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(57) L 1nvention concerne un procede de formation d un
produit a base de pate contenant un fourrage. Le procede
comprend la formation de saillies sur la surface du
produit a base de pate. Les saillies permettent d’1soler un
volume de pate de la masse principale de produit a base
de pate, de sorte que '’humidite provenant du fourrage a
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(57) A method 1s described for forming dough product
containing a filling. The method includes making
projections on the surface of the dough product. The
projections serve to 1solate a volume of dough away from
the main body of the dough product, so the moisture from
The filling 1nside the main body of the dough product
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I"intenieur de la masse principale du produit a base de
pate ne passe pas facilement a I'interieur des saillies. Le
produit a base de pate presentant des saillies devient tres
croustillant a la {friture et reste croustillant au

rechauffement, méme apres un cycle de
congelation/decongelation.
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cannot readily migrate ito the projections. The dough
product with 1ts projections attains a significant level of
crispness upon frying, and retains the crispness upon
reheating, even after a freeze/thaw cycle.



CA 02303850 2000-03-20

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau .

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

A23L 1/164, A23P 1/12, A23L 1/217,
A21C 11/16

(11) International Publication Number: WO 99/15029

Al

(43) International Publication Date: 1 April 1999 (01.04.99)

(21) International Application Number: PCT/US98/15373 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,

(22) International Filing Date: 23 July 1998 (23.07.98) GH, GM, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX,

NO, NZ, PL., PT, RO, RU, SD, SE, SG, Si, SK, SL, TJ,

| (30) Priority Data: T™, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent
08/937,145 24 September 1997 (24.0997) US (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent

(AT, BE, CH, CY, DE, DK, ES, FIl, FR, GB, GR, IE, IT,

(71) Applicant: THE PILLSBURY COMPANY [US/US]; Pillsbury LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
Center, 200 South Sixth Street, Minneapolis, MN 55402 CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
(US).
(72) Inventors: HAYES-JACOBSON, Susan, M., 4530 Colfax | Published
Avenue South, Minneapolis, MN 55409 (US). MICHAELS, With international search report.
James, P.; 1910-131st Avenue N.E., Blaine, MN 55449
(US).

(74) Agents: MILLER, Laird, F. et al.; The Pillsbury Company,
200 South Sixth Street, Mail Station 37J1, Minneapolis, MN

55402 (US).

(54) Title: CRISP DOUGH PRODUCTS COMPRISING PROJECTIONS ON THEIR SURFACE, PROCESS FOR MAKING SUCH
PRODUCTS BY EXTRUSION, AND CORRESPONDING EXTRUSION DIE

(57) Abstract

A method is described for forming dough product containing a filling. The method includes making projections on the surface of the
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CRISP DOUGH PRODUCTS COMPRISING PROJECTIONS ON THEIR SURFACE. PROCESS FOR

MAKING SUCH PRODUCTS BY EXTRUSION, AND CORRESPONDING EXTRUSION DIE
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The present invention relates to a crisp cooked dough product and to a
method for imparting crispness to dough.

There are numerous food products in which crispness is a very desirable
attribute, particularly dough or batter based products such as egg rolls, crackers

and corn chips. Crispness can be generally associated in these types of foods with
a low water content, a low water activity and an open, porous structure,

particularly on the surface of the food. However, because of the low water

content and open and porous structure of crisp foods, it has been particularly

difficult to obtain and maintain crispness in composite foods in which one food
component encloses another food component, especially when the inner food
component has a higher moisture content than the outer food component, such as
in egg rolls. This problem is exacerbated when the composite food product is
cooked, then cooled for storage and distribution, and finally reheated prior to
consumption. The steps of cooking, cooling and reheating increase the rate and
degree of moisture migration from the moist inner component to the drier, crisp
outer component, reducing the crispness of the composite food product.

One approach to reducing this type of moisturé migration is to add a
barrier to the composite food product to minimize moisture migration from the
moist region to the crisp region. Breading or other dry coatings may provide such
a barrier. Another approach has been to use a batter to form an outer coating.
The batters may include ingredients such as modified starches that act as moisture
barriers and moisture absorbers.

Another approach is described in U.S. Patent No. 5,538,744, issued July
23, 1996 to Miller, et al. Miller et al. describe a method for preparing a dough

that has ridges and valleys. The dough has a moisture gradient between the outer

surface of the dough and an unridged inner surface of the dough.
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Although there have been attempts at providing crispness to composite
food products, none of the prior methods have been successful at retaining

sufficient crispness after the product has been cooked, cooled and reheated.

Summary

The present invention provides a method for making a dough product
having an outer surface capable of achieving crispness upon cooking. The
method includes providing a die with an inner surface having a plurality of
grooves. The grooves are arranged radially along the inner surface, and are
defined by an elongated opening extending outwardly from the inner surface.

A dough 1s prepared and extruded through the die to form the outer
surface of the dough, resulting in a plurality of projections being formed on the
outer surface of the dough. These projections have a vertical component
extending outwardly from the outer surface of the dough, and a contact area
contacting the outer surface of the dough. The present invention includes a food
product having a crisp outer surface, with a plurality of projections on the outer

surface, and the die used to make such projections on the outer surface of the

dough.

Brief Description of the Drawings

Figure 1 1s a schematic view of one embodiment of the food product of the

present invention.

Figure 2 is a micrograph showing a cross section of one embodiment of

the dough projections of the present invention.

Figure 3A 1s a cross-sectional view of one embodiment of the die of the

present invention.

Figure 3B is a cross-sectional view of another embodiment of the die of

the present invention.

Figure 4 is a close up view of a die groove of the present invention.
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Figure 5 is a perspective view of one embodiment of a die assembly useful

in the method of the present invention.

Detailed Description

5 The present invention provides a method for making a dough product
capable of attaining a crisp surface. The method includes preparing a dough and

shaping it using an extrusion die to make the dough product.

. - Ve Yy - ava - "y » uakriaba rarsy [ ] ar=- »rAa 2 &

Figisg 1, and a plurality of projections 10 attached to the outer surface 22 of the
10  mam bddy. Each projection has an elongated vertical component 12. Vertical
componentN_2 1s attached to main body 16 by contact area 14. Contact area 14 is
of sufficient didgension to securely attach vertical component 12 to outer surface
22 during extrusioy, cooking and subsequent handling steps. Dough product 15
may also include filling material 17 enrobed within the dough shell 16. Although
15 Figure 1 depicts a produch With a combination of projection shapes for illustration

purposes, the products of th&\present invention can have projections with all the

same shape or a variety of shape?

As shown in Figure 1, the p¥gjections have an exposed area 18, which is
the surface area of projection 10 excludigg contact area 14. The exposed area 18
20  may simply comprise the exposed surface Wea of vertical component 12. shown

for projection A. Alternatively, exposed alga 18 may include a horizontal

component 20 as shown for projection B. Although horizontal component 20 is

shown at ihe terminal end of vertical component in Figure 1, in another
embodiment, horizontal component 20 can intersect Nertical component 12
25  anywhere along its length to form a cross shape. In another elgbodiment, exposed
areca 18 may include a hook-like terminal component 21, as shown for projection
C. Other embodiments may include different terminal componegts, such as

loops, disks, balls, or other shapes.

The exit onfice of the die of the present invention is shown as\Q4 in

\
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The resulting dough product 15 has a main body or shell, shown as 16 in Figure 1, and a
plurality ot projections 10 attached to the outer surface 22 of the main body. Each projection has
an elongated vertical component 12, Vertical component [2 is attached to main body 16 by
contact area 14. Contact area 14 is of sufficient dimension to securely attach vertical component
|2 to outer surface 22 during extrusion, cooking and subsequent handling steps. Dough product
|5 may also include filling material 17 enrobed within the dough shell 16. Although Figure 1
depicts a product with a combination of projection shapes for illustration purposes, the products
of the present invention can have projectiﬁns with all the same shape or a variety of shapes.

As shown in Figure 1, the projections have an exposed area 18, which 1s the surtace area
of projection 10 excluding contact area 14. The exposed area 18 may simply compnse the

exposed surface area of vertical component 12, shown for projection #. Alternatively, exposed

area 18 may include a horizontal component 20 as shown for projection J. Although honzontal
component 20 is shown at thé terminal end of vertical component 12 in Figure 1, in another
embodiment, horizontal component 20 can intersect vertical component 12 anywhere along its
length to form a cross shape. In another embodiment, exposed area 18 may include a hook-like

terminal component 21, as shown for projection C. Other embodiments may include different

terminal components, such as loops, disks, balls, or other shapes.

The exit orifice of the die of the present invention is shown as 24 in Figures 3A and 3B.
The die orifice includes main body extrusion opening 25 (cross-hatched area) having an outer
surface 30. Outer surface 30 includes a plurality of grooves 26 positioned radially along outer
surface 30, the grooves 26 having shapes that form projections onto the main body of the dough
product. Each groove 26 has an elongated opening 27 extending radially outwardly away from
the main body extrusion opening 25. Elongated opening 27 forms vertical component 12 on
outer surface 22 of main dough body 16 when dough is extruded through this dic orifice 24.

Main body extrusion opening 25 is shown as an annulus in Figures 3A and 3B. Although
the annular shape is preferred for extruding most doughs, other shapes arce possible, such as
rectangles, ovals and the like. In some cases, the main body extrusion opening 25 will be formed
by the combination ot the extrusion dic orifice 24 and the outer wall 29 ol a coextrudate pipe 31,

best seen in Frgure §.
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lTo make dough products having additional components attached to the vertical
component 12, dies having additional openings connected to elongated opening 27 of grooves 26
are used. For example, as shown in Figure 3B, elongated opening 27 includes a horizontal
opening 28. This embodiment of the die results in a projection like projcction% on the main
body 16 of the dough product shown in Figure 1. Although the die exit orifices shown in Figures
JA and 3B each show grooves of the same geometry, the geometry of the grooves on a single die
can be varied to maximize the amount of dough in the projections and the surface area of the
product. |

The major difficulties associated with manufacturing a dough shell or crust enrobing a
moist filling relate to maintaining product quality after the product has been initially cooked
during manufacturing and is then later reheated for consumption. Cooking the product in a fat,
such as by frying, during manufacturing imparts a desirable crispiness to the dough shell. The
manufactured product is typically then cooled and often frozen for storage and distribution.
When the end consumer desires to eat the food: product, it is reheated to achieve an
organoleptically desirable temperature. This cooling, or even freezing, and then reheating
significantly affects the texture of the food product, especially the original crispness of the dough
shell. Specifically, during reheating, there is a significant level of moisture migration from the
moist filling into the crisp crust.

The Miller et al. patent, U.S. Patent Number 5,538,744, sought to address this problem
with the creation of ridges and valleys on the outer surface of the dough. The ridged crust had an
increased overall surface area which was about 140% greater than a comparable unridged crust.
Although the product described in the Miller patent had an increased crispness compared to an
unridged product, the crispness does not satisfactorily remain after the product is frozen and
rcheated, due to moisture migration from the filling into the ridges. ”

[t has surprisingly been found that by making projections 10 on the outer surface 22 of a
dough product 15 as shown in Figure |, the product is able to maintain its crispness even after a
cooling/rcheating or {recze/thaw cycle. [t s believed that the projections [0 concentrate
volume of dough away from contact with the moist (illing 17 enrobed inside the main body 106,
thereby reducing moisture migration from the Gilling 17 into the projections 10, even aller one or

maore freeze/thaw cycles.
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rire—ant atimo—sie o he—texture—of—te—foad
protiyct, especially the original crispness of the dough shell. Specifically, during
reheatingythere is a significant level of moisture migration from the moist filling
into the crisp brust.

5 The Millersg al. patent, U.S. Patent Number 5,538,744, sought to address
this problem with the xgation of ridges and valleys on the outer surface of the
dough. The ridged crust had an increased overall surface area which was about
140% greater than a comparable™wgridged crust. Although the product described
in the Miller patent had an increased txispness compared to an unndged product,

10 the crispness does not satisfactorily remsjn after the product is frozen and
reheated, due to moisture migration from the filling into the ridges.

It has surprisingly been found that by making\projections 10 on the outer
surface 22 of a dough product 15 as shown in Figure N\the product is able to
maintain its crispness even after a cooling/reheating or freezddthaw cycle. It is

15  believed that the projections 10 concentrate a volume of dough awayxfrom contact
with the moist filling 17 enrobed inside the main body 16, thereby educing

moisture migration from the filling 17 into the projections 10, even after ohe or

- —

\/ LI VY

Referring to Figure 1, the projections 10 include a vertical component 12,

20 with one end of the vertical component attached to the outer surface 22 of the
dough product 15. The vertical component 12 has a contact area 14 in contact

with the outer surface 22 of the dough, and an exposed area 18 extending
outwardly from the main body 16, the exposed area 18 being greater than the
contact area 14. Referring to Figure 3A, the projections are made by extruding

25  dough through grooves 26, having elongated openings 27 which form the vertical
components of the projections. When describing the projections 10, it is to be
understood that the relationships and measurements for the projections, their

vertical components and any other components also applies to the grooves, their

elongated openings and any other additional openings.
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and simultaneously losing a greater amount of water, during frying, than the other
portions of the dough product 15. These characteristics impart a crisper
characteristic to the projections 10 as will be described further. Additionally,
because the projections absorb a greater amount of fat during frying, the resulting
high fat concentration in the projections 10 acts as a hydrophobic moisture
barrier. The high fat concentration in the projections serves not only to hinder
moisture migration from the filling, but also from the environment surrounding
the product. The projections retain their low moisture, crisp texture as a result,
even after the product is frozen and reheated or subjected to freeze/thaw stress.

The projections 10 have a geometry that minimizes contact area 14 and
maximizes exposed area 18. Because the geometry of the projections 10 provides
a contact area 14 which is less than the exposed area 18, moisture migration from
the moist filling 17 to the outer surface 22 is minimized. The contact area 14
should, however, be of sufficient dimension to securely attach the projection 10 to
the outer surface 22 of the dough main body 16. Preferably, the ratio of exposed
surface area 18 to contact area 14 for the projection is greater than about 3, and
preferably ranges from about 7 to about 30. In one embodiment, the projections
had ratios of exposed surface area to contact area ranging from 12 to 25. In
another embodiment, the contact area 14 of the projection 10 is less than about
40% of the total surface area of the projection 10 (exposed area 18 plus contact
area 14), and preferably, the contact area 14 is less than about 15% of the total
surface area of the projection 10. In one preferred embodiment, the contact area
s between about 4% to 13% of the total surface area of projection 10.

The elongated opening 27 of the groove 26 is preferably of sufficient
dimension to segregate a portion of the dough away from the main body of the
dough product when the dough is extruded through the die. At the same time, the
elongated opening is preferably narrow compared to its height so that the

connection or channel between the projection and the main body is kept smali

-6 -
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relative to the projection. Preferably, the width of the elongated opening in
contact with the main body extrusion opening is less than 40% of the hei ght of the
elongated opening projecting away from the main body extrusion opening. More
preferably, the width of the elongated opening ranges from between about 25% to
40% of the height of the elongated opening. In a preferred embodiment, the
elongated opening of the groove is between about 1.5mm to 2.5mm high
(projecting away from the main body extrusion opening) and between about
0.5mm to 1.2mm wide (contacting the main body extrusion opening).

If the projection includes another component in addition to the vertical
component. it can be of any size or shape that will retain crispness. The
additional components are selected so that they can be extruded or otherwise
imparted on the surface of the dough product and will remain on the surface
during processing and subsequent handling.  Preferably, the additional
components are selected so as to provide a volume of dough positioned away
from the main body, connected to the product only by virtue of the vertical
component. Positioning the dough away from the main body results in the
improved crispness characteristics of the products of the present invention.

The surface area to volume relationship of the projections also enhances
their crispness and ability to maintain crispness. Preterably, the projections
include more than about 30% of the total extruded dough volume. but are not so
large as to come off of the main body 16 during extrusion or handling. In one
embodiment, between about 30% to 65% of the total dough volume is in the
projections. Since preferably 30% or more of the total volume of the dough 1s In
the projections, it is desirable to maximize the exposed surface area to volume
ratio of the projections to maximize the amount of dough in contact with the
frying oil. As the surface area to volume ratio of the projection increases, the
rigidity or crispness of the projection increases during frying. However, the
surface area to volume ratio of the projections should not be so high as to cause
the projection to become so thin and brittle during frying that it breaks off from

the main dough body. Upon reheating the cooked product, the surface area to

-7 .

SUBSTITUTE SHEET (RULE 26)

PCT/US98/15373



WO 99/15029

)

10

IS

23

CA 02303850 2000-03-20

volume relationship of the projections also enhances their ability to dry out and
lose moisture that may have migrated into the projections after the product was
initially cooked, thereby regaining a crisp attribute. Preferably, the exposed
surface area to volume ratio of the projections is greater than about 10, and more
preferably ranges between about 15 to 30.

The total surface area of the dough product with projections of the present
Invention 1s significantly greater than that of a dough product without projections.
This greater surface area permits more of the dough to be in direct contact with oil
during frying, providing a crisper outer surface. The projections can increase the
surface area by any amount depending on the desired crust texture, thickness,
shape, size. overall appearance and manufacturing limitations of the product. The

total surface area of the dough product of the present invention is preferably

increased by between about 200 - 700%, and is more preferably increased by
about 200 - 400%, compared to the same volume of dough without projections.

In addition to increasing the overall surface area of the product. it is
desirable to provide as much surface area to the projections as possible, preferably
at least about 60% of the total dough product surface area. In one embodiment,
the projections made up between about 60% to 80% of the total dough surface
area. In other words, 1t 1s preferable to maximize the number of projections on
the dough surface while maintaining processability through an extrusion die. The
increased surface area in the form of projections results in increased contact
between the frying oil and the dough, thereby increasing crispness of the dough
product.

As described above, to maximize crispness upon frying, as much of the
total dough volume and surface area as possible is extruded into the projections,
preferably greater than about 30% of the total dough volume, and greater than
about 60% of the total dough surface area. However, a sufficient dough volume
must remain 1n the dough main body to securely enrobe the filling ingredients and
to be processable. It is not necessary in the present invention to increase the total

volume of dough used to make the dough products as compared to a conventional

-8 -
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dough to increase the crispness and crispness retention of the dough product.
Instead, the distribution of dough from the main body into the projections, with

the concomitant increase in the surface area to volume ratio in the projections,

provides the improved crispness profile of the presentfinven&on:—h—is-prcferred,—

JWCOVET, U C vUIL JIOTUe v 1w JAI O TOCONYentionat—-oroaucts
to\make products of the present invention. The additional amount of dough
Increxses the overall strength and robustness of the product. In one embodiment,
the voluxie of dough is increased by about 35% as compared to a similar product

without projections.

[t was\surprisingly discovered that because the projections lose more

moisture and absogb more fat than other portions of the dough product due to the

surface area to volumsg relationship and geometry of the projections, the cooked

dough microstructure 1N the projections is different from the cooked dough
microstructure of the dough shell or main body 16, as shown in Figure 2. The
projection 10 encloses large a¥ bubbles 13, which are not present 1n the dough
main body. These air bubbles\13 aid in Imparting a crisp texture to the
projections 10.

With respect to the relationshid between the main body 16 and the
projections 10, referring to Figure 1, it is\preferred that the projection contact
area 14 covering the outer surface 22 of the Nain body be minimized, thereby
reducing the pathways or channels through which ¥oisture can migrate out of the
center of the product into the crisp projections. Pref ably less than 30% of the
outer surface 22 is covered by projections, and more pre erably less than 20% of
the outer surface 22 is covered. In one embodiment, betwean about 10% to 20%

of the outer surface 22 is covered by the projection contact area \4.
The projections on the dough outer surface are made. in on¥ embodiment,
using an extrusion die through which the dough is extruded. The die \ay include

a removable face plate 20, as shown in Figure 3, which is described in cox ending

U.S. Patent Application Serial Number 08/270,346, which is owned bw the

- - - - -
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invention. It is preferred, however, to increase the volume of dough as compared to conventional
products to make products of the present invention. The additional amount of dough increases
the overall strength and robustness of the product. In one embodiment, the volume of dough is
increased by about 35% as compared to a similar product without projections.

[t was surprisingly discovered that because the projections lose more moisture and absorb
more fat than other portions of the dough product due to the surface area to volume relationship
and geometry of the projections, the cooked dough microstructure in the projections is different
from the cooked dough microstructure of the dough shell or main body 16, as shown in Figure 2.
The projection 10 encloses large air bubbles 13, which are not present in the dough main body.
These air bubbles 13 aid in imparting a crisp texture to the projections 10.

With respect to the relationship between the main body 16 and the projections 10,
referring to Figure 1, it is preferred that the projection contact area 14 covering the outer surface
22 of the main body be minimized, thereby reducing the pathways or channels through which
moisture can migrate out of the center of the product into the crisp projections. Preferably less
than 30% of the outer surface 22 is covered by projections, and more preferably less than 20% of
the outer surface 22 is covered. In one embodiment, between about 10% to 20% of the outer
surface 22 is covered by the projection contact area 14.

‘The projections on the dough outer surface are made, in one embodiment, using an

extrusion die through which the dough is extruded. The die may include a removable face plate
0

28; as shown in Figure S, which is described in copending U.S. Patent Application Serial

Number 08/270,346, which is owned by the assignee of the present application and is herein

incorporated by reference. It is understood, however, that any conventional die may be suitably
modified for use as the die of the present invention.

Although extrusion through a dic orifice 24 is described in the present invention as a
method of imparting the projections 10 to the outer surface 22 of the dough, other techniques
may be used to impart the projections to the dough surface. For example, a sheet or web of
dough may be imprinted with a roller or stamping mechanism to form the projcctioiis 10 on the
dough surface. Alternatively, projections 10 may be made separately and later attached to the

outer surface 22 of the main body. Preferably, the projections 10 are made using any method

9.4
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as the die ofthe present invention.

Although eXtrgsion through a die orifice 24 is described in the present
invention as a method of imPastjng the projections 10 to the outer surface 22 of

the dough, other techniques may be used.to impart the projections to the dough

surface. For example. a sheet or web of dough

be imprinted with a roller or

stamping mechanism to form the projections 10 on~he dough surface.

Alternatively, projections 10 may be. made separately and later attiehed to the
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distribution in the projections in conformance with the parameters described

. - R TN L N A - p—
® oY # v Ya" . .
. A

above.

While the projections 10 and grooves 26 shown in Figure 1 and 3A-B are
linearly arranged with respect to each other, it is understood that the projections
10 and grooves 26 may have other arrangements, such as diagonal alignment or

random distribution on the surface of the product. The number and position of

the projections on the dough surface may be varied depending on factors such as

the desired crust texture or thickness, or the desired size. shape or appearance of
the product, as well as the processing limitations which will be described below.
A single die may also include a variety of projection geometries to result in an
extruded product having a variety of projection shapes on its surface.
Configurational variations due to cutting, crimping or other processing of the
product are not shown in the Figures in order to more clearly depict the surface
with the projections.

Any dough formulation can be used in the present invention. Typically,
dough 1s made of flour and water, with the addition of minor ingrédients, such as
fat or emulsifier, to aid the processing or organoleptic properties of the dough.
Preferably, the dough has a moisture content ranging from between about 25 to
about 35 percent by weight (hereinafter designated as “"wt-%"). The dough may

be made with any flour including wheat, corn, oat, SOy, rice, potato and the like.
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Preferably, the flour has a protein content suitable to make an extrudable dough,
ranging from about 10 to 20 wt-% of the flour, more preferably between about 12
to 14 wt-% of the flour. Protein may also be added to the dough to aid in its
processability.

5 In one embodiment, the dough is made from about 60-80 wt-% flour, and
about 15-35 wt-% water. Additional ingredients are added in amounts ranging
from 0-20 wt-%. These ingredients include flavors, colors, preservatives,
stabilizers. nutrients. dough conditioners, protein, fat, emulsifiers, water binding
agents, leaveners, browning agents. crisping agents, bulking agents, and the like.

10 The dough may be filled with a filling, such as by coextruding the dough
and the filling or by piping in or depositing the filling after forming the dough
shell. The dough can be filled before, during or after the dough is processed with
the means for providing projections on the outer surface of the dough. Any type

of sweet or savory filling ingredients can be used, such as egg roll, pie, pizza,
I5  sandwich. burrito and casserole ingredients. The dough of the present invention
is particularly well suited for moist fillings having relatively high water activities
since the projections on the dough surface maintain the crispness of the dough

product. The filled dough shell may then be cut and closed to form a filled dough

product.

20 The dough may be cooked by any conventional method which imparts
crispness to the outer surface of the dough shell. Preferably, the dough is fried in
oill. As used herein. the term “frying” includes not only frying in a hot oil, but
includes other cooking methods, such as baking. The dough may be baked, but
since no fat or oil is typically added to the dough during baking, a dough

25  formulation with a higher fat content is used if the product is to be cooked by
baking. It is during this cooking step that the dough product attains its desired
crispness. Because of the elongated shape and the surface area to volume ratio of
the projections, the projections are fried to a greater degree than the main body of

the dough, as seen by the presence of air cells 13 in the projections 10 in Figure 2.
30
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During frying, the projections 10 are exposed to greater amount of heat
than the main dough body 16. This is believed to be caused by the temperature
and moisture content of the filling enrobed by the dough, and the geometry of the
projections 10 on the outer surfacé 22 of the dough. Furthermore, the projections,
due to their geometry and surface area to volume relationships, have a faster
heating rate than the main dough body.

Because the projections are relatively thin, due to their contact area, and
have a high surface area to volume ratio compared to the rest of the dough
product, and because the projections protrude outwardly away from the dough
main body. the projections are exposed to a greater amount of heat than the rest of
the dough product. The geometry and surface area to volume characteristics of
the projections result in the projections more closely approaching thermal
equilibrium with the surrounding oil than the rest of the product during frying:
Approaching thermal equilibrium with the oil causes the projections to lose
moisture and pick up oil at a faster rate than the rest of the product. This results

in the projections becoming very crisp compared to the rest of the product during

the frying process.

The filling of the dough product, due to its moisture content. acts as a heat
sink and remains cooler than the dough product. The projections extend
outwardly from the outer surface of the product. away from the main body of the
dough containing the filling, and are therefore relatively isolated away from the
cooling effects of the filling. The main body of the dough which is in contact
with the filling, however, has a cooler surface and a reduced heat transfer
efficiency, so it takes more heat to raise the temperature of the main dough body
than the dough projections.

In addition to the filling temperature, the geometry of the dough product
affects heat transfer efficiency during the frying process. It is believed that during
frying in oil, the oil near the outer surface of the main body in between the
projections is trapped in a pocket and is less turbulent than the surrounding oil.

This less turbulent oil is cooler than the more turbulent surrounding oil, and the
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temperature differential results in a substantial boundary layer between the hot
turbulent o1l and the cooler oil in the pocket. The result is that during frying, the
projections experience a greater degree of heat, therefore losing more moisture
and absorbing more fat or oil than the other parts of the dough product. In a
conventional product without any projections, the entire smooth outer surface of
the dough is in contact with a relatively constant oil temperature, since much less
significant boundary layers are created.

The amount of oil absorbed by the projections during frying will depend
on the frying time. type of oil used, temperature of the oil, geometry and size of
the product, the type of dough used to make the product, the moisture level of the
dough, and the temperature of the product as it enters the fryer. The product is

fried until it achieves the desired color, degree of cooking, and texture.

Preferably, the projections absorb about three to four times as much fat as the

main body of the product during frying.

In one embodiment of a conventional product, without any projections,
the dough has about 9 wt-% fat and 31 wt-% moisture after frying. In an
embodiment of the product of the present invention, a product made with
projections has an overall fat content of about 13 wt-% and a moisture content of
about 22 wt-% after frying.

After being cooked, the dough product can be consumed. or it can be
frozen and stored for subsequent reheating and consumption. The product may be
reheated using any conventional method, such as by heating in a conventional
oven or in a microwave oven. The product, upon reheating, has a crisp, tender
dough crust or shell which provides the desired organoleptic properties to the
product.

The following Examples are provided to illustrate embodiments of the

dough product of the present invention, and are not intended to limit the scope of

the present invention.

Example 1

- 13 -
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A series of products of the present invention having different projection
geometries were made and compared to control products. The dough for all the
products was prepared by combining about 70 wt-% flour, 25 wt-% water, and 2

wt-% oil, the balance being made up of conventional dough ingredients. A

¥

filling, having a water activity of about 0.98 was also prepared. Equal weights of
dough and filling were coextruded using dies similar to the ones shown in Figures

3A and 3B, using an extrusion head as shown in Figure 5. The following

projection geometries were created:

10 Spike = elongated vertical component

T = *T” shape, having a horizontal component at the end of the vertical

component

TT = "T” shape, with horizontal and vertical components 1.5 times
thicker than T '

15 T2 = T shape, with a vertical component thicker than the horizontal

component
T3 =*T” shape, attached to a main body thicker than T
Cross = “+” shape, having a horizontal component intersecting the

vertical component Scroll = Inverted “J”, having a hook shaped

20  terminal component attached to the vertical component

In addition to these projection geometries, products were made without
any projections (“Control 1) and with the die described in the Miller et al. patent

(“Control 2.)

Using the die dimensions, various parameters were calculated, including

the dough volume distribution, the surface area distribution and the surface area

to volume ratios of the main body, the projections, and the entire dough product
for each product configuration. The products of the present invention showed a

lower volume of dough in the projections as compared to Control 2, but had a
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10

15

greater percentage of the total dough surface area in the projections as compared
to erther Control 1 or Control 2. The percent of the main body surface area that
was covered by projections was significantly less than Control 2. The surface
area to volume ratio in the projections of the product of the present invention was
greater than Control 2, and was greater than the overall surface area to volume
ratio. The surface area to volume ratio of the main body, based on the exposed
outer surface of the main body which is not covered by projections, was, in most
cases, greater than Control 1, and in all cases was less than Control 2. and less

than the total surface area to volume ratio of the dough product in all cases except

Control 1. The results are summarized in Table 1.

'NA = Not applicable

kxample 2

The products made in Example I were fried in hot oil at a temperature of

400°F. The Control products were fried for about 38 seconds, with the products

- 15 -
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of the present invention requiring less frying time, about 28 to 32 seconds. than

the Controls to reach the right color and degree of cooking.

After frying, the total fat content and total moisture content of the entire
outer crust (main body and projections or ridges) were analyzed. Then the
projections were removed from the products of the present invention, and the
ridges were removed from Control 2, so that the fat and moisture content of each

of the projections, ridges and main bodies of each product could be analyzed.

The results are shown in Table 2.
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| T 9.49 30.39 30.78 0.61 25.
Tl 11.24 22.88 27.64 10.77 22,

T2 10.27 21.8 27.81 12 24.

Cross 8.18 29 30.89 12.7 26.

Scroli 8.1 29.51 29.5 11 24.

| Control 2 (ridges) 17.44 17.57 32.11 11.17 27.
Control 1 NA NA NA NA 30.
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It can be seen from this Example that the products of the present invention

W}

have a higher fat content and lower moisture content in the projections than the
ridges of Control 2. In addition, the overall moisture loss and oil pickup is greater
than in either Control product, due to the very high level of oil pickup in the

projections on the products of the present invention.

10 Example 3
Product Crispness

After the products were fried, intact samples were cooled, frozen, and
reheated to test the products for their ability to sustain crispness after a
freeze/thaw cycle. As the projection surface area to volume ratio increased, the

I5 crust attained more crispness during frying. As the projection contact area
decreased, the crust retained more crispness after the freeze/thaw cycle.

A crispness index can be determined for each product geometry by taking
the ratio of the exposed area of the projection to the contact area. The crispness
Index measures the exposed surface area to contact area relationship of a given

20 projection. The crispness index values for the products made in Example 1 are
summarized in Table 3. Using the crispness index, it is possible to design a die
having grooves that will impart a desirable projection geometry on the surface of
the dough product. The ratio of the exposed surface area of the projection to the
contact area can be correlated to the ratio of the exposed outer perimeter of the

25  groove to the width of the groove contacting the main body extrusion opening of
the die.

The crispness index indicates that as the projection exposed area : contact
area rat1o increases, the product crispness increases. As described previously, it is
desirable to provide as much surface area to the projections as possible, while

30 minimizing the contact area between the projections and the main body.
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Preferably, the crispness index for a dough product or a die of the present

projections compared to the contact area between the projections and the main

5>  body, or the “crispness factor.” Specifically, the crispness factor is the ratio of the
percent of dough in the projections to the percent of the main body surface area
which 1s the contact area, which provides an indication of crispness of the
product. As described previously, it is desirable to provide as much of the dough
volume as possible in the form of projections, while minimizing the contact area

10 between the projections and the main body. The crispness factor can also be
correlated to the die, specifically the ratio of the percent of the total
cross-sectional area in the grooves to the combined total width of the grooves.
Preferably, the crispness factor for the products and dies of the present invention

1s greater than about 2. The crispness factors for the products made in Example 1

15 are summarized in Table 3.
Die Design and Processability
An extrusion die useful in the method of the present invention was
designed to permit extrusion at a high flow rate, while minimizing stress or
tearing of the dough or clogging of the extrusion apparatus.

20 The design of a die is very important to its operability on a manufacturing
line, as well as to the product crispness and durability during distribution. In one
embodiment, satisfactory extrusion with stainless steel dies determined that the
thickness of the main body extrusion opening should be at least 0.05 centimeters.
The grooves on the die for imparting the projections were at least as thick as 0.05

25 centimeters for the projections to obtain and maintain the desired shape upon
exiting the extrusion die, and to withstand distribution. If materials other than
stainless steel are used, friction may be lower and lower thickness values may be
possible. A projection thickness of about 0.08 centimeters was found to be

generally satisfactory, but can be adjusted depending on the type of dough. It was

30 also found that if the projections are too narrow or too numerous, the projections
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were extruded at a slower flow rate than the main body due to friction and the
projections did not stay on the main body. It is important that the flow rate
through the die of the projections and the main body are balanced in order for the

product to stay together as one unit during and after extrusion.

N

There are several other parameters to be considered in designing an
acceptable die. As the overall die opening, that is, the width of the main body
extrusion opening and the elongated openings, becomes thinner, the surface area
to volume ratio of the product becomes greater. If the surface area to volume
ratio of the main body is substantially different than that of the projections, the
10 product flow through and out of the die will not be balanced. The difference

between the projection surface area to volume ratio and main body surface area to
volume ratio must be adjusted to ensure suitably uniform flow through the die.
The greater the difference between the ratios, the more difficult it is to extrude the
product as a single unit.
15 The outer perimeter of the die orifice and the open die area can be
correlated to the surface area and dough volume of an extruded dough product.
The percent of total dough volume extruded as projections can be related to the
percent of the total die cross sectional area which is in the form of grooves. The
percent of total dough surface area extruded as projections correlates to the
20 percent of the total outer surface perimeter of the grooves. The percent of the
main body surface area that is covered by projections corresponds to the percent
of the outer perimeter of the main body extrusion opening which is covered by
grooves. The surface area to volume ratio of the projections corresponds to the
ratio of the groove perimeter to groove area in the die. The total surface area to
25 volume ratio of the product can be equated to the ratio of the total extrusion
perimeter to the total cross-sectional extrusion area.

If the grooves generally have a high outer perimeter to area ratio, either by
having many small elongated openings or a few ornate openings, there will be a
higher degree of friction on the projections than on the main body. With

30 differences in the degree of friction between the main body and the projections, it
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becomes more difficult for the projections to stay attached to the main body,
spectfically when the product is extruded out of the die. It is therefore important
to balance the outer perimeter to area ratio of the elongated openings with the
ability of the resulting projections to remain connected to the main body through
the contact area. The contact area between the main body and the projections
should be high enough to keep the projections connected to the main body, but

small enough to minimize moisture migration from the filling into the projections

as much as possible.

A processability factor can be defined for the products and dies of the

present invention. For the products of the present invention, this factor is

defined as:

Processability Factor = | X-Y]
Z

where X is the ratio of the projection surface area to the projection volume of the
product, or the ratio of the groove perimeter to the groove area area of the die; Y
s the ratio of the main body exposed surface area to the main body volume of the
product, or the ratio of the main body extrusion opening perimeter not covered by
projections to the main body extrusion area of the die: and Z is the percent of the
main body surface which is covered by projectiles or, for the die. the percent of
the main body extrusion opening perimeter which is covered by grooves.

It has been found that the maximum desired processability factor for the
present invention is less than about 1, and is preferably less than about 0.6. More
preferably, the processability factor ranges from about 0.3 to zero. As the
processability factor decreases, the extrudability of the product through the die

increases. The processability factors for the dies used to make the products of

Example 1 are summarized in Table 3.

Table 3
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Scroll 16 3.68 0.151
Control 2 2.48 1.8 0.645
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provided thg highest combined crispness and processability of the products tested.
A die was desigged to make “T™- shaped projections on the outer surface of the
dough, as shown if\Figures 3B and 4. The elongated opening of the groove 26
had a length 42 of 2 “willimeters, and a width 44 of 0.8 millimeters. The
horizontal opening at the distql end of elongated opening 26 had a width 45 of 5

millimeters, and a thickness of 0.8\millimeters, same as the width of the elongated

opening. In this embodiment, the ®enter to center distance between adjacent

grooves was 0.716 centimeters. Although\the “T"-shaped die is shown in Figure
4 as having right angles at the comers, those sRled in the art will understand that
such corners may be rounded or otherwise treatethor modified to improve the
extrusion of dough through the die and to achieve Yse desired shape of the
finished product.

A dough was extruded throughihis die, and the resulting\dough products

having “T” shaped projections on the surface were compared to Cogtrol 1 for

crispness retention. The products were fried, then subjected to a high\stress
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Example 4

Based on the foregoing Examples, it was found that the “T” geometry provided the
highest combined crispness and processability of the products tested. A die was designed to
make 1"~ shaped projections on the outer surface of the dough, as shown in Figures 3B and 4.
The elongated opening of the groove 26 had a length 42 of 2 millimeters, and a width 44 of 0.8
millimeters. The horizontal opening at the distal end of elongated opening 26 had a width 45 of
5 millimeters, and a thlckncs%Zof 0.8 millimeters, same as the width of the elongated opening. In
this embodiment, the center to center dlstancc":}_getween adjacent grooves was 0.716 centimeters.
Although the “T”-shaped die is shown in Figure 4 as having right angles at the comners, those
skilled in the art will understand that such commers may be rounded or otherwise treated or
modified to improve the extrusion of dough through the die and to achieve the desired shape of
the finished product.

A dough was extrudeci through this die, and the resulting dough products having “T"
shaped projections on the surface were compared to Control 1 for crispness retention.  The
products were fried, then subjected to a high stress freeze/thaw cycle consisting of freezing the
fried products in a -20°F freezer, followed by subjecting them to a thaw cycle of 16 hours at
40°F, and finally refreezing the product.é in the -20°F freezer. A second set of products were not
subjected to the freeze/thaw stress cycle but were kept at a constant frozen temperature of -20°F
for the same time period. The products were then reheated in a conventional oven at 400°F for 7
minutes, and evaluated by a trained sensory panel. The results of their evaluation are
summarized in Table 4.

Table 4
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10 The sensory panel observed that the products of the present invention

aaaaaaaaaaa

having “T"-shaped projections on the outer surface, upon reheating, had better

overall crispness and tenderness, even after being subjected to freeze/thaw stress

cycles, than the Control 1 product.

15 Although the present invention has been described with reference to
preferred embodiments, those skilled in the art will recognize that changes may

be made in form and detail without departing from the spirit and scope of the

invention.
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CLAIMS

1. A method for making a dough product capable of attaining crispness

upon cooking, comprising:

providing an extrusion die having an ornfice, the die comprising a
plurality of grooves arranged radially along the orifice, wherein each of the

grooves 1s defined by a elongated opening extending radially outwardly from

the orifice;

preparing a dough; and

extruding a volume of the dough through the die to form the dough
product comprising a main body and a plurality of projections; wherein the
projections are formed on an outer surface of the main body, each projection
comprising a vertical component extending outwardly from the main body of
the dough and a contact area contacting the main body of the dough wherein
upon extruding the dough, the projections comprise at least about 60% of a
total outer surface area of the dough product and wherein a total of the contact
areas of the projections 1s not more than about 30% of an outer surface area of

the main body.

2. The method of claim 1 and further including cooking the dough product
in a fat after extruding the dough.

3. The method of claim 1 wherein extruding the dough distributes at least

about 30% of the volume of the dough into the projections.

4. A dough product made by the method of claim 1.
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5. A dough product made by the method of claim 2.

6. A dough product having a crisp outer surface, comprising:

a dough shell comprising a main body; and

a plurality of projectiohs positioned on the main body;
wherein the projections comprise a vertical component extending outwardly
from the mamn body, wherein upon extruding the dough, the projections
comprise at least about 60% of a total outer surface area of the dough product
and wherein a total of the contact areas of the projections is not more than

about 30% of an outer surface area of the main body.

7. The dough product of claim 6 wherein the projections further comprise a

horizontal component which intersects the vertical component.

8. The dough product of claim 6 wherein the vertical component terminates

in a component selected from the group consisting of a loop, a hook, a ball and
a disk.

9. The dough product of claim 6, further compnising a filling matenal
within the dough shell.

10.  The dough product of claim 6 wherein the dough product is cooked in a
fat.

11. A method for inhibiting water migration in a composite dough product

having a low moisture component and a high moisture component, comprising:
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providing an extrusion die with an exit orifice, having a plurality of

grooves positioned radially along the orifice, each groove being defined

by an elongated opening

extending radially outwardly from the orifice;

preparing a dough;

preparing a high moisture component;

co-extruding the dough and the high moisture component through the die
so as to form a

composite dough product comprising a dough shell enrobing the high
moisture component; wherein the dough shell comprises a plurality of
projections positioned on a main body of the shell; and
cooking the composite dough product in a fat such that the projections lose
moisture and absorb fat to become the low moisture component, wherein upon
extruding the dough, the projections comprise at least about 60% of a total
outer surface area of the dough product and wherein a total of the contact areas
of the projections 1s not more than about 30% of an outer surface area of the

main body.

12. A method for inhibiting water adsorption by a dough product,
comprising shaping the dough so as to form projections on an outer surface of
the dough product, wherein the projections include a hydrophobic vertical
component extending outwardly from an outer surface of the dough product,
wherein upon extruding the dough, the projections comprise at least about 60%
of a total outer surface areca of the dough product and wherein a total of the
contact areas of the projections is not more than about 30% of an outer surface

area of the main body.

13. A die comprising a face plate having an exit orifice comprising a

plurality of grooves positioned radially along the orifice, wherein each of the

AMENDED SHEET
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grooves 1s defined by an elongated opening extending radially outwardly from
the orifice, wherein upon extruding the dough, the groove comprise at least
about 60% of a total outer surface area of the opening and wherein a total of
the contact areas of the groove 1s not more than about 30% of an outer surface

area of the main body of the opening.

14. The die of claim 13 wherein the grooves further comprise a horizontal

opening that intersects the elongated opening.

15. The die of claim 14 wherein the elongated opening of the grooves

terminates in a component selected from the group consisting of a loop, a hook
and a disk.
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