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(57) Abréegée/Abstract:

In the process of producing corn-based pellets, preconditioner steam and water addition, as well as extruder water or screw

configuration and R

PM, can be manipulated to precisely control the cook level, gelatinization, and m
processing, and level of defects despite minor variation in the characteristics of the corn flour. Specifi
steam-to-water ratio can be manipulated to effect cook, hydration, and partial gelatinization of th

oisture level of the meal during
cally, the preconditioner added
e meal. In the extruder, lower

extruder rotational speeds Iincrease the residence time and increases cook. With the increase In residence time the volume of bed
pack In the extruder increases. This can be reversed by adding water directly into the extruder, thereby decreasing the viscosity of
the meal In the extruder. Product bulk density iIs changed by increasing and decreasing cook of the meal.
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PROCESS FOR EXPANDED PELLET PRODUCTION

ABSTRACT OF THE DISCLOSURE

In the process of producing corn-based pellets, preconditioner steam and wéter
addition, as well as extruder water or screw configuration and RPM, can be manipulated to
precisely control the cook level, gelatinization.,_and moisture level of the meal during
processing, and level of defects despite minor variation in the characteristics of the corn flour.
Specifically, the preconditioner added steam-to-water ratio can be manipulated io ‘e’ffeot cook,
hydration, and partial gelatinization of the iﬁeal. In the extruder, lower extruder rotational
speeds increase the residence time and increases cook. With the increase in residé:h(:e time
the volume of bed pack in the extruder increases. This can be reversed by adding water
directly into the extruder, thereby decreasing the viscosity of the meal in the extruder.

Product bulk density is changed by increasing and decreasing cook of the meal. '

Dovket Biss@FOAY 00016/R)-9
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PROCESS FOR EXPANDED PELLET PRODUCTION

BACKGROUND OF THE INVENTION
1. Technical Field '

The present invention relates to a process for producing corn-based pgllets and, in
particular, to a process providing precise control of the processed corn cook le§el, moisture level,
gelatinization and resultant product quality despite variations in the characteristics of the starting
meal. The invention manipulates steam :and water addition in the preconditioner and either
water addition and rotation speed or residence time and screw configuration in .'the extruder in
order to achieve the apprOpr{ate proc_eSSéd meal characteristics at each stage. .

2. Description of Related Art

The process for producing pellefs as generally adapted in the food industry involves a
very minimal cook of starch and forming a shape, such as a particular pasta shape, wherein the
product is later cooked in the presencé of excess water. Alternatively, cook_éd meal, such as

pressure-cooked com meal, can be used. The cooked mass is sheeted, cut, and dried for later

frying.
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Processes for producing -corn-bas;ed pellets for use as a snack food product are well
known 1n the art. For example, U_.S;‘ 3,348,950 to Weiss describes a pro;:es's for making snack
food product by first mixing together.corn, sucrose, water, and flavor developing ingredients.
This mixture is combined with a second mixture of yellow corn grits, watef, and sodium
bicarbonate. The combined mixture is pre-cooked under pressure of 14 to 20 péi and
temperatures between 119 and 127°C. -'.I"he gelatinized dough is shaped, drie'ci, and formed into
pieces for deep-fat frying. .

The method disclosed by the Weiss patent is a common process for producing corn meal
based pellets that are fried and ﬂavored; Common industry methods, however, .are not adequate
for the production of a corn-based pellét that expands or pops when fried to_-pmduce a light,
crispy, and crunchy corn snack. For the purposes of this disclosure, an expandéd pellet is one
that increases in volume by upwards of 100% due to the rapid vaporization 6f ‘ water within the
pellet during rapid heating of the pellet by, for example, deep frying.

Known methods for producing com-based pellets do not provide the 'ﬁleans for precisely
controlling the cook level and degree of gelatinization at each stage in order to compensate for
minor variations in the characteristics'of the starting meal while at the same time mhibiting
microbial growth by keeping all related\processing temperatures high. thﬁ using prior art
techniques at higher mixing temperamres, minor variations in the quality of the étaning com
flour meal can result in dramatic variations in the quality of the end product.

For example, conventional pellet production teaches extruding pellets after a relatively

cool (around 49°C) and long (8-15 minutes) preconditioning step that presents a homogenous

hydrated mixture to the extruder with approximately 33% moisture. A disadvémtage of the

relatively cool temperature used durin g the preconditioning step is that it fosters microbial
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growth and requires frequent sanitation of the preconditioner. Conventional extrusion takes

place at between 240 to 250 rpm with no water injection into the extruder. Raising the
temperature of this process using prior art methods in order to counteract microbial growth
results in a product that is overcooked. ‘This typically results 1n the productiQn of an
unacceptable amount.of “flats,” which are pellets that did not appropriately eXpand when fried.
The use of conventional processing methods at increased preconditioner temperatures also
results in a process that is extremely sensitive to variations in the characteristics of the starting
meal.

Accordingly, aneed exists for a process for expanded pellet productioﬁ that provides for
precise control of cook level, hydratidn, gelatinization, and quality of the product in order to
produce a uniform expanded corn-based snack while also maintaining elevated processing
temperatures in order to control microbial growth and limit associated equipm_ent. downtime.
This process should also be adaptable for use with traditional corn-based pel.l.ets that exhibit less

expansion upon frying or other means of re-thermalization.
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SUMMARY OF THE INVENTION

The proposed invention comprises a process for continuously produéing corn-based
expandable pellets of uniform quality dgspite minor variations in the charat.‘;teristics of the
incoming meal. The corn meal or masa flour is first admixed with minor ingfedients, such as
salt, sugar, sodium bicarbonate, and emulsifier. T he admix 1s then flowed through a
preconditioner for further mixing. Relative water and steam ratios and water terhperamre in the
preconditioner can be varied to adjust the cook level of the product. The prcconditioner 1s also
maintained above a certain minimum temperature in order to discourage mibfobial growth.

When exiting.the preconditioncr, the product 1s 2 meal hdving a wet sand consistency.
This meal is then routed to an extruder. Cook levels within the extruder are qontrolled primarily
by the addition of water, which acts as a wetting agent or lubricant, thereby resulting 1n less
residence time and lower cook levelg.' Tﬁe excess water 1s removed from the exﬁ'uder by a
vacuum.

The product next goes to a die that produces a thin, uniform ribbon exfrudate. This
extrudate is cooled and, in one embodiment, split into two separate ribbons. The two separate
ribbons are then run through an embosser and placed in contact while introduced into a cutter.
Pliable pellets comprising.two embossed layers adjoined at the cutting surfaces result at this
stage. .

The pellets are then dried. The pellets are. shelf stable and, at this point,_ can be de-
coupled from the final process. The pellets can then be later popped, for examplfz, by immersion |
in a fryer, and seasoned to taste. Alternatively, the dried pellets can immediately proceed to a
fryer or other cooking means in order to produce the expanded end product.

Applicants' invention can also be used to produce traditional corn-based pellets that do
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nbt exhibit expansioﬁ beyond a 100% increase in volume. Additional thermal cook and less
mechanical cook is used to achieve a more traditional end product using the same basic methods
and equipment, but with a much shorter processing time than prior art techniQues.

The above as well as additional features and advantages of the present invention will

. 5 become apparent in the following written detailed description.

q -
.l
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BRIEF DESCRIPTION OF THE DRAWINGS
The novel features believed characteristic of the invention are set forth in the appended
claims. The invention itself, however, as well as a preferred mode of use, further objectives and
advantages thereof, will be best undérstood by reference to the following detaijlcd description of
illustrative embodiments when read in conjunction with the accompanying drawings, wherein:

Figure 1 is an RVA profile of product samples taken at various stages of one preferred

embodiment of the invention.

Figure 2 is an RVA profile of product samples taken at vériousstagés of an alternative

embodiment of the invention.
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DETAILED DESCRIPTION
First Efnbodiment - Expanded Pellet

Applicants' invention is an expanded peliet process that generates a half-product that is
shelf stable and can be fried or re—thermelized by other means at a later time"(up to 6 months).
The major raw material in a first embodiment 1s a ground, mimimally precooked corn flour or
masa flour that is mixed with prewel ghed minor ingredients, for example, sugar, salt, sodium
bicarbonate, and emulsifier (mono and diglycerides).

The admix of masa flour and rnidor ingredients 1s volumetrically fed to a preconditioner,
which is a twin shafted paddle mixer. In the preconditioner, water and steand are added to the
dry mix to hydrate and partially gelatinize the mix prior to extrusion. During extrusion, the meal
is first mechanically sheared and cooked and then cooled before passing through the die to form
a thin wide ribbon. In one embodiment, the wide ribbon is slit into two individual ribbons which
are embossed, laminated together, and cut into trianguiar shaped pellets. The pellets are fed to a
rotary pre-dryer that prevents the formation of clusters during the initial drying ‘phase. Pellets are
pneumatically transferred to a finishing dryer in which the pellets are dried and tempered.
Finally, the pellets are popped (rapidly expanded to a crispy puff snack) in a fryer or other
cooking means, seaSoned, and packaged.

The characteristics of the beginning masa flour can in the first embodiment greatly
influence the quality of the pellets produced by the invention. ‘Consequently,. 1t is important that
relative standardization of the masa flour starting material be maintained throughout the process,
in order to avoid the necessity of major adjustments to the process steps. In one preferred
embodiment, the masa flour is a fine granulation masa flour made from I'me-treated yellow corm.

This masa flour has no added preservatives or incidental additives as process aids. Key
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performance attributes and descriptive attributes of one preferred embodiment of the starting
masa flour is shown in Table 1 below.

Frequency { Measure Low Aim p

KEY PERFORMANCE ATTRIBUTES:

% 10 | 115 | 13 |
“ASQC see 5 Cpk | 067 | 133 | pa |
RVA“at80°C_~ | TBD | S | Peak | 2800 | 3100 | 3400
' RVAPeakCpk | ASQC | see5 | Cpk | 067 | 133 | na |
Particle Dist. (Through # 100) Pan

k

DESCRIPTIVE ATTRIBUTES:

%
Pan® e
. o/ ' I

nH FL6004 | S | 5 6.8
Fat* (Soxlet, Chloroform FL 30-50 % 2 -
extraction | |
| Particle Dist. (Screen#25)° | FL70-12 | S8 Y% 0 | 0 | -
%’ 0 ] o | <01
% 20 { 25 1 35
 Particle Dist. (Screen# 100)¢ | FL70-12- | S 1 %t 10 .| 15 | 20 |
Extraneous Matter ___FDA | s % 0 | - | FDA _
Extraneous Matter-Livelnsects |  Visual | S8 | coumt | 06 | 0 | 0
8" Edition Reported on the C.O.A. ° Monitored using SPC ' Neogene, Vicam or FDA recommended

B=Batch L =Lot P = Period 5B = Each 5" batch S = Shipment l

During the initial admixing of the starting masa and minor ingredients, the masa flour is
first weighed and then the minor ingredients, which have previously been weighed, are added.
The composition of the resultant admix for one preferred embodiment given the weight of the

starting materials is reflected in the fqllowing Table 2.

PERCENT

Table 2 ~ SETPOINT

Pre-Cooked Com Flour 450.00 lbs. 95.92%

Salt 400Tbs. T 0.85%

Mono/Diglyceride . 1.20 Ibs. 0.26%

Sodium Bicarbonate 1.86 1bs. | 0.41%

Granulated Sugar

TOTAL 469.10 Ibs.
8-
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The batch is mixed, for 7 minutes in a Ruberg model VM-400 mixer in one embodiment, and
then discharged into a surge hopperf. After being pneumatically transferred, the admix 1s fed
volumetrically to a preconditioner.

The primary purpose of pre-conditioning is to hydrate and partially gelétinize the mix.
Meal enters at approximately 12% ﬁoisture Weight basis and exits at appfoxiinately 28%.
Hydration 1s aocbmplished by inject‘iqn of both steam and water. The ratio of steam to water is
adjusted depending on the “gelatiniza'tion level” of the entering masa flour (detérmined by Rapid
Visco-’Analyzer, "RVA") and the degtee of expansion later observed in the popped pellets.
However, the total combined weight of the water and steam is maintained ih order to achieve a
consistent moisture level of the meal as it exits the preconditioner. The water that 1s added 1s
preheated typically to 65-71°C to maintain the exit temperature of the meal at 71°C, which 1s
adequate to inhibit microbial growth within the preconditioner. A hot water jacket around the
preconditioner can also be used to moderate and control the temperature lével 6f the meal. The
mean residence time is between 60 to 90 seconds, however, the residence time distribution in this
type of mixer is typically very wide.. An acceptable preconditioner is a co-totating twin shaft
paddle mixer of 1000 liter capacity manufactured by Clextral, Inc. of France.

Even with relatively ;.narrow' quality and characteristic standards followed with regard to
the starting mésa flour, Applicants' process requires the ability to precisely control the cook level
of the admix as it proceeds through the f)rocess. The most powerful tool fér-controlling the cook
level and resulting quality of the product is the adjustment of injected heated .Water and steam
levels in the preconditioner. The rat_io"b-etween steam versus hot water intrqduced into the
preconditioner can be varied while still maintaining the same mass of water ir_x_troduced into the

preconditioner. The steam added to the preconditioner, specifically, has the most influence on
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the cook level of Applicants’ process, since the steam adds considerably mOre energy per pound
than heated water. Steam additionally provides a high degree of diffusion Within the meal. This
allows for easy hydration and adhesion and uniform distribution. The moisture added in the
form of steam is bound to the meal more so than added water in the later described extruder step.
A typical steam addition rate for Applicants' process 1s 90 Ibs. per hour with an admix flow to the
preconditioner of 2,200 Ibs. per hour. waever, in one preferred embodiment, steam addition
ranges from 30 1bs. per hour to 150 Ibs. per hour. The water added in the precdnditioner 1S
maintained such that the sum of steam and water will yield a moisture level o‘f the preconditioned
admix .of between 27 and 29%. The aBility to adjust the heat added to the preconditioner by

varying the ratio of steam to hot water, and to a lesser extent the temperature of the hot water, is

a critical control feature to Applicants' invention.

In one embodiment of Applicants' invention, it is desirable to have the _admix depart the
preconditioner at approximately 71°C. This temperature is desired primarily to inhibit microbial
growth, thereby allowing the pryconditioner to run continuously for long peri‘ods of time, such as
several days, between cleanings. Thé‘ Incoming water temperature can be adjusted to bring the
exit temperature of the admix to the appmpriate range without radically affecting other process
parameters.

The admix departs the preconditioner as a hydrated and partially gelatinized meal that 1s
of a wet sand consistency. An RVA pfoﬁle of the admix at this stage, prior'to entering the
extruder, 1s shown in Figure 1. An RVA profile is generated by a Rapid Visco;Analyzer, which
is a method well-known in the food in?dustry for investigating hydration and gelling behavior of
starches by characterizing the viscosity of a given sample. The method typically involves

controlled heating and cooling of flour or starch suspensions in water at concentrations of 5 to

-10-
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40% w/w. A solid concentration of abﬁmt 12% w/w is used for all of the RVA profiles shown in
Figuré 1. The X-axis of Figure 1 shows the method time in minutes, and the Y-axis shows the
tested viscosity in centipoise.

The RVA profile 130 for the admix as it departs the preconditioner is shown 1n Figure 1.
Also shown irt Figure 1 1s an RVA prbﬁle 110 for the initial starting masa flour and an RVA
profile 120 for the admix prior to enteriﬁg the preconditioner. It éhould be undefstood that all of
the RVA profiles shown in Figure 1 are generated by samples of the first embodiment of the
invention and are shown to illustrate the viscosity characterisﬁcs of the product of this one
embodiment of this invention. These RVA protfiles are not intended to-limit the invention to
products that exhibit 1dentical RVA profiles at the various stages shown.

The preconditioned admix is next fed into an extruder. The extruder, in one preferred
embodiment, is a Clextral BC-72H tWin screw extruder with a shaft bore of 83 _min, L/D ratio of
30, and consists of nine barrel zones. Thé prehydrated meal and additional water are fed into the
first zone. Barrel zones 1 through 5 are 'heated to help achieve the desired level of “cook™ by
mechanical and thermal means. Barrel‘.zénes 6 through 9 are cooled to minimize extrudate die
temperature and to help reduce steam flashing at the die which produces undcsirable bubbles 1n
the resulting extrudate ribbon. A vacuum vent is attached to zone 6 to provide: évaporative
cooling of the extrudate. Typical vacuuni level achieved is 16 inches of mercury, and the

evaporation rate is 60 pounds of water per hour.

Another quality control feature of Applicants' invention is the variation of water added to
the extruder. Since the meal has been hydrated in the preconditioner and excess water can be

removed by the vacuum, the addition of water acts as a lubricant to the meal, reducing its

viscosity and, thereby, reducing the residence time of the meal in the extruder. This in turn

-11-
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reduces the torque required to transfer the less viscous product through the gﬁctruder.
Consequenﬂy, the addition of water to the extruder reduces the cook lévcl.

A smaller, but noticeable, effeét 1s the vanation of the rotation speed of the extruder. As
the rotation speed increases, 1t has béen observed that the residence time of the meal decreases
such that the cook level of the meal decreases as well. Experimentation has shown that lower
extruder rpm resﬁlts in more bed pack, longer residence time, and more Lniform (with respect to
time) flow out of the die. 1t is believed that the degree of cook of the extrudate is slightly higher

at a lower rpm than at a higher rpm, which is contrary to conventional teaching in the field. In

one embodiment, a typical operating range for the extruder is between-350 to 380 rpm.

The extrudate, in one embodiment of Applicants' invention, is next fed through a single
60 inch wide coat-hanger style die with adjustable choker bars and die lips. Non-uniformity
across the width 1s minimized by fine tuning of the die lips. Overall, or average, ribbon
thickness is controlled by manipulating the speed of a pair of vertically opposed tension rolls.
The tension rolls are used to pull the ribb.on from the die face which causes .the ribbon to stretch
and neck-in to a small dégree (down to 58 inches). Noininal ribbon thickness 1s 0.035 inches and
1s measured after proceeding through.a ':cc.mditioning tunnel by an online travérsing laser sensor,
as well as manually with a Mitutoyo thi'cimess gauge. Uniform ribbon thickness is critical to .
insure uniform popped product at the fryer stage.

The ribbon at the die face is very pliable, but quickly stiffens into a sheet that can be
mechanically manipulated without significant deformation to the ribbon and yet remains
somewhat flexible. The ribbon enters a cooling tunnel that supplies cold air ét approximately 6
ny/s to both sides of the ribbon. Air temperature in the tunnel is manipulated to achiev¢ an aim

ribbon temperature of 27°C at the embosser. Cooling of the ribbon is required to prevent the

-12-



10

15

20

! CA 02473614 2004-07-27 ( :

WO 01/37682 ~ | o PCT/US00/41785

ribbon from wrapping on the embosser rblls or cutter.

After the ribbon exits the cooling tunnel, the ribbon passes over a slittér, which slits the
ribbon into two ribbons of equal widt_h'.: The slitter is a rotating circular knifel(similar t0 a pizza
cutter), located beneath the sheet, that cuts the ribbon against a stationary plastic backing roll.
The alignment of the ribbon relative to the slitter, in one embodiment, i$ manually achieved by
adjusting the position of the slitter to the center line of the ribbon.

In an alternative embodiment to the slitter method described above, .fwo parallel dies can
be used to produce two parallel ribboqs. These two parallel ribbons then pfoceed as described
below with regard to the two equal width sheets slit from a single extrudaté.‘ " k ‘

After being slit into two equai.width sheets, the ribbons drop onto two different panning
conveyors that deliver the ribbon to separate embosser anvil roll pairs. Aligﬁment of the ribbons
into the embosser/cutter unit operation is accomplished by manually adjusting the panning )
conveyors. The embosser cuts a cross hatch or othér selected pattern into the still pliable nbbon
prior to cutting and drying. Embossing affects the final shape and degree of expansion that the
pellet will have on popping. The embosser roll has a series of circumferential ghd CrOSs grooves
cut into the surface of the roll. The ribbon is embossed by passing through the nip between the
embossing roll and a smooth surfaced anvil roll. The depth of embossing for egch sheet 1s in the
range of 0.021 to 0.031 inches (thus lea#ing between 0.004 and 0.014 inches bf material
thickness in the valleys of the embossed ribbon). After each individual sheet has been embossed,
the nibbons are brought together in the nip of the cutter and anvil. The embosséd surfaces form
the exterior surfaces of the pellet'. The cutter is a rotary die that serves two fuhctions, both
cutting and laminating the pellets. The radius of the cutter flutes laminates the outside edges of

the triangles while the land area “crush cuts” the pellets from the ribbons. Cut pellets are ejected



10

15

20

. CA 02473614 2004-07-27 { .4

WO 01/37682 | - PCT/US00/41785
and conveyed to a pre-dryer. An RVA profile 140 of the pellets prior to entering the pre-dryer is

shown in Figure 1.

The entire width of the laminated ribbon cannot be cut into pellets wh¢n producing a
triangular shape pellet. This remaining portion is referred to as edge lace. The edge lace is
chopped and then ground into pieces ;hat are approximately 0.125 x 0.125 x 0.080 inches in size
and is referred to as regrind. The regrind, in one embodiment, 1s recycled back into the process
at the inlet to the preconditioner at a rafe of 8-10% by weight of the total meal feed rate.

The pellets are pneumatically transferred from the cutter discharge to a'rotary pre-dryer
entering with a moisture of 26.5%. The rotary dryer can consist, for example, of a 3.5° diameter
rotating auger that is welded to a perforated drum. Ambient air is pulled 1n through the inlet and
outlet of the rotary dryer, heated with steam coils, then passed through the product bed. The
pellets leave the rotary dryer at a moisture of 23.5%. The purp;)se of the rotéry dryer is to dry
the surface of the pellets to prevent clumping when the pellets are bedded 1n a finishing dryer.
An RVA profile 150 of the pellets as they leave the pre-dryer 1s also shown 1n Figure 1.

The pellets are pneumatically transferred from the rotary dryer to a finishing dryer. One
preferred embodiment uses a five pass, three zone finishing dryer. The finishing dryer consists
of three zones. Zones one and two are drying zones and zone three is the tempering zone. The
tempering zone is used to equilibrate the moisture gradients within the pellets. The pellets are
spread onto a first belt with an oscillati‘ng spreader. There is an ambient cooler at the end of zone

3 to cool the pellets to room temperature before exiting the dryer. The moisture level of the

pellets as they leave the dryer 1s approx‘imately 11.5% to 13.5%, which allows for a long shelf

life of the pellets.

Figure 1 shows an RVA profile 160 of the finished and dried pellet. The pellets can be

-14-
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continuously fed into the fryer from tﬁis point. Altématively, the pellets can be decoupled from
the remaining process steps and stored 'for later frying. The pellets are shelf stable and can be
fried as long as six months after originally produced.

Pellets are submerged the entire .timc they are in the fryer to ensure 'uniform frying of
both pellet surfaces. Fryer temperature 1s manipulated to effect the expansion of the pellets. -
Bulk density is measured on-line after the fryer prior to seasoning.

The fried base is oil sprayed énd seasoned in a rbtating drum typical of corn chip
proceséing. The expanded and seasoﬁed product 1s then packaged by, for e_xérnple, a vertical
form and fill machine. .

Second Embodiment - Traditional Pellet

Other than Applicants' inveﬁtion, there is no apparatus or method presently available to
consistently produce the expanded pellet product described in detail above as a first embodiment.
Further, Applicants’ invention 1s adaptéble for use in producing more traditionzﬂ pellets requiring
less mechamical cook and more thermal cook. For example, the invention can be used to produce
a corn-based pellet that when fried results in a dimensioned product comprising a tube or funnel
shape, referred to herein as Applicants’ second embodiment. An example of thé use of the
invention in such application involves éfarting with major raw material of grpuhd corn flour or
milled corn produced by grinding toasted whole yellow corn with 2 hammer m’.ill. This ground
corn flour or milled corn is mixed with five pre-weighed minor ingredients: sugar, salt, non-fat
dairy milk, sodium bicarbonate, and émulsiﬁer (mono and diglycerides).

This material is volumetrically fed to a preconditioner comprising a single shafted paddle

mixer, as opposed to the double shaﬁed paddie mixer previously discussed. In the

preconditioner, water and steam are again added to the dry mix to hydrate and partially gelatinize

-15-
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the mix prior to extrusion, but at a hi‘ghcr steam to water ratio than the first embodiment in order
to impart additional thermal cook. During extrusion, the meél 1s first mechanic;ally sheared and
cooked and then cooled before passing through the die to form a thin wide ribbon. The wide
ribbon is slit into two individual ribbohsx which are embossed, laminated together, and cut into

5  trapezoidal or rectangular shaped pellets. The pellets are fed into a shaker dryer that prevents the

. formation of clusters during the initial drying phase. Pellets are pneumatically transferred to a
short dryer where pellet moisture is reduced without hardening the surface. Then, pellets are
pneumzitically transferred to a belted finishing dryer in which the pellets are dried and tempered.
Finally, the pellets‘ are packed iri carton boxes or super sacks.

10 More specifically, during the mixing operation in this second embodimépt, the comn 'ﬂour

is first weighed and then the minors, which have previously been weighed, are added in weight

ratios shown in the following Table 3:

- TABLE 3
- 370.67 com flour
k 14.83 sugar

| 1483sugar
— 10.38salt

1.27 NFDM
2.05 Sodium bicarbonate
_0.8 emuisifier (Dimodan

The batch 1s mixed for 15 minutes in a mixer and then discharged into a surge 'h'opper. After
15 being pneumatically transferred, the mix is fed volumetrically to the preconditioner.
A single shaft paddle mixer is ﬁse,d as the preconditioner, such as models manufactured
by Mapimpianti of Galleira, Italy. The primary purpose of preconditioning is again to hydrate
and partially gelatinize the mix. Meal enters at 12% moisture wet basis and exits at 33-34%.
Hydration is accomplished by injection of both steam and water. The ratio of steam and water 1s

20  adjusted depending on the "gelatinization level" of the entering comn flour (determined by RVA,
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rapid visco analyzer) and the degree of expansion observed in the popped pellets. The second
embodiment traditional pellet requires increased steam input as compared with the first
embodiment, as more thermal cook and less mechanical coqk are required for the traditional
pellet. The regrind air is heated to 1 10°C and the preconditioner walls are heated to around 78°C
maintaining the exit temperature of the meal at approximately 90°C to obtain maximum thermal
cook and inhibit microbial growth Within the preconditioner. The mean residence time of the
dough in the pre-conditioner is between 2 to 6 minutes.

Two RVA profiles 210, 210" for the initial starting corn flour are shewn in Figure 2,
which uses the same defining parametefs as described above for Figure 1. The first profiie 210
represents an RVA profile of toasted co’rh flour at 95°C. The second profile 210’ represents an
RVA profile of toasted corn flour at 80;"C. It should be understood that all of the RVA profiles
shown 1n Figure 2 are generated by samples of the second embodiment of the invention and are
shown to illustrate the viscosity chafacteristics of the product of this second embodiment of this
invention. These RVA profiles are not'intended to limit the invention to products that exhibit
identical RVA profiles at the various stages shown.

The preconditioned admix is next fed into an extruder. The extruder used can be a
Mapimpianti twin screw model tt9ZIZSD (L/D ratio of 28) consisting of se{ren barrel zones. The
prehydrated meal and additional water are fed into the first zone. Barrel zonés 2-5 are heated to
help achieve the desired level of “coek".by mechanical and thermal means and barrel zones 6-7
are cooled to minimize extrudate die temperature and to help reduce steam flashing at the die
which produces undesirable bubbles in the ribbon. A vacuum vent is attached .t'o zone 5 to
provide evaporative cooling of the extmdate. Typical vacuum level achieved is 60 mm of

mercury. The RPM of the extruder 1s slowed, as compared to the first embodiment, to obtain

-17-



10

15

20

, CA 02473614 2004-07-27 ‘ "
{ -

\\-....rr"

WO 01/37682 - PCT/US00/41785

maximum resident time and minimal shear that is required for the optimum product flavor and
texture. Likewise, the screw profile is changed in order to reduce shearing of the extrudate.
Forwarding elements only are used, and all reversing elements are removed. The minimally
sheared extrudate is fed through a single die with adjustable choker bars and“die lips. Non-
uniformity across the width is minimized by fine tuning of the die lips. Nomina.l ribbon
thickness i1s 0.71 mm and 1s measured before entering the embosser by online Mitutoyo thickness
gauges.

The ribben at the die face is very pliable, but quickly stiffens into a sﬁeet that can be
mechanically manipﬁlated without si gmﬁcant deformation to the ribbon, and\ yet the ribbon
remains somewhat flexible. The ribbon is slit into two ribbons of equal width at the die exit by a
small stationary blade. The two'parallel. ribbons are transferred 1nto a seven pass belted cooler
by a tranSfer conveyor belt. The cooler 'a-ir temperature is kept at approximately 10°C and it
SUppIies cold air to both sides of the ribbons. Air temperature in the tunnel i1s manipulated to
achieve an aim ribbon temperature of 35-40°C at the embosser. Cooling of the ribbons is
required to prevent them from sticking to the embosser roll.s or cutter.

After the cooler, the ribbons are transported by conveying rollers that deliver the ribbons
to separate embosser anvil roll pairs. The embosser cuts a cross hatch pattem into the still
pliable ribbon prior to cutting and dryin_ge Embossing affects the final shape and degree of
expansion that the pellet will have on popping. The embosser roll has a series of circumferential
and cross grooves cut into the surface of the roll. The ribbon is embossed by passing through the

nip between the embossing roll and a smooth surfaced anvil roll. The depth of embossing for
each sheet is in the range of 0.53 to 0.79 - mm (thus leaving between 0.10 and 0.36 mm of

matenial thickness in the val.ley‘s of the embossed ribbon).
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After each individual sheet has been embossed, the ribbons are brought together in the
nip of the cutter and anvil. The cmﬁbssed surfaces form the exterior surfaces O'f the pellet. The
cutter is a rotary die that serves two functions; cutting and laminating the pellets. The radius of
the cutter flutes laminates the outside edges of the trapezoidal shaped pellet thus produced while
the land area "crush cuts" the pellets from the ribbons. Cut pellets are ejected and conveyed to a
pre-dryer. An RVA profile 240 of the pellets prior to entering the pre-dryer-is shown 1n Figure
2.

‘The entire width of the laminated ribbon is not cut into pellets. This remaining edge lace
is chopped and then ground into regﬁnd. The regrind is recycled back into th§ process at the
inlet to the preconditioner at a rate of épproximately 5% by weight of the tota:l meal rate.

The pellets are pneumatically transferred from the cutter discharge to a belted shaker
dryer, entering with moisture of 24%. The shaker dryer temperature set point is 55°C. The

pellets leave the shaker dryer at moisture of 22%. The purpose of the shaker dryer is to dry the

‘surface of the pellets to prevent clumping when the pellets are bedded 1n the. finishing dryer.

The pellets are pneumatically transferred from the shaker dryer into a short dryer. The
pellets are spread onto the first belt of the short dryer with an oscillating spreader. The belted

short dryer 1s set at 50°C and 9% RH. The pellets leave the short dryer with 19% moisture. The

| pellets are pneumatically transferred ﬁfdm the short dryer to a five pass belted finishing dryer.

The finishing dryer consists of two stages. Stage one 1s a drying zone and stage two is the
tempering zone. The tempering zone is used to equilibrate the moisture gradients within the
pellets. Stage one is set at 45°C and 18% RH. Stage two 1s set at 40°C and 30% RH. There is an
ambient cooler conveyor at the end of Stage two to cool the pellets to room temperature before

exiting the drver. The pellets are continuously fed into boxes or super sacks where they are
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packed. These pellets are then shipped to a fry-pack location. Figure 2 S'thS an RVA profile
260 of the finished and dried pellet. .

Pellets are fried or cooked by other means after five days of storage to insure uniform
moisture distribution. They are submérged the entire time they are in the¢ fryer to ensure uniform
frying of both pellet surfaces. Fryer temperature i1s manipulated to eftect the expansion of the
pellets. Bulk density ié measured on-line after the fryer prior to seasoning. Fried base 1S 01l
sprayed and seasoned in a rotating drum typical of com processing.

Using Applicants' invention to produce a traditional corn-based chip is an improvement
over the prior art in that the total continuous processing time from mixing to wet pellet
production is reduced to a matter of a féw minutes from upwards of an hour or significantly
more. Further, capital costs can be saved by using Applicants’ invention in'. a number of
applications.

While the invention has been 'particularly shown and described with reference to a
preferred embodiment, it will be understood by those skilled in the art that various changes 1n

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

invention.
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CLAIMS:
1. A method for making a comfbased pellet comprising the steps of:
(a) passing milled corn through a preconditioner;
(b) adding steam and hot water to the milled ¢orn while 1n the
S preconditioner in order to control the cooking of said milled corn and maintain

temperature levels in the preconditioner sutficient to inhibit microbial growth in the
preconditioner but below 95° C;
(c) passing said milled corn through an extruder; and
(d) manipulating the rotational speed of the extruder in order to control the
10 cooking of the extrudate, with the cook level increasing with decreasing rotational

speed.

2.  The method of claim 1 wherein the total weight of the water and steam added at step
(b) per weight of milled corn passing through the preconditioner is constant in order

15 to achieve a constant moisture level of the milled corn as it exits the preconditioner.

3. The method of claim 2 wherein the moisture level of the milled corn as it exits the

preconditioner 1s between 27% and 35% by weight.

20 4. The method ot Claim 1 wherein the exit temperature of the milled corn from the

preconditioner 1s above 68° C.

3. The method of Claim 1 further comprising:

(e) passing the extrudate through a die to form a thin wide ribbon of

25 uniform thickness; and
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(f) forming said extrudate into trapezoidal shaped pellets by laminating

two ribbons of extrudate together.

The method of Claim 5 wherein said trapezoidal shaped pellets comprise a moisture

content of approximately 11.5% to 13.5%.

An expanded pellet prepared by the process of Claim 1.

A pellet comprising:

milled corn;

minor ingredients;

wherein said pellet 1s produced by mixing said milled corn and minor
ingredients to form a meal, passing said meal through a preconditioner, adding steam
and water to said preconditioner to control the cooking of said meal and to maintain
teﬁperature levels sufficient to discourage microbial growth in the preconditioner but
below 95° C, feeding said meal from the preconditioner into an extruder, and

adjusting the level of cook imparted on the meal by changing the residence time of the

meal in the extruder.

The pellet of Claim 8 wherein the cooking of the extrudate is controlled by

manipulating the rotational speed of the extruder and screw configuration, with a

higher speed resulting in a lower cook level and a lower speed resulting in a higher

cook level.

The pellet of Claim 8 wherein the total weight of the water and steam added to the
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preconditioner per weight of meal passing through the preconditioner per weight of
meal passing through the preconditioner is constant in order to achieve a constant

moisture level of the meal as 1t exits the preconditioner.

The pellet of Claim 8 wherein the moisture level of the meal as it exits the

preconditioner is between 27% and 35% by weight.

The pellet of Claim 8 wherein the meal exits the preconditioner at a temperature

above 6&° C.

The pellet of Claim 8 wherein the extrudate is passed through a die to form a thin,
wide ribbon of uniform thickness, and said wide ribbon is then formed into

trapezoidal shaped pellets.

The pellet of Claim 13 wherein said trapezoidal shaped pellets comprise a moisture

content of approximately 11.5% to 13.5%.

The pellet of Claim 8 wherein the pellet is popped in a fryer.
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