on y baking in
a forced ai r“b Yection oven. (Wells Manufacturing Co.; Mdel No. MA2003S) .
The hydrated par-fries are arranged in a single Iayer on an open wire nesh

' t bak .
a5 cr 1 F (235, acrie RRdueoh Qs Snekin B Ao AGRY ALithiig) nf Whksing-

chanber . The c#tifiese| oci ty at the center of the oven chanber (immediately
above the product bed) is about 900 feet per mnute (274 neters per

mnute). Thesoven-j,! L ERIET, B 5 oF 4 ﬂl gﬁﬂn& ?@t%ﬁ%{rh%&ificwm at

di chotomy, i e, a crisp SULface texture an erior Ini's
fries have aOMth¥emperatresaf fiogh SR FR 409 wa 9% a total fat content of

about 16% an internal noisture content of about 72% a surface Aw of about
0.4, and a T%Xt ur ?hé/ Baloldﬁct of Claim 1, 2, 3 or 4 having thermal conductivity of the crust region
at oven temperatures of from 0.1 to 0.3 watts/m°C.

7. A product according to Claim 1, 2, 3, 4, 5 or 6 having a thermal conductivity of
the inner core of from 0.4 to 0.7 watts/m°C.

8. A product according to Claim 7 wherein the ratio of the average area to average
maximum force is at least 1.0 in the Texture Value Measurement.

9. A product according to Claim 8 wherein the surface Aw is less than or equal 1o
0.55.
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(54) Titlez: OVEN-BAKED FRENCH FRIES HAVING DEEP-FRIED TASTE AND TEXTURE /
(57) Abstract

'I'he. present invention relates to French fried potatoes produced from an oven that approximate the attributes and characteristics of
French fqes that have been finished by deep fat frying. The oven-finished French fries of the present invention can be differentiated from
commercial and prior-art oven fries in that they possess a combination of attributes, in particular, bulk moisture, total fat, internal moisture,
surface water activity and a Texture Value, that renders them virtually indistinguishable from deep fried French frics. The oven-finished
FrencI! fries comprise from about 32 % to about 50 % bulk moisture, from about 8 % to about 25 % total fat, from about 55 % to about
80 % intemal moisture content, a surface water activity of less than or equal to about .55, and a Texturc Value (maximum force [grams]
or area under the force deformation curve [gram sec) within the first one-third of a specific compression test) of at least about 200,




