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ABSTRACT

An apparatus for producing thin, irregularly shaped, scallop-edged baked chips,
comprising: a pair of counterrotating gauge rolls for producing a thin dough sheet,
wherein the nip or gap between the cdunterrotating gauge rolls 1s less than or equal to
about 0.035 inches, and a rotary cutter for cutting the thin dough sheet into a plurality
of differently shaped dough pieces without producing interstitial dough between the

pieces, each of the pieces having scalloped edges.
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PRODUCTION OF THIN, IRREGULAR CHIPS
WITH SCALLOPED EDGES AND SURFACE BUBBLES

This application 1s a division of Canadian 2,436,819 filed August 6, 2003.

FIELD OF THE INVENTION

[0002) The present invention relates to the production of thin, baked snacks
having an irregular shape, scalloped edges, a chip-like crispy tcxture and surface bubbles.
The present invention also relates to an apparatus for producing the snacks.

BACKGROUND OF THE INVENTION

| {0003] In the production of baked snacks from a dough, such as a wheat-based
dough, generally the thinner the dough the more chip-like is the baked snack in crispness
and appearance. Also, the more irregular the shape of the snack, and the greater the
variety of shapes, the greater is the impression of a chip-like appearance rather than a
cracker appearance. Cohesive, machinable doughs which can be sheeted, stretched, and
cut into pieces may be produced at room temperature when the doughs possess a high
content of wheat or other gluten-containing flour. The baking of conventional wheat-
based doughs into crackers provides a lamellar structure with generally uniform small
cells and a tender, mealy, lcavened texture. Upon mastication, the conventional crackers
generally disperse more rapidly than does a chip. They do not provide a crunchy texture
and a sensation of breaking into pieces with low molar compaction before dispersion as
does a chip. Additionally, crackers are generally dockered to prevent pillowing and to
provide a generally flat bottom surface and a blistered top surface. Oyster or soup

KFHI-105A (2/21/03)
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crackers and snack crackers which have a pillowed appearance may be produced from
wheat-based doughs by the elimination of dockering holes. However, these products still
possess a leavened, tender, mealy texture and a cracker appearance, rather than a crisp,
crunchy chip-like texture and chip-like appearance.

[0004] Filled baked crackers or snacks obtained by needle injection of fillings into
hollow expanded snacks made from wheat flour are disclosed in U.S. Patent No.
4,209,536 to Dogliotti, U.S. Patent No. 4,613,508 to Shishido, U.S. Patent No. 4,752,493
to Moriki, and U.S. Patent No. 5,000,968 to Szwerc ct al. Production of a chip-like
snack having surface bubbles and surrounding crisp, thin regions is not disclosed in these
patents. The doughs are formulated and processed to retain 2 puffed or pillowed shape
after piercing of the baked, hollow piece.

[0005] A cellular structure is obtained by the use of egg white in the shell of the
pastry product of U.S. Patent No. 4,209,536 to Dogliotti,

[0006] In the process of U.S. Patent No. 4,613,508 to Shishido, hard dough biscuits
are prepared by baking a dough having 10-30 parts by weight of sugar, 10-25 parts by
weight of edible fat or oil, 1.5-4.0% leavening agent, and 20-35 parts by weight of water
per 100 parts by weight of cereal flour to obtain a degree of leavening of at least 280%.
[06007] The baked hollow expanded snacks in the form of a figure such as an
animal or vehicle of U.S. Patent No. 4,752,493 to Moriki are produced from a
farinaceous raw mixture. The raw mixture is prepared by mixing from 60-95 parts by
weight of at least one low swelling-capacity farinaceous material and 40-5 parts by
weight of at least one high swelling-capacity farinaceous material. The low swelling-
capacity material may be a non-glutinous cereal such as wheat, rye, maize, non-glutinous
rice, sago, sorghum, triticale, millet and beans, or starches separated from these sources.
The high swelling-capacity material may be potato, taro, tapioca, arrowroot, sweet
potato, glutinous rice, waxy corn, or starches derived from these sources having their cell

walls broken. The farinaceous raw mixture 1s partly gelatinized prior to rolling into a
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smooth sheet by the addition of hot water or by the action of steam, so as to raise the
temperature of the farinaceous raw mixture to 65°C to 90°C. According to Moriki, upon
baking, the starch in the surface of the dough pieces is gelatinized, thereby forming a skin
having good gas-holding capacity and excellent stretchability. Water and volatile
materials in the dough pieces push the skin outward upon heating, so that the dough
pieces expand and are internally spiit into two layers or shells, forming a hollow space
therebetween.

[0008] The filled crackers of U.S. Patent No. 5,000,968 to Szwerc et al. are
produced from a dough containing proteolytic enzymes. The enzymes hydrolyze proteins
of the flour, which relaxes the dough and thereby permits a hollow center to be formed,
rather than a cellular center, as the cracker expands under the influence of the leavening
agent during baking. Ths, it is disclosed, strengthens the shell of the cracker and permits
the cracker to be filled by means of an injection needle piercing the surface of the
cracker.

[0009] The production of chip-like, starch-based snacks having a crispy texture and
surface blisters from starch-based compositions which have little or no gluten, such as
potato flour or corn flour, 1s disclosed in U.S. Patent Nos. 4,873,093 and 4,834,996 to
Fazzolare et al. and U.S. Patent Nos. 5,429,834 and 5,500,240 to Addesso et al.. Starch-
based compositions which have little or no gluten, when mixed with water, do not form a
dough that is cohesive at room temperature aﬁd continuously machinable or sheetable.
Machinability of doughs made from ingredients having little or no giuten may be
improved by forming a dough under elevated temperature conditions, such as by
steaming the ingredients, as disclosed in U.S. Patent Nos. 4,873,093 and 4,834,996 to
Fazzolare et al..

(0010} In the process of U.S. Patent Nos. 5,429,834 and 5,500,240 to Addesso ct

al., use of a pregelatinized waxy starch provides for the production of cohesive,

extensible, continuously machinable doughs from starchy materials or ingredients having
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starch with no or low gluten. These machinable doughs may be formed at room
temperatures without the need for steaming or heat treatment to develop cohesiveness,
extensibility, and machinability.

[0011] U.S. Patent Nos. 4,931,303 and 4,994,295 to Holm et al. disclose that in the
production of fabricated snack products having controlled surface bubbling, the dough
sheet must have cohesive properties which permit the surface or surfaces of the dough or
préfonn to stretch relatively uniformly when forming bubbles during frying. The highly
cohesive, non-adhesive dough, it is discloscd, can be made by adjusting the quantity of
free gelatinized starch, the degree of retrogradation of the starch (thereby affecting the
water absorption of a given quantity of the starch), and the concentration of any starch-
complexing emulsifiers present. In the Holm et al. process, a dough may be formed

comprising, €.g., potato solids or corn solids, raw or pregelatinized starches, modified
starches, flavorings, oils, and the like. For producing potato snacks, the preferred major

ingredient in the potato dough is a dehydrated potato flake with high water-absorption
capability. The dry ingredients are placed in a mixer and blended with water to obtain a
dough having a moisture content of from about 30% to about 55%. According to Holm
et al., higher moisture content means higher oil absorption during frying. It is further
disclosed that doughs containing less than about 30% moisture are generally too dry,

after the Holm et al. drying step, to create adequate bubbles. In the Holm et al. process,
substantial moisture reduction of the dough is achieved by [rying. During frying, the

dough moisture content of about 30% to about 55% is reduced to obtain a fried product
with a moisture content of about 1-2%.

{0012] U.S. Patent No. 4,560,569 to Ivers discloses that in the production of a

dough-based fried food product, a processed starch in either gelatinized or ungelatinized
form is frequently added when a low-starch flour or flake is employed. Water, it 1s

disclosed, is required to soften the flour, and depending upon the protein content of the
flour, to form a network of protein (gluten), which is the framework of the product.

-
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According to Ivers, starch, which 1s present in flours, is used as a binder and is required
for the unleavened product to expand upon frying. Dough stickiness and hardness of the
cooked product may be controlled by the addition of oil to the dough to control the extent
of the protein framework. The dough is prepared by adjusting the ratios of components
and the mixing time to allow it to sheet uniformly at the desired thickness without
sticking or tearing. According to Ivers, addition of a small amount of a lecithin-in-water
suspension to the formulation of the dough-based fried snack foods improves the
transfer, sheeting and cutting, and significantly reduces clumping during frying, without
the rapid buildup of free fatty acids and without significant darkening of frying oil,
normally associated with the frying of foods containing lecithin.

- [0013] U.S. Patent Nos. 5,747,092 and 5,980,967 each to Carey et al. disclose that
in the production of wheat-based baked snacks the inclusion of a pregelatinized starch in
the dough to create surface bubbles tends to result in a styrofoam-like or compressibie
texture, rather than a highly crisp, crunchy texture, Also, if the pregelatinized starch is
not sufficiently hydrated prior to baking, bubbles created during baking tend to collapse.
A pregelatinized potato starch, which is also activated (i.e. sufficiently hydrated) prior to
baking, is employed to reduce or control bubbling and to avoid a styrofoam-like texture.
Sufficient hydration of the pregelatinized waxy starch and pregelatinized potato starch is
achieved by premixing them with hot water or by providing sufficient dough lay time for
hydration to occur. The Carcy ct al. patents disciose forming a dough-like composition
into a sheet, and compressing the dough sheet to reduce its thickness. The dough sheet
may first be reduced in thickness to about % inch and then to about 1/4 inch., The
reductions 1n thickness may be performed by the use of one or more sets of
counterrotating reduction rolls. In either case, a final reduction in thickness is done by a
gauge roller.. The dough may be reduced during this operation to a final thickness of
about 1/32 of an inch. The dough sheet may then be cut to a desired configuration, such
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as square, round, or rectangular shaped or potato slice shaped. The dough piece, it is
disclosed may be cut to provide a scalloped edge or periphery.

[0014) U.S. Patent Publications US 2002/0022076 A1 to Lanner at al., US
2002/0018837 Al to Lanner et al., US 2002/0018838 to Zimmeimin et al., US
2002/0034571 Al Zimmerman et al., and US 2002/0028273 to Teras et al. disclose a
process for making a bubbled snack chip. The chips are made from a dough composition
comprising a pre-cooked, starch-based material (masa) and a pregelatinized starch. The
pre-cooked, starch-based matenal has a pasting temperature from about 140°F to about
209°F, a peak viscosity of about 200 cP to about 1500 cP, a final viscosity of from about
500 cP to about 2200 cP; and a water absorption index of from about 2 to about 4. The
pre-cooked, starch-based material has a particle size distribution in which about 0 to
about 15 wt.%, preferably about 2 to about 15 wt.%, remain on a #16 U.S. sieve. The
pre-cooked starch-based material may consist essentially of comn that has been cooked

and steeped in a lime-water solution.

[0015] U.S. Patent No. 6,004,612 to Andreski et al. discloses the production of
shredded snacks with a chip-like appearance and texture. Thin, crisp, baked snacks
having a chip-iike appearance are continuously produced from a cooked, shredded
laminate by substantially compressing the laminate without deleteriously affecting the
attainment of a substantially uniform, visually apparent shred or woven pattern in the
final, baked product. Additionally, at least substantially all, or all of the individual shred
layers maintain their integrity and may be viewed in the final, baked product. The
substantial compression is achieved by supporting the laminate of cooked, net-like sheets
on a conveyer belt, and passing the supported laminate and belt between at least one pair
of counterrotating compression rolls. The bottom, belt-sapporting compression roll belps
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. Substantial movement or
slippage of the laminate relative to the belt which would substantially disrupt or distort

-6-
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the shred pattern of the laminate is avoided. Air voids and inter-layer spacing are
substantially reduced and interlayer adhesion is substantially increased by the

compression 8o that upon baking the compressed laminate separation of the layers and

puffing is substantially eliminated. The substantial compression of the laminate provides
a thin, flat, chip-like appearance rather than a puffed or thick biscuit or cracker
appearance. Upon completion of the compression, the thickness of the compressed
laminate may range from about 0.035 inch to about 0.065 inch, preferably from about
0.055 inch to about 0.062 inch. The compressed laminate 1s preferably partially cut into
triangular shaped pieces having flattened, biunted or rounded comers by a rotary cutter so
that the apex or point of 2 triangle in one row does not touch or intersect the apex or
point of another triangle located in an adjacent row.

{0016} It has been found that compression of doughs which are hakeable to a chip-
like appearance results in tearing or shredding of the dough sheet when the dough sheet
is compressed by final gauge rolls to a thickness of less than or equal to about 0.035 inch.
Also, as production rates are increased and dough sheet thickness decreases, tearing of
the dough sheet increases.

[0017] In the present invention, thin, baked snacks having an irregular shape,
scalloped edges, a chip-like crispy texture and bubbles distributed over their surfaces are
produced from a dough shect which has been ’subjcctcd to compression 1n final gauge

rolls to a thickness of less than or equal to about 0.035 inch. The thin dough sheets may
be produced continuously without tearing, shredding, or sticking at the final gauge rolls
even at high production rates or line speeds. The irregularly shaped snack in a variety of
shapes, can be produced from a single dough sheet by continuously cutting the thin
dough sheet into pieces with a rotary cutter without producing dough scraps between the
pieces. The very thin, irregularly shaped baked products provide an enhanced crispy,

crunchy, chip-like texture and appearance rather than a cracker appearance and texture.
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The thin dough sheet may be cut to provide sufficiently large scalloped edges which are
distinctly visible even after baking,

SUMMARY OF THE INVENTION
{0018] A dough sheet for producing thin, baked chips 1s obtained continuously by
compressing a dough sheet to a thickness of less than or equal to about 0.035 inch
between counter-rotating gauge rolls while maintaining the surface of each gauge roll at
a temperature of about 85°F to about 95°F. Maintaining the gauge roll surface
temperature at about 85°F to about 95°F avoids sticking, tearing, and shredding of the
thin dough sheet as it is compressed and transferred by the gauge rolls, even at high
production rates or line speeds. In embodiments of the invention, the nip or gap between
the counterrotating gauge rolls may be set to less than or equal to about 0.035 inch,
preferably less than or equal to 0.030 inch, more preferably less than or equal to 0.025
inch, and most preferably less than or equal to 0.022 inch, while achieving high
production rates without tearing of the dough sheet.
[0019] The present invention also provides an apparatus for continuously
producing thin, irregularly shaped, scallop-edged snacks in a variety of shapes from a
single dough sheet without producing dough scraps between the pieces. The apparatus
includes a pair of jacketed, temperature controlled, counterrotating gauge rolls for
producing a thin dough sheet, wherein the nip or gap between the counterrotating gauge
rolls is set to less than or equal to about 0.035 inches, and a rotary cutter. The rotary
cutter has a plurality of rows of blunt-edged or rounded cutting elements which extend
circumferentially around the rotary cutter. Each adjacent cutting element within each
row produces a differently shaped dough piece. Also, adjacent cutting elements within
adjacent rows produce a differently shaped dough piece. One or more sides of each
dough piece and baked product may each be convex or concave in shape, or may each

have a concave portion and a convex portion.

-8-
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{0020] The baked snack chips of the present invention include at least one flour,
such as wheat flour, and a pregelatinized waxy maize starch, A pregelatinized waxy
starch provides an extensible surface film prior to baking, which helps to temporarily trap
moisture below the expandable film surface upon baking and promotes the production of
surface bubbles. A pregelétinized potato starch, which is also activated (i.e. sufficiently
hydrated) prior to baking, helps to reduce or control bubbling and to avoid a styrofoam-
like texture. The snack chips of the present invention are baked from a dough piece
having a thickness of preferably less than or equal to about 0.035 inch. The very thin,
irregularly shaped baked products provide an enhanced crispy, crunchy chip-like texture
and appearance rather than a cracker appearance and texture. Even though the dough is
very thin, the dough sheet may be cut to provide sufficiently large scallops around the
entire periphery of each dough piece so that the scallops are distinctly, visibly apparent in
the baked snack. The baked chips have surface bubbles comprising air pockets extending
both above and below substantially unleavened, adjacent portions of the snack.
Dockering or piercing of the dough pribr to baking results in localized unleavened or
thinned areas and does not prevent the attainment of a plurality of discrete bubbles. The

pieces may also include blisters interspersed with the bubbles.

BRIEF DESCRIPTION OF THE DRAWINGS
0021] The present invention is further illustrated by the accompanying drawings
wheremn:
FIGS. 1 through 18 are top perspective views of eighteen differently shaped,
irregular snacks of the present invention which may be produced from a single, thin

dough sheet in accordance with the present invention.
FIG. 19 is a cross-sectional view of a snack product of the present invention

showing a cross-section of a bubble and a blister.
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FIG. 20 shows a section of a rotary cutter design having cutting edges which may
be used to produce the eighteen differently shaped snacks of FIGS. 1-18 from a single
dough sheet without producing interstitial dough scrap between adjacent dough pieces.

FIG. 21 shows a larger section of the rotary cutter design according to FIG. 20.

FIG. 22 shows a section of a second rotary cutter design according to the present
invention having cutting edges which may be used to produce fifteen differently shaped
snacks from a single dough sheet without producing interstitial dough scrap between
adjacent dough pieces.

FIG. 23 is a schematic of apparatus that may be used in the production of the

baked snacks of FIGS. 1-18.

-10-
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DETAILED DESCRIPTION OF THE INVENTION

[0022] Thin, baked snack chips having a crispy texture, an rregular shape,
scalloped edges or sides, and surface bubbles such as shown in FIGS. 1-18, are
continuously produced by forming a dough into a dough sheet, reducing the thickness of
the dbugh sheet using a pair of counterrotating gauge rolls where the nip or gap between
the counterrotating gauge rolls is less than or equal to about 0.035 inches, preferably less
than or equal to 0.030 inches, more preferably less than 0.025 inches, most preferably
less than or equal to 0.022 inch, for example from about 0.012 inch to 0.022 inch. Use of

these very thin gaps provides a highly desirable thin appearance and crisp texture in the
final baked product.

0023] However, to contimuously produce a wheat-bascd dough sheet using a final
gauge roll gap of less than or equal to about 0.035 inches at high production rates or line
rates, the surface of each of the gauge rolls must be maintained at a temperature of about
85°F to about 95°F. Generally, maintaining the surface of the gauge roll at a given '
temperature also maintains the dough sheet temperature within about 1 °F to about 3°F of
the gauge toll surface temperature. Use of a gauge roll surface temperature of about
85°F to about 95°F avoids sticking, tearing, or shredding of the dough sheet as it
undergoes conveyance through and compression in the gauge rolls and assures the
attainment of a consistent dough sheet thickness. Use of gauge roll surface temperatures
outside of this range has been found to result in sticking of the dough sheet to the final
gauge rolls which results in excessive tearing or shredding of the dough sheet with loss
of production time and dough wastage. It is believed that as a dough sheet is reduced in
thickness, not only does it tend to become more fragile, but also the film formed on its
surface from film forming components such as a pregelatinized waxy starch exerts a
greater influence on dough rheology, flexibility, water retention, and adhesiveness.
Maintaining the gauge roll surface at a gtven temperature within the above range also

-11-
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maintains the dough sheet at a temperature which helps to provide or maintain proper
dough viscosity, flexibility, strength, cohesiveness, moisture content, and reduced
stickiness so as to achieve consistent release of the dough sheet from the gauge roll
surface.

[0024] In accordance with the present invention production rates or line rates of
from about 25 feet per minute (fpm) up to about 130 feet per minute (fpm), preferably
from about 95 fpm to about 120 fpm may be achieved continuously without tcaring or
hredditig of the dough. In embodiments of the invention, rotary cutter speeds of from
about 25 fpm to about 130 fpm, preferably from about 95 fpm to about 120 fpm may be
[0025] Generally, when the dough employed in the present invention is reduced in

~ thickness by compression in the nip or gap between counterrotating gauge rolls, the
compressed dough sheet may spring back or expand by up to about 35% of the original
compressed dough sheet thickness or nip or gap setting. For example, when the final
gauge roll gap or nip is set at 0.034 inch, 0.030 inch, 0.022 inch, or 0.017 inch the dough
sheet is compressed to and has a thickness within the gap or nip of 0.034 inch, 0.030
inch, 0.022 inch, or 0.017 inch, respectively. However, upon or shortly afier exiting the
nip or gap, the dough sheet thickness may expand or increase to 0.042 inch, 0.037 inch,
0.029 mch, or 0.020 inch, respectively. In cmbodiments of the present invention dough
sheet thicknesses up to about 0.040 inch afier expansion from the final gauge roll nip of
0.030 inch may be employed and subjected to rotary cutting to obtain thin snack chips in
accordance with the present invention. In preferred embodiments, the nip or gap of the
final gauge roll is set at less than 0.025 inch, preferably less than or equal to 0.22 inch so
as to obtain a dough sheet thickness after springback or expansion which is less than or
equal to 0.030 inch. Thus, in preferred embodiments, the dough sheet which 1s subjected
to rotary cutting has a consistent thickness across its width and length of less than 0.030

inch.

.12-
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[0026] Generally, the greater the amount of compression of a dough entering the
nip of the final gauge rolls, the greater is the amount of spring back or expansion after it
leaves the nip. In preferred embodiments of the present invention, the dough sheet
thickness is gradually reduced prior to entering the final gauge rolls using one or more
pairs of counterrotating auxiliary gauge rolls or compresstion rolls. In embodiments of
the invention, the dough sheet produced in the dough sheeter may be reduced in thickness
by each set of auxiliary gauge rolls and by the final gauge rolls up to about 70%,
generally at least about 10% of the thickness of the dough sheet entering the set of gauge
rolls. For example, the dough sheet entering a first set of auxiliary rolls may have its
thickness reduced by about 10% to 20%. Then the dough sheet entering a second set of
auxiliary rolls may have its thickness reduced by about 45% to about 65%. The

compressed dough sheet entering the final gauge rolls may then have its thickness
reduced by about 35% to about 60%.

[0027] The auxiliary gauge roll and the rotary cutter may be operated under
ambient conditions. The surface temperature of the auxiliary gauge rollers do not have to
be adjusted or maintained to prevent sticking or tearing of the dough sheets passing

through them. The temperature of the surface of the final gauge rolls may be controlled
and maintained within the range of 85 °F to 95 °F by using a conventional fluid heat

transfer medium such as water or food grade propylene glycol to internally either heat or
cool the gauge rolls. Whether the gauge rolls are heated and/or cooled to maintain a

desired temperature may depend upon ambient conditions, dough lay times, and line

speeds or production rates. Generally, heating is employed at low production rates or

line speeds and low ambient temperature conditions and long lay times. Cooling is

generally employed at high production rates or line speeds, high ambient temperature
conditions, and short lay times.

[0028) Conventional, commercially available jacketed final gauge rolls, and
temperature monitoring and control equipment may be employed in the present invention.

13-
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Likewise, conventional, commercially available auxiliary gauge rolls or compression
rolls may be utilized in the present invention along with conventional three or four roll
dough sheeters. A four roll dough sheeter is preferred. Conventional conveyors may be

employed for feeding the dough sheets directly to the nip or gap of each pair of auxiliary
rolls and the pair of final gauge rolls. Separate conveyers, downstream of each set of
auxiliary rolls and downstream of the final gauge rolls may be employed to receive the
compressed dough from the nip of each pair of rolls in conventional manner.

[0029] The thin dough sheet from the final gauge rolls may be continuously cut
using a rotary cutter to produce an array of dough pieces which are irregularly-shaped
and scallop-edged. The dough pieces are produced in a variety of shapes from a single
dough sheet without producing dough scraps between the pieces. Even though the dough

is very thin, the dough sheet may be cut to provide sufficiently large scallops around the

entire periphery of each dough piece so that the scallops are distinctly and visibly
apparent in the baked snack as shown in FIGS. 1-18.

[0030] As shown in FIGS. 1-18, the thin, baked snacks of the present invention
made from a single dough sheet may have an rregular shape, each of which is different
in FIGS. 1-18. Each differently shaped snack may include docker holes, and scalloped
edges or sides around its entire periphery. For each of the different shapes, at least one
of the edges or sides may be concave or convex in shape. In embodiments of the
invention, one or more sides of a snack may have both a convex portion and a concave
portion. In embodiments of the invention, the snack chips may have five or more sides or
edges, for example, as shown in FIGS. 5 and 8.

[0031]} The baked snacks of the present invention include non-fermented and
fermented reduced fat, low-fat, and no-fat baked products, as well as full-fatted non-
fermented and fermented baked products. They may have the taste or flavor of a wheat-
based cracker, but the crispy, crunchy texture of a chip, rather than a leavened, mealy

texture. As shown in FIGS. 1-19, the snack chips 1-18 have surface bubbles 30

-14-
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distributed over their top and bottom surfaces 35, 36. As shown in FIG. 19, the bubbles
30 provide air pockets 38 within thinned, concave downwardly curved upper walls 40

and thinned, concave upwardly curved lower walls 42. The bubbles 30 and the air
pockets 38 each extend a substantial distance both above and below adjacent, generally

flat, crispy, substantially unleavened, thin areas 44 of the baked pieces 1-18, as shown in
FIGS. 1-19.

[0032] The vertical dimensions of the bubbles 30 and of the air pockets 38 are
substantially greater than the vertical dimensions of surrounding, adjacent, substantially
flat areas 44 of the snack pieces 1-18. In embodiments of the invention, the ratio of the
maximum vertical distance A between the upper surface and lower surface of at least two
bubbles 30 per piece 1-18 to the maximum thickness B of the adjacent, generally flat,
crispy, unbubbled and non-blistered areas 44 is at least about 2:1, preferably at least
about 2.5:1, most preferably at least about 2.75:1. The pieces 1-18 may also include one
or more blisters 47 interspersed with the bubbles 30, as shown in FIG, 19. The blisters
47 extend from only one surface, such as top surface 35, of the pieces 1-18, whereas the
bubbles 30 extend from opposing surfaces 35 and 36 of the pieces 1-18. '

0033} In preferred embodiments, the snacks 1-18 are provided with a plurality of
docker holes to reduce checking and to help to avoid pillowing or the creation of an
entirely puffed surface. The snacks may have a plurality of docker holes 50 and a
plurality of smaller docker holes 51 that alternate on each snack. Thus, each snack has a
less cracker-like appearance than a snack with a plurality of large docker holes. In
preferred embodiments, each snack may have about nine docker holes. A plurality of
discrete bubbles 30 may be obtained, even though the sheeted doughs of the present
invention are dockered or pierced prior to baking. The peripheral edge 54 of the snacks
1-18 may include scalloping or nicks 56 which extend around the entire periphery of the

snack pieces, as shown 1n FIGS. 1-18.
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[0034] A rotary cutter 75 which may be used to produce the eighteen differently
shaped, irregularly shaped snacks chips shown in FIGS. 1-18 is partially shown in FIG.
20. Dough pieces in an array which may be baked to obtain snack chips 1-18 of
FIGS. 1-18, respectively, may be produced from cutting sections or elements 101-118,

respectively shown in FIG, 20. The rotary cutter 75 has a plurality of rows of blunt-
edged or rounded cutting elements 101-118 which extend circumferentially around the
rotary cutter 75. Each adjacent cutting element 101-118 within each row produces a
differently shaped dough piece. Also, adjacent cutting elements 101-118 within adjacent
rows produce a differently shaped dough piece. One or more sides of each cutting

element 101-118, and corresponding dough piece and baked product 1-18, may each be
convex or concave in shape, or may each have a concave portion and a convex portion.
Each cutting element may have four, five, or more edges or sides. Each cutting element
101-118 contains a plurality of large docker pins 150 and small docker pins 151 in
alternating arrangement for producing alternating large and small docker holes 50, 51 in

each snack chip.
{0035] The blunt cutting elements 101-118 cut all the way through the dough and

very slightly separate the pieces from each other so that the dough pieces do not rejoin or
stick together after being cut. After being cut, the dough pieces may be separated in the
downstream direction by transferring the dough pieces to a downstream conveyor which
is operated at a slightly faster speed than the conveyer upon which the dough sheet is cut.
The dough pieces produced by the rotary cutter 75 may preferably have at least
substantially the same piece weight, so as to provide more even baking of each piece

across the oven band.

[0036] FIG. 21 shows a larger section of rotary cutter 75 according to FIG. 20 and
the repeating cutting elements 101-118. As shown mn FIG. 21, a dough piece shape may
be repeated within a row every four to six dough pieces according to the present

invention. For example, a dough piece shape may be repeated in a longitudinal row

_16-
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every fourth dough piece and it may be repeated in a circumferential row every seventh
dough piece to obtain a plurality of arrays of different cutting elements and
corresponding dough pieces. The cutting elements are preferably shaped so as to provide

rounded corners, and to avoid sharp edges to reduce breakage in the baked product

during transport, packaging and subsequent shipping. Additionally, the cutting elements
provide sufficiently large scallops so that they are distinct and visible in the baked
product.

[0037] Another embodiment of a rotary cutter according to the present invention is
shown in FIG. 22. In F1G. 22, rotary cutter 85 may be used to produce fifteen
differently-shaped, or irregularly-shaped, snacks chips. The rotary cutter 85 has a
plurality of rows of blunt-edged or rounded cutting elements 120-134 which extend

circamferentially around the rotary cutter 85. Each adjacent cutting element 120-134
within each row produces a differently shaped dough piece. A dough piece shape is

repeated in a longitudinal row every fourth dough piece, and is repeated in a
circumferential row every sixth dough piece. Using this rotary cutter, the plurality of
docker holes are all the same size.

[0038] A schematic of apparatus conventionally used in the production of crackers
which may be employed for the continuous production of the thin, baked snacks of the
present invention 1s shown in FIG. 23. As shown in FIG. 23, a dough 200 from hopper
202 1s sheeted 1 a conventional four roll dough sheeter 204 to obtain a dough sheet 206.
Dough sheet 206 1s conveyed by conveyor 208 to the nip 209 of a pair of counterrotating
auxiliary gauge rolls 210, 211 and compressed into a sheet 213. Compressed sheet 213 is
transported by a second conveyer 215 to the nip 217 of a second pair of counterrotating
auxihiary gauge rolls 220, 221 and further compressed into a sheet 223. Compressed
sheet 223 1s transported by a third conveyer 225 to the mip 227 of a pair of jacketed
counterrotating final gauge rolls 230, 231 and further compressed into a thin sheet 233,
The final gauge rolls 230, 231 may be equipped with a conventional temperature

-17-
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monitoring and controlling device 235 for control of the gauge roll surface temperatures.
The final gauge rolls are preferably non-tapered. Scrapers or knife-edges on the gauge
rolls, particularly the final gauge rolls, should be maintained sharp, free of burrs or other
imperfections, and pressure should be applied uniformly for proper release of the sheet
from the roll. The thin sheet 233 may be transferred to a fourth, downstream conveyer
240 for cutting into individual pieces by rotary cutter 75. Rotary cutter 75 may be coated
with a release/wear coating such as General Magnaplate Corporation’s Tufram H-O
coating.

[0039] The dough compositions, methods for making them, and baking and drying
conditions which may be employed in the present invention may be the same as disclosed

in U.S. Patent Nos. 5,747,092 and 5,980,967 each to Carey et al., and U.S. Patent

6,491,959 to Chiang et al. For example, in embodiments of the invention, as disclosed

in U.S. Patent Nos. 5,747,092 and 5,980,967 each to Carey et al., baked wheat-based

snacks may be produced by admixing:

(1) an uncooked wheat flour;

(2) a pregelatinized waxy starch in an amount of from about 3% by weight to

about 20% by weight, preferably from about 5% by weight to about 15% by weight,
based upon the weight of the wheat flour; ‘

(3) a pregelatinized potato starch in an amount of from about 1.5% by weight to
about 20% by weight, preferably from about 3% by weight to about 13% by weight,
based upon the weight of the wheat flour,

(4) from 0% by weight to about 20% by weight, preferably from about 5% by

weight to about 18% hy weight, of an optional modified potato starch, based upon the
weight of the wheat flour; and

(5) water to hydrate said starches and to form a machinable dough having a
moisture content of preferably from about 23% by weight to about 38% by weight.

.18-
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[0040] The total amount of the potato starches is preferably less than about 30% by

weight, most preferably from about 8% by weight to about 25% by weight, based upon
the weight of the wheat flour. In embodiments of the present invention, the weight ratio
of the amount of the pregelatinized waxy starch to the total amount of the potato starches
is from about 0.45:1 to about 1:1. Also, the ratio of the amount of pregelatinized waxy
starch, such as pregelatinized waxy maize starch, to the total amount of the potato
starches may be from about 1.5:1 to about 4:1. In embodiments of the invention, the

snack chip may be made from a dough comprising about 30 wt.% to about 80 wt.%
uncooked, or at least substantially non-gelatinized, non-pasted, wheat flour, based upon
the weight of the dough. For example, the wheat flour employed is preferably
ungelatinized, but in embodiments of the invention, wheat flours having a degree of
gelatinization up to about 15% as measured by Differential Scanning Calorimetry (DSC)
may be used.

[0041] In the most preferred embodiment, a pregelatinized potato starch which is
unmodified, and not cross-linked, such as Paselli WA-4 is employed. In such
embodiments, an optional modified potato starch, such as Perfectamyl AC 1s not needed
in the production of unfermented or fermented snacks and the total amount of potato
starches may be reduced. For example, in embodiments where an unmodified, non-cross-
linkcd pregelatinized potato starch such as Pasclli WA is cmployed, exemplary total
amounts of potato starches may be from about 2 wt.% to about 7 wt.%, based upon the
weight of the wheat flour. The use of the unmodified, non-cross-linked potato starch
requires less water to be used in making the dough.

[0042] The following examples, wherein all parts, percentages, and ratios are by
weight, and all temperatures are in °F unless indicated to the contrary, illustrate the

present invention:
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EXAMPLES
[0043] The ingredients and their relative amounts, which may be used to produce a

cohesive, machinable dough for producing an unfermented, wheat-based snack having a

plurality of surface bubbles, a crispy, crunchy, chip-like texture and cracker flavor, are:

Dough Ingredients

- —— - — b S g — e A p——A—"

Mcdmm wheat flour

Prcgelatlmzed waxy maize starch 11.11
No. 3 (X-Pand’ R)

Pregelatinized potato starch

No 1 ('Pasclh WA4)

o -

CP added |
Calcium phosphate, monobasic |
monohydrate

- B

_TOTAL 171.75 174.9]1 _174.89

v b Sl AP—— sk v — SRt - - e e abe ek By S —— iy v W v ISP, W b h—— -

‘Example 1
Parts by weight

A ————— e T ———" - - b - ““ — T, W v— - — —
0
|

WY A w— o e - Wiy, o
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EXAMPLE 1:

[0044] The dough may be formed by first blending the sucrose, pregelatinized
waxy maize starch, and pregelatinized potato starch via a mixer at low speed (about 20
rpm) for about 30 seconds. Paselli WA4 is an unmodified, non-crosslinked,
pregelatinized potato starch that is cold water swelling. Paselli WA4 has a moisture

content of about 8.75% by weight, a sulfated ash content of 0.8% maximum, and a pH in
a 5% aqucous solution of about pH 6. The particle size distribution of Pasclli WA4 may
be less than or equal to 25% on a #45 screen.

[0045] About 75% by weight of the water may be preheated to a temperature of
about 145-165°F and admixed with the blend for about 2 minutes at a mixer speed of

about 20 rpm to substantially hydrate the pregelatinized waxy maize starch and
pregelatinized potato starch.

{0046} The soybean otl, high fructose corn syrup, and most of the remaining water
may be admixed with the blend for about 1 minute at a mixer speed of about 20 rpm.

The flour, salt, sodium bicarbonate, and calcium phosphate may then be added.

[0047] Finally, the ammonium bicarbonate, which may be dissolved in about 2.50
parts water at about 90°F, may be added to the blend at a mixer speed of about 20 rpm

for about 6 minutes. The resulting dough may have a temperature of about 98°F to about
104°F.

{0048] The dough may be placed onto a laytime conveyor for about 60 mirnutes for
hydration purposes. The dough may then be transferred to a sheeter and formed into a
sheet. Once the sheet 1s formed, it may be reduced in thickness in gradual stages by at

least two sets of non-tapered reduction rolls. Equipment for the application of

conditioned air may be available to reduce sticking of the dough sheet to the surface of
the rolls.
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0049] The dough sheet may be passed through the final gauge rolls and sheeted.
To allow for proper release of the sheet, the final gauge roll surface temperature may be

maintained and controlled between about 87-95°F by, for example, an internally

circulating liquud.

[0050] For a 0.017 inch gap in the final gauge roll, the corresponding dough
thickness will be about 0.020 inch due to expansion of the dough after passing through
the final gauge roll. For a 0.022 inch gap in the final gauge roll, the corresponding dough
thickness will be about 0.028-0.029 inch. For a 0.030 inch gap in the final gauge roll, the
corresponding dough thickness will be about 0.036 - 0.037 inch.

[0051] The dough may then be placed on a conveyor and then fed to a cutter
apron. The residence time between the final gauge roll and the cutter apron may be
approximately 1.7 seconds at production speeds. The sheet may then be cut into a
plurality of irregularly shaped pieces having scalloped edges with a rotary tied cutter.
The cutter may have a speed of about 12 rpm or greater and the corresponding line
speeds may be up to about 130 feet/minute. The product may then be placed on an oven

band using a pan-on conveyor and baked.

j0052] The following Tables show the gap settings, temperatures, cutter speeds,
line speeds, and baking times for the production of thin, irregularly shaped pieces at a
pilot plant using a dough as produced in Example 1:

Unit Operations Gap Setting (inch) Dough Temp (F)
Three Roll Sheeter 0.200 85.0
Reduction Stand 0.122 78.0
Laminator 6 layers @1.05 in 76.5
1* Auxiliary Gauge Roll 0.183 75.5
2% Auxiliary Gauge Roll 0.060 | 75.8
Final Gauge Roll 0.017 88.0
Cutter 12 rpm @28.5 FT/MIN 78.0
Oven 35.5 FI/MIN 77.0
Bake Time 2.9 min
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Unit Operations

Three Roll Sheeter
Reduction Stand
Laminalor

" Auxiliary Gauge Roll
2% Auxiliary Gauge Roll
Final Gauge Roll

Cutter

Oven

Unit Operations

Three Roll Sheeter
Reduction Stand
Laminator

1* Auxiliary Gauge Roll
2™ Auxiliary Gauge Roll
Final Gauge Roll

Cutter

Oven

Unit Operations

Three Roll Sheeter
Reduction Stand
Laminator

1* Auxiliary Gauge Roll
2™ Auxiliary Gauge Roll
Final Gauge Roll

Cutter

Oven
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Gap Setting (inch)
0.206

0.122

6 layers @1.05 1n
0.180

0.065

0.030

12 rpm @28.0 FT/MIN
35.5 FT/MIN

Bake Time 2.9 min

Gap Setting (inch)
0.206

0.125

6 layers @1.2 in

0.188
0.067

0.022

12 rpm @28.5 FI/MIN
31.4 FT/MIN

Bake Time 3.3 min

Gap Setting (inch)
0.207

0.127

6 layers @1.45 1n
0.180

0.067

0.022

12 rpm @28.3 FT/MIN
34.2 FT/MIN

Bake Time 3.03 min
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Dough Temp (F)
89.0

86.0
83.0

80.0
79.0
8§7-89
78-79
77-78

Dough Temp (F)
94.0

91.0
88.0
88.0
87.0
91.0
85-88
85.0

Dough Temp (F)
§9.0

86.0
84.0
82.0
82.0
88.0
85.0
84.0
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Unit Operations Gap Setting (inch) Dough Temp (F)
Three Roll Sheeter 0.207 02.0
Reduction Stand 0.128 89.0
Laminator 6 layers @1.5in 86.0
1* Auxiliary Gauge Roll 0.180 84.0
2™ Auxiliary Gauge Roll 0.067 ¥3.0
Final Gauge Roll 0.022 91.0
Cutter 12 rpm @28.1 FT/MIN 87.0
Oven 33.8 FI/MIN 85.0
Bake Time 3.03 min
EXAMPLES 2-3:

[0053] A dough may be made according to the process of Example 1. The baked
dough may be topped with topping ingredients as follows:

| Baked Dough 125 1bs. 3.63 oz 79.0 wt.%
Soybean Spray Oil 23 Ibs. 12.44 oz. 15.0 wt.%

Sour Cream and Onion Olbs. R8.17 oz. 6.0 wt.%
Seasoning

[0054] The dough of Examples 2 and 3 may be sheeted and fed to water-chilled
final gauge rollers having a gap of 0.034 inches to obtain an average dough sheet
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thickness of 0.0345 inch (0.030 inch minimum and 0.042 inch maximum). The chilled
water temperature for the final gauge rollers may be about 40°F to about 42°F, The

temperature of the dough in the lay-time conveyor may be about 97°F. The temperature
of the dough after the four-roll sheeter may be about 92°F. The temperature of the dough

just before the final gauge rollers may be about 88°F. The temperature of the dough after
the final gauge rollers may be about 85°F, The sheeted and compressed dough may then
be fed to a rotary cutter apron having the cutting elements as shown in FIG. 20 and FIG.

21 to form differently-shaped, irregular dough pieces. The dough pieces may be baked to
a moisture content of about 1.7 wt.% to obtain snack chips as shown in FIGS. 1-18.
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WHAT IS CLAIMED IS:

l. An apparatus for producing thin, irregularly shaped, scallop-edged baked chips,
comprising:

a pair of counterrotating gauge rolls for producing a thin dough sheet, wherein
the nip or gap between the counterrotating gauge rolls is less than or equal to about
0.035 inches:

a rotary cutter for cutting said thin dough sheet into a plurality of differently
shaped dough pieces without producing interstitial dough between the pieces, each ot
the pieces having scalloped edges; and

said rotary cutter having a plurality of circumferential rows of cutting elements
which extend circumferentially around the rotary cutter, wherein adjacent cutting
elements within each circumferential row produce a differently shaped dough piece,
and adjacent cutting elements within adjacent circumferential rows produce a

differently shaped dough piece.

2. The apparatus as claimed in claim 1, wherein the nip or gap between the

counterrotating gauge rolls is less than or equal to 0.030 inches.

3. The apparatus as claimed in claim 1, wherein said rotary cutter has blunt cutting

edges for cutting said dough sheet into pieces.

4. The apparatus as claimed in claim 1, wherein said cutter cuts the dough into

pieces which each have at least one concave or convex edge.

5. The apparatus as claimed in claim 1, wherein said cutter has dockering pins for

producing a plurality of two sizes of docker holes in each dough piece.

6. The apparatus as claimed in claim 1, wherein said gauge rolls have jackets for a
heat exchange medium, a temperature monitor and temperature controller for

maintaining the surface of the gauge rolls at a desired temperature.

~6-
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7. The apparatus as claimed in claim 1, further comprising at least one pair of
coutnerrotating auxiliary rolls are arranged upstream of said gauge rolls for reducing

the thickness of a dough sheet for teeding to said nip or gap of the gauge rolls.

8. The apparatus as claimed in claim 7, further comprising an upstream conveyor
for transferring a dough sheet obtained from said at least one pair of auxiliary rolls into
said nip or gap, and a downstream conveyor for receiving said thin dough sheet from

the nip or gap of the gauge rolls and for transferring said thin dough sheet to said rotary

cutter.

9. The apparatus as claimed in claim 1, wherein said gauge rolls are untapered
along their lengths.

10.  The apparatus according to claim 1, wherein a dough piece shape is repeated in

a circumferential row.

I1.  The apparatus according to claim 10, wherein said rotary cutter has a plurality
of longitudinal rows of cutting elements which extend longitudinally along the length

of the rotary cutter, and a dough piece shape is repeated in a longitudinal row.
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