*159159* PRODUCTI ON OF WHOLE GRAI N SHREDDED PRODUCTS
FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a process for the production of shredded
products, such as snacks and ready-t oo- ea}\mmmmum“mp
whol e cereal grains. BACKGROUND OF THE |

[0002] Whole cereal grains are nutritious and,gy@vide
a high dietary fiber content. Shredded products have
been historically made wi th whol e grain wheat.

Gener al | in the production of shredded wheat

r eadyPBﬁgHtC'EHPQéBFBWﬁQLEﬁBMN SHRERBEDBRODUCTS
waf ers fromwhol e grains, a plurality of shredded

| ayers are lamnated wupon one other, and the | am nate

is cut, dockered, gigyPROROTHE RAPENAGJGOdUCtS
having a distinctly visible shred pattern on their

sin jor surfaces. The shreds rovi de vjsual
BBEP 5t o B Bles G AR gEiBTesap » dgoss RRER e Bagiyetion of shredded
- connote a healthy, hearty, natural product. Al so, the
profuetdssushasisdecksrradaaadidtas eaticare safrem velrde dederlgnains.
robust flavor. [0003] To prepare wheat for shredding,
whol e wheat berries are generally cooked and then
tenpered, using prolonged tenpering tinmes. Wueat is

generally easy, t er I ter the

cooki ng and t e#&@%@iﬁ%ﬂ—lmt 24

hours after tenpering. Wiole wheat is unique in that
[0002k ont ai Woln ¢pred axming Are murifeus and proside avaigbdietary filer

provi de cohesi veness and el asticity during machi ning
ceavert. Bhredded products have been historically made with whole grain wheat.

Generally, in the production of shredded wheat ready-to-eat cereal biscuits and
shredded wheat wafers from whole grains, a plurality of shredded layers are laminated
upon one other, and the laminate is cut, dockered, and baked to provide products
having a distinctly visible shred pattern on their opposing major surfaces. The shreds
provide visual attractiveness and a unique, crispy texture and connote a healthy,
hearty, natural product. Also, the shreds provide increased surface area and deliver a
robust flavor.

[0003] To prepare wheat for shredding, whole wheat berries are generally
cooked and then tempered, using prolonged tempering times. Wheat is generally easy
to shred over long periods after the cooking and tempering, for example up to about
24 hours after tempering. Whole wheat is unique in that it contains gluten which

helps to retain water and to provide cohesiveness and elasticity during machining even
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*@00002* after prolonged periods after tenpering.

However, the sane is not true for other grains

because of their lack of gluten and their unique

chem cal conposition and changes that happen to the

grains after cooking and tenpering. [0004]

St ar ch- based conpositions which have little or no

gluten, when mxed with water, do not forma dough

that is cohesive at roomtenperature and continuously

nachlnable of sheetable. Mchinability of dough made ‘
after R loRgedeRTds 2 Tisn g ringt Howeser, thfosagvleuﬁ ant ?ﬁiy fgother grains

i mproved by form ng a dough under el evated tenperature
becausdi dfitheis Jackofgiutas ahy ttsdilammmgcﬁdmeichlngmﬂw s@tfdrsandashanges that

disclosed in U S. Patent Nos. 4,873,093 and 4,834,996

hag)g? t% lg%lﬁs hedly k Coowgé he production of

products ‘enper ed,
n glut ous mhole gralns such as corn, oats, rye

odB& Bar rch RS Pl qsitapsvigh h@\brghtélsr?tr.nﬁm@nswﬁe@guxe d with

tends to decrease as tenpering tines increase or as
witkie dbinroe fret svdenght tapirdohgsiaadt whvtrettipegatircindac@sinuously
For exanple, cooked corn has a tendency to becone

mBif A0 dr SRSy Wegl%gbflf&eo?&’@oghr}ga@@ obn SRR s having little or

process due, It is elre starc

tion. storing o red corn in .
n%@P[f@qB @e tprroaA% Biferdine ar&lg{* BPg%FLFg?Y%?PC {smpeaatyrssconditions,
tends to increase starch retrogradati on and hardness.
suthes byskeening thepegredients, ealdisgloaedm UHH. Patene dNowe4,873,093 and
har dened or rubbery, tend to fracture during

4,854,996l k0 Ba 01 MO Dl HEAREWRE Nh tRe SYI8BgdNEF §}9ééld&1r BY&&s from
for produci ng continuous, well-defined shredd

eet s 0005 conventj onal processes
cdgRbd, bR AU patr R el BRI rhAN ! T
then permtted to tenper to increase shred strengt h.
sh@ﬁg@ﬂ}tj{]gﬁt@ﬁong@n@@@p@sjshreds tends to decrease as tempering times increase or

as the time between tempering and shredding increases. For example, cooked corn has a
tendency to become hard and rubbery during the cooling and tempering process due, it is
believed, to starch retrogradation. Also, storing of tempered corn in surge bins to
accommodate mass production processes tends to increase starch retrogradation and
hardness. The cooked, tempered cereal grains which become hardened or rubbery, tend
to fracture during shredding or do not conform to shredding roll grooves for producing
continuous, well-defined shredded net-like sheets,

[0005] In conventional processe.s.for producing shredded cereals, the grain is
éooked and then permitted to temper to increase shred strength. Tempering of the cooked
grains prior to shredding has generally been considered necessary for obtaining strong,
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grains prior to shreddi ng has generally been
consi dered necessary for obtaining strong, 2
continuous shreds. In U S. Patent Nos. 548,086 and
1, 159, 045, cooked wheat or simlar grains are
subjected to tenpering tinmes of over 12 hours before
shreddi ng. As described in U S Patent No. 4,179,527,
in the manufacture of a whol e wheat food product such
as shredded wheat, whole wheat is cooked sufficiently
ly e I v2
coﬁt?mﬁ)% gfrlfeggﬁlgtlg I§t Il’glncﬁlf lﬁ?s tﬁﬁé&t\/?ha d la%559645 cooke&J %eat or similar |
tenperature, and tine, for a given tyge of grain.
gr%%?frcoﬁuhljcieé tQ tesmperigtimene! OYFrll'?Eil%lZW ﬁfPFFéShreddlng As described
gel atini zation of wheat starch involves a destruction
in UfS.Ratels No 4,170,327 s e mamufaegieostsn wholetvaliead food product such as
granul es. Retrogradation is the return of the starch
shiZRUEL Whes, bof FhyatALdJIRE SRy @ elaMHifd 'k Starch.
different fromthe original cryst e structures,
- on coolln enp ermts. the ge i.ni zed mheat
Gelfitteatonds BBty et anliv gﬂte\&eew%iegmy, perature, and
t hrough the mheat partlcles to achieve a uniform
timyaferra given tyasutfi gyainwiAchondinghto P& PecheNo. 4,179,527, the gelatinization
Retrogradation occurs during tenpering. Ac cording to

of Whedt stii@hafivolNesOn déstiuibBo®3f Fondsfin tBHESSEIIREG refions of starch
attenpted shortly after cooking, the |nsuff|C|ent

e ults
erff it ﬁgﬁ%%%%&sﬁﬁ?#&%ﬂiﬁé s SRR BRabE ' hiatehife spoture
are. tough, or suffer fron1other physi cal or
Wht“’e}k’csdir‘glge"dllt &aav@ﬁtoagﬂéﬂallcwsuﬂsne siEd dyres, N ongopling sPempering
the tine required for the tenpering of cooked whol e

pemhigathei g latiniaidanhéaalstaych Wo&]immk;&iobyaﬁ]péﬂrmtbgwhﬂaﬁm{\éﬁ&bn through
at a tenperature of from1l 'C to about 12 OC. [0006]

theI Whéat pRRidIeVRhch Ak ol forSRhter ?ﬁ@‘?g":@g}? g‘fét’ﬂg? n%z{rﬂﬁ:ge]s

|str|but|on of wat er and acl

Re%rggrag aHon occu IS 8ur?ngn teetm\/\g)errglgvﬂc gg]rd nrgot\c/) II.? %S Pateplte |ov2,qgs’352 7,if

shredding is attempted shortly after cooking, the insufficient degree of retrogradation or
tempering results in at best, short noncontinuous strands and/or strands which are tough,
curly, or suffer from other physical or textural disadvantage. Iﬁ U.S. Patent No.
4,179,527, the time required for the tempering of cooked whole wheat is substantially
reduced by chilling the wheat at a temperature of from 1 °C. to about 12 °C.

[0006] It is believed that for wheat, the tempering permits distribution of water and
facilitates development of the gluten into a network which provides cohesiveness for
shredding. Itis also believed that the retrogradation of wheat starch during tempering or

after tempering is slow so as not to impede shredding or it forms a crystalline structure
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shredding. It is also believed that the retrogradation
of wheat starch during tenpering or after tenpering
is slow so as not to inpede shredding or it forns a
crystalline structure 3 which permts shredding in the
‘presence of gluten, Tenpering of non-glutenous grains,
such as corn, oats, rye, and barley also helps to
di stribute water throughout the starch granules. It
is believed that rel ease of sone soluble starch during
- LG LSEL Lon of .t st.arch and ter
weR SEB e afihg b b e Bbr bl B g utenous grains,
Fgmever, the amount rel eased may be insufficient for
SUEH AT F o QoS sTYcetibbariaytalsahelns oy diptribpts welgr thaat glorut e/ starch
be too rapid and may provide a crystalline structure
grahileh Itnpeeéyed shuteeldadel dfi soyneisoludlé SRR R g and
shreds. [00071 Nunerous ot her processes for producing

diSAbeGsedr Gereatn REPHUR: %lui’\f'n;"% Bem %egﬂ%?}ge %s{ t??%ﬁ%fg\%%ohle H¥eness.

or wi thout any apparent tenperi
Shredded cereal products,, -whether tenpering is used
Hoovl,'evr?&tt%eﬁwgngrgsﬁsgmyrhﬁd&a 1e59fcgmog g shrefdability or starch -

cereal in a for nother than its cooked berry form
refogrpdatiqmmey hatoorapid ut may pRubie e atystiline onstutrd@RicB impedes
/0 3 48 3 8 A1 and WO 03/024242 A |, andLJ.S. Patent

shdphbitiad ined)dgllon eidh b shys, US 2004/ 0166201 A |
di scl ose the addition of an enzyne to starch-based raw

eri al 0 celerate the, retrogradatipon of starch
(08541 s e SR s oot Etpead el gosaal pra duots with
%ge production of snack pellets and in the production
regiced Arrapefées teeear withppoon|appasnt ramning Noe 280 X@Bwh7 Bhredded
and European Patent Application Publication No. EP 1,

ce@PpfddibtsAvhethsc teagrerinfds PEeatiiGlot,Havehlsd BeeY produced by shredding
cont ai ni ng breakfast cereal by extrusion

the cereal in a form other than its cooked berry form.

[0008] International Patent Publication Nos. WO 03/034838 A1 and WO

03/024242 A1, and U.S. Patent Application Publication No. US 2004/0166201 A1l

disclose the addition of an enzyme to starch-based raw materials to accelerate the

retrogradation of starch and thus allow a shortening of the tempering step in the

prodﬁction of snack pellets and in the production of shredded cereals.

[0009] U.S. Patent No. 6,303,177 and European Patent Application Publication No.

EP 1,132,010 A1 disclose the production of a soy containing breakfast cereal by extrusion

cooking a composition containing a soy material and a cereal grain to obtain a

sqbstantially gelatinized dough. A conventional pelletizer may be used to form dough



cooki ng a conposition containing a soy material and a
cereal grain to obtain a substantially gelatinized
dough. A conventional pelletizer may be used to form
dough 4 beads fromthe cooked dough as it is extruded
fromthe form ng extruder, The pelletizer blades cut
t he dough extrudate rope into beads or pellets for
further processing into flakes or shredded cereal.
The dough beads may be dried to a noisture content of
l ess than 18% and then the dried beads nay be
bepgharethercopkebdnughanisis extrusiedfoan teCfotmingsertsnfder eThe pelletizer
shreddi ng. [00101 U. S. Patent No. 5, 368,870 discloses

blédestout yHendpughrexatyateQopeinte @6RR! orWel1ts fOLRRIHA DR REEng into flakes
by addi ng to cooked tenpered cereal grains prior to

| _ pered cere ns
orBhRRBCN BETel YTt A9 sy SRRl dRob SPkentafess than 19%

ooked cereal s pieces may conprise cooked grains or
anﬁ r“&ﬁh‘gﬁ@egi’:‘?@hdwam@|t@nmréétf0r ot ¢ doursrtogbiotis ] 0 boum before

cones, oat flakes, and the |ike. After fortification,
shreddingooked tenpered cereal piece s may be forned into
pellets for flaking or may be shred in shredding

oyl s. [ Wﬂ.%téﬁﬁio.@if&nﬁ?ﬁ\@i‘scﬁsésﬁ%;&%ga%%/agggggat cereal with

Internati onal Patent P I catl on

i scl.ose, tengperin f cooked cereal pellets or pieces
befh spfo @iEinY BUBER S fa ki Shpr i e Bak e SRR g
products by exposing the pellets or pieces to a high
Tempesingitinges mpx rangg\feorh japproximately bhowt to approxithitelsi M hours. The
to inprove noisture distribution therein but wthout

e e e DR g AR ohe
berries or grits, corn cones, oat flakes, and the like. After fortification, the cooked
tempered cereal pieces may be formed into pellets for flakin g or may be shred in
shredding rolls.

[0011] U.S. Patent No. 5,182,127 and Intemational Patent Publication No. WO
93/05665 disclose tempering of cooked cereal pellets or pieces for ready-to-eat cereals or
cereal based snack half products by exposing the pellets or pieces to a high intensity
microwave field for a brief time sufficient to improve moisture distribution therein but
without causing the pellets or pieces to puff. The microwave tempered pellets or pieces
may be flaked or shredded.

[0012] U.S. Patent No. 4,528,202 discloses the production of the ready-to-eat

shredded potato products by combining at least one potato starch source with water under



[0012] U.S. Patent No. 4,528, 2202 discloses the

production of the ready-to-eat shredded potato

products by conbining at | east one potato starch

source with water under 5 | ow tenperature and | ow

shear m xing conditions so as to avoid

overgel atinization of the potato starch and to form

i ndi vi dual discrete dough pieces or particles,

tenpering the dough pieces for at |east about two

hours to distribute the water substantially uniformy
loy figmapeyabue apf dovy shras mixingeeonditinns gaiea ¢ eveidtavergslasinization of the

dough pi eces, and cooking the, shredded dough. [00131
pofite srsdemdiodbantindipiuahdist et @dughiedesiot pattitles, empering the

mentioned or is indicated as being optional in the

. .are .
Qo BPERISEL B eb LeaFPARRL By  ROMMD S0iri g Ul BBl Snitormy
h1, 946, 883, 502,378, 897,181, 3, 062;61(; 7, 3,462,277, '
thrgtighoiit the dangh pispes s dphedht taperetydovehepicpespand cooking the
U S. Patent No. 1,189,13 0, thoroughly noistened bran,
shredded deugtheat bran, is mixed with up to 50% of whol e
wheat or other gelatinous cereal flour or starch-

[0PEAT | Ng PRcREdeRhwherf tbnhSerfm@qk Rt éﬂ%g%gﬁyirﬁelnﬁigggl@@ms indicated as

retort. The cooked product is dried to a

condition, the | s are pressed through a vial mesh )
beliapotinaal iodh Pradiohon & Spi5ug Topt S aH P h abfa g gare disclosed in
t hrough shredding mlls. [00151 In U S. Patent No.
U.5, Bogniidas. lal 89k a2, 008s@Ad, 1,946,808 ¢ pOR2,8 T8 18P 7518 a A 06G , &7,
boili ng wheat alone or with other forns of cereal or

3,462007 181 7321, 1009, andUT frad B ndP at NS .67 4, 0ugoked product, and
then converting it into a thin ribbed sheet. The
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bran, is mixed with up to 50% of whole wheat or other gelatinous cereal flour or starch-
bearing material, and is cooked in pans in a steam retort. The cooked productis dried to a
lumpy condition, the lumps are pressed through a vial mesh and the resulting rice sized
lumps are then fed through shredding mills.

[0015] In U.S. Patent No. 2,008,024, a cereal biscuit is prepared by steaming or
boiling wheat alone or with other forms of cereal or food material, surface drying the
cooked product, and then converting it into a thin ribbed sheet. The shredding rolls are
spaced sufficiently apartso that a sheeted material with ribs is obtained instead of a

shredded product.

[0016] In U.S. Patent No. 1,946,803, rice, alone or in combination with bran, is



shredded product. [0016] In U S. Patent No. 1,946, 803,
rice, alone or in conbination wth bran, is 6 steam
cooked, dried and cooled to a rubbery consi stency,
ground and optionally tenpered to effect a uniform
wat er distribution. This product is then passed
bet ween grooved rollers to formlong flat ribbons.
These ri bbons are dried to produce a brittle product
mhich i's broken and then puffed by toasting. [0017] In
E‘%dﬁt 502, 378, % cereal, grain |s(£re ared
Ste?farcog? i gngypoolsditiany! b%rw@aﬁvﬁfgncsétgéw ghwpptionally tempered
soaki ng. Dependi ng upon the spaci ng between the
to eftddt @nsyifoam wateddistributionh®hisgrodust i thes pdssed|beeween grooved
ri bbons, or sheets, an d the like, is obtained, [00181

rollels {4 f01$m lgngﬂta?ﬂBbm THes: r?blﬁlcﬁlsjare c(ljﬁgvt tﬁ)afr)]rog[lé]é 8 bBttle %rgduct

veget abl whol e formi wette ot cooke
sed repeat etmeen grooved rollers and

thctrg? bp‘ﬁ‘ﬁl?ea&fit ﬁ@AgY WSHL%ri ng of the grain or
vegetable, it is di scl osed, produces considerable

[00c,1ﬁhnge i UiSs Pemni\baﬁ%pam i& sereal rainnis piapardlf for keredding by
nutritious soluble elenents escapes to the water.

boilifP 1Qbarhin ot §t6e t
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flour and water are mxed to forma dough in an
[00d23] r uderIn GRePetsayNoi 89 Todkeardah graie orxe gaiehde immdoldhfonm is
tenpered in the extruder at a |ower tenperature, The

weft¥d butedtanoré®agditheh HaSscdakp&itedly Beti d¥ul p2b v &ORMeE: Adhen
dried grains such as corn grits, whole wheat berries,

balddt Bgﬁﬂ?gt Gr stédn(ﬁ%g%'?%é Exeanl bxkxeegeg—l%?e,?tx & &:?oseﬁ producgs

considerable change in its chemical quality and a number of the nutritious soluble
elements escapes to the water.

[0019] In the processes of U.S. Patent Nos. 3,062,657, 3,462,277, and 3,732,109,
and Canadian Patent No. 674,046, a shredded product is not produced by means of
shredding r.olls. In U.S. PatentNo. 3,062,657, flour and water are mixed to form a dough
in an extruder. The dough is cooked in the extruder and then tempered in the extruder at a
lower temperature. The extrudates are cut into pellets to simulate cooked and dried grains
such as corn grits, whole wheat berries, oat groats, rice and the like. The extrudates, it is
disclosed, have a moisture content ideal for flaking. It is generally on the order of 18 to

24% by weight, the moisture being uniformly distributed throughout so that the necessity



di scl osed, have a noisture content ideal for flaking.
It is generally on the order of 18 to 24% by wei ght,
the noisture being uniformy distributed throughout so
that the necessity 7 for tenpering is entirely
elimnated and the extrudate can be i medi ately
transferred to a flaking operation. It is disclosed
that it is preferable to further cool the extrudate
before it enters the flaking device to optim ze

foréeﬁxgirl pro eﬁ%[ e?llﬁrl;lthg élﬂé efxltjm%gtﬁca&eoeglmr?%dlgwy transferred to a

wat er i s. passepl through an extruder to gelatinize the .
flakingopigrasion} B i¢ Asclosed Mat & ig prskedbigria fuxtherropbhestktiudats before it
a rubber-like mass. The noisture content of the
entetsxth e feking de¥ideoto3pm izd flek ibg s preness U- shaped
extrudate is pinched off into segnments by cutting

[0(22::?I I's élf@rSmPaﬁ%h% §b&%aeﬁ7c§ﬁlqﬂurﬁsp&ggélsﬂd)&%?gellts and water is

ar at canoe- shaped’ pi éces are t re
15% noi sture. [00211 U. S, Patent No., K 3,732,10
pagfied dhreygh ap mstrbqlfade csﬂaéﬁw(;fthastiaacédyh%ﬂ@aﬂ%ouaatls ceeleskgnd

bi scuit by subjecting an oat flour-water m xture to a
transfoanedaitb angb b erjler mussr Thanchistsreamsdntos freamixture is 13 to 35%.
pressure to gel ati ni ze a portion of the starch in the

Th@%ntfn#1 Is-U IH Bx Et% ik Pﬁﬁh@@éﬁQ&otsﬁg&‘éﬁﬁ BeRlihf bR to form

and the extru pro UCt s cut Into s I"eces.

The fl ake-sh eces which are for are dried
canoiilage Faree@ﬁﬁogﬂgts ofBS SeRRPLRbEAROC ShPRes RiBtRSoTg iy ried to below
wei ght water. The dried flakes are then subdi vi ded,
15%dmoiséttewi th a  syrup, and conpacted into the f or m of
a biscuit. The fornmed biscuits are then dried to a

[ogR St ur eyctaesdt N, 3f 7om @bgﬁklo‘éﬁ Qe rgﬁlh‘XlOngl%ad -to-eat oat
[00221 In Canadi an Patent No. , 04 a shredded dry

cerea} bx%gﬁlf"gy sgbrjggéjncgt ar{ oat flour-water mixture to a water boiling temperature and

superatmospheric pressure to gelatinize a portion of the starch in the oat flour. The

mixture then passes through an orifice and the extruded product is cut into small pieces.

The flake-shaped pieces which are formed are dried to a moisture content of from about

2% to about 6% by weight water. The dried flakes are then subdivided, admixed with a

syrup, and compacted into the form of a biscuit. The formed biscuits are then dried to a

moisture content of from about 4 to 5% by weight.

[0022] In Canadian Patent No. 674,046, a shredded dry oat cereal product is

produced without the ﬁse of shredding rolls. A dough is cooked in a screw extruder,

extruded through orifices to form a strand bundle, and the strand bundle is cut into pieces



produced wi thout the use of shredding rolls. A dough
is cooked in a screw extruder, extruded through
orifices to forma strand bundle, and the strand
bundle is cut into pieces 8 by a cutting device which
may be a pair of rolls. [0023] Processes for the
production of shredded cereals fromcereal grains
wherein considerable tenpering is used, as in the
conventi onal process for the production of shredded

b wheat gre di closedbln gtent Nos. 1, 159, 045,
ylai“fﬁﬁﬁ VT Ve 28y, °£er“ 86%, 035. In U S. Patent
Nos. 1,159, 045, 1 170, 162 and 1,197,297, the whole

[0823)ry is Prwlssnerfpzw wodugion®t poredided témmslorfrang cereal grains wherein
ingredients to be incorporated in the final product. A

codSiagitbi StebipefBg if 16N, bl Qi«'fhe cohdefohMproadd M@&l%rproa—\t@mn of
dough is then cooked, rolled into slabs and then

SR ST (AP Bl 257, o

i eces, dried and then shredded. In U S. Patent .
4,00490% .08 3. Batenidied 1n] 6045 4. H@é@@m&édl%Z%ﬁbewﬁmhgberry is

a layer of shredded cereal in zig- zag configuration

pudver zedBY a8 @o perniit flav ideg nigralien ts aviey invgrpobeteddt &l fddal product. A
In addition to whole wheat, other foods capabl e of

dlegh QO &gf ?at ; e o%l" (:.fhav%?wgt Qﬁ{ walP Jol ?ﬂg thcm%@k?d rolled into

soy, r vegetab e pr el n

ble slurries and tures
nsffléan ?W%PB llﬂgdrtqﬁ"éx OhR SERIP gfe 2‘%‘*5@%& She dried product is
softened by cooking and tenpering prior to shredding.
top 6@ Aroken inhepgr sidepieces doied ahd dotdetiraidedalnsU sy Paranilo.
of shredding rolls, obtaining the cooked cereal in a

4, 6@4 mmrhgéad\ea Fnhscarteqfe%nﬁemy AN S AR %}ér stH}QJicYedo&?eal in zig-
several prob are encountered

zag configuration on a moving belt to facilitate severing the material. In addition to whole

wheat, other foods capable of being shredded, such as other cooked cereal, wheat germ,

defatted soy, other vegetable protein, fruits, vegetable slurries and mixtures thereof may

be employed in producing the biscuits. The food is softened by cooking and tempering

prior to shredding.

[0024] In the production of shredded cereals by means of shredding rolls, obtaining

the copked cereal in a form which will produce continuous shreds is only one of several

problems which are encountered.

[0025] Cooking to eliminate white centers in grains is taught in U.S. Patent Nos.

2,421,216 and 4,734,294, In U.S. PatentNo. 2,421,216, particles of cereal grains such



[0025] Cooking to elimnate white centers in grains is
taught in U S. Patent Nos. 2,421,216 and 4, 734, 294.
In U S Patent No. 2,421,216, particles of cereal
grains such 9 as corn, rye, wheat, bran, rice, or oat
groats are conposited with particles of de-fatted
soya beans in the formof grits, flakes, or neal to
enhance the protein content of the cereal by use of a
t wo- st age pressure cooking step. The total cooking
period to which the cereal conponent is subjected to

as CHPUIYE; WheHoPHINE CE.P1I9abrropts &R COMPOsited with pagicleseof de-fatted
such that the starches are hydrol yzed and highly

soydebetins i thedomndf ghies, flakéd, ok esabiopmhbned thelpyotein content of the cereal
gelatinized wwth no free starch or white center. The

by §§& ﬁ@é tW&stalr € bBssudel cdoRi g[aﬁ%mTheSQ@eH goklﬁfkjﬁngg\ég v?hlch the cereal

I'i ght adheS|ve actlono |nterrrE|ate

compBRY FHESHRLD TPBHT RGP ILBaRI i EpRiter ThbALS be such et

tenpered for about 15 to 30 m nutes before shredding
theistarches fre dydnody zeil lah d\highlpidextrinézed and itied partiofes sspydicially
become substantially uniformy spread out over and

gelBtineet Wiiththd f€e GeF@adr wAREd éé?x't&SThé‘E‘éfeﬁdd'&%ﬁ@s tlbf‘srt@ﬁ t, should
pressure through the shreddl ng rolls. U.

o
stk e e 7 PP e iR sfo?g&ehn getiles. The

ready t o- eat breakfast cer eal S havi the shr edded
mixgiyaassaiceren @nd gy whichois rempeeifamyifielceokgietstdriadaitien tempered
streaks or spots in the final product, which result

forfabout L codK efingedbefotd smvédlﬂg@kedh@ﬂ&ilnl’g mil ®herein the particles of
elimnated by pressure cooki ng the oats in at | east

soﬁvﬁ%cﬁﬁl@%ﬁﬁsta mmhlggP it 6@?3 {l'ﬁukpc?wflﬂh] tﬁ% cereal particles

pressure coo age Imte O parti
el.ati |zethe starch WIthOUt su stantjal extraction
an‘g?é ‘J;'ihelé‘-’é? Gy ipeessps b dhe syygAding do0he surface of
the oat particles. The
[0026] U.S. Patent No. 4,734,294 discloses a process for the production of

shredded oat food products, such as ready-to-eat breakfast cereals having the shredded
appearance and texture of shredded whole wheat. White streaks or spots in the final
product, which result from uncooked grain or overcooked grain, are eliminated by
pressure cooking the oats in at least two stages, the amount of water used in the first
pressure cooking stage being limited to partially gelatinize the starch without substantial
. extraction of water soluble starches and gums to the surface of the oat particles. The
amount o f water ﬁs ed in the remaining pressure cooking stage or stages is sufficient to
éliminate atleast substantially all of the white portions in the oat particles and to provide

a water content in the oat particles which is sufficiently high to enable continuous
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amount of water used in the remaining pressure cooking
stage or stages is sufficient to elimnate at | east
substantially all of the white portions in the oat
particles and to provide a water content in the oat
particles which is sufficiently high to enable
conti nuous 10 shredding on shredding rollers.
Addi tionally, the anmbunt of water in each of the
renaining st ages is Iinited to avoi d substantia

racti

f th nd r squbI st ar ches
shr? n&amsgteéﬁ qa dditipn Ycﬁtwao B"éﬁﬁ‘&l*’éc of the

[00271 In U S Pa tent No. 3,5 12,990 a dough, nade
renfairong Stagesmdaoiied toedvaid al‘tzstansiabi:wtmtim ofithe gumsn and staser soluble
rice, potatoes, or legunes, is optionally partially or

stale BRI eh 8 k¥rfa&OOK@d patdalyRdeRet sRipatile, to an _
approxi mate noi sture content of about 30% After this

' k|ng e ered neous .

100888 i ng TS rPHEH G Ser b Ao e o R e RyEoug el
as Fitzmll. The mlled or extruded.prqduct is dried

such @s arheapsptx ionts, cice,mutaipes; or ahmeat is optigpaliyopartighly Pheo mpletely
dried dough is then conp acted between two rolls to

codRE@ W iftEadiled i igeliré) Go @h fagﬁioxﬁﬁ stemicistueLcohtedtedtabafit 30%. After this
dough havi ng di anond-|ike regularly spaced

codfld SR hEM syl § 2FEka RorBURbL By LRGRS FXRLEHN ' truder or a
cl osed on three sides and then deep fried. [00281 In

hamner midht swgh apgatzmgld 7Thpgg illed Q?fgtrséedwméﬁat i dpied ta 7B approximate
corn or another grain is ground and inmersed in an

monTe kb nteht vA2Z2to MibCThe drikd dotgdisttert dahp aduedbetwickh te rolls to
taken up by the grain during cooking. The purpose of

progﬂigsa ét e&cﬂg lfret A ﬂregﬁ&ea SReKEM o Vl\%&ltl-ﬁ%rfg %Qﬁoﬁﬁqf@ regularly

operties of the grain

0

soAgGP CRPHOBT. 1SEEHRTGH QPBBiS teh SEHEED T binssBaded fagform smal

cooked dough is
biscuits which are closed on three sides and then deep fried.
[0028] In U.S. Patent Nos. 987,088, 1,019,831, and 1,021,473, corn or another
grain is ground and immersed in an amount of water which is limited to that which will be
taken up by the grain during cooking. The purpose of this is to preserve in the cooked
article the aroma and other properties of the grain which might otherwise be carried off or
dissipated by the evolution of steam or vapor. In these processes, the cooked dough is
extruded through a perforated plate to obtain filaments.

[0029] In U.S. Patent No. 4,310,560 particulate edible materials, including at least

one material which acquires surface stickiness when moistened and a chemical leavening
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extruded through a perforated plate to obtain

filaments. [00291 In U S Patent No. 4, 310, 560

particul ate edible materials, including at |east one

mat eri al which acquires surface stickiness when

noi stened and a chem cal |eavening 11 system are

contacted with a spray of water and fornmed into

pellets on a pelletizing disk. The edible materi al

may i nclude starches, such as those derived from

: r i+he, ' he like,.. . .

oy e R bR R epr SV 8 end BB R MRl 4 plfietising aisc.

heated to, a tenperature, sufficient to effect .
The ecibleimaricHfl PAY m@%%ﬁmaewgf%m thgse derdvedefrom s, corn, rice,

di oxi de to provide the pellets with a porous cellul ar
potabes)tipioen, ah@@BOlike hinclpdiag qme galatintrdd varchenTihdqmellats are heated to

net hod for the continuous, mass production of 100 %

ieBc ik : a el I

e Sl 0F IS ARy SRR - AFLE Raboon
& f.r,om non-.%lﬁten us orhl ovv-égd uten content whole grains
iogfg o B g e nellpsayith piporotisqollulap SEUCTUES. ¢ cal e, and

m xtures thereof. The cooked, tenpered whole grains
[0039) contTheywesshy instentidd abdedésre methodtfontheumntietetd, leass

sheets even after prolonged tenpering tines or after

proBi @ ANERTHIPT WRSIS gr finSd b8 ProtRsBaNsh aftda-tb SAPEEENY and thin,
during which substantial starch retrogradati on nay

.occur.. +the hod,of ., the present inyention.,permts

erisBf e g e fisce TR AT Rip-E LN E b B0 BF L5 content
hardened, ~rubbery whole cereal grain pieces in the

whels graing sueh gy gunckartay, Hee.ghe.cxide dipradel watdgnigires thereof. The
achieving wel| defined shreds and a crisp texture and

cookedtefnpbeyd whele @iins hie dontinfehdlpvInddddat mith cbR€nuous net-like
process of the present invention, fracturing of at

e 5y AT o B, T TREGES 0 e voss
after tempering during which substantial starch retrogradation may occur. The method of
the present invention permits the use of fully cooked, tempered, but fracturable, hardened,
rubbery whole cereal grain pieces in the continuous production of shredded products
while achieving well defined shreds and a crisp texture and high fiber content. It is
believed that in the process of the present invention, fracturing of at least substantially
gelatinized, tempered starch granules to release amylose and amylopectin increases
cohesiveness and softens whole cereal grain pieces for unexpectedly superior
shreddability into continuous net-like sheets. Whole wheat shredded products having an

enhanced crispy texture may also be produced using short temper times with excellent

shreddability in accordance with the present invention.
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cohesi veness and softens whol e cereal grain pieces for
unexpectedly superior shreddability into continuous
net-1i ke sheets. Wol e wheat shredded products havi ng
an enhanced crispy texture may al so be produced using
short tenper tines with excellent shredd ability in
accordance with the present invention. 12 SUVWARY OF
THE | NVENTI ON [ 0031] The shreddability of retrograded,
whol e cereal grain particles for producing a whole
grai n shredded foofiMAOtGE SIEIRAAERTEAN | nproved
by pelletizing Taggromerates of cooked, tenpered,
ol e cerea rajn, particles whi have. under gon .
003117 ogr daseisdanbll Abisroeis e folerPieet BRLs pEittes for producing
texture. The pelletization results in the production
a whélewghaineshgrdaied fped batdschiswinagpertaily impnovedby eetletizing e,
whi ch are shreddable into continuous net-like sheets
aggRim&a B3 QoRAEGENRBrdaanindle dedtef FRALIpARIN & Whichve undergone

invention, the pelletizing may be at a pressure of
a

bout .. 20 ig to.about 60 i pr.ef erabl.y .from .
rergihdicn et B, MR RAR Gt R fetyre” The Bkl s n e
tenperature may be controlled to provide a pellet .
produntvaraft wheleograinmalietsgoavinga soibinliablegrxtupe.ofkieh pre/shreddable into
from about 90F to about 110F, for exanple from about

conflRfrodsthedketshd &8 bon alpesy pRyiidtida YabR. Pebindbiifents bDER3hvention,
Sheari ng and conpacti on of whol e grains or pre-ground

l.e. grains in_th | efd . S0f

e WF R 10 o Lok eire RFULR A TS B0g Rl arporay from sbons
friction and heat to nmke the whole grain particles ,

400upsig ke ebarid 0P sy T redleticsi tRYPHEIS Y MY ‘Wémued to provide a
stickiness problens. It is believed that

pelleetengupramied o Dabouft 89 PR tecdbous 12@RFs pseferably Sbarabiout 90°F to about
granul es are fractured rel easi ng anyl ose and '

11RFY ERREE bR BRI A8Gut 56 PR db8hi ZRFONpBE BGEES the pelletizer.

[0032] Shearing and compaction of whole grains or pre-ground whole grains in the
pelletizer softens and plasticizes the starch matrix and generates sufficient friction and
heat to make the whole grain particles pliable and ready for shredding while avoiding
stickiness problems. It is believed thatretrogradation of starch is reversed or starch
granules are fractured releasing amylose and amylopectin during the pelletization process.
As aresult, the grain is shreddable for a longer period of time after cooking.

[0033] The process of the present invention provides versatility in terms of
tempering times and post.—tempering storage times for the production of nutfitious, high

fiber content, single whole grain or multi-whole grain shredded products. The shredded
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As a result, the grain is shreddable for a | onger
period of tinme after cooking. [0033] The process of
the present invention provides versatility in terms of
tenpering times and post-tenpering storage tinmes for

t he production of nutritious, high fiber content,
single whole grain or multi-whole grain shredded
products. The shredded 13 products include whole grain
shredded snacks and ready-to-eat cereals nade from one

r . nore.non-gl utenqus,or, 1o | ut en, whol e grains such
proguctydiiieE B g raim e onaghs hnd ready ibgest ofrauy male from one or
and rye. The process may al so be enpl oyed with whol e
morgheet-glattensys of lowi-gleloniy hede puimswiuch apwhele odrol gzaigs aoats, barley,
to provide an enhanced crispy texture. [00341 In

rice} BIQCHIETRAE Ty Of ThB@rdRYERl Ao 1R MNPk fthWwhalb sARdeone or in
chi p-li ke snack, preferably a 100% whole grain corn

[ stantially.uniform shredded net -

corffiffon WY ol b RAE WAR | CfoVidiHo R e FifE tpte
obt ai ned by substantially conpressing a_ |am nate of

(0034} - | i kdnsmadimentstof dhesinvertien aionle grrin thrpddedethdp-like snack,
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00351 The

preferatsentl G0RY erhol ograpt oomdascky havingadubetanti@ky #6iform shredded net-
shredded whole grain products, such as ready-to-eat

: t chi ps .
B8 e S0 ! AR, 08 B Rmorssin
producgt s y _be de with 100% whole grains and are
lamipate o g B¢ ﬁ'&?g S}?&Eﬁn%éh & FhzAdebwpleigs alﬁllﬁe?lp{Si. on and
fiber, The difficulty with the shreddability of

cooked and tenpered grains, such as corn is overcone
by subjecting the cooked and tenpered grains to high

shear. TheDRTRIIHPBDESCRIPTIONEDEYEE I§VENPEIONal | Y

fractures retrograded starch granules to increase
[00581€ST VEARSFededt invention provides a method for makin g shredded whole grain

products, such as ready-to-eat cereals, and sweet and savory snacks, such as chips,
crackers, wafers, biscuits, and other products. The products may be made with 100%
whole grains and are an excellent source of whole grain nutrition and fiber. The
difficulty with the shreddability of cooked and tempered grains, such as corn is overcome
by subjecting the cooked and tempered grains to high shear. The high shear, it is
believed, substantially fractures retrograded starch granules to increase cohesiveness for
shreddability into continuous net-like sheets.

[0036] Cooked whole grains, such as corn and other non-gluten or low-gluten
containing grains have a tendency to become hard and rubbery during the cooling and

tempering process due to starch retrogradation. Shearing and compaction of grains in a
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shreddability into continuous net-|ike sheets. [00361
Cooked whol e grains, such as corn and ot her non-gl uten
or lowgluten containing grains have a tendency to
becone hard and rubbery during the cooling and
tenpering process due to starch retrogradation.
Shearing and conpaction of grains in a 14 pelletizer
has been found to unexpectedly soften and plasticize
the starch matrix and generate friction and heat to
make the whgle grain partlcles pliable and readily
pellefizesdgaren ? (e3Pt in eeienysnsh pEAsciZ tl@ﬁh@tarch matrix and
shr eddi ng roIIs. Starch retrogradation, it is
genbmmtd frictidn and heattioamasledtherwlany lgose pantidl eamliabjreatd readily shreddable
rel eased fromthe fractured starch granules during

w1tﬁcﬂﬁ s@ﬁilh%s'pzr@m'e% iRAPCABSddiAS r@llJ eStiich. re&@?ragﬁt%x{‘ il 8 believed, is
shreddabl e for a Ionger period of time after cooking.

0 I n add| on.to use of r,
reviiaehe! soioRt Aud adiseth P AbS imyhf Fepnigpd it grenules
shear the cooked, tenpered, hardened whol e cerea
duringrth pkBetidatipn prewss. Aph resyltethe@obin ds shaeddabdel dottal longer period of
pi eces. I n double shredding, the hardened particles

tunaagbrédméﬁgshred into di scontinuous shreds, and then
t he di sconti nuous shreds are shred into conti nuous

[002@r eds. %\f%n 'to ld%eeoc% Pgllaezllpl' eotth r.m ean% R f e(rﬁlro%lgle s%reddmg,

re ef f1éren produ ’conti nuous™'s
[ 0038] Various whol e cereal grains may be use
may, o BUPLONEA 30 shepr shcadkeddisapergsh baidenad whels %pgeal partlcles into
ready-t o-eat breakfast cereals and chip-like shredded

softs pHels, ¢oheside ghreddaigle piedes. Theoyblesieatid ingy tiettaddened particles are
Exanpl es of grains which may be used are non-

firs? H{'F@ ey %Js%(mh% 1&' st &Ed“&l%f? 'ihcm%o%tﬁ[l&h pghr@&'sq}e asﬁred into

e graln corn or corh kerne

continuous shreds. However, use of a pelletizer is preferred for more efficient
production of continuous shreds.

[0038] Various whole cereal grains may be used to produce whole grain shredded
products such as ready-to-eat breakfast cereals and chip-like shredded snacks in |
accordance with the present invention. Examples of grains which may be used are non-
glutenous or low gluten content whole grains such as whole grain corn or corn kernels,
oats or oat groats, barley, rye, rice, triticale, and mixtures thereof. A preferred whole
grain for use in the present invention is corn. The com may be of the yellow, white or
blue variety or mixtures thereof. High gluten content grains may alsb be shredded in
accordance with the method of the present invention. For example, in embodiments of

the invention, whole grain wheat, such as whole grain soft wheat, or wheat berries may
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oats or oat groats, barley, rye, rice, triticale, and
m xtures thereof. A preferred whole grain for use in
the present invention is corn. The comnay be of the
yellow, white or Dblue variety or m xtures thereof.
Hi gh gluten content grains may al so be shredded in
accordance with the nethod of the present invention.
For exanple, in enbodinents of the invention, whole
grain wheat, such as whole grain soft wheat, or wheat
b berries may 15 he used alone or in conblnatlon W th
© Uird alons ok & GoghiBatiRneWifh 96 of mske gourglH e amiow giineontent
grains. In enbodinents of the invention, whole grains,
whelhigeinar & anb bdiasntpaf the dhvey tioay wholk| gsl‘alﬂ@f\ﬁﬁ ic@thre 8RSt p artially
as defatted whol e wheat berries, may be used al one or

or ﬂuﬂy@@fﬁt%ﬁuﬁﬁzh a\é"cfe?atfe\dlvllﬁcfl@t“;h%gt M‘Qﬂk? ngaléﬁf)ﬁ ﬁidI zﬂo&? gr fn admlxture

pro uction of rrutl-graln pro ucts,

|_wei gh
i S PN ot ot pefeudhion bERSE srien arohiets enelmhol

grain particles enpl oyed maybe in the formof the raw,
grajapy be ganplaysein saba dv ¢jekt pe roentdzss oy irod i ffarer theeigbt Prroéntages.
pre-cut pre-ground, or comm nuted whol e grains, For

[008%anp| e THehghaB ka0 Fﬁ'ﬁrﬂpﬂ%te's ChBTo M PFLE th Eﬂéefofrgro'}“the raw,

of whole corn kernel's, or pre-ground or” comn
be in the form

r ol.e oat parti
R Rk PSRk ForctBELE o3l B T ol e B
pr e-cut mhole oat roats. The starch of the whole
congpg)'uﬁpdpghphecgr@@seri%]r@y@mpiqq thehwhpleas@ntparticleniagbenBthe fomm of
be all or essentially all individual, crystalline

whalt abahkenels brsre- gsustebLssthmBshthy cdrhWRbndTh CROBERMA parti
starch characterization where a sanple IS stalneg%vfaﬁmbsnmy

| d
be 1%1%%01&1' (%]P\gfrlr@l% éﬁ[‘ %)%Esscgb ﬂceé EF % upﬂbgm? gﬁt whsTe oat groats.

?uh gr conmi nut ed -whol e
The starc of the whole grain particles employed in the present invention may be all or

essentially all individual, crystalline starch granules, as determined by light microscopy
starch characterization where a sample is stained with Lugol’s Iodine and observed in
Brightfield Optics.

[0040] In embo diments of the present invention pre-ground or comminuted wh ole
cereal grains are preferred because they hydrate and cook faster than whole grains or
whole berries. For example, prior to cooking, whole cereal grains, such as whole corn
kernels, may be pre-ground, milled or comminuted to a particle size of less than or equal
to about 1/4 inch, preferably less than or equalto about 0.2 inch., for example from about
0.09 inch to about 0.165 inch. In embodiments of the invention, comminuting, pre-

grinding or milling of raw whole grains may be achieved using a conventional Fitz mill,
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cereal grains are preferred because they hydrate and
cook faster than whole grains or whole berries. For
exanpl e, prior to cooking, whole cereal grains, such
as whol e corn kernels, maybe pre-ground, mlled or
conm nuted to a particle size of |less than or equa
to about 1/4 inch, preferably less than or equal to
about 0.2 inch., for exanple fromabout 0.09 inch to
about 0,165 inch. In enbodi nents of the invention,
comm nuting, pre- grinding or mlling of raw whole
Comgpdirplsmithypr Brseledd inatlle & of $K pg DY, e@n&zé‘%xll kavan g Fily$ ingh| tound hole
16 Commitrol mlIl, or Uschel mll. For exanple, a
scréent mavbe kempdoyedgo abldif ahnebrage padicholige dsaltReidnrEabBat: 0.0 % on
enpl oyed to obtain an average particle size
[ ' ' 0 ] % /S t 0
o H gt A O Fo Pt 4 Soded Mt 093 E 20 8Bl sbout s0.25%
agggt 50.25% .on a #40 screen, and about 4.4 1%on the
on M0 sargem prdiaborthEdrnemthe R t he present invention
whol e seeds or comm nuted seeds or |egunes, such as
[00dD)y bearls eatbosiiyelnsaif tige ptesemayvdntioagdwholedewdd br ¢di®minuted seeds
cereal grains to enhance protein content of the

or IE%Ltﬂ'gé’sC,tsﬁc}Pgs M}ﬁb&iﬁ?%? By Bé‘a\ﬁgé;%t;k ?lflﬁly'yﬂé %xﬁg#%l{ wWithl 8 cdfal grains to

adversely affect shred . ary anounts

of the seeds, or une [ maybe .enpl.oyed ma ,

enta R B oG REG b ot TRy DT DI ARRS e RO ot WBOL ahich do not
wei ght of the whole cereal grains. [00421 In

advsresl e affed sbrasdabitityit Exeshplaey ameuniis of ¢hecssedapr lpgames which may be
i nclude whole <corn, lime is preferably enpl oyed to

emgloReN Ry rhagedip fNsboaak 8094 By RBIpAAARA s8d AFdiNthe total weight of the whole

unctionality and cohesiveness. Any food-grade |line or
| gl.um hydroxi de may be used in the present
@%%Pron, The linme may be added in an anpunt

sufficient to inprove starch
[0042] In preferred embodiments where the whole cereal grains include whole

CGI(F:%

corn, lime is preferably employed to enhance flavor and also to enhance starch
functionality and cohesiveness. Any food-grade lime or calcium hydroxide may be used
in the present invention. The lime may be added in an amount sufficient to improve starch
functionality and reduce tackiness of the corn-based composition, and to provide a masa
flavor to the final product. Exemp lary amounts of lime which may be used in
embodiments of the present invention are from about 0.05% by weight to about 3% by
weight, preferably from about 0.1% by weightto about 0.5 % by weight, based upon the
weight of.the whole corn grains or kernels.

[0043] The shredded whole grain foods such as ready-to-eat cereals, crackers,
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functionality and reduce tackiness of the corn-based
conposition, and to provide a masa flavor to the
final product. Exenp lary anmounts o f |ime which may
be u sed in enbodinents of the present invention are
from about 0.05% by weight to about 3% by weight,
preferably fromabout 0. 1 % by weight to about 0. 5 %
by wei ght, based upon the weight of the whole corn
grains or kernels. [00431 The shredded whol e grain
foods such as ready-to-eat cereals, crackers, 17
wafefas Riseuitsy prangck shinsiof Shaptesertiiibeenspn miay by Sdlefatted, reduced fat,
invention may be full-fatted, reduced fat, [|owfat,
lowdnt, nonbefht miodderst 2s wAsd Herth, hee@ided-fat fRAYEBHnEtaL a hPOflict
product is a product having its fat content reduced

havidy i fat _@cﬁﬁ&nt?ré%%tﬁcﬁlfét %:%tst 55%"99;%?155{1 %{i‘ﬁﬁ

conventional pro owf'a

d or
b stiniagd or
of, | ess n or equal to three rams of fat

I th
confsHiong BPEREE AHBURE: RPeRADeP » SeromHg: ofiBse deworagual o thre

smal |l reference anounts (that is, reference anounts
gramf of3fat gearederencd musumror fatel sabings Honsved| fdrass)], reference
| ow- fat product has a fat content of |ess than or

amoR@tiathdt9s, B¢ A HIB aRBunBRY FHAHEMSbr Ws??ﬁ"ﬁgo d%leiéﬁoésaér 2s), a low-

t
zero-fat product has a fat Tontent o Ss t

f,tat d | abel
o SRR RS o e RRRORE AT fBh o cRMMar o bR 30 EBmeptprmduct. A

cracker, the reference anount is 15 grams. For
no-fat arcxeapdat pypdpitdesiatiet apntensoétess thandls gsamgnaffas perrederence
for cookies, the reference amount is 30 granms. Thus,

amotthearfdperdatd] getviyf. Por &%ﬁa?ﬁniﬁfcﬁ@&@&kers,"ﬁ%ﬁ%s aQbltine cracker, the
cooki e woul d therefore be [ess than or equal to 3 :

t 0 0 lLhess.than ar equal to
refo Rt RmBhnt B SR FRE SRR aPERiGdT Guférorenas shpete. and for
rod]gegt. A no- fat .acconpani nent cracker woul d have a
000‘83% horrfERpocAm Pwds 8 R granes. ST hjisaths fabeontentpfardgw-fat cracker,

wafer, or cookie would therefore be less than or equal to 3 grams of fat per 50 grams or
Igss than or equal to about 6% fat, based upon the total weight of the final product. A no-
fat accompaniment cracker would have a fat content of less than 0.5 grams per 15.grams
or less than about 3.33%, based upon the weight of the final product. A no-fat wafer
having a label serving size of 32 grams would have a fat content of less than 0.5 grams
per 32 grams or less than about 1.56% by weight, based upon the weight of the final
product, |

[0044] Oleaginous compositions which may be used in producing full-fat, reduced
fat, or low-fat shredded products in accordance with the present invention may include

any known shortening or fat blends or compositions useful for baking applications, and
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or |less than about 3.33% based upon the weight of the
final product. A no-fat wafer having a |abel serving
size of 32 grans woul d have a fat content of |ess than
0.5 granms per 32 grams or |ess than about 1.56% by
wei ght, based upon the weight of the final produ ct.
[ 0044] A eagi nous conpositions which my be used in
producing full-fat, reduced fat, or |Iowfat shredded
products in accordance with the present invention may
[ ) ten I: n o]% . .
e B RS R R, PRGN I M Ml U Yy gmarine o,
dthe na¥ i nc, u%g conventional food-grade enul sifiers.
andyeeyrsh faerirhy YRIGILEIS, rapdoRted.FarRaLly Tursopanatas end/or
. thereof, which are fractionated, partially
integstirtfgrsh at eeck enarldyyoof the shet@shgs drffa@dyhioli agXen@edriy the present
of the shortenings or fats which nmay be used in the

invdHtREEMdibleFV@NII0Br 10 icRIotic! SAHEIRATi g0kt Hid & :
partially digesti bIr e orC r?o.e’rf%i gggtllngtéﬂl?g% gglll ?g%e-%tlble fats, fat

itute or nthetic fats, such as, sucrose .
sub SIS, Qv BRiestieo A Pt oty S5t riseod eDyeerides, which are
process-conpati ble may al so be used. M xtures of hard
Progatercepmptiblermayplseherusedi Mdixtens of biddandey tifetsusetiottenings and
achi eve a desired consistency or nelting profile in

oilstriigy bé 8l t0QBieve ARABED boHbistEAH R AN brdtlle it IBaginous
triglycerides which can be used to obtain the

LN 0Sd 1 | for . use.in th resent .
com SRR aRriATRaT hePEbl FleiEBohT iR BRR3eas olain the
derived from vegetabl e sources such as soybean oil,
oleggingysiCormasitns Topugenin thy presenfipvadiansn¢luds aathrablyevccurring
oil, sesane oil, sunflower seed oil, and m xtures

triglybenidesfderivb@ fionev ageataaisotlceDiuch s3u6Pbeas o3BHEind Relel oil, palm
menhaden oil, babassu oil, lard, and tallow may al so

oil, fh?ieg?%?g)élr, ?gfgfsd‘\"ﬁ%ri cﬁ%%%é?%ggfigépgﬁéwexas% e)’i\%hl, alfid m%?t%lflersatlaereof.
Marine and animal oils such as sardine oil, menhaden oil, babassu oil, lard, and tallow
may also be used. Synthetic triglycerides, as well as natural triglycerides of fatty acids,
may also be used to obtain the oleaginous composition. The fatty acids may have a chain
length of from 8 to 24 cartbon atoms. Solid or semi-solid shortenings or fats at room
temperatures of, for example, from about 75°F to about 95°F may be used. Preferred
oleaginous compositions for use in the present invention include partially hydrogenated
soybean oil, palm oil, and mixtures thereof.

[0045] In embodiments of the invention, the amount of vegetable shortening or fat

topically applied to shredded products may be reduced by more than 25 percent by weight

to obtain reduced fat products having, for example, less than about 12 weight percent fat,
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may al so be used to obtain the ol eagi nous conposition.
The fatty acids may have a chain Ilength of from8 to
24 carbon atons. Solid or sem -solid shortonings or
fats at room tenperatures of, for exanple, from about
75" F to about 95'F may be used. Preferred ol eagi nous
conpositions for use in the present invention include
partially hydrogenated soybean oil, palmoil, and
m xtures thereof, [00451 In enbodi nents of the
i_nvention, the anount of vegetable shortening or fat
Pr#ﬁﬁﬁ@éﬁ%&%ﬁi’/@w Pisig fatdbrsgd pnchietotal weighbef the aked] finished
by nore than 25 percent by weight to obtain reduced
profla¢t. pr oduct s having, for exanple, |ess than about 12
wei ght percent fat, 19 preferably |ess than 10% by

jght f k ' f. th ked
008 hed™ Biaater Rt ikgiet s oLl Rl I T g g no-tu
gouthfgq% tq#L%duced Hgt | ow-fat or no-fat products,
Proguf§u? BYYPFO RN Bsvietabln Brar eyt mayibs emakpybeé to compensate for
enpl oyed to conpensate for the fat reduction as
thedhisretlogtnh dsndiselSsedRatlbSt Phlont Bo 5959574 toLbdielleedl, She disclosure
al, the disclosure of which is herein incorporated by

f WRicBliSABRIA thebiforSRl il hD gk at
R A &3?%%8?@3#’3“88@ ? AfdbgfRsed B8, patent

e Lye . . amunt s ich provide . a ubricous, smooth,
No O PSP L B8 oY el iR e trsroeostexangh Bioyride o
amounts of the hydrocolloid gum preferably guar gum
lubfifp s skag e ngBwlpPerygeotthfael toibebaked Boadubly Fueingharyt anounts of
about 1.5% by wei ght, preferably from about 0.25% by

thewgtghblibil ghouirefddath Yubygwri @hichhagest wRanab bRt Alout 0.15%

wei ght of the whole berries or grains. O herguns

by ﬁ{%‘flgg a ooxd;?réstdﬁ?? v@éé%ﬂu Egeg"ger,agfjnr? ixﬁ]%gglgteo.ﬁg‘ﬂ;tb@avge%%mo about
0.45% by weight, based upon the total weight of the whole berries or grains. Other gums
which may be used with guar gum include xanthan gum and carboxymethyl cellulose, and
gums which form gels such as alginate gum, carrageenan gum, gum arabic, gum
tragacanth, pectin, and locust bean gum, and mixtures thereof. Generally, the greater the
extent of shortening or fat reduction, the greater the amount of gum utilized to
compensate for the loss of lubricity or loss of smoothness in m outhfeel,

[0047] In the method of the present invention, a whole grain shredded food product
may be produced continuously on a mass production basis by admixing whole cereal
grain particles with water and pressure cooking the whole grain particleé to at least

substantially gelatinize starch of the whole grain particles, and tempering the cooked,

whole grain particles. The tempered, cooked, whole grain particles may be pelletized in
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guns which formgels such as al ginate gum carrageenan
gum gum arabic, gum tragacanth, pectin, and | ocust
bean gum and m xtures thereof. Cenerally, the greater
the extent of shortening or fat reduction, the
greater the amount of gumutilized to conpen sate for
the 1o ss of lubricity or o ss of snb othness in m
out hfeel. [0047] In the nmethod of the present
i nvention, a whole grain shredded food product nay be
roduced conti nuously on a mass production basis by
a PeAldhizsl R tkkia  ehele gedh peljetsi the patietizhebeing tihdeep@Es1a8dnd
pressure cooking the whole grain particles to at | east
temperatirarbhditiby's gepbidei FRLSHAIC | Nai -
particles, and tgnpering t he c%%ﬁ%%%hﬁ%ﬁgpgﬁggggﬁﬂmnpeuas"”0

confAd .s“ﬂe?-?il'ke LR e %/Sl%ge %r%?x}k;g%}ei%gg{l gc g%r?elg!&ﬁc? \%{{tg :vé‘rlloelg grain

maybe pelletized in

ain pellets, the pelletizing being under pressure
net'gkash%eéﬁﬁ%ﬁ%‘t’?ﬁ by luniapting He wgolp ioain diet-tie sk eto tisobtain a whole

shreddability of the whole grain pellets into

graigdaminngouthavhold feirshedtte mbyeei@lifo 116 gREh lh§dcRs, followed
may be shredded into whole grain net-like Sheets,

by HaRlganech e LA BRLLDG diin WiohGe AL Tnfigtid sy SHSELS 1,

to obtain a graln | am nate.

| am nat e.ma e cyt into whaole grain pieces, followed
°mb8§‘%3ﬂf Nget %% Huﬂ’o?%ép'é} gishregfed saack ds prdaced ghewwdiote grain
grain shredded food product. In enbodi nents where a

lamingtenmay e substicetiallyradyeesied tacktaimsa poaptes sl lafigatethel Rig a
grain lamnate nay be substantially conpressed to

shredfitdhet- B caimpanse dolawe At & uhaw T
net-1ike aﬁggérance? fo||03e5H§¥ @8F?WR%Q%%gHS%Hawlnu)pwcm;

; d.lamnate into pieces and baking of the
ot SEREST SRR

I ec The cooking of the grain or berry
according to this invention can be done in
[0048] The cooking of the grain or berry according to this invention can be done in

any standard cooking equipment, such as a rotary cooker, immersion cooker, or pressure
cooker, such as a Lauhoff pressure cooker. Immersion cooking is generally at about
atmospheric pressure or only about 2-3 psig. Pressure cooking is preferred because it
quickly achieves full cooking or gelatinization of the whole grain particles with no, or
essentially no white centers The whole grain particles may be cooked at temperatures
and humidities which hydrate and at least substantially gelatinize the internal structure of
the grains or berries such thatonly a pin head of white or free starch remains visible in the
cepter of the kemel. In embodiments of the invention, the degree of gelatinization may
for example, be at least 90%. In preferred embodiments the starch is essentially 100%

gelatinized leaving no visible white centers in the whole grain particles. The degree of
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any standard cooki ng equi pnment, such as a rotary
cooker, immersion cooker, or pressure cooker, such as
a Lauhoff pressure cooker. |Imersion cooking is
general ly at about atnospheric pressure or only about
2-3 psig. Pressure cooking is preferred because it
gui ckly achi eves full cooking or gelatinization of the
whol e grain particles with no, or essentially no
white centers The, whole grain particles nmay be cooked
at tenperatures and hum dities which hydrate and at
startlegslatisizbomntaydid meagpatat b ndifferdhial baanaingadalGimeey SDSC)
of the grains or berries such that only a pin hea

GenWpd Il sirc &R RTAH 6 o LRI IMSY: V%IEWQ Fid Qsﬁij?l%ler{f GoGht, generally at

t he Ker nel In enbodlnents of e I nvention

tini, z or exa be at | east
leasgag/ouﬁe%?ofﬁég)f)ggw ‘%m ?ﬁerc}éwlog t{x gegpgg&pel sgarch, is added to and
essentially 100% gel atinized |eaving no visible white
mixgd vty gaich andebing|temperature péititd gtareb-waltremilegrede raifedb at least
starch gelatinization nmay be neasured by differenti al

aboBCSIT (19 6ERY, QEdeﬁb[}yldd@@QDI 2°I5Rd9héte! Yhe eBtflilzation temperature
when: a

gel ati ni zati on occurs water in a sufficient
S GRS S RS S o e g

to and m xed vvlth starch and, %@theterrperature of
amaung of evaitakleeisr, gengraliyethicd igher deeigqlatinizatiarts peatiotet
80'C (176'F), preferably 100'C (212'F) or nore. The

Gelghiatiion may berletianpes sielotlapste@asnaistidh)on nidﬁ@cu%mﬁh thin the
wat er available for reaction wth the starch. The

starl:FP‘éPJnuié"?naanféﬁtm %ev%‘fﬁbfeackﬂlag%ér’gg%%rr%pegﬁ%gﬁru% | %I q?%'rfwcllmg,

her the gelatlnlzatlon tenp
efl | apse (di tion

na“ﬁ&"é}@fﬁ‘g e et A Withsabsatens f@wgrﬁel@ﬂ%wmf &dteed

in |rrever§|p!e changes in properties such as granul ar
tempeature nfthe intial viege oy gelatihizaBomedd thegempeasuretange over which it

bi refringence, and starch solubilization. The
occurs are governed by starch concentration, method of observation, granule type, and
heterogeneities within the granule population under observation. Pasting is the second-
stage phenomenon following gelatinization in the dissolution of starch. It involves
increased granular swelling, exudation of molecular components (i.e. amylose, followed
by amylopectin) from the granules, and eventually, total disruption of the granules. See

Atwell et al, "The Terminology And Methodology Associated With Basic Starch

Phenomena," Cereal Foods World, Vol. 33, No. 3, Pgs. 306-311 (March 1988),

[0049] Exemplary immersion cooking temperatures may range from about 190°F to
about 212°F. Immersion cooking of the whole grain particles may occur at about 210°F

at atmospheric pressure using steam for about 30 to about 36 minutes. The cooking can
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tenperature of the initial stage of gelatinization and
the tenperature range over which it occurs are
governed by starch concentration, nethod of
observation, granule type, and heterogeneities within
the granul e popul ati on under observation. Pasting is

t he second- stage phenonenon foll ow ng gel atini zation
in the dissolution of starch. It involves increased
granul ar swel ling, exudation of nolecul ar conponents

. L. e, anyl ose, followed y apyl opectin) fromthe

inolfe bt s ¥ I LR RRETR 6 1B R SIAAEY 9 Whifd the temperature
granules. See Atwell et al, "The Term nol ogy And

of theegtaidinl hgyanssomikinedesdelt ih eBysted fRimnatbicrRhempemnae to the
Cereal Foods World, Vol. 33, No. 3, Pgs. 306-311

cookiBrtehpdR88: - B[u@gf'e%éragﬁf BRERE ¥ob ,gtgb g%togé)g};‘ikig g?rticles are added

tenperatures nmay range from about

12" F. | ersion cookin the.whole grain particles
to i fgre st EPelePai OB GG o0k i dfer o s wirpie rain
usi ng steam for about 30 to about 36 m nutes. The
particdesianaybe addedtp thpdptiwates int & aoteting codkes; foofeximplugemer a time
6.5 to about 8 minutes during which the tenperature
period of hisogr5@itd abbud ED 3abndy, cooki ng vessel is el evated
fromanbient tenperature to the cooking tenperature.

t pre I ing. the.whole.grajn
100, Per a5 Bkt DEK8EF LSROH AE sy ALO Gk Pl ey wppee from
abo%% 170" to 190'F in the cooker. The whole grain
abowf 8% by seighly s banHEY s by Weishtknsedapen thertotal megd gliti afghe grains or
cooker, for exanple, over a tinme period of about 50

berri aaldadiled 6Qtae dhedaois{udO oo tedthe tAeooikediraivah REr &k%ﬁﬁ'ng may
in the i mersion cooking step may range from about

ran%&%xﬁ%b%@ Y, mﬁgﬁyfo At B o\/i%'e\rg?l%gg %zﬁ‘graggyg gra%haeoout 29% by

ot al wei ght gral ns or
.water. Th i sture content of the cooked grain, after
weidl 3 Aoy oy By el ’

[0051] In preferred embodiments, where pressure cooking with direct steam
injection is employed, pressure cooking temperatures may be at least about 235°F,
preferably at least about 250°F, most preferably from about 268°F to about 275°F.
Exemplary pressure cooking pressures may range from about 15 psig to about 30 psig,
preferably from about 20 psig to about 28 psig with cooking times ranging from about 15
minutes to about 30 minutes, preferably from about 20 minutes to about 25 minutes.

The pressure cooking may include a "come-up time" as in immersion cooking of between
6.5 to about 8. minutes during which the temperature of the grain in the vat or cooking
veés el is elevated from ambient temperature to the cooking temperature. But preferably,

before cooking, the whole grain particles are admixed with hot water at a temperature of

23



range from about 29% by wei ght to about 60% by wei ght,
preferably from about 29% by weight to about 42% by
wei ght. [0051] In preferred enbodi nents, where
pressure cooking with direct steam inj ectionis
enpl oyed, pressure cooking tenperatures may be at
| east about 23 5'F, preferably at |east about 25 O F,
nost pref erably from about 268 F to abo ut 2751 F
Exenpl ary pressure cooking pressures nay range from
to ] Si ref er.abl y. from about
abo&%gl 0’33 ité §t9 g@a ot{tftg pg%g)%tsei Cégﬁgrt' hlg%eovérﬁ? I%ggr?’fl r?ﬁgt“il%snﬁ’iaﬁ g’ ¢added to
Fron1about,15 m nutes to about 30 minutes, preferably
the RQUAIEE AV ICE0Y S h P e otasingirogken S fixampls; ovehe time period of about
pressure cooking may include a "cone-up tine" as in
50 tp pheytsiOfrsecoudsi thef ingeddiasnsudh 43 sb, @hblithe 3n e WHsESS corn grain
during which the tenperature of the grain in the vat
coo R CRARKLBYdd MPRSEE cbsk & vavRtRdyd ko aa}g@b%g%j or added separately.

tenperature to the cooking tenperatur

ef er apl bef ore .cooking, the whole grain particles
[00%}6 adn‘P Q%E”r\ﬁﬁﬂg’ﬁ’@tls wrrechpver ingiestipaCopkingfbeomise it provides

about 170" to 190CF in the pressure cooker. The whol e
bettefr eantropaven tsiningesy disired oer damtent fxetheatoowed @holegrain particles

vice versa, in a rotating cooker, for exanple, over a

and rédiReP6F blafinatesaROUted R d?ﬁn%kal?k'ﬁe cbdRed Eg?@ glgicgsqgglggieve a

i ngredi ents such as salt, an ime int

; i.n. ' nma .added in.the cooker with the
des i B B BH fod iy S PR PRYEE cpoRiBERIIoF the water
Pressure cooking is preferred over imersion cooking
addgslis ahserbed ontakon ypdy thewhele greint pasticlosieln adtitomistegnawhich is
desired water content in the cooked whole grain

diregrdy injavkebintathe pregusesookbr & ddehiala®d if BReA|SDy AL whole grain
drying of the cooked grain particles to achieve a

Part%?isi,s éﬁr%éﬂg% %Lﬁ%%&é}l%ﬁltoggﬁ?%tgf‘@{;lé?g gf)tntg 'abc?&tnf‘% %lyl \Xéi gH} based
upon the total weight of the cooked whole grain particles. Generally, draining of water
after pressure cooking is not needed because all or substantially all of the added water and
steam condensate is taken up by the cooked whole grain particles.

[0053] The amount of water added in the pressure cooking step, not including
steam condensate, may range from about 12% by weight to about 30% by weight based
upon the total weight of the grains or berries and added water. The moisture content of
the cooked grain, which includes water inherently present in the raw grain, after draining
if needed, may range from about 29% by weight to abouf 42% by weight preferably from
about 33% by weight to about 38% by weight, based upon the weight of the cooked

whole grain particles.
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added i s absorbed or taken up by the whole grain

particles. In addition, steamwhich is directly

injected into the pressure cooker condenses and is

taken up by the whole grain particles, generally in

an amount of about 1 % by weight to about 3% by

wei ght, based upon the total weight of the cooked

whol e grain particles. Generally, draining of water

after pressure cooking is not needed because all or

stantjally all. of the added water and steam | L

[Ooégﬁdens Wémi"'% QIR TPISHYE FES LOeRRst A 81 8gimp #rticles or berries.

particles. [00531 The anmount of water added in the
Thismeeisture cavkisage thegickiness phtewdbhgl gratreamd can cause handling

condensate, may range from about 12% by wei ght to

proBRakd wBEYay g whl BREanBASRE to WBRR aphRakue! RLixNE) t?xlsgt%?% in the

the grains or berries and added water. The t

ontent of cooke rai.n, .whi ch include ter ,
codiitk TRt PG aRaR Fin e a o PYPR codnE Ao redieymping.

i f needed, may range from about 29% by wei ght to about

[004300 by wftghdragning of aby gxdespaeokibpwated addstopmminglehsdte formed
about 3 8% by wei ght, based upon the wei ght of the

dureOD K&skin Mt €o @ied wihdlargrdialpsticlemb PO Ak cRMEbd%rom the rotating

cooking, noisture tends to collect on the grain

ool LA R e ARG s o

. problenms when the grain is transferred to other
invgpibem b sookadywir)e 2rain pertickes may he driedard agpledto aterhpsmature of
rotati on speeds provides for even cooking and reduces

les$ thmpiabgut 10855r eAhingile foai 460Mg6OAF @RMUboEKBSTS TROKIMGe drying
wat er and steam condensate fornmed during cooking, the

anF QB Bk R e IFGHHRAL Eé)&llcﬂtsgrgmf aF %ﬂiﬁﬁﬁaﬁggr%éé F%@g& The dried,

the rotating cooker and optionally transferre

?%{f%CF dryer and cooler. In enbodi nents of the
cooled whole grain particles may have a moisture content of from about 29% by weight to

about 42% by weight, preferably from about 33% by weight to about 38% by weight for
shreddability into strong, continuous shreds.

[0056] In preferred embo diments, the cooked whole cereal grain particles are
passed through a lump breaker to break apart large lumps or agglomerates of whole cereal
grain particles. The de-lumped whole cereal grain particles may then be co-milled to
obtain smaller agglomerates of whole cereal grain particles by passing through a screen,
for example a 1 inch square screen. The co-milled agglomerates may range in size from
about golf-ball sized to granular sized, preferably less than about 0.5 ¢cm in diameter.

[0057] After cooking, the starch granules of the cooked whole cereal grain
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i nvention, the cooked whole grain particles may be
dried and cooled to a tenperature of |ess than about
1250F, for exanple from about 60'F to about 850F. The
surface drying and cooling facilitates flow of the
cooked grains as individual, discrete pieces. The
dried, cooled whole grain particles nay have a
noi sture content of from about 29% by wei ght to about
42% by wei ght, preferably from about 33% by weight to
about 3 8% by weight for shreddability into strong,
parfigles pie R IONERT estalimgan mature apd aredmodleh onibrae marsize, as
t he cooked whol e cereal grain particles are passed
detetmioed by di ghtimpcros expyatartio clarectkrizpintusing 06 dl WMedirl The cooked
aggl onerates of whole cereal grain particles. The

parfl6tel WSS MR k& 0NEH §RInuts 3k WP st ol dtferdRY s#eﬁ%g]]%gters.

co-mlled to obtain smaller aggl rates o

eal ain particles b assi ng .t hrough screen,
moggf' exaénﬁ:ﬁeecog&i5 whote %edﬁ%llr a3 pagties v theg. b gqnygyed to a surge
aggl onerates nmay range in size from about golf-ball
bingir zei birofogrtempérang.sThe dookpd eftmilaptaym basisles ety tlon b tempered or
- 0.5 cmin dianeter. [00571 After cooking, the starch

cured 26WH Qfffiefent P&icPOKGHe Wi &L BRiFor N g{sﬁi@ﬁioﬁ%{flttﬁ@{v%&r

are no longer crystalline in nature and are swollen or

arger.in siz a det er m ned..by fight mcrosco
thr b siboP kb WP e g PAURTIRY  TOmRTE TBYPREOTAHESd at o
cooked articles may contain swollen granules as well
temperagrsg| prﬁéiséb%a@lérléﬁ%lp%fpmbéy frpposRut THE tocdiost! 100°F, more

whol e cereal grain particles may then be conveyed to a

prefoigle frdzh Abart 8P°F tto RbsutiIOrF | Temeeling timeh en £/0akes frehod Kout 0.5
grain particles may then be tenpered or cured for a

ro ] EEBAEL B 5 HO4PLE AL SR, Frpdspeing o
cur?nrgqsitgp i%%;tbie %!::ceosrhpl-{s%rgg?r[ iogg opr‘;%re? setageoshqruh%ttgglpgﬁédawho le grain
particles may be in agglomerated form, with the agglomerates ranging in size from about
golf-ball sized to granular sized, preferably less than about 0.5 cm in diameter.

[0059] In embodiments where a hydrocolloid gum is used, as disclosed in U.S.
Patent No. 5,595,774, the hydrocolloid gum, preferably guar gum, in dry, particulate, or
powdered form may be admixed or blended with the cooked, tempered whole grain
particles. Batch or continuous mixers or blenders can be used to mix the gum and the
cooked, tempered whole grain particles or agglomerates to coat them with the gum
substantially homogeneously. The dry gum sticks or adheres to the cooked, tempered

moist grains, thus at least partially coating the grains without creating a sticky surface

which would hamper or interfere with shredding. Upon pelletizing and shredding of the
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tenperature of less than about 125'F, preferably from
about 75'F to about 100'F, nore preferably from about
80*F to about 90'F. Tenpering tines may range from
about 0.5 hours to about 5 hours, preferably from
about 1 hour to about 4 hours. The tenpering or

curing step may be acconplished in one or nore stages.

The tenpered whole grain particles nmay be in

aggl onmerated form wth the agglonerates ranging in
gnﬂﬁé% bggon”%bout ol f-ball sized to granul ar sized,

pr ef eF ATy f S48 F9RER8 96 Pattichessre irqorpathtedanter and @6 Me
. ..I'n enbodi nrents where a hydrocolloid gumis used, as
indigidyal Yeands ion net-Bke siRatseritdoNgh founsREby e shidiling rolls.

hydrocol | oid gum preferably guar gum in dry,

[0048ar t i culhé Booledd, tRRNIEH GholdL be_adm.xed or
bl ended with the cooked, toen%%}n%%glgf iay By transferred by means of

' .. Batch o ontji nuous . m xers or bl enders can
bl BBAYIYRTD s R Toretop diraind thore e pellee for ehrpddiog, Bhvohentering
grai.n particles or agglonerates to coat themw th the
the pellatizer, thettamprrad Whdle gogje pedicidsym ayf beirhy fIHMoFalElotnerates
or adheres to the cooked, tenpered noist grains, thus

u
The agglomesdtefuditoahé Ye Gk Ry rAE Qh RIAS M itaﬁggttr goéf%%%s{]z%d to

a sticky surface which woul d hanper or
ran8h¥r S NGy tizjng. and shreddi ng of the 26
g grai ns or db@???éés??}a%ﬁ'ebeghﬁﬁg hanebey br cpuintdisngterafdey may have
at i ncar q&ﬂted into and onto the individual strands or
IR SeBer 28pudiAigh, refarelly fiom hbow!SEH 8 RBout 100°F, more
rolls. [00601 The cooked, tenpered whole grain

prefosablyifaire sboety8GSE thradost E°FedUYn BB #tOfhe né)&iettizer the tempered
conveyers to a pelletizer for formi'ng theminto ’ ’

wholp@rhi@tparficdts ﬁx\%%{% Qglar&JMb?&gﬁ%}étg%ayflgegstgrﬁuqefté{l; geﬂrn’pﬁered

t he tenpered ol e gralin par
whol?fsg@ﬁ%'g%%ﬁﬁghﬁﬁg‘??&?rgg‘?dlz qug{ %Eng;b&uggigts%ﬁ;‘g:ilszsdmw, the
starclt1 %ranules being swollen, and some agglomerated starch clusters being present, as
determined using light micros copy starch characterization with Lugol’s I odine.

[0061] Commercially available extruders or pelletizers, such as a Bonnet or a
Wenger pelletizer may be employed to produce the shreddable, whole grain pellets from
the agglomerates of cooked, tempered whole grain particles in the presentinvention. The
pelletizer may be equipped with a solid or cut-flight screw conveyer for conveying and
shearing of the tempered whole grain particles from the input end to the outputend and
through the ékit die plate. Cooling jackets are preferably provided to control the

temperature of the agglomerates in the pelletizer and to control the temperature of the

pellets exiting the pelletizer. The cooling jackets help to remove heat generated by the
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granul ar sized, and may preferably be | ess than about
0.5 cmin dianeter. Theymayhave a tenperature of |ess
t han about 1251F, preferably from about 75 F to about
100'F, nore preferably from about 807 to about 901F
Upon entry into the pelletizer, the tenpered, whole
grain particles nmay have a hard or rubbery texture.
The starch of the tenpered whole grain particles my
be retrograded, with the starch being primarily
granul ar, the, starch granul es being swollen, and sone

sheqfing ationacerrringincthe @Ieasti@r sndefi thg dpr pleterds, thaag glomerates are
determi ned using light m croscopy starch

forcetialir@ag R thezdikighite Wb tAudesigol ' s 1 odi ne, [00611
Conmmercially avail abl e extruders or pelletizers, such

a Bo . er pelletizer empl oyed to
10088 Guce T Ee-Bbi 2y A el b B Bl Ea P s o e e
aggl operat es of cooked, tenpered whole grain particles
“Psﬁf%anﬂ Seleieaait diapdate. asd. anTxéernplddni fstinsteHedray thedownstream side
equi pped with a solid or cut-flight screw conveyer for

of tipoeniegierpjatarior fosheag ihegy Wle Ehgn & gﬁ[@ﬁfcﬁﬁemé 8 r8h&bProd which is
particles fromthe input end to the output end and

cut {ofté QUG %Jylﬁpﬁéﬂé_ts dy c%@&i&'cngooqlthggv{eré g%rgtrtg? aiegplstfe payhave a

pref erab rovided to control t

agol rates in the pelletizer and to control the
p‘“rt‘gﬁ‘p"miﬁ%r B tunes cagh hpping agliametey of peoys S/ Geinichde about 5/16
~ The cooling jackets help to renpve heat generated by
inch, h@ho Ppeiaznai afghadie mateparcthie totabare of e fpettiadsi &6 pdbshiage of
at the die plate as the agglonerates are forced

the dilerpRatgArdaNenadi B BLE AREE { 44,89 'abélgt:)fﬂg’/%,l ;;In-xjéfeé ?llglcf?c%rhza but 25%

may be equipped with an internal

o bl 45 PE DGR BRR ATy HorSebei B eoGoRHE Fham <1 de of
he exit die plate for form ng the whole grain

[00 ég| onmef B¢ #holngrsimpeligiemey be pdoduied wittsdimensions for shredding on
conventional shredding equipment. For example, the pellets may have a cut length of
about 1/8 inch to about 1/4 inch, and a diameter of about 3/16 inch to about 5/16 inch
imparted by the die apertures.
[0064] In accordance with the method of the present invention, the pelletizing
pressure, as measured at the die plate, may be from about 200 psig to about 600 psig,
preferably from about 400 psig to about 500 psig. The pressures and temperatures
employed preferably result in no or substantially no expansion of the extrudate exiting the

die orifices, Also, the temperature of the pellets exiting the pelletizer should be

sufficiently low so that any increase in temperature caused by the shredding operation
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cut into whole grain pellets, In enbodinents of the
invention, the die plate nmay have a plurality of

hol es or apertures each having a dianeter of about
3/16 inch to about 5/16 inch. The open area of the
die plate, or the total area of the apertures as a
percentage of the die plate area, may range from
about 14%to about 55% preferably from about 25% to
about 45% nore preferably from about 38 %to about

o M R I A T ——

shr eddi n% equi pnent. For exanple, the pellets nay have
compagtigg Todlfgt h of about 1/8 inch to about 1/4 inch, and
a di ameter of about 3/16 inch to about 5/16 inch

[0065Tpar t ed}elayraulyet}ﬁitemﬁaﬁmre b€ the dHPOEIN PrBdRG Al HPBREShredding
with the nmethod of the present invention, the

rollfrlgll)a}g/g%i irtg %bg‘gtg ﬁ%%sg gg ’a‘tﬁ@?tgﬁ?)o %g%%l? t@&%?agléigg’seti&liggt Ieafoble ms.

priéerably from about 400 psig to about 500 psig. The
Thepelletzingdemperafisppmaydierroatrolledpy syedf theafootiabljscketsstalrovide a
in no or substantially no expansion of the extrudate

pelledtetmpacptideaf fiing absutf § CGSto abbao120°Fep FEMABIAstheabRhit 90°F to
the pellets exiting the pelletizer sﬂould be

aboStuf flolof ﬁ)?tek%;nembfé"?r&g Cixtot‘]f'i‘{ 99@%0%985?@%‘%5{) Sgnﬁrg{igfxgi}ﬂc{ {Jeelletizer die

caused by t shreddi ng operation

in_del eterious i cking of the, shreds to the
Platio 1 STPRAFROHT ShAIP NG TP PaCaHineUBAL bF AGPRIIH & the exit of the
[ 0065] Generally, the tenperature of the shredded
platp toed theexiting pelets shhelgdiva gl stickiness pmypldiss.up t o about
I 20'F to about 130'F wi thout substantial sticking

006! e it kgt ik BTG LI TR B . Th
pelletization is believed to reverse retrogradation of the tempered whole grain particles.
High shear in the pelletizer, it is believed, substantially fractures retrograded starch
granules and releases amylose and amylopectin to increase cohesiveness for shreddability
into continuous net-like sheets. While the starch entering the pelletizer may be primarily
granular, it may be quite different in the pellets exiting the pelletizer. The starch of the
whole grain pellets produced by the pelletizer is primarily agglomerated starch and
fragmented starch with only a small population of individual granules, as determined
using light microscopy starch characterization with Lugol’s Iodine.

[0067] Upon exiting the pelletizer, the cooling of the pellets should not be so

extensive, and the pellets should not be permitted to sit or temper too long, so as to
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pell et tenperature of from about 80'F to about 120*F,
preferably from about 900F to about 1 101F, for
exanpl e from about 950F to about 105'F, upon exiting
the pelletizer die plate. In enbodi nents of the

i nvention, cooling air may be supplied at the exit of
the plate to cool the exiting pellets to help avoid
stickiness problens. [0066] The pellets exiting the
pel l etizer have a soft, pliable, cohesive texture. The

: el letization.is believed to reyerse, retrogradation of
induPE SURSIARIA ST B daTiAR g5 P Heiaktening hicBieay impedenc
pelletizer, it is believed, substantially fractures
shreddabililyr aded starch granul es and rel eases anyl ose and

anyl opectin to increase cohesiveness for shreddability

[0068]t O CODhE RUAUS ﬂlaﬁ{ pdlidEma ealrerabPhid iﬁ&%aéﬁé{%@km for

entering the pelletizer may be prirmarily gr

o B3 e AL T B e

produced by the pelletizer is primarily agglonerated
shreddiggaperation spragdaeneidnytsabsshntidlhhrdening of erekid formation on the
popul ati on of individual granules, as determ ned

softUsliable pélps. Tni ﬁﬁ'ﬁ@cﬁ%ﬁtsﬁf&lﬁ&ﬁw_@ﬂ@éxﬁ%@%hé@t%rgfh Mé1fets may be
Lugol's lodine. [00671 Upon exiting the pelletizer,

oo 85880 ARk REORELE! BNl eppr i st

sit or tenper too long, so as to 29 induce substantia
SCre W CnYRY 9tet Yhsgp Heramap A antiepidie vetol e araitepe lirgs thd s¢rigsmyf shredding
i npede shreddability. [0068] The whole grain pellets

rollnaymiilsefie flalyl ynbbeot Moppdiat £h yxanplgwiekily a sé@iy covai® @ that
wi thin about 20 m nutes, preferably w thin about 10

dELRUAESe reldf @BFRID - ' it
5] OSRGOS s
The fmoori%}el gonntgnrl otft&?e whole grain pellets for shredding may range from about29%

by weight to about42% by weight, preferably from about 33% by weight to about 38% by
weight, based upon the weight of the pellets, for shreddability into strong, continuous
shreds.

[0069] Any conventional milling system can be used in the present invention. A
conventional milling system for making a wafer or biscuit may be employed in producing
the shredded products such as ready-to-eat cereals, biscuits, and snack chips in
accordance with the present invention. The conventional milling system can comprise a
pair of closely spaced rolls that rotate in .opp osite directions with at least one of the rolls
having circumferential grooves. Upon passing between the rolls, the dough is formed

into long individual strings or strands, A circumferentially grooved roll can also be
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soft, pliable pellets. In enbodi ments of the

i nvention, 1lhe whole grain pellets may be transferred
by neans of belt conveyors and/or bucket elevators to
a hopper which feeds a screw conveyor. The |atter may
transfer the whole grain pellets to a series of
shredding rolls or mlls via flow tubes or hoppers.
An exanpl e of such a screw conveyor is that nade by
the Screw Conveyor Corporation, 704 Hoffman Street,

6 Th ture cpontent of the ol e
ecody PR THARLIFRY &0 15 CpIRGEnTig] BAy VP S Piotnstdiel Baspike shect.
. by wei ght to about42% by wei ght, preferably from about
Wh%%eb;s areifghned ﬂ@ﬁa@lﬁ@tswe/&byxprm ofhimteryagen shgedsmor steings. When
wei ght of the pellets, for shreddability into strong,

the FARtAOHOMS gl 1y e géthed, MOk B FIaRSERatAly g@/gh}dta&om each
syst em can e used in the pr esent invention.

con entlonal m S
otn BN BF% SRR SR Lo & e Bl byt apert under
produ cts such as re ady-to-eat cerea |Is, biscuits,
presguee, drerpdd keeah filpmenty carpbe brifethiocanh pthet g vsnethimwebs or fins
i nvention. The conventional mlling system can
whicloBREh Betveenahémof cl osely spaced rolls that rotate
in opposite directions with at |east one of the rolls

[oohﬂvi ng @goﬁq;@ﬁgg v@éenq Qpaﬁﬁsthe%%gh%aéfom mtgﬁ gl

e roll orned Into 1 ong nar vi

trings or strands Amrcum‘erenhally grooved roll
ciroRmE TEaY B0 a@ﬂdb%atl?l}aéﬁw&h%nyg €50%vse Each pair of rolls

circunferential grooves for the production of a

prodietes laidoagh i@et haviien phhralgy o f geperhilly pedlliel hagitbdiatbstrands and
are conprised of interwoven shreds or strings. Wen

opti'bﬁ?llﬁ@hhﬁaﬁ Wn&ﬂcgﬁgk geﬁé} 13% E}@fgcnﬁﬁﬁla?ﬁﬁ%sstr‘iﬁds The

ts p rtla y sep but are

Cro%ﬁ?tﬁh{ﬁgﬁ gzl}efl%agﬁgémgl stm Qfértr]neanr glltclegsraﬁnet-lslg s%egt. The texture of

each layer may be controlled by the number of crosshatchings in each layer forming the
net-like sheets. The net-like sheets are preferably unwebbed or webless, i.e., the
crosshatchings and longitudinal strands of each layer are not connected by a membrane.
The use of an open space within the area formed by the longitudinal strands and the
crosshatchings in the outer layers provides a more attractive product. Additionally, use of
the open space in the inner layers avoids an excessively dense texture,

[0071] The longitudinal strands are produced by the circumferential grooves and
may run in parallel with the direction of movement of an underlying conveyor. The
crosshatchings of the dough layer are produced by the crosshatching grooves and may run

generally perpendicular to the direction of movement of the conveyor.
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pressure, the adjacent filanments can be united to each
ot her by very thin webs or fins which stretch between
them [00701 Upon passing between the rolls, the dough
is deformed into the circunferential grooves and the
optional crosshatching grooves. Each pair of rolls
produces a dough | ayer having a plurality of generally
par-al l el |ongitudinal strands and optionally a
plurality of crosshatchings generally perpendicular to
t he strands. The crosshatchings and the | ongitudina
l00§%lr ands ¥hsrshredding mils mayrhstarranged helinearsases shongite common

of each layer maybe controlled by the nunber of

undetlgighainvbyOgsEidh efabh shraiesd daigh 1agkrt BEshdaes mhgbe deposited on
sheets. The net-Ilke sheets are preterably unwebbed or

the Y8V ERD in buferndsifon, GBABRLEN AR 00 QLT OH e

stra ayér are not connec

The use of an open space within the area forned by the
dirqcHR8i t udi nal strands and the crosshatchings in the

outer layers provides a nore attractive product.

[007%0di t i orGddventiosae shfedditpesyamais whidh@ah Betu&l inWABrocess of the
| ayers avoi ds an excessively dense texture, [00711 The

prededd GivendbAale &fsEBQé’cﬁmaﬁ% @3&%‘&1%9 .37 2 008,024; 2,013,00

circunferential grooves and nay run’in’para

2,69819', SEL DR et RV BT o cignon s Mos sitddieves by

t he crosshatching grooves and may run generally
[00%&r pendiThel fmst axd taseonti srembicashreddeduivapie tiyens totdredeposited or
conveyor. 31 [00721 The shredding mils nay be

lamidtéN GRE Hale @ nunflR2bf SRSk BRciBh SN Jisht%ang Y region of denser
under | yi ng conveyor. Each of the shre doug% Payers

o AP AT AR i 5o SPRIP i 10 dowe oon

runnln in the sane
the conveyor belt preferably has a sufficient number of crosshatchings to provide a more

stable bed for the depositing of subsequent shred layers. Additionally, the outside
appearance of the productis enhanced by the presence of crosshatchings as is the initial
impression of crispness upon eating. For a 5 inch diameter shredding roll, the number of
crosshatchings may be about 45 or more, equally spaced about the roll. Five inch
diameter rolls may generally have: (1) about 10 to 22 circumferential grooves per inch,
and (2) up to about 120 equally spaced crosshatching grooves. Larger or smaller diameter
rolls may also be used with about the same frequency of grooves as the five inch diameter

rolls.

[0075) The dough layers which are deposited between the outer layers providing a

32



direction. [0073] Conventional shredding systens

whi ch can be used in the process of the present
invention are disclosed in U S. Pateht Nos. 502, 378;
2,008, 024; 2,013,003; 2)693,4 19; 4,004, 035; and

6, 004, 612; and Canadi an Patent No. 674,046. [00741 The
first and | ast one or nore shredded dough | ayers to be
deposited or |anm nated nmay have a nunber of

crosshat chings so as to provide a region of denser

texture or .higher density in the biscuit or chip. The
den?ﬁr?ﬁufea‘ifé}‘gbﬁﬁ i %ﬁ‘sﬂg%‘ﬁaé{i Ve dRciEpte m{%f@éﬁmgat%@g@ 50 as to
preferably has a sufficient nunber of crosshatchings
- protide grregiod@fdightar dextuteadyl lewbedersity it bee idepusiofitngcldp. The number
subsequent shred | ayers. Additionally, the outside

of cﬁﬁ@l&&&lﬁﬂﬁﬁ@éq chheyRnedusd thleSaRRRARAEHERY the presence
of crosshatchings as is the initia i mpr essi on of

I
I spness_upon. eating. For 5 inch dianmeter shredding
00F P REcHBRor: P oot I Hap ehienh o ! Bhmber of
nmore, equally spaced about the roll. Five inch
net-fke plaets may prayidagn genmord tegidnawd defide) teatwoeibr Aight 0d@Rity. In
circunferential grooves per inch, and (2) up to about

prefétd embabinyerganckl 13O BEAE GRinBhueiRPYLErost-REAR KR! In
smaller dianeter rolls may al so be used w th about

R R R A T A S p—

deposited between the outer |ayers providing a 32
120 srorshptchings forea e megriismetenzoll i nrefgrisdve a decr eased
nunber of crosshatchings so as to provide a region of

[0077]ght er Thexdtptheofahe biveem fadenisdl iid icrost-hatchitLEiodk e O6f the
the chip. The nunber of crosshatchings in each | ayer

shre@R¥n DR 1S By R oA abBhf b 816%ch to about 0,023 inch, preferably from about
0.016 inch to about 0.021 inch. For example, in preferred embodiments the cross-
hatching groove depth may be about 0.018 inch and the circumferential groove depth may
be about 0.021 inch. Groove depths of less than about 0.010 inch tend to require too
many layers to achieve a desired weight per piece. The net-like sheets when laminated
upon one another, do not necessarily line up exactly so that one layer is superimposed
exactly on another layer. The greater the number of layers, the more likely the openings
in one net-like sheet will be at least partly covered by the shreds of another net-like sheet.
‘Thus, increasing the number of layers to achieve a given piece weight tends to result in a
denser laminate and loss of shred integrity upoﬁ compression in compression rolls. The
use of groove depths greater than about 0.023 inch tends to result in too dense of a

laminate which is difficult to bake out to a crisp, chip-like texture.
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[00761 In enbodi nents of the invention, at |east 30
percent of the total nunber of net-like sheets nmay
provi de one or nore regions of dense texture or higher
density. In preferred enbodi nents, each |ayer has the
same nunber of c¢c ros s -hatchings. In enbodi nents of
the invention, for increased durability, crispness,
and vi sual appearance, 120 crosshatchings for a five
inch diameter roll is preferred. [0077] The depth of

e cireuxt -
[OO'hﬂr eddi g F ollﬁlnmeacl:)tagﬂgp:égfnéfsrb& {k%%hg&i%[aglor\éﬁge gt Tce to 21
%(823 inch, prefer abl m, about .0 16 inch to
dep ne u@ogﬁe YRe And Eige Oé)?é’h"ﬂﬂ%d P’l'oﬁuf)tr el?o(;regcé@ple large sized ready-to-
enbodi nents the cross- hatching groove depth may be
eat bizabfasOcerallifsduis lor avede s hmay coxtainf fesrarzbbat 6 ¢ ebove 21 net-like
depth may be about 0.021 inch. G oove depths of |ess

shedtB gAY P 400diRch atb%ﬁgli Ret I e ts! o@maﬁ@xnéﬁzé e%ﬁ?-to-eat

to achieveé a desired wei ght per piece. The net-|

when | am nat ed e, ang
cor B Bediy P yeiefmag soneit P 67 wgffl%a??ivf Fif o § net-like sheets.
superi nposed exactly on another { The greater
Thetsnack ohipe of gre inugngion manbaveod to 7, m eyatind toSemiasprefembly 4 net-
one net-like sheet will b e at least p artly covered

likelghetiie IStheatitntel o8 BRddRels 188 ttharl fhikée, Sb@@Iuous,TéBHFistent production
i ncreasing the nunber of layers to achieve a given

ten#ﬁI HHe #Y?hﬁ% t’ﬁﬂqﬁm'ix%té ?e%HL Eo ét%kalo og%ﬂé%r d]? B%l?%% gor%gressmn

ntegr

corrpr ession _rolls. The use of gr oove dept hs gr eat er
rollupgh subxetiah comprasaion of aaminate Whidh is relatively tGiarpsiorde
a lamnate which is difficult to bake out to a crisp,

compinegsidn. k&dd iebohallyg wiBiBtopFOwadydrs ke Bhlked, pro Hectiteidyl to be too fragile
nunber - of net-1li ke sheets may range fromthree to 21

for ggr?cﬁgggaan% 4ROl ggu A Iga%gagﬂggba@n@‘m 3PERUFHR! M mumber of
sheets or layers is greater than seven, upon compression to achieve a desirable, chip-like
thinness, the laminate becomes too dense and difficult to bake out to a crispy texture. In
addition, excessive compression may resultin a loss of a distinctive, shredded
appearance,

[0079] In embodiments of the invention for producing a shredded whole grain
snack chip, or a thin, crisp ready-to-eat breakfast cereal, the whole grain laminate may be
compressed in accordance with the method and apparatus of U.S. Pateht No. 6,004,612 to
Andreski et al for “Production of Shredded Snacks with Chip-Like Appearance and

Texture,” the disclosure of which is herein incorporated by reference in its entirety, The

apparatus and method of U.S. Patent No. 6,004,612, may be used to obtain a whole grain
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eat breakfast cereal biscuits or wafers may contain
fromabout 6 to about 21 net-like sheets, preferably
fromabout 8 to about 12 net-like sheets. Snmaller
si zed ready-to-eat cereal biscuits or wafers may
contain from3 to 7, preferably from4 to 6 net-1like
sheets. The snack chips of the invention may have 3
to 7, preferably 3 to 5, nost preferably 4 net- |ike
sheets. If the nunber of sheets is |less than three,
conti nuous, consistent production tends to be
shregidsdl gpipelike smask hawingan wibstentially eniferneshreddeast nestlike appearance and
the belt or conpression roll upon substantia
crisppsipecdieditontund bpsdaedntialle coipEdising all@hataty 6F Whbl¥ Frain net-like
prior to conpression. Additionally, with too few
: . t o fragile .for
shep@tEibold Qtin IR RQRdTin bEQ Tkl i AR BrodeBfimGpipty s
.(g%%ﬁLngL If the number of sheets or layers is greater
dis ig &, 8 P ateifoie b APH:E8%ithe corBprstipR vebserdiadly radness or
chip-like thinness, the | am nate becones too dense
elindnatedaif piockdts ot imtéaddyer eprcingoaral enhia s ihteXbreadhlesion so as to
addi ti on, excessive conpression may result in a | oss
. M . . : ; "
R e
whol e ai snack chip, or.a thin crisp ready-to-eat
=pPittangh difendbpualy e AR Prdgrort e st el eampagssinn, the
conpressed in accordance with the nethod and apparat us
subgantially flqtgemmxiiads . chp-Oibd pedductsexhitritiz estistantiallxtunfform shredded,
"Production of Shredded Snacks with Chip-Like
net-BRpepfafate apdn thaX aj @ surfabld. K &G1OSMNL ifivihlhCdhréPlayers are
herein incorporated by reference in its entirety, The

s GEP RIS SR g S0P e,
Thezggggqhg%\éigg angt%big tsgfr}}ciie%lt ltgl ccl)JrPtiinfugLrlsrPy Sl’ltr]liiSr%gec%tt?negt, -trlainls(t%rring,
and packaging operations during mass production without tearing or breaking. The
baked chip-like shredded snacks are sufficiently strong for dipping into and scooping of
dips or sauces without breaking. Additionally, the chips have a whole grain appearance,
with portions of the hull or bran of the whole grains being visually apparent in numerous
locations on the surface of the shredded snack chips.

[0080] In embodiments of the invention, prior to compression, the thickness of the
whole grain laminate may generally range from about 0.070 inch to about 0.250 inch.
Generally, the thickness of the laminate is reduc.ed by at least about 35%, generally from

about 45% to about 60% of its thickness prior to compression. As disclosed in U.S.

Patent No. 6,004,612, compression of the laminate to substantially reduce its thickness
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crisp, shredded texture by substantially conpressing a
| am nate of whole grain net-like sheets of whole
grain pellets obtained in accordance with the present
invention. As disclosed in U S. Patent No. 6,004, 612,
t he conpression substantially reduces or elimnates
air pockets or interlayer spacing and enhances
i nterlayer adhesion so as to prevent the devel opnent
of a puffed, pillowed, or thick biscuit or
cracker-|jke appearance. Even though the |am nate
may byafyewrd iR mEtit Betvesnpy leastiong palrad coyptserosiingganypression
flat~ unpuffed, chip-Ilike products exhibit a
rolls wihsle anisisapp ortadmagoor andstraradoteet by nebnvdykebelpp P28 &dre than one
upon their major surfaces. Additionally, individua

pairSSY Rehgr8¥e6 S rodlstire wn@vcﬁ)ehythe'kétgl%mkgles?s e Budtitfh mg i%igon

product when it is broKen and viewed I n cross-se

T e L N -

packagi ng operations during mass production w thout
counigarotaipgaronuressiomeplls Thprefiraddefbr ebhiovinigktke stsstatdial compression

snacks are sufficiently strong for dipping into and '
of teeR@ihig. of di ps or sauces w thout breaking.

Addi tionally, the chips have a whol e grai n appearance,

j.t h pogtions of. the .hull or bran .aof the whole grain
10045 1o ShbSp Bt Buftte vnSh e guSle # Sehelhg semBreSeibhetps to
surface of the shredded snack chips. [00801 In
avoheisassieh stEctelfing wad iteayimgtar stickipg iod thet leminatp desisg enmpression and
the thickness of the whole grain |amnate may

trangpore fabligh thangds.f Aemisbeset WU PAtaeING. &, 602, QaePPair of
inch. Generally, the thickness of the lamnate is

¢ ¥ I ? ég neral Ly.from about

cos AR B2 Aol B A B R G
conpression. As disclosed in U S. Patent No.

lamagsh And fb0topr AN bW Bich opfactsbe batiem antagpof the conveyer belt which
substantially reduce its thickness 35

supports the laminate. The nip or gap between the counterrotating rolls and their relative

rotational speeds are set so as to substantially compress the laminate while avoiding: 1)

substantial sticking of the laminate to the upper roll, or 2) substantial movement or

slippage of the laminate relative to the belt, either of which would substantially disrupt or

distort the shred pattern of the laminate as it is compressed. The bottom roll helps to

maintain the linear speed of the separately driven conveyer belt as the top roll compresses

the laminate against the top surface of the belt. The rotational speeds of the top and

bottom rolls of a pair of counterrotating rolls may be at least substantially the same, or

essentially the same, depending upon the relative diameters of the rolls. If different

diameter rolls are used, their rotational speeds, or angular velocities, may be adjusted to
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may be achi eved bypassing it between at |east one pair
of counterrotating conpression rolls while it is
supported upon and transported by a conveyerbelt.
VWhere nore than one pair of conpression rolls are
enpl oyed, the total thickness reduction nmay be
approxi mately equally divided between the pairs of
roll s. Use of a single pair of counterrotating
conpression rolls is preferred for achieving the
substantial conpression of the |am nate. [00811
provigppienst sybatartislbntha seme diposr wlpdivl t while it is being
conpressed hel ps to avoid excessive stretching and

[0082ar i ngAQKdislloseiing).8f PAtbet N@re 064,612 4kd thmﬁQt'EHE @&%b%sed by
and transport through the rolls. "As 'di scl osed in S.

the g@h@&&otgﬁn%%lg%ﬁﬁg\ﬁ cu ach oiptﬁ 18ﬁtecoguﬁ¥nl S Ot g{n%?ﬁf the

onprise
surface of t he Ian1nate and a botton1ro|| mhlch

lamingin infq ndividugatieess diercampressiontns thiskuessardunsion isvai lehst
supports the lam nate. The nip or gap between the

subgtantillyrumbfoatn argossahé svidthbfithe lafifidk AtThe @ ondpRéRidnYdYides a thin,
speeds are set so as to substantially conpress the

cooﬁ@bﬁ?&&é@l&@c&ﬁ%e@é&ﬂanﬂﬂa% ?Mpﬁélsg;d § B’E{’ﬂ s%?%tgﬁhgl puffing or

hé Tam nate to the upper

venent or e am nate relative to the
exp @Y SR e GHerh AR ERE vd S ERSE Ah{Ae AORYPretssd dpmingye exiting the
di stort the shred pattern of the lamnate as it is
nip ebigreogpeersionttells s susin sogisito pedyide 4 thinywetiipdl iemppbarance upon
i near speed of the separately driven conveyer belt as
bakibfie top roll conpresses the |am nate against the top
surface of the belt. The rotational speeds of the top

nd  boit pai r of caounterrot rolls
000 o ln SFbdEmeies Baprspriny FRies, geierly tredleknes of the
essentially the sane, depending upon the relative
compresptst lamdnase mayerangs from akfo ud0f0BE gt to abioah®t180 indH, lpseferably
are used, their rotational speeds, or angular

fronvelbmiOtOﬂ)SincH&yalkx&xthi 005ineH, foPexample from about 0.060 inch to about
0.080 inch.

[0084] Even though the thickness of the laminate is substantially reduced, a
substantially uniform shred pattern is visually apparent upon the opposing major surfaces
of the baked product. Additionally, at least substantially all, or all of the individual shred
layers are generally visible to the naked eye upon breaking a baked piece perpendicularly
to its major surfaces. For example, if a baked piece is broken in about half, a cross-
sectional viewing of each piece may generélly reveal the same number, or substantially

the same number, of shred layers or net-like sheets as were present prior to compression.
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36 provide at |east substantially the sanme |inear
velocity. [00821 As disclosed in U S. Patent No.
6,004,612, the lamnate is conpressed by the
counterrotating rolls without cutting of the |am nate
or without nolding of the l|amnate into individual
pi eces. The conpression or thickness reduction is at
| east substantially uniformacross the width of the
| am nate. The conpression provides a thin, cooked,
but dough-1i ke conpressed | am nate and hel ps to

[0085] event Thupoiswte contqnt pf thedaminate rpantsi comprpssion and after
subsequent baki ng. The thickness of the conpressed

compRIRkiBAt € gedrdll gt 1AL subitht 1y s SROPERSS LR e It S of fhe
such so as to provide a thin, chip-like appearance

. . baki 00831 | n_enbodi h }
a0 O S e St PP rne ko op e B Betitp abou

./, amnate ma rang; from about 0.035 inch to about
H2%Ppnveisnhgreieptbly oabrhout fainbupeight o g8mt 38hby weadlouThe
0. 100 inch, for exanple from about 0.060 inch to

starchbudube 120ni08@s hmwtbe hARS dknFyeipgl Sineitdt iach RskRe $3th0firtually
the lam nate is substantially reduced, a

no n?(ﬂ@ﬁl'i@mté%gléna!#{ﬂ%éi g%) gh%ﬂkﬁ{%d %@&%q%ﬂrt :mgcé‘r\élgg’o%g'lf Sltgtﬁg

appar ent 0si'ng naj o

baked product. Additionally, at |east substantially
Charé?tf’r,‘zadﬁma‘ﬂthgf-‘gﬁ)néquﬁ’é?-vi dual shred layers are

generally visible to the naked eye upon breaking a

[0086hked pliecwhplergreindaminaed of shtaldetislonph etrarfds( faa68Sor net-like
For exanple, if a baked piece is broken in about half,

e SEER G R Y B S AR, TR B o
slitteggggg{;&erg{g %ﬂﬁ? gan:y&a} erig gg{ %qr.}:%tss_alr}ll %oeprsexr/]ee n%tp%ffairslg \g/relreeavenin g A
non-dockered piece is preferable because it is more chip-like in appearancé. Also,
dockering of a compressed laminate tends to produce excessively dense portions which
are difficult to bake out witho1'1t scorching.

[0087] The cutting operation may partially or completely cut the whole grain
laminates into strips. The slitting operation may completely cut or score the strips so as to
provide scored strips of unbaked ready-to-eat cereal biscuits or snacks with the unbaked
biscuits or snacks tenuously connected to each other. In embodiments of the invention,
the non-compressed or the compressed whole grain laminate may be edge trimmed and

then partially cut into shaped pieces by a rotary cutter without substantial generation of

scrap or recycle material. Then, the partially-cut laminate may be cut longitudinally in the
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37 [0085] The nvoisture content of the |am nate prior
to conpression and after conpression is generally at
| east substantially the sanme. Moisture contents of the
| am nate prior to and after conpression may range from
about 29% by wei ght to about 42% by wei ght, preferably
from about 33% by wei ght to about 38% by wei ght. The
starch of the lam nates may be in the form of
aggl onerated starch clusters with virtually no
di i ndi vi_ dual stargﬁlgranule%, as determ ned usin% l'i ght
irgGHoR 9L MAyPmens PE fre CORXPYRI (08K 28¢ R thinsKerstlydp the direction of
| odi ne. [0086] The whol e grain | am nates of shredded
movhouggtt of theasmiyey tralyedt witboutrsabsthitiial gesdretiv s offagrap e medyele
cut, and slit using conventional equipnment, such as

mateARRI AU GRS 2R Befosé bE hedril SRGHST (o Be Hrigsh e conveyor
| am nate is not necessary to prevent puffing or

| eaveni ng, A, non-dockere Lece is. preferable because
moy GRG0 bl BB i R SR G TR G A3) Bieds Bl Hreaces
of a conpressed |am nate tends to produce excessively
progrgisuchhay readrdowal esrealardsagiitss wefers, or ghipalies macks.
wi t hout scorching. [0087] The cutting operation nay

[0088) t i al ITheQhagooPihetshtedded brdduetswhsy) Be Suake) rol@d] r@é!taﬁ?ular,
into strips. The slitting operation nmay conpletely cu

ol i O..pravide scored strips of.
s SREAA, 2% 1R800 B YOS 57 St B e

t he unbaked biscuits or snacks tenuously connected to
wastg ehresyelare prefesied dimeost preferred ghapsfens cbip;like srack is a

non- conpressed or the conpressed whole grain | am nate
triangulaiosr sebgientisliynredgahd shdpee i paisélosdd iyt 1.8t PatehONo. 6,004,612, to

shaped pieces by a rotary cutter w thout substantia

essé®iAfy %}i:]ﬂﬁ]atngﬁs%? E@trﬁﬁ%]{gg ?r%ig t%uftgﬁfl&[ 'uﬁh% gl-;ﬁgﬁr )(/:ﬁélgcgr which cuts

partially-cut lamnate ongi t

the tcgr%pressed laminate so that the base of each triangle is parallel to the longifudinal
axis or direction of movement of the laminate. To reduce breakage during and after
cutting, the laminate is preferably cut so that the apex or point of a triangle in one row
does not touch or intersect the apex or point of another triangle located in an adjacent
row. In preferred embodiments, the cutter may cut the laminate into a plurality of
longitudinal rows of triangular-shaped pieces so that the apex of a triangular piece of one
row is located at or intersects about the midpoint of the base of a triangular piece of an
adjacent row as shown in U.S. Patent No. 6,004,612,

[0089] As disclosed in U.S. Patent No. 6,004,612, it is also preferable to form or
cut the triangular pieces with rou ndled, blunted or flat corners so as to eliminate sharp

points which may break-off during rotary cutting or subsequent slitting or transferring of
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38 direction of novenent of the conveyer belt and then
transversely to the direction of novenent of the
conveyer belt w thout substantial generation of scrap
or recycle material. After baking and before or after
oil addition to the strips, the conveyor novenent,
etc., breaks apart the scored strips to provide
i ndi vi dual pieces of shredded product such as
ready to-eat cereals, biscuits, wafers, or chip-like
C [ 00881 The shape of the shredded products nay
the B\éta]éﬁluléq.té Forsxagpls, SEEWHY whayrbe us§d|fprplgft@g| and trans ferring a partially
paral | el epi ped, triangular and the I|ike. Shapes whi ch
cut taminatezfroraronel domv epdrdeltwaahether. TREyrbencarod spbaheidl @ehounts of
A nost preferred shape for a chip-like snack is a
e
brokL SRS 0 PSP J RS e RS prdBrabty al hree
essentially m nate waste, the trlangles may be
corRyr ﬁéap%fasr?ﬁa e ringhlpr pifces mayybec Hu%‘lﬁdsﬂafttﬁ?d or blunted. For
conpressed | am nate so that the base of each triangle
examplpde abtadl flatsendreor Wuntgi tcadienabn a axbsamiallgieqedaternd obfsosceles
novenent of the |am nate. To reduce breakage during

triaﬂ%falaxadchta%d pfedk! ¢t coblt® nha’:ymmtrﬁea Soul B BEAR ¥ 1648 st?tg;tantially

t the apex or point of ‘a triangle in one row

par%l?él até] g#%ﬁlp%n g%ﬁl%roﬁeg#aggﬁuggtgﬂ? al?yr %x%gerﬁ* Lﬁ?ré%ge}%tr 0 acent side by

enbodi nents, the cutter may cut the lamnate into a
the prtamatutiey. of longitudinal rows of triangul ar-shaped
pi eces so that the apex of a triangular piece of one

[009@w i s [Theatgdyiadle @Faih MBInNaRGHhSy BOaHEJ, HAR e i BiaRtedqh
the base of a triangular piece of an adjacent row as

cong%lédl?lglsgﬂ“?rﬁ &P gﬁvﬁgb Yc“%ofgp cgryS#A béglgcg)%i%%i t@%tigg é}be cut laminate

, ﬁ eferable to formor cut the triangular pieces with

incluge REoer &isichiasd, B\Ferﬁvraleefteéa,n\é!p&vcg@e 48d spOWIer piveRN ntaining
sharp

forced air and gas fired burners and a conveyor. The laminates may be toasted to enhance

the flavor and brown the edges of the shredded products. Baking of compressed
laminates does not substantially puff or leaven them and provides a substantially flat, thin,
chip-like appearance.

[0091] Temperature profiles used in the oven for drying, baking and toasting of the
laminated preforms may generally be within the range of about 200° to about 600°F. The
baking is preferably performed in a zoned oven using low oven velocity to avoid excess
curling, separating or warping of the strips during baking. The total time for drying,

baking and toasting may be such so as to avoid browning (except on the edges of the

pieces). It depends upon the number of shred layers, the size of the shredded product and
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poi nts which may break-off during rotary cutting or
subsequent slitting or transferring of 39 the cut
| am nate. For exanple, vacuum may be used for lifting
and transferring a partially cut |am nate from one
conveyer belt to another. The presence of substantia
anounts of broken-off points may clog the vacuum
equi pnent. One or nore, preferably all three corners
or apexes of the triangular pi eces may be rounded,
fl attened bl u xanple, to agbtain
the FYERG OGN Qe BFHANUEY TeoRHinEs POHPE obh bR P pnee from sbout3
equi l ateral or isosceles triangular shaped piece,
mingéesto ebewtel) miutee Afemteding the starch of slveproducts aast be in the form
substantially parallel to its opposing side or at

f dg@RtherattdStAOR bRisteYs WRA REREHIGU Aindhedan sad !
° agg tehre rotary catt&(;er [ 0090 Th(lel cut, \?\/n }pﬁ;a?g}e%h &tetermined

ake and .t
“S*Ae%i"’% 19 e L ec Pl a e OB ot s g
baki ng and toasting the cut |lam nate include Proctoré&
(008 hwar t Zhewelarerd the Aarlbakyd prastichesndeda systméiallyweiform off-
containing forced air and gas fired burners and a

whi¢ORVENén takhRS1drarmiReredudiMayR thppet Rithisalt efR3NERAPIL, 0S5 to 2
flavor and brown the edges of t he shredded producP

el TR 528 1 00T B AT STt
thin chi p-1i ke appearance. [00911 Tenperature
FlavoF 87 fla¥or,gdanrameiie Swerpitbe Sals (Vafg) cimRs repleed with KCl or

toasting of the |am nated preforns may generally be
othamsh ltisnbdtivetesange of about 2001 to about 600'F, The
baking is preferably perforned in a zoned oven using

[009PW OVerp¥ghog sthxrt'éﬂmgv\gh B3R b%umlergtgofﬁl%%b@lgt:i%can be

or marplng of th uring e tota

app[lcé, pre%{erarLny by spraying in oil form, to the top and bottom surfaces of baked strips
of snacks having no added fat or having only fat inherent in the cereal grain, For
example, whole wheat berries generally have an inherent fat content of about 2% to 4%

by weight. See, Wheat: Chemistry and Technology, Vol. I, Pomeranz, ed., Amer.

Assoc. of Cereal Chemists, Inc., St. Paul, MN, p. 285 (1988). In embodiments of the
invention, the topical application of oil to baked snacks having no other added fat may
result in baked products having a total fat content of less than about 12%, preferably less
than about 10% by weight. In other embodiments the amount of topically applied oil may
be less than about 8% by weight, for example less than about 6% by weight, based upon
thé weight of the chip-like, shredded snack. Use of a hydrocolloid gum provides for

obtaining a slippery or smooth mouthfeel and a glossy appearance even with no added fat.
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baki ng and toasting nay be such so as to avoid
browni ng (except on the edges of the pieces). It
depends upon the nunber of shred |ayers, the size of
the shredded product and 40 the type of oven. The
total time for drying, baking and toasting may range
fromabout 3 mnutes to about 10 m nutes. After
baki ng, the starch of the products nay be in the form
of agglonerated starch clusters with virtually no

di vidual starch granul es, as determ ned using |ight

mo#fﬂc r oscapy Yt olf grrie Riareddecpiognets of the RrAseny yolengon may contain

| odi ne. [0092] The color of the final baked product

onecanmdre additives (@gt, ivithinyna) miherals) oflbrantd) flavoradtsgelcden effective
tan color. The product may be topped with salt (for

lev&¥ @F%I?oengaé?]ﬁ oEgemgﬁﬁ'}gme b afCHY sbs%%ﬁqts QchBpee ﬁuscttosle, lactose,

product wei ght) pri aklng
d | avor i@d fl amy(\{ﬁ enhancemsnt Some of the salt ( NadCl
CXEARS BB PP R PO YRS HEIS Y TRALHERSUARES, Sabsts anipmarlic

[ 00931 The fat or shortening, when used in enbodi ments
parg¢y tahd bionilbam, molt, wdweatbgermapptsj extoapflafoeartbbyctbys fruit flavoring,

spraying in oil form to the top and bottom surfaces

cradKer PRkednS tindidnofand RakHE VAR, a’&?ﬂt@ﬂﬂ? chdhads c‘?fnc acid and
having only fat i nherent in the cereal gral n.

lact?cg(%fw é)%{:se\fw&v%s%en?s 'gggéj(’ 3Bf1g)2a§%tglsl %ja asggyﬁgq%qwl and BHT, food

See, Weat ; Chem stry and Technol ogy, Vol. I
colgsani cawsitierg suchaeMyvawa@oe. bled gidistilledomendalyssridesc. |
St Paul, MN, p. 285 (1988). In enbodi nents of the

manufafﬂﬂtdddfy Edstaath 8joideR), saPiRki &adroginaetyladd, |le&1@1ubadﬁ‘a oly orbate 60,
snacks having no other added fat may result in J

G Sy bSO 550 AP
nwghe\rntaenqggdsl qteslrc;nhoeom%rcr)?lggst cg{cutlrg glogr%leé syuc?lpaglclalec?utglclarbonate
vitamin A, vitamin E, and vitamin C. Also, non-fat dry milk solids (i.e., milk powder) or
soybean protein may be added in an amount sufficient to create a final protein level of
from about 10 to about 20 weight percent. Such additional ingredients may range up to

about 30 weight percent, based on the total dry weight of the final product.

[0095] The adciitives, such as vitamins and minerals, may be dry blended with an
optional hydrocolloid gum and then the dry blend may be admixed with the cooked,
tempered whole grain particles. In other embodiments, enrichment with vitamins and
minerals and/or other additives may be achieved by blending with the blended grain and

optional gum mixture. For example, a dry multi-vitamin premix may be added with

simultaneous mixing to a gum coated grain mixture at the entry of a screw conv eyor to
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be | ess than about 8% by wei ght, for exanple |ess than
about 6% by wei ght based upon the weight of the
chi p-1i ke, shredded snack. Use of a hydrocolloid gum
provides for obtaining a slippery or snooth nout hfee
and a gl ossy appearance even with no added fat. 41
[ 0094] The whol e grain shredded products of the
present invention nay contain one or nore additives
(e.g., vitamns, mnerals, colorants, flavorants,
etc.) at effectlve Ievels of concentration. Exenp
form dyosefgear eusERIAP e itiQ hl TersTespiting se mPPFition gaay, by Bk %rsféropped into
dextrose, and honey, pol ydextrose, dietary fiber,
a ha@gas,onhich SupslissmAn® ralien ,Tlganhlitievitamiarimlde;gﬁoamﬂy gum-coated
" bouillon, malt, wheat germ nuts, cocoa, flavorants
gm‘ﬂ“%?“ﬁﬂﬁc{“%%w A T 1 SHRANES HRURL e AT
| actic acid, preservatives such as TBHQ
Iﬁog ¥t oxi dants such as t ocopherol and BHT, food
colorant, enmulsifiers such as Nyvatex(r) (a bl end of
[0086kti | | eé(ﬂditimlgd)ryﬁiﬁn'gdq&rﬁquﬁarw thosawbithopaFadversely affect
Kodak), sodium stearoyl |actylate, |lecithin, and

shrp&{lﬂg %Qﬁ‘&l@o 8e unccﬁPS‘raﬁé‘dtlﬁfB fBe sRRdqsd bméd%o%ldgt of the present
arrp es of suitable vitamns and mnerals include B-

X olubl e .ir Qund
inv eGSR B e St R trid e R Bl b fRegqupn
E, and vitamin C. Also, non-fat dry mlk solids (i.e
lamifdte. Sowder,)rettoses pkrsandextionse, nolydeytigse,{thsaamilk pewvder, cocoa,
amount sufficient to create a final protein |evel of

and 119V0rae wie tenipglaBbensddR 0 eveitgtt mpe bealeposifddC 'Exemplary fillings for
addi tional ingredients may range up to about 30

int .-ghg 1a?g{j%gﬂ)tslu[oggg@.ﬁdélzﬁ‘ggt}ga{cﬁlgg InY- fﬁﬁ&lggsgse ?Ey\g%gleﬂlhngs

and nlnerals maybe dry bl ended wi th %I

confgRtoBEs leanasm thadike hEhe %chiétlmswrmleﬂgﬁ Hay bg éuacfﬁfi%am -fat,
with the cooked,

reduced-fat or low-fat,

[0097] Additives may also be topically applied to the laminated structure before or
after baking, In the production of whole grain shredded snacks, additives are preferably
topically applied rather than applied between layers so as to not adversely affect a thin,
chip-like appearance. Topically applied oil may be used as a carrier for one or more
additives, such as flavorants or seasonings. Topical application of additives may be
achieved using conventional dispensing apparatus such as disclosed in U.S. Patent No.
5,707,448 to Cordera ef al, for “Apparatus for the Application of Particulates to Baked
Goods and Snacks,” the disclosure of which is herein lincorporated by reference in its

entirety.

43



tenpered whole grain particles. In other enbodi nents,
enrichment wwth vitamns and mnerals and/or other
addi ti ves may be achi eved by blending with the bl ended
grain and optional gum m xture. For exanple, a dry
multi-vitamn prem x may be added with sinultaneous
m xing to a gumcoated grain mxture at the entry of a
screw conveyor to 42 form a honbgeneous comnposition.
The resulting conposition may be fed or dropped into
a hopper, which supplies mlling rolls. The

(00880 ¢ i - vi Froduatsafdhoptasentdhventpumapiatvech mgfsaird content of less than
conmposition may then be mlled in shredding rolls and

abdun 5P ly iwightShrie@edBY abid(100! - I.Lives or
filli n}g,]s, gglaritﬁirecul g}r;'I ay thoggb\%ﬁ?%tﬁﬁﬁg{%hgggﬂ(g%’geﬁfre preferably

fiect I.ng, ..oy, al so be incorporated into the
oG 1350 BEEBE 5, HER R 8 wRLYERAt Of s bakrdimshed product, The
i %ﬁpoaiting t hem bet ween shred | ayers during formation
IngPTOARC RANIGPE bakeni taarsbel it osdativermntidBe or I'aatedaBtivity" of less
dextrose, pol ydextrose, fiber, mlk powler, cocoa, and

thahlavwr Giif srefareblgesshad ¥bdl 08 diit brlayasaveRish Bl £ il*?t? of at least
deposited. Exenplary fillings for “inter-shred | ayer

b ' ' te fillings, no-fat cheese

T OO RE5 Gt Kt dooRER bl P SlorinSioner, serled
%ike. The additives or fillings may be full-fatted,

PaceMBat . reduced-f at or lowfat. [00971 Additives
may al so be topically applied to the | am nated

(0089} uct urhetfollomingex anafltefurtirkilGtiralenthé PeesBAOAVES ti S Wherein all
of whol e grain shredded snacks, additives are

arf HdqfeltinYa gk QR i her than applied .
P bet vvg{gn 'ayer s sg}algls?y%hggﬁgta ﬁg%rbgérréae 'y %fFf”égﬁ’ tplessiatherwise
ind&iidy: | 1 ke appearance. Topically applied oil may be

used'as a carrier for one or nore

EXAMPLE 1
[0100] The ingredients and their relative amounts which may be used to produce a

thin, crisp, chip-like, whole corn grain shredded snack are:

Ingredient Amount (Weight %)
Pre-ground whole yellow corn (about 13% by weight water) 76.83
Salt 0.19
Water 22.83
Lime 0.15
TOTAL 100.00
[0101] The pre-ground whole yellow corn may be prepared by Fitzmilling raw
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addi tives, such as flavorants or seasonings. Topica
application of additives nmay be achieved using .
conventional dispensing apparatus such as disclosed in
U S. Patent No. 5,707,44 8 to Cordera et al, for
"Apparatus for the Application of Particulates to
Baked Goods and Snacks," the disclosure of which is
herein incorporated by reference in its entir ety. 43
[0098] Products of the present invention may have a

I T 0 ML

referabl about 1 to 2 weight percent, based on the
Pref‘b‘f‘%‘l a%a%ﬁd tofe hawhopbuesary steam phesyroeankers ThEhwsater temp erature
- final product may be baked to a shelf stable relative

mahbieThlstivityl 70PF * WAOEH. "Fitdn, Vid Bitzmilled @89 le tdtarmappehd@edto the
preferably | ess than about 0.6. It may have a shel f

rota%tng*%'olok%h@lﬁl aaﬁooln.l?ﬁ@tmmg&gfdg %h 0% R &loRE ablgy él&ctn be heated

out ore i'n proper,

ackagi 9 The follow ng exanpl es further
Wlt}?ﬁﬁea@?@gt i(ﬁg ]raé>§éh%3 MRS afg%pw@rp%%a@qt 26(nsig 8nd a
and percentages are by weight and all tenperatures are
temperafire ofikems 268RE tow isaut 27 itk wafubig gelaXAll the ktaféhl6Othe whole
The ingredients and their relative anmobunts which may

graid@ous pekticsproduce a thin, crisp, chip-like, whole
corn gra| n shredded snack are: |ngredient Anount

[01\6}\%\‘a 'gﬂ?t WGF &8 ?%igwgg ufgdgrmoco?n artilcPe\{sv'rrcn:a?yr &erg %g%lijstch%rgg%)dbty rom the
rotating cooker, passed through a lump breaker, and then Comilled using a 1 inch square
screen to obtain whole corn grain agglomerates. The agglomerates may then be conveyed
to a grit bin or curing (tempering) tank. The cooked whole grain agglomerates may be
tempered in the grit bin up to 3 hours, with a target tempering time of about 2 hours. The
cooked, tempered whole grain particles may have a moisture content of about 35% by
weight to about 38% by weight, preferably about 36.5% by weight for shredding.

[0103] The tempered whole grain agglomerates may be transferred to a Bonnet
pelletizer having a solid or cut flight screw, internal and external knives, and a die plate
having 1/4 inch or 5/16 inch apertures and an open die area of about 38% to about 42%.
The tempered agglomerates may be formed into pellets at a pressure of about 450 psig to
about 550 psig. The pelletizer cooling unit may be set to about 40°F to cool the jacket of

the pelletizer so the pellets exiting the pelletizer have a pellet temperature of about 105°F

to avoid potential stickiness issues atthe downstream shredder, triangular cutter head, and
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Sal t0.19 Water22.83 Line0.15 TOTAL100. 00 [0101] The
pre-ground whol e yell ow corn may be prepared

byFitzm lling raw 44 whole grain corn using a 1/8 inch
round hol es screen. The water, salt and |line may be
pre-m xed and added to a Lauhoff rotary steam pressure
cooker. The water tenperature nay be about 170F -
190F. Then, the Fitzm |l ed whole corn may be added to
the rotating cooker mﬁthin about 60-70 seconds. The
mass in the COﬁrer t hen ge heated , wth steam and

nay
Sm%%ﬁl?@ﬁlpfﬁsﬁ“’é‘or& 4515 may heatrodyced ap thasdig cutter toghisnarsetbe pellets.
psig and a tenperature of about 268F to about 275 IF

The whole grpinged1ty obtaimet! feors tler pilettert dre sofinoplablegimd Goherent, and
corn particles. [0102] The cooked whole grain corn

maPahtd £ 1By bdiRN/PRclits GhAI 984 1rch%HHtahcﬁ'amEﬁ¥ 3taBGut 1/4 inch to

cooker, passed through a lunp breaker
abog?'ghléfﬁg using a 1 inch square screen to obtain whole
ofn grarn agglomerates. The aggl onerates may then be
onveyed to a grit bin or curing (tenpering) tank.
[0I9Ak cooklre dipwete, freaiflowing Moty amispaiieys ey thearhpeca@nreyed to a
in the grit bin up to 3 hours, with a target tenpering

surgé Beppdr fabf¢ting to qohiSshrddting %ﬁﬂi‘@'ﬂlchta@%ﬁﬁﬁéjed"fﬂoi ﬁnear series
grain particles nmay have a noi sture content of about

alot’g% {OCQX%&E{;}%E{‘;Y&%I g’ﬁcﬁl ﬁ&xag’ % b%xalgenwg %%%epr]aﬁrgéy counterrotating

t enpered whole grain agglonerates naz be transferred
rolls hield iggppaal contact for the production of net-like sheets. The rolls of the four

mills may each have a groove depth of about 0.018 inch to 0.021 inch and 120 cross-
hatching grooves.

[0105] The net-like cereal dough sheets produced by the shredding mills may be
continuously deposited upon a continuous conveyor belt to form a four layer whole grain
laminate having a thickness of about 1/8 of an inch. The four layer laminate, while
supported on the conveyer belt may be continuously compressed between smooth
surfaced, non-grooved, stainless steel counterrotating compression rolls as disclosed in
U.S. Patent No. 6,004,612. The compression rolls may have the same diameter and may
be driven by a common drive at the same rotational speed. The linear speed of each
compression roll may be the same and the linear speed of the belt may be about 1%
slower than the linear speed of the compression rolls. The compression rolls may Be
moved or maintained in position by the use of air cylinders Air cylinder pressures of

about 60 psi to 80 psi may be used to maintain a desired gap between the rolls as the belt
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pel l etizer having a solid or cut flight screw,
internal and external knives, and a die plate having
1/4 inch or 5/16 inch apertures and an open die area
of about 3 8% to about 42% The tenpered aggl onerates
may be fornmed into pellets at a pressure of about 450
psig to about 550 psig. The pelletizer cooling unit
may be set to about 40F to cool the jacket of the
pell etizer so the pellets exiting the pelletizer have
a pellet tenperature of about 105F to avoid potentia
anddpmingtp £9atinuoyslypass betieer shtherunéairatatingeiapression rolls. The gap
triangular cutter head, and 45 snpoth conpression

betwedi theAippenpyll ipfdcetah@dhie b Atfat16f the@ovéfebeltnay be from about
di sperse the pellets. The whole grain pellets

0. [ LY eld.etizer . pliabl e an
08B E @RBoLL B bl BB BineBbte S PrhinalBrog’s Rlfcnegs of abou
bout 1/4 inch and a dianeter of about 1/4 inch to
0'0§Hl:fg‘tt°56/b1?3t 5’&%%01{'0104] The discrete, free flow ng
whol e grain pellets may then be conveyed to a surge
[01B6Gpper flre reediragorttenf dlthe &utiaatdippigr 16 td pydasioh adt€he moisture
arranged in a linear series along a conmon conveyor,

conbe® B Sty QAeld r_@&kemlirhlidlﬁgé’lﬁlgf g@%b&ﬁ 365"/9%.51 hef %hat é? aP(())lr}t 3t8h‘V% by weight,

counterrotating ro I'n nmutual ”con

roducti o et-1.i ke sheets. The rolls of the four
pref?f%q%aﬁﬁg}rb&g{?ﬁ%a‘@%‘g b groove depth of about 0.018 inch

to 0.021 inch and 120 cross- hatching grooves. [0105]

[014Re net -Thelcompeessatl latuingte whrbt sopreyddicean bygd fignmer to trim the
shredding mlls nmay be continuously deposited upon a

lonGi0tih414@g8s. CORY 1R ed 8 dmirBsste@ 14 Raf
glr ailn I grri nat e havieng a I%rhsisceknessaoe?tﬂg%%)}%%{%rle/égﬁgk}%gnto a rotary

et B Al B St o RLBERH Bl i o
forrﬁi%g%tlgments. The elements may partially cut or form the compressed laminate into
rows of isosceles triangle shaped preforms having blunted or flattened comers. The
triangular preforms are joined at their peripheries by a thin layer of dough resulting from
only partially cutting or scoring of the compressed laminate. The partially cut
compressed laminate may then be cut or slit longitudinally, and then cut transvy ersely to
the direction of movement of the laminate to form strips of scored, triangular dough
preforms.

[0108] The whole grain compress laminate may be transferred to a multizone band

oven for drying, baking and toasting for about 5 to 7.5 minutes at temperatures ranging

from about 200°F to about 600°F. The baked product leaving the oven may have an end
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surfaced, non-grooved, stainless steel counterrotating
conpression rolls as disclosed in U S. Patent No.
6, 004, 612. The conpression rolls may have the sane
di aneter and may be driven by a common drive at the
same rotational speed, The |inear speed of each
conpression roll may be the sane and the |inear speed
of the belt may be about 1 % slower than t he |inear
speed of the conpression rolls. The conpression rolls
.may be noved or maintained in position by the use of
poigfitaopsiire gqateat af abaws 2V/nbiy weighdased upeT thearright ehpdinal product.
to 80 psi nmay be used to maintain a desired gap

[01b2} ween Afer exatihg thrSoviehpthe&akedHprodnet dtApi Mal®e oiled and seasoned
conti nuously pass between the counterrotating

: ' r h . .

in SRAREERE LD op infticr So s o T APES B RBLYABR ied B hge sprey 10
be fr about. 0,06 inch to _about 0.08 inch to obtain

the Jop. %ﬂgp%%leﬁﬂ%&ﬂﬁ@énhéwﬁorgl stHPSKREQYCS Py sbpagplication of
0.06 inch to about 0.08 inch. [01061 The nvoisture

swesbnt egvorpfeasbminigani nate prior to conpression and the
noi sture content of the conpressed | am nate may be

0120PUt 35 felBaKE ingd¥orh @ Ly BRH0RY%oNELBA ing i
[ pr};fer abI;j3 aboutp 3 % 58}?%314\/\}/& ghtfe [Oigﬁé(#]la tgrl}ﬁ)gd(agmg 1 & manner

o GRS Sl B B B AT o,

conpressed | am nate may then be conveyed to a rotary
bunapingestch it medividuplsmack pyeces. The snack gieses mmly teasssoefes triangle
Tefl onG coated triangular cutting or formng

shapt®WeMiidunftir Ela@eREd SorfiEes. TRAEbLA iy Behboit f.94M8HeE%ng, and the
conpressed |amnate into rows of isosceles triangle

[ d fl d .
BRI P 08B DRECT R ) B REF £ 30

gen{pheries by a thin layer of dough resulting from
perpendicular and adjacent to the basé may each be about 0.1 inch long. The blunted side

portion parallel to and opposite the base may be about 0.16 inch to about 0.3 0 inch lo ng.
The thickness of the baked snack piece may be about 1/16 inch. The baked snack pieces
may have a thin, flat, chip-like appearance and crisp, chip-like texture., The top and
bottom major surfaces may have a substantially uniform shred pattern or embossed or
woven, shredded appearance and texture. Upon breaking the baked snack chips, the four
shred layers may be seen by the naked eye in cross-section. The snack chips may be used

for hand-to-mouth snacking and may be used for dipping without breakage.
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only partially cutting or scoring of the conpressed

| am nate. The partially cut conpressed |am nate may

then be cut or slit longitudinally, and then cut

transversely to the direction of novenent of the

lam nate to formstrips of scored, triangular dough

preforns. [0108] The whol e grain conpress | am nate nay

be transferred to a nultizone band oven for drying,

baki ng and toasting for about 5 to 7.5 mnutes at

t enperatures ranging frggkagiﬁb%§OO'F t o about 600'F.

The baked product |eavin may have an end 47

oi nt noisture content of about 2% by wei ght, based

[0134on t hdhadngrhdicots andehsir nelhtiyer solewotts whixtO@ihy Aktuged to produce a

exiting the oven, the baked product strips may be
thinQt & cBip1iRE aARIE raih Ricd sHRAGANEMIK AFdim Or tunbl er.

Soybean oil may be topically app lied as a fine spray

aeanf ar m

; el - 1 s £ + 1o e cxnanl
Lo LT U AU Uut Tt UnTul I U aR O —STrat K pPTr o

strips, followed Hygtedénappl i cgti on of sweel A@fiount (Weight %)

savory seasoni ngs. [OII0] The baked preformptrips—hay
Prergrauisblang araipdiyows riggdrRbeitid % hy aveighvineater)sp t hat 78HR9

Sﬁﬁored strips of triangular snacks readily SEparate_at
Yhe score line by notion. bunping. etc.. info 0.25

whabi vi dual snack pieces. The snack pieces may be

ped.with blunted or f attpngé'86
comergTAfhe base may be about 1.7 inches Iong, and;ideg

" 1 ) 1 la Aol | oo
two—stTdes ey each—te—abott—t—6—+neches—tong——The—two

bl unted_si de portions perpendicular and adjacent to
(01} pasébepir-grmddeng Benin XD fipemay deprepaved by Gitemdlling raw
side portion parallel to and opposite the base may be
whodd gitin Qnglgraininbwihaicboitig § 18 Kch Aedhd K916k scrddi€ The water and

t hi ckness of the baked snack piece nay be about 1/16
salt| tﬁ&ﬁ;‘be E@m@)@é@&cﬁeﬂﬂl@h t@iai%ﬁﬁoff rotary steam pressure cooker. The water
temperature may be about 170°F - 190°F. Then, the Fitzmilled whole rice may be added
to the rotating cooker within about 60-70 seconds. The mass in the cooker may then be
heated with steam and cooked for about 20 minutes at a pressure of about 20 psig and a
temperature of about 268°F to about 275 °F to fully gelatinize the starch of the whole
grain rice particles.
[0113] The cooked whole grain rice particles may then be discharged from the
rotating cooker, passed through a lump breaker, and then Comilled using a 1 inch square
screen to obtain whole grain rice agglomerates. The agglomerates may then be conveyed

to a grit bin or curing (tempering) tank. The cooked whole grain agglomerates may be

tempered in the grit bin for 1 to 4 hours, with a target tempering time of about 2 hours.
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may have a thin, flat, chip-like appearance and crisp,
chip-like texture. The top and bottom nmajor surfaces
may have a substantially uniformshred pattern or
enbossed or woven, shredded appearance and texture.
Upon breaki ng the baked snack chips, the four shred
| ayers may be seen by the naked eye in cross-section.
The snack chips may be used for hand-to-nouth
snacking and may be used for dipping wthout breakage.
EXAMPLE 2 [0111] The ingredients and their relative
Thea“r?@ﬁﬁ@:stemletqﬁl wla@/letgéalasowl o5 BRY B MoittpretongentHf about 35%
chip-like, whole grain rice shredded snack are:
by weighefhr shte@dimgnt (Wei ght % Pre-ground | ong grain
brown rice (about 13% by wei ght water)73.89 SaltO0.25

(01t er 259@ tgxggélc@%&ggteg&%% g%?%%'ﬁ_x ?rbg s%e?% to a Bonnet

gralnknomn ce may pre Ing Taw

rain | ong gr brown rice_ usin /8, inch
pellFB%ﬁﬁglaﬁH’rge"sS@Eﬂére‘%{t Sirete AntgH! ag%rs?tew&j kgives, and a die plate
pre-m xed and added to a Lauhoff rotary steam pressure
havogoké 6 .indhepenmtr ey and angeenatie peamdpbeuttifidato AFOR 42%. The
190F. Then, the Fitzm|led whole rice my be added to

tcmb&%dra%*gﬁirﬁé}ﬁtﬁ AR He MrinBd TtdPRUEL GPa pLbsSRUTAD oul #9D psig to

mass in the cooker may then be heated with steam and

avo BT TP B B BB Bl e ket o
the gagllét?zlelr sot eel I?JIIIG?SI CZX?tlItlgh ?hesge?lggger%favg Q%C\ﬁﬁgto tlesnperature of about 95°F
to about 105°F to avoid potential stickiness issues at the downstream shredder, triangular
cutter head, and smooth compression roll. Air may be introduced at the die cutter to
disperse the pellets. The whole grain pellets obtained from the pelletizer are soft, pliable
and coherent, and may have a length of about 1/8 inch to about 1/4 inch and a diameter of
about 3/16 inch.
[0115] The discrete, free flowing whole grain pellets may then be shred into a
whole grain laminate, compressed, rotary cut, baked, seasoned, and packaged as in
Example 1.

EXAMPLE 3

[0116] The ingredients and their relative amounts which may be used to produce a

thin, crisp, chip-like, whole grain oat shredded snack are:

50



grain rice particles. [0113] The cooked whol e grain
rice particles may then be di scharged fromthe
rotating cooker, passed through a |unp breaker, and
then Comilled using a 1 inch square screen to obtain
whol e grain rice aggl onerates. The aggl onerates may
then be conveyed to a grit bin or curing (tenpering)
tank. The cooked whol e grai n aggl onerates may be

tenpered in the grit bin for 1 to 4 hours, with a
out-—2 hours 49 The coaked

tenpered whol e granprdaddnki cl es may have a mo %%@;Welght%)

content—of—abott—35%—by—wet-ght—Fer—shreddin G-1-1.4
Primoumseabomw%kymrgh‘nggﬂtmmr ates may be ~ 73.89

transterred 1o a Bonnetr —pertetTzer fravimyg—a—sot+d—ot

Satut flight screw, internal and external knivles, and.as
Wdte plate having 3/16 inch aperturé€s and an open die

Al%a of about 38%to about 42% The tenpered 25.86

a Iﬁgqg tes may be formed into pellets at & pres r
99 i Y bout nng psig.—The gl et f(ﬁ)e&)
cooling unit may be set to about 40F to cool the
[0147dcket ®he ptehgrquatiloets mey be prepheedigl Fietnsilling fawng hbRrain oats
pel l etizer have a pellet tenperature of about 95F to
usm%kaqug iddidfouh @ hdYRisdreRAt effd @'ate? LhEKINESS) %‘E%tx%‘d 2hf%d ded to
omnstreantshredder triangul ar cutter
npression ro be |ntroduced at t
o LB TR prﬁf?ﬁ%?%@‘ﬁrﬁﬂ‘ﬁé"1a|¥?§tt§mpq*ﬁ8“ﬁﬁlﬁ‘lyé’eg"rb&i“ﬁ1 70°F -
pellets obtained fromthe pelletizer are soft, pliable
190%hdThethékeRizmiled whelelvatsanay bendded tofthatvatinglé@kienoAithin about
to about 1/4 inch and a dianmeter of about 3/16 inch.

60-100sk26hdsTHER&Iing 68 Bl tBe cb618R ridyoiR Ge WAL E withAtOu R Ghé 8bSked for
may then be shred into a

about 20 minutes at a pressure of about 20 psig and a temperature of about 268°F to about

275°F to fully gelatinize the starch of the whole grain oats particles.

- [0118] The cooked whole grain oats particles may then be discharged from the
rotating cooker, passed through a lump breaker, and then Comilled using a 1 inch square
screen to obtatn whole grain oats agglomerates. The agglomerates may then be conveyed
to a grit bin or curing (tempering) tank. The cooked whole grain agglomerates may be
tempered in the grit bin for [ to 4 hours, with a target tempering time of about 2 hours.
The cooked, tempered whole grain particles may have a moisture content of about 32%
by weight for shredding.

[0119] The tempered whole grain agglomerates may be pelletized, and the discrete

2

free flowing whole grain pellets may then be shred into a whole grain laminate,
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whol e grain | am nate, conpressed, rotary cut, baked,
seasoned, and packaged as in Exanple 1. EXAMPLE 3
[0116] The ingredients and their relative anmounts
whi ch nmay be used to produce a thin, crisp,
chip-1ike, whole grain oat shredded snack are: 50
I ngr edi ent Amount (Wei ght % Pre-ground oats (about 13%
by wei ght water)73.89 Salt0.25 Water25.86 TOTAL100. 00
[0117] The pre-ground oats may be prepared by
FitzmIlling raw whole grain oats using a 1/8 inch
compaessad notaE cybbaked, staonadtand napkpasd|as Ihdrapple 2.
pre-m xed and added to a Lauhoff rotary steam
pressure cooker. The water tenperature may be about
170F - 190F. Then, the Fitzm |l ed whole oats may be

added to the rotating coﬁgg‘&%:ﬂiﬂﬁi‘tn about 60-70
ooker

seconds. The mass in the may then be heated
1.th steam.and cooked for about 20 m nutes at a
01 8ecsnr SRRSO RSB LR R SEPERBaPEITH BTt produce s
268F to about 275F to fully gelatinize the starch of

thin, leeispytvblie lige,al 49 %0 atwti pelrdle ghas shie@ddBinathareooked
whol e grain oats particles may then be di scharged from

the Trotating cooker, passed through a lTunp breaker, ]
and then Comill ed %r%ﬁelﬁ 1 inch square scr¢dhmegnt (Weight %)
Pgﬁ%&%ﬁg\ﬁgﬁkgp%\ab@&g}@\tvvseigaﬂ%ﬁgsr ates. The aggl oner a{./eiz
Pre-lground rice (about 13:’/0 by weight water) 17.32
Pre-ground wheat (about 13% by weight water) 17.32
Pre-ground corn (about 13% by weight water) 17.32
Salt 0.17
Water 30.55
TOTAL 100.00
[0121) Each of the four pre-ground whole grains may be prepared by Fitzmilling

raw whole grains using a 1/8 inch round holes screen. The water and salt may be pre-
mixed and added to a Lauhoff rotary steam pressure cooker. The water temperature may
be about 170°F - 190°F. The four pre-ground whole grains may be blended to obtain a
substantially homogeneous preblend and then the whole grain preblend may be added
may be added to the rotating cooker within about 60-70 seconds. Alternatively, the four
pre-ground whole grains may be separately added to the rotating cooker and maybe
blended in the cooker with the water-salt solution to obtain a substantially homogenous

blend. The mass in the cooker may then be heated with steam and cooked for about 20
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to agrit bin or curing (tenpering) tank. The cooked
whol e grain aggl onerates may be tenpered in the grit
bin for 1 to 4 hours, with a target tenpering time of
about 2 hours. The cooked, tenpered whole grain
particles may have a noisture content of about 32% by
wei ght for shredding. [0119] The tenpered whole grain
aggl onerates may be pelletized, and the discrete,
free flowi ng whole grain pellets may then be shred
into a whole ain |l am pate, 51 conpressed rotary
mlf&l&fis at M@%ﬁur%gégwao PAAIShE leaRsERtaES QTrRbERBASY & t@ about 275°F to
EXAMPLE 4 [0120] The ingredients and their relative
fullyrgslattrezenthiesharolmy f e mskidwholepgretiymetiaes.t hi n, cri sp,
chip-1ike, 100% nulti-whole grain shredded snack are:

[01bﬂpf edi epyl ARG AMELORS1e Bhaik pes Q:rleUrHQy Q%B%e((%g@‘%%/e]daf%m the

by  wei ght water)17.32 Pre- groun rice out

ht water)17. 32 u wheat out. 13% Db
rot%kmﬁw Kb PBre %fﬁr@fggﬁi AT t{‘é%gﬁt“@sd ¥igY @ 1 inch square
ght- water)17.32 Salt0.17 Water 30.55 TOTAL100. 00

Scrfmwlqbtﬁacwlﬁfwtlh]@ grainraggtemgnan Thehghlengraen mayeiebee
prepared by Fitzmlling raw whole grains using a 1/8

coﬂgregé_fd o041 Bt Bial o2 Tu S §RMmpe HNg) YAke THRRYoRA Mul¥HREe grain
agglomerates may be tempered in the grit bin for 1 to 4 hours, with a target tempering
time of about 2 hours. The cooked, tempered multi-whole grain particles may have a
moisture content of about 34.5% by weight for shredding.

[0123] The tempered multi-whole grain agglomerates may be pelletized, and the

discrete, free flowing multi-whole grain pellets may then be shred into a multi-whole

grain laminate, compressed, rotary cut, baked, seasoned, and packaged as in Example 2,
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m xed and added to a Lauhoff rotary steam pressure

cooker. The water tenperature may be about 170F -

190F. The four pre-ground whol e grai ns maybe bl ended

to obtain a substantially honogeneous preblend and

then the whole grain preblend nmay be added may be

added to the rotating cooker w thin about 60-70

seconds. Alternatively, the four pre-ground whole

grains nmay be separately added to the rotating cooker
Eﬁﬁgi&gﬁﬁﬁipgﬁbgﬁged in the cooker with the water-salt

in a substantially honbgenous bl end.

The mass in the cooker nay then be heated with steam

andl.céahetod r prbduwting6 vER it gxeddedafopdgasduc cofnprising:

about 20 psig and a tenperature of about 268 F to

about 2%5F t @dmithl Whoed @éré&l'gf%??g]ﬁuﬁésa&/ﬁﬁ vﬁa(t(ejlt 8% pressure

mul ti-whol e grain particles. The cooke

mul ti-whol e grai.n rticles may then be discharged .
fromthe rota |’HEQ@%‘gb%ﬂnﬁ,grﬁlg%étbﬁ%troo%éﬁasgsﬁﬁﬁ%‘“auy gelatinize
breaker, and then Comlled using a 1 inch square

screen to obf@reh ehthe iwhgleograirgpaitinleaggl oner at es. The

aggl onerates may then be conveyed to a grit bin or

curing bt enpesmhpidingttBekookidde whoRKAGinBHrtitewhol e grain

aggl onerates naybe tenpered in the grit bin for 1 to 4
hours, with i.ng [ f, about 2 .hours. .
The coo\lgl’ed, ? gﬁn%qezrgr?e%thtﬁ&%%ﬁb?oéﬁ(&?’g\vﬁolﬁﬁr?llncqaétéaﬁﬁﬁ’ a pelletizer
have a noisture content of about 34.5% by weight for
shreddi ng. [ EPL9HpInTKAolE gradn PeHets the pelipidring §eingrnnder pressure
aggl onerates may be pelletized, and the discrete, '

free flow ngandidnipenitotecqrditionspelpk@tide smtituen sheddability of
shred into a multi-whole grain |am nate, conpressed,

rEg;?rL Iy . c gt , sgﬁkﬁ%lc $has %@ﬁ&s i o RAEAN Gt Rke s eets,

d. shredding the whole grain pelleté into whole grain net-like sheets,

e. laminating the whole grain net-like sheets to obtain a whole grain
laminate,

f. cutting the whole grain laminate into whole grain pieces, and

g. baking the whole grain pieces to obtain a whole grain shredded food
product,

2. A method for producing a whole grain shredded food product as claimed in

claim 1 wherein the whole cereal grain particles are whole corn grain particles.

3. A method for producing a whole grain shredded food product as claimed in
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WHAT S CLAIMED I'S: 1. A nethod for producing a whol e
grai n shredded food product conprising: a. adm xing
whol e cereal grain particles with water and pressure
cooki ng the whole grain particles to at | east
substantially gelatinize starch of the whole grain
particles, b. tenpering the cooked, whole grain
particles, C. pelletizing the tenpered, cooked, whol e
grain particles in a pelletizer to obtain whole grain

pell ets, the pelletizing being under pressure and
clalfrb?vrﬂféwaftla e re?ﬁrdrzerrméu ¢35 1pieRpdticnonfithmgisieh of the tempered whole
" shreddability of the whole grain pellets into
graimquiriiclaotisinomiase thetr shh@Ritabilitg. shreddi ng the whol e
grain pellets into whole grain net-like sheets, e.
| am nating the whole grain net-like sheets to obtain a
whol e grain | am nat e, f. cutting the whole grain

Ian1 n mhole |eces aki ng

vvho4l ﬂé gqr@éaéurl %g%*wgr@degrfapg pg?ﬁl@aa%alalmed in

f ood product 2. A nethod for producing a whole grain
claigh? @rd@ednftb@whpiﬁ)@hmmaakﬂc}i aae weckeidrwith Hmm dndshermoisture content

the whole cereal grain particles are whole corn grain

of tR@tbbleddRhol8-cofh EPatut‘?Qrtlfc%s 1@fr@ﬂf%oﬂ929‘%"ﬂ3@v€1gﬂf Gy Jbout 42% by

shredded food product as clained in 54 claim™=2

welgpt bg% c{tg#blét:hggvi@glogﬁﬁe cr:c?otkreg%h%qg gcl)rgngrglfn pta?t?clgé ar Ch

5. A method for producing a whole grain shredded food product as claimed in

claim 2 wherein the pelletizing is at a pressure of about 200 psig to about 600 psig.

6. A method for producing a whole grain shredded food product as claimed in
claim 2 wherein the pelletizing temperature is controlled to provide a pellet temperature

of from about 80°F to about 120°F upon exiting the pelletizer.

7. A method for producing a whole grain shredded food product as claimed in
claim 2 wherein the pelletizing is at a pressure of from about 400 psig to about 500 psig,
and the pelletizing temperature is controlled to provide a pellet temperature of from about

90°F to about 1 10°F upon exiting the pelletizer die.

8. A method for producing a whole grain shredded food product as claimed in
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grain particles to increase their shreddability. 4. A
met hod for producing a whole grain shredded food
product as clainmed in claim2 wherein the whole corn
particles are cooked with [ine and the noisture
content of the cooked whole corn grain particles is
from about 29% by wei ght to about 42% by wei ght,
based upon the wei ght of the cooked whole corn grain
particles. 5. A nethod for producing a whole grain
shredded food product as clainmed in claim?2 wherein
claimh @ wher¢intthe pelipts kaveta gnghafabpet U inglotin abpoo 1 fsinghtand a
about 600 psig. 6. A nethod for producing a whol e
dia@efdr Bf 8h6@MIESinfcBAE ap6RBICE inRE 2@l AbdPbdubed BY @ktfugdon through a
wherein the pelletizing tenperature is controlled to
.0vi de.a_pel | y [ of from about 80F to
pelg: lcz)ﬁrt(ﬂi%}g%gﬁ ﬁhreaiﬁ?ﬁ{f%%ﬁéeespel letizer. 7. A nethod
for producing a w hole grain shredded food pro duct as
claimed in claim2 wherein the pelletizing is at a
pressure of from about 400 psig to about 500 psig,
and®,t Renqakebd Edripzo dyrit@apdrodd giatm §seddudt fooll lpeaduod as claimed in
provide a pellet tenperature of fromabout 90F to
J1QE: i & i@, 0
oL e ot L e AT S b A% 1o 4.
product as clainmed in 55 claim2 wherein the pellets
have a | ength of about 1/8 inch to about 1/4 inch and
a dianeter of about 3/16 inch to about 5/16 inch and
ar el roducsket] foy peaducirsg @ whoke puaithshaedded| foed preductingclaimed in
having a plurality of apertures. 9. A nethod for

clafh QG818 sRidVNIROIE cOFrPd 1S P4r8dIis drd CRined B¢ ¥einn@Muting whole corn
clained in claim8 wherein said extrusion die has an

gra? 5 1B toofa ga%%glte s%zSeo/Sft af;oo%P AL iﬁlélo/?o about 0.165 inch.

11. A method for producing a whole grain shredded food product as claimed in

claim 2 wherein said cooking is conducted at a temperature of at least about 250°F,

12. A method for producing a whole grain shredded food product as claimed in

claim 2 wherein said cooking is conducted at a pressure of about 15 psig to about 30 psig.

13. A method for producing a whole grain shredded food product as claimed in
claim 2 wherein said tempering is for about 0.5 hour to about 5 hours at a temperature of

less than about 125 °F,
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10. A nethod for producing a whole grain shredded food
product as clained in claim2 wherein said whole corn
grain particles are obtai ned by comm nuti ng whol e corn
grains or kernels to a particle size of about 0.09
inch to about 0.165 inch. 11. A nethod for producing a
whol e grain shredded food product as clainmed in claim
2 wherein said cooking is conducted at a tenperature
of at |east about 250F. 12. A nethod for producing a

whol e grai.n shredded, f ood, product as,.cl.ained in claim .
> Wher\omHod tar BERsiEcing bl riae BEF et doo Rradipbegqidimed in
about 15 psig to about 30 psig. 13. A nethod for

claiprborheieng saidwinile ggrialamimatedsd dentpfaseet] for thickneasof about 0.05 inch
claimed in claim2 wherein said tenpering is for

to aBORUL 0D h MM the QoRPRYbeBwhOd failladita@RVIuAIAE gi&fes.
ess than about 125 OF. 56 14.” A nethod for producing

a whol e grain shredded food product as clained in
claim2 wherein said whole grain lamnate is
conpressed to a thickness of about 0.05 inch to about

0. 08. iAneethaddfor peodvsing: ewhels giain Brefdgd foedinratackay gaimed in

cut into pieces. 15. A nethod for producing a whole

claiflf BivRersit 6ot of0pdibpaauet campaik@bitesktione nedraben sklected from the
wherein said whole grain particles conprise at |east

one nenber .selected. fr g thng of rye,
srodh S PEe T ar Ty Tebofenfent bR, SRIRIRRITY ©) 61V
nmet hod for producing a whole grain shredded food
product as clained in claim15 wherein whole soy
seeds or commi nuted whol e soy seeds are adm xed with
sailg. Avindtieodfoaipmogucing & edhete grhih shieddetifodd posduct as claimed in
produci ng a whol e grain shredded corn snack having a
claifd 1 $®herein whole soy seeds or comminuted whole soy seeds are admixed with said

whole grain particles.

17. A method for producing a whole grain shredded corn snack having a crisp,
chip-like texture comprising:

a. comminuting raw whole corn kernels or grains,

b. admixing the comminuted raw whole corn grains with water, and
pressure cooking the comminuted whole grains to at least
substantially gelatinize starch of the whole grains,

c. tempering the cooked, comminuted whole corn grains,

d. pelletizing the tempered, cooked, comminuted whole corn grains in a

pelletizer to obtain whole corn grain pellets, the pelletizing being at a
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chip-like texture conprising: a. comm nuting raw whol e

corn kernels or grains, b. adm xing the comm nuted raw
whol e corn grains with water, and pressure cooking

t he comm nuted whole grains to at | east substantially

gel atinize starch of the whole grains, c. tenpering

t he cooked, comm nuted whole corn grains, d.

pelletizing the tenpered, cooked, conmm nuted whol e

corn grains in a pelletizer to obtain whole corn

grain pellets, the Eelletizing being at a 57 pressure

of about 200PI§8§uge CHakMBIV0PEE tefbgut eHhpigeand the pelletizing
pelletizing tenperature being controlled to provide a

pel | et t enpeteaipetauny beapedntro3RE td pravides pdROFemporature of about
exiting the pelletizer, e. shredding the whole corn

grai n pell et gpd ﬁ&ﬁ oGOl | 1y d sheet s,

f. lam nati n%o?ﬁgodb 0 eﬁcg%ﬁgaggﬁ#ﬁgfgtpﬂl%&%ﬁeet s to

obtain a whole corn grain |lamnate, g.,substantially, i
conpr es&i ng #17eCdiRG M WBP 1S qoaerat BEHGH i Afhielacorn grain net-like
conpressed | am nate having a shredded net-1ike

appear ance, $heetsutting the conpressed whole corn grain

| am nate into whole corn grain pieces, and i. baking

t Ee \é\’goge COfahifitfigNthRvaESc 8 Rihal i like YA LtI6@A a whole
shredde

corn grain laminate,

g. substantially compressing the whole corn laminate to obtain a
compressed laminate having a shredded net-like appearance,

h. cutting the compressed whole corn grain laminate into whole corn
grain pieces, and

1. baking the whole corn grain pieces to obtain a whole grain shredded

corn snack having a thin, crisp, chip-like shredded texture and a

shredded chip-like appearance.

18. A method for producing a whole grain shredded corn snack as claimed in
claim 17 wherein the pelletizing is at a pressure of from about 400 psig to about 550 psig,
and the pelletizing temperature is controlled to provide a pellet temperature of from about

90°F to about 1 10°F upon exiting the pelletizer.

19. A method for producing a whole grain shredded corn snack as claimed in
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corn snack having a thin, crisp, chip-like shredded

texture and a shredded chip-Ilike appearance. 18. A

nmet hod for producing a whole grain shredded corn snack

as claimed in claim17 wherein the pelletizing is at

a pressure of from about 400 psig to about 550 psig,

and the pelletizing tenperature is controlled to

provide a pellet tenperature of fromabout 90F to

about 1 10F upon exiting the pelletizer. 19. A nethod

for producing a whole grain shredded corn snack as
claigl b7 whdreim tiggtemiparad, cookdde cemmindied whopeewd, grainsleedin the form of

comm nut ed whol e corn grains are in the form of
aggRGMrBRE L 9bL Sn 14PAP tedbEldiagr.t he pelletizer. 20. A

met hod for producing a whole grain shredded corn snack

as clainmed in claim19 wherein the aggl onerates have

a hard texture, and the pelletizer produces pellets

havi ng a softer, nore pliable texture for continuous

shr€d d’afﬂ qthqd, for ﬁf‘éﬂ“ﬁé‘t& # Mealesgrab shredspd carnyin apdcpsfedpimed in

i nproving the shreddability of retrograded, whole
claimerewhegimilie aggiorhérat@habon hproeumire)gnad thhpkRetidedipfoduces pellets

shredded food product conprising pelletizing
ha R RIRESRST Bt ETRR R r SORLAO IISIAHIES Lo AR sheess.

hard, fracturable texture to obtain whole grain

pellets having a soft, pliable texture, the

pel l eti zing being at a pressure of about 200 psig to

abaddt ‘eortiyel for impebvingith epbrdddnbitity gf tedrogeadedy who beeteareal grain

controlled to provide a pellet tenperature of about

par88Es fdr@rodiditg 4 ZHold! P Shckddd¥fobd Hr&@lch @bingeking3R1letizing
agglomerates of tempered, cooked, whole cereal grain particles which have undergone
retrogradation to a hard, fracturable texture to obtain whole grain pellets having a soft,
pliable texture, the pelletizing being at a pressure of about 200 psig to about 600 psig, and
the pelletizing temperature being controlled to provide a péllct temperature of about 80°F

to about 120°F upon exiting the pelletizer.
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