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NIXTAMALIZED CORN.FLOUR PROCESS AND APPARATUS
! IMPROVEMENT 'FOB. .RECOVERING_ EEAT AND REDUCQING
PRRTICULATE EMISSION FROM WASTE HOT AIR

.BACKGROUND OF THE INVENTION -

1. Field of the Invention )

The present invention relates ‘to a food gystem for
recovering .the heat and preventing pollution from waste hot air
after nixtamalized corn dehydration and, more particularly, it
relates to a process improvement invelving heat recovery from
the waste hot air laden with particulate produced after flash
drying, especially milled corn and the like, and for minimizing
particulate emigsion im both tﬁg ‘exhaust vented to the
atmogphere and the hot water recycled to the process.

2. Description of Related Art

Nixtamalized corn flour (NCF) is conventionally produced by
alkaline cooking of food-grade corn under atmospheric pressure,
steeping and washing, grinding the partially coocked corn
(nixtamal) and drying to give corn masa flour. At the industrial
or commercial 1level, the "milling and dehydration” steps are
major cost factors. In any case, the availability of an instant
flour has many advantages auch asg ghelf-life (4 to 8 monthe),
lese labor, lower water and energy use for the customer. Any
method which may .decrease both time and cost, and still yield an
acceptable nixtamalized corn or masa flour product per unit of

raw corn, would be advantageous to the final customer.

By combining energy efficiency and pollution prevention
technologies is an opportunity for alignment among business,
environmental advocates and regulators. The efficient use of
resources is key to .a sustainable development and industrial
ecology. Energy recovery and fenewable energy have supplied more
than 80% in the US incremental energy reguirements since 1973
{80.25 USD/MM—Btﬁ). But given today’s low prices for natural gas
($1.5-2.2 USD in 1997 and $3 USD by mid-2001: oilnergy.com), no
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‘realistic reductions in carbon emiasions will happen without

concerted national programs and incentives to encourage the

faster adoption of efficient and renewable energy ag well as

natural gas. The éuccess and cogt effectiveness of thié approach
" have been proven 'by redesigning or improving proceeses:

reduce/recycle/re-éell waste, reduce energy use and emissions’
“(Acee, 1997). '

In this connection, reference is made to the following U.S.
patents;: 4,594,260, 5,176,931, 5,532,013, 6,025,011 and
6,265,013 requiring a low-temperature drying. However, U.S.
patentes 4,513,018, 5,558,898 and 6,068,873 only used a high-
temperature short time dehydration without a heat recovery
gystem, These prior art methods for the industrial production of
corn and masa flour involve accelerated cooking with reduced
amounts of water along with short processing times az well ae
low energy requirements for a high yield of the end product.

Ag previousely mentloned by Rubio in U.S. Patent No.
4,513,018 and more recently by Sunderland in U.S. Patent No.
5,558,898, the waste hot air produced by combustion of natural
gas' with excess air is actually not pure combustion gas, but
rather a mixture of hot air, water and particulate matter (very
fine particles). This hot exhaust mix is drawn from the dryer by
a fan and fed into a cyclone for removal of solid and liguid
matter (hereafter referred to as dust ér-pa;ticulate) from such
waste hot air . for- pollution control. A -single-cyclone ig the
moat widely used of the dry separator having a medium collection
efficiency (80-55% for 15-50 micron size}, a low pressure drop
(2-5 in. water) and a high throughput . (Theédore and Buonicore,

.1976) .

Another method of'treating contaminated air from a food
processing operation in the past has been by direct incinergtion
or wet scrubbing. A scrubber is a system which usee a liguid,
usually water, to achieve the removal of particulates from a gas
stream. Scrubbers (particulate collectors) may be loosely
categorized by pressure drop (inches of water) or energy
consumption (Theodore and Buonicore, 1976): a) Spray chambers
and towers (Knapp, 2000: U.S. Patent No. 6,019,818), for
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example, provide the loweat drop (< 5 in.) . and, correspondingly,-

the lowest collection efficiencles (70-90% for > 10 micron}), h)
Centrifugal fan, atomizing and packed-bed scrubbers have a
medium- drop (5-15 in.) and medium efficiency (90-95%), and «)

'Venturi-type has' the highest drop (> 15 in.) along with the

highest efficiéncy (>99%). In this coﬂnection, a high-pressure
venturi scrubber ' (40 in. water) was used commercially in
treating a medical waste incinerator exhaust gas which not only

. claimed a 44% energy recovery for preheating incinerator or

combustion air, but also complied with particulate EPA-limits
(Andersen, 2001}.

A few food processing plantas Have implemented both energy
recovery and particulate emigaion using wet scrubbers to improve

-process efficiency during dehydration:

For example, West in U.S. patent No. 3,805,686, describes a
batch scrubber system for treating meoist air laden with
particulate matter from a food smoke and drying chamber, cooled
to céﬁdénse liquid and solid out of the air in a dehumidifying
tower, and .reheated for recycling to the smoke chamber without
discharge to the atmosphere. '

Furthermore, Williams in U.S. Patent No. 6,019,819,
discloses another improved scrubber for extracting heat from
contaminated waste steam. Waste gas is ducted from a food fryer

‘to a condensing tower by spraying water into the gas. This
‘cooled waste gas is pulled into a low pressure water washer, and

clean gas ise sucked by a fan and vented.
Many applications for heat recovery included waste hot gas

from a high-temperature process furnace, an incinerator and a .

high-temperature ~ direct-fired dryer. AltHough the  above
described prior art methods are capable ‘in improving energy or
particulate collection efficiency, a low-cogt industrial
application was still unavailable in the market at the time of
the present invention.
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SUMMARY ‘AND OBJECTS OF THE INVENTION

The pﬂrpése- of this .invention -ie to provide a process
improvement by reducing particulate’ matter and extracting heat
and from the waste hot air of a flash dryer and recycle said
heat into the furnace and washer as well.

Another object of the .invention .ie to uese an dindustrial
method not only with a low-energy trapping and scrubbing
apparatus, but also with a food process energy saving. .

_ The above and other objects and advantages of the invention
are achieved through a process improvement and apparatus applied
to the production of nixtamalized corn flour, embodiments of
which include ptre-cocking with a lime solution so as to effect
corn partial cooking, --pre-cooking and washing with reduced
ehergy, stabilizing moisture content to an optimum level for
grinding, milling and flash-dehydration of the milled corm with
reduced energy and particulate emission, dust trapping of a
portion of waste hot air which is reused for preheating
combustion air, wet acrubbing of the remaining waste hot air
where heated water is reused and exhaust air vented, cooling and
drying the dry-milled particles, eeparating and recovering the
fine grind s¢ produced from the coarse grind while the latter is

further aspirated tc remove a hull fraction as corn waste, re-

milling the isolated coarse grind and further sieving it to

obtain a corn flour for tortilla and derivatives thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The scle drawing figure depicts an embodiment of this

invention in flowchart form illustrating the continuous process
improvement for energy and particulate recovery and depicting
gchematically the associated apparatus. '

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The drawing figure shows a pre-cooker 1; a washer 2; a pre-

conditioner 3 with a feeder; a primary mill 4; a furnace 5; a
drie:.: 6 with a fan; a first cyclone separator 7; .a dust trap for

49
A

&
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waste 'hot air B; a wet scrubber 9 for waste hot air; a cooler 10
with an assoclated fan 11; a second cyclcone separator 12; a
Bilfter 13; an aspirator aystem 14; and a secondary mill 15.

The pre-cocker 1 is fed with a corn and lime mixture into
which hot water recycled from the washer 2 is introduced to form:
an agueous: suspension which is also heated by steam. .By
regulating the steam heating along with the kernel residence
time, it is possible to precook the corn to a temperature of
from about 75° to about 34°C for a period of 20 to 45 minutes.
This allowse the precocked kermel to be produced at wmoisture
contents of between 32% and 37%, while the pH is raised to about
9 to 12 with lime. Wastewater in the process is replaced with
recycled hot water from the washer 2, which is regulated to
maintain the waste solids of the cooker suspension in the range
from about 1.0% to about 3.0%. The incoming 'corn quality,
cooking time-temperature profile and process have been propesed
as .the " main factors that determine the organic load in
wastewater or “nejayote” (Ramirez and Alvarez, 1595; Jackson and
Sahai, 2001}.

The partially cocked corn suspension 1s passed to a washer
2 wherein it 1s sprayed with steam heated water at a temperature
of about 60° to 70°C and also with hot water at about 53° to
5B°C for 30-60 geconds, recycled from the wet scrubber 9, which

-gerves to wash off exceses waste solids.

The washed corn is thereafter passed to a pre-conditioner 3
wherein the precooked corn is tempered to achieve a woisture
content of 34-39% for 20-210 minutes.

.Thereafter, the preconditioned ‘corn is fed through a
feeder, whose design ie known per se, to a primary mill 4 such
that the milled corn and recycled hot air coming from a furnace .
5, are mixed and partially cooked hy a dryer 6 whose design ig
known per se. This milled corn kernel is thereby dried at.a high
temperature and short time profile, and is. partially dried to
yield a moisture content of 16% to about 18% depending on the
desired particle size.

Waste hot air laden with particulate and moisture is
extracted from the dryer & with a specially designed fan and fed
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into a first cyclone separator 7 for solids removal from such
waste hot air. Afterwaxrds, the waste hot alr (127°C to about
138°C, and 13% to about 15% moiasture) is equally.fea into a dust
trap 8 and a wet scrubber 9 for further particulate extraction.

A portion of the waste hot air is drafted into a low-
pressure dust trap 8 wherein it is removed from particulate. The
cleaned hot air (127°C to 138°C) is reused and mixed for
preheating combustion air in the furnace 5 wherein natural gas
is used. Collected solids are removed as waste. _

The remaining waste hot air is cocurremtly coocled and
cleaned downflow-by water spray nozzles inside the wet scrubber
9, under a low-preasure drop and a low liquid to gae ratio. The
hot water is recycled to the washer 2 while wet coarse solids
are igolated as corn waste, At the éaﬁe time, a coocl and clean
hot air (96°C to about 104°C, and 15% to about 18% moisture) is
vented through an exhaust manifeld. ‘ )

Moisture laden-wém air is removed from the dry material
through a cooler 10 with an assceciated fan 11, thus. further
reducing the -moisture content from 16-18% to about 9-12%
depending upon the shelf-life of the corn flour.

After further extraction of the moisture with a second

. cyclone separator 12 wherein the warm exhaust air (43°C to 52°C)

is vented, the precoocked dry flour is directed to a sifter 13
wherein the fine grind is separated as corn flour and the coarse
grind is further.procéssed. -

The latter coarge grind i1e further separated in the
aspirator system 14 .wherein two fractions are obtained, a light
hull fraction which i8 isolated as waste for feed with a
moisture content between 9% to 12 % (representing from-.abouf 3%
to 5% of the total weight of incoming corm), and a heavy coarse
fraction that is re-milled in a secondary mill 15. The milled
product from secondary mill 15 is recycled to the gifter 13 for
further sieving and producing a homegenecus corn flour for
tortilla and the like. '

The low-preasure dust trap of the pregent invention results
in a 78% reduction in particulate matter emission flowrate and
from a 36% to about 38% reduction in load emission (40 CFR, part

—
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60, BAppendix A-EPA} with correspondingly lower environmental
costa. It .alsoc achieves a 25% to -about 30% energy recovery in
the furnace by recycling the waste hot air, as compared to the
conventional process. .

In this method, the low-pressure wet scrubber results in a..
range of 75% to 81% decrease in particulate emimssion matter
flowrate and from a 65% to about 72% decrease in load emission
(40 CFR, part 60, Appendix A-EPA), with correspondingly lower
energy costa, ag compared to the industrial procegs.
Furthermore, the low liguid to waste hot air ratio in the
scrubber allowa a 20% to about 25% reduced energy usage in the
washer and pre-cooker by reusing such hot water with
corregpondingly lower water usage costs. ) _

From the foregoing, it will be apparent that it is posaible
to inprove a n:[xtamali;zed corn flour process with low-cost
industrial apparatus which 1s efficient because of a reduced
energy consumption and particulate emission, wherein the
recovery -of thia loss results in a higher energy saving and a
lower pollution from waste hot air than would have been poseible
absent the featuree of this invention.

While the present invention has been described above in

connection with the embodimente of this invention herein

illustrated and described in detail and with publighed
references, these are by way of " i1llustration and not of
limitation. After reading thie disclosure, it will be apparent
to those skilled in this art that +various changes and
modifications can be made without departing from the spirit and
scope of the present invention.:

-—
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We claim:

1. A process for energy and particulate .recovery during

production of nixtamalized corn flour, comprising the steps of:
5 pre-cooking corn kernel using steam and a lime solution to
effect partial cooking of the corn kernmel, .
washing the precooked corn kernel with steam heated water
and hot water that is recycled from a downstream scrubbing of
waste hot air; : -
10 gtabilizing a moisture content of said washed and precooked
' corn kernel to within a predetermined range, . _ -
milling sald stabilized corn kermel and flash di'ying said
milled corn kernel using a furnaée, preducing waste hot air, the
furnace receiving as preheated combustion air recycled cleaned
15 hot air, . ]

dust trapping a first portion of the waste hot air for
particulate remOVa‘l to produce the cleaned hot air fed to the
furnace, ' '

wet scrubbiﬁg a sgecond portion of the waste hot air with

il] water a@praying for particulate extraction to produce said hot
water used in the washing step,

cooling and drying said dry-milled particles with ambient
air having a low moisture content,

" separating and recovering said dry milled particles :i.nt;a a

25 finer fractiom, under 25 to 60 mesh, and a coarser fractlon that
is further aspirated to remove corn hull ar waste and thereafter
re-milled,

collecting the finer fraction with a predetermined mize as
corn flour. '

30 "

2. The method according to claim 1 wherein said hull and
particulate collected after the dust trapping and scrubbing
steps is a fract\ion representing from 3% to about 5% of the
total weight of ciorn kernel.

35 ‘

3. The method according to claim 1, further comprising

recycling the re-milled coarser fraction.
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4. . The ‘method of c¢laim 1, wherein the washing atep
produces heated water, the heated water being recycled ae an.
input to the pre-cocking atep.

5. The method of claim 1, wherein the hot water produced
by the wet scrubbing step and used in the washing atep has a
temperature in the range of about 53°C to 58°C.

6. The method of e¢laim 1, whereln the predetermined
molsture range of the precooked coxrn kermel at an end of the
gtabilizing step is 34% to about 35%.

]

7. The method of .claim 6, wherein the stabilizing step is .

performed for between 20 and 210 minutes. '

8. The method of claim 1, wherein the flash drying step is
performed until the milled corm kernel has a moisture content in
the range of about 16% to 18%.

9. The method of claim 1, wherein the waste hot' air
produced by the flash drying step has a temperature in a range
of 127°C to about 138°C.

"10. The method of claim 9, wherein the waste hot air
produced by the flash drying step has a moisture content in a
range of 13% to about 15%. ’

11. The method of claim 1, wherein the waste hot air
produced by the flash drying astep 1s distributed egqually between
the first and second portiona. '

12. The method of claim 1, wherein the furnace is fueled
by natural gas.

13. A device for producing nixtamalized corn flour
comprieing:
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a washer connected to :receive an output of the pre-cocker,
the washer having a steam-heated water input and a1hot water
1nput; ) .
' a pre-conditioner and feeder connected to receilve an output
of the washer; _

a wmill connected to receive an output of the pre-
conditioner and feeder, the mill having an input delivering hot
alr from a furnace;

a drier and fan connected to receive an output of thg'mill;'

a ‘first cyclone connected to receive an output of the drier
and fan; - .

a cooler comnected to receive an output of the first
cyclone; ' '

a fan comnected to receive an output of the cooler;

a sgecond cyclone connected to receive aﬁ output of the fan;
and '

a gifter; .

wherein at least some of the hot water input to the washer
is recycled to the pre-cocker; and

wherein the first cyclone is connected to a dust trap and a

wet scrubber so that waste hot air is passed te both the dust
trap and the wet scrubber, the dust .trap being connected to the
_furnace to provide cleaned hot air thereto, the wet scrubber
being connected to the washer to provide the hot water thereto.

14, 'A device for producing nixtamalized corn Fflour
comprising:

a pre-cooker having a steam input;

a washer comnnected to receive an output of the pre-cooker,
the washer‘having a steam-heated water imput and a hot water
input; '

a pre-conditioner and feeder connected to receive an output
of the washer; ,

a mill connected to receive an output of the pre-
conditioner and feeder, the mill having an input delivering hot

air from a furnace;

10
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a pre-cooker having a steam input;
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]

a drier and fan connected to-receive an output of the mill;
and ' . )

a ‘firgt cyclone cqnnecﬁed to receive an output of the drier
and fan; :

wherein at least some of the hot water input to the washer
is recycled to the pre-cooker.

15. The device of claim 14, wherein the first cyclone is
connected to a dust trap so that a first portion of waste hot

.air -is passed thereto, 'the dust trap being connected to the

furnace to provide cleaned hot air thereto.

16. The device of claim 15, wherein the first cyclone is
further connected to a wet scrubber sc that a second portidn of
the waste hot air is  passed to the wet scrubber, the wet
scrubber being connected to the washer to provide the hot water
thereato. )

17. The device of claim 16, wherein the waste hot air
produced by the first cyclone is divided equally between the
dust trap and the wet scrubber.

18. The 'apparatus according to claim 17, wherein energy

~consumption is reduced from' 25% to about 30% by trapping and

recycling the waste hot air.

19. The apparatus in accordance to claim 17, wherein
energy use is reduced from 20% ‘to about 25% by said wet
scrubbing of the remaining wagte hot air.

20. The apparatus of claim 13, wherein said particulate

matter emission is reduced in a raﬁge of 75% to about 81% by
entrapping and scrubbing particulate from maid waste hot air.

11
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flour, by precooking with & lime solntion to effect partial cooking, redoced energy use for pre-cooking and washing by recycling
~. hot weler. Next, moisture content is stabilized, and the corn is milled and dried in a super-heated stream of air with reduced energy
consumpton by recycling waste hot air. Dust trapping is performed on & portion of waste hot air which is reased for preheating
combustion air. Wet scrubbing of the remaining waste hot air is performed where heated water is reused and exhaust air vented,
o Cooling and further drying of the dried-milled particles follows. A finc grind or flour is separated and recovered from the coarse
grind which is also aspirated 1o isatate a ] fraction et com waste along with particulate collected after entrapping and scrubbing
waste hot air. Re-mifling and sieving the coarse grind prodoces a com flour for tortilla and the like.
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(54) Titulo: PROCESO Y APARATO PARA ELABORAR HARINA DE MAIZ NIXTAMALIZADO

(57) Extracto: Un mejoramiento de un proceso y de un aparato para recuperacién de energia y particulado
durante la produccion de harina de malz nixtamalizado, pre-cociendo con una solucién de cal para lievar a
L~ cabo un cocimiento parcial, uso reducido de energia para el pre-cocimiento y lavado reciclando agua caliente.

, Se estabiliza el contenido de humedad, y el malz se muele y seca en una carriente super-

calentada de aire con consumo reducido de energia reciclando el aire caliente de desecho. El atrapamierito
del polvo se realiza en una porcidon del aire caliente de desecho que se reutiliza para precalentar el aire de

combustion.

La depuracion humeda del aire caliente de desecho restante se efectua donde se reutiliza el

agua calentada y el aire de escape se descarga a la atmédsfera. Luego vienen el enfriamiento y posterior
N\ secamiento de las particulas mofidas secas. Un molturado fino o harina se separa y recupera de! molturado
grueso, el cual se aspira asimismo para aislar una fraccion de cascarilla como desecho de maiz, junto con el
particulado recogido después de atrapar y depurar el aire caliente de desecho. La re-molienda y cernido del
molturado grueso produce una harina de maiz para tortilla y similares.
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MEJORAMIENTO DE UN PROCESO DE HARINA DE MA{Z
NIXTAMALIZADO Y APARATO PARA RECUPERAR CALOR Y
REDUCIR LA EMISION DE PARTICULADO DEL AIRE
CALIENTE DE DESECHO

ANTECEDENTES DE LA INVENCION

1. Campo de la Invencion

La presente invencion se refiere a un sistema de alimentos para
recuperar el calor y evitar la contaminacion del aire caliente de desecho.
después de la deshidratacion del maiz nixtamalizado y, mas
particularme_nte, se relaciona con el mejoramiento de un proceso que
involucra recuperacion de calor del aire caliente de desecho cargado con
particulado, producido después del secamiento instantineo, especialmente
maiz molido y similares, y para minimizar la emision de particulado en el
tubo de escape descargada a la atmosfera y en el agua caliente reciclada al

proceso.

2. Descripcion del Arte Relacionado

La harina de maiz nixtamalizado (NCF, por sus siglas en inglés) se
produce convencionalmente por cocimiento alcalino de maiz de grado
alimenticio bajo presion atfnosférica, remojo y lavado, moliendo el maiz
parcialmente cocido (nixtamal) y secandolo para producir harina de masa
de maiz. A nivel industrial o comercial, los pasos de "molido y
deshidratacion" son factores importantes de costo. En cualquier caso, la
disponibilidad de una harina instantanea tiene muchas ventajas, tales como
vida en estante (4 a 8 meses), menos trabajo, menor uso de agua y energia
para el cliente. Cualquier método que pueda disminuir el tiempo y el costo,
y producir aun un maiz nixtamalizado aceptable o un producto de harina
para masa por unidad de maiz crudo, seria ventajoso para ei cliente final.

Combinar tecnologias de eficiencia de energia y prevencion de la

contaminacion constituye una oportunidad de alinearse entre el negocio, los
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defensores del medio ambiente y los organismos reguladores. El uso
eficiente de los recursos es clave para un desarrollo sostenible y la ecologia
industrial. La recuperacion de energia y la energia renovable han aportado
mas del 80% en los requerimientos crecientes de enefgia de los Estados

Unidos desde 1973 ($0.25 USD/MM-Btu). Pero dados los precios bajos de

hoy para el gas natural ($1.5-2.2 USD en 1997 y $3 USD a mediados de

2001: oilnergy.com), no ocurriran reducciones realistas en las emisiones de
dioxido de carbono sin programas nacionales concertados e incentivos para
estimular la adopcidén méas rapida de energia eficiente y renovable, asi como
gas natural. El €xito y la rentabilidad de este enfoque se han comprobado
redisefiando o mejorando procesos: reducir/reciclar/revender desecho,
reducir el uso de energia y las emisiones (Acee, 1997).

En este sentido, se¢ hace referencia a las siguientes patentes de los
Estados Unidos: 4,594,260, 5,176,931, 5,532,013, 6,025,011 y 6,265,013
que requieren un secamiento a baja temperatura. No obstante las patentes
de los Estados Unidos 4,513,018, 5,558,898 v 6,068,873 solo utilizaban una
deshidratacion de corto tiempo a alta temperatura, sin un sistema de
recuperacion de calor. Estos métodos del arte previo para la produccion
industrial de maiz y harina para masa involucran un cocimiento acelerado
con cantidades reducidas de agua, junto con tiempos de procesamiento
cortos, asi como bajos requerimientos energia para un alto rendimiento del
producto final.

Como se menciond previamente por Rubio en la Patente de los
Estados Unidos No. 4,513,018 y, mas recientemente, por Sunderland en la
Patente de los Estados Unidos No. 5,558,898, el aire caliente de desecho
producido por la combustion de gas natural con exceso de aire no es
realmente gas de combustidon puro, sino mas bien una mezcla de aire
caliente, agua y material particulado (particulas finisimas). Esta mezcla de
escape caliente se extrae del secador por un ventilador y se alimenta en un
ciclon para el retiro de material solido y liquido (denominado, en lo
sucesivo, polvo o particulado) de dicho aire caliente de desecho para

control de la contaminacion. Un ciclén Gnico es el usado mas ampliamente

&
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del separador de aire que tiene una eficiencia de recoleccion media (80- é)
95% para tamafios de 15-50 micrones), una baja caida de presion (2-5
pulgadas de agua) y un rendimiento elevado (Theodore y Buonicore, 1976).

Otro método de tratar aire contaminado, proveniente de una operacion
de procesamiento de alimentos, ha consistido en el pasado en la
incineracion directa o depuracion hameda. Un depurador es un sistema que
utiliza un liquido, usualmente agua,  para obtener la eliminacion de
particulados de una corriente de gas. Los depuradores (colectores de -
particulado) pueden clasificarse en lineas generales en categorias por caida
. de presion (pulgadas de agua) o consumo de energia (Theodore y.
Buonicore, 1976): a) camaras de aspersion y torres (Knapp, 2000: patente -
de los Estados Unidos No. 6,019,818), por ejemplo, proporcionan la caida
mas baja (< 5 in.} y, correspondientemente, las eficiencias de recoleccion
mas bajas (70-90% para > 10 micrones), b) depuradores con ventilador
centrifugo, atomizacion y lecho empacado tienen una caida media (5-15 in.)
y una eficiencia media (90-95%), y c) el tipo venturi tiene la caida mas alta
(> 15 in.) junto con la eficiencia mas elevada (>99%). En este sentido, un
depurador de venturi de alta presion (40 in. de agua) su u_s() comercialmente
en tratar un gas de escape en un incinerador de desechos hospitalarios que
no solo aducia una recuperacion de energia del 44% para precalentar el
incinerador o aire de combustion, sino que, ademas, cumplia los limites de
la EPA (Agencia de Proteccion Ambiental de los Estados Unidos) para
particu]adbs (Andersen, 2001). |

Unas cuantas plantas de procesamiento de alimentos han
implementado la recuperacion de energia y 'la emisién de particulado
utilizando depuradores hiimedos para mejorar la eficiencia del ‘proceso
durante la deshidratacion:

Por ejemplo, West en la Patente de los Estados Unidos No..
3,805,686, describe un sistema depurador en lotes para tratar aire himedo
cargado con material particulado proveniente de una camara de ahumado y
secamiento de alimentos, enfriada para condensar liquidos y solidos del

aire en una torre de deshumidificacion, y recalentada para reciclarlos a la
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camara de humos sin descarga a la atmosfera.

Mas atn, Willlams en la Patente de los Estados Unidos No.
6,019,819, divulga otro depurador mejorado para extraer calor de vapor de
desecho contaminado. El gas de desecho se conduce por medio de tubos
desde una freidora de alimentos a una torre de condensacion, rociando
agua en el gas. Este gas de desecho enfriado se arrastra a un lavador de
agua a baja presion, y se aspira y se descarga gas limpio al aire mediante
un ventilador.

Muchas aplicaciones para la recuperacion de ecalor incluian gas
caliente de desecho proveniente de un homno de procesamiento a alta
temperatura, un incinerador y un secador alimentado directamente a alta
temperatura. Aungue los métodos del arte previo descritos anteriormente
estan en capacidad de mejorar la eficiencia de la energia o recoleccion de
particulado, hasta ahora no se hallaba disponible en el mercado una

aplicacion industrial a bajo costo al momento de la presente invencion.

SUMARIO Y OBJETIVOS DE LA INVENCION

El propodsito de esta invencidn es proporcionar una mejora de un
proceso reduciendo el material particulado y extrayendo calor del aire
caliente de desecho de un secador instantaneo y reciclar dicho calor tanto al
homo como al lavador.

Otro objetivo de la invencidn es utilizar un método industrial no sélo
con un aparato atrapador y depurador de baja energia, sino también con un
ahorro de energia en procesamiento de alimentos.

El anterior y otros objetivos y ventajas de la invencion se logran
mediante una mejora de un proceso y un aparato aplicados a la produccion
de harina de maiz nixtamalizado, cuyas incorporaciones incluyen pre-cocer
con una solucion de cal, de manera que el cocimiento parcial del maiz, el
pre-cocimiento y lavado se lleven a cabo con energia reducida, estabilizar
el contenido de humedad a un nivel optimo para el triturado, molienda y
deshidratacion instantanea del maiz molido con energia y emision de

particulado reducidas, atrapar polvo de una porcion de aire caliente de
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desecho, el cual se reutiliza para precalentar el aire de combustion,
depuracion humeda del aire caliente de desecho remanente donde el agua
calentada se reutiliza y el aire de escape se descarga al aire, enfriar y secar
las particulas molidas secas, separar y recuperar el molido fino asi
producido a partir del molido grueso, mientras que éste ultimo se sigue
aspirando para retirar una fraccion de cascarilla como desecho de maiz, re-
moler el molido grueso aislado y continuar cerniéndolo para obtener una

harina de maiz para tortilla y sus derivados.
BREVE DESCRIPCION DE LOS DIBUJOS

La figura unica de dibujo representa una incorporacién de esta
invencion en forma de un diagrama de flujo que ilustra el mejoramiento de
un proceso continuo para recuperacion de energia y particulado y que

describe de manera esquematica el aparato asociado.

DESCRIPCION DETALLADA DE INCORPORACIONES
PREFERIDAS

La figura de dibujo muestra un pre-cocedor 1; un lavador 2; un pre-
acondicionador 3 con un alimentador; un molino primario 4; un horno 3; un
secador 6 con un ventilador; un primer separador de ciclén 7; una trampa
de polvo para aire caliente de desecho §; ﬁn depurador himedo 9 para aire
caliente de desecho; un enfriador 10 con un ventilador asociado 11; un
segundo separador de ciclon 12; un cribador 13; un sistema aspirador 14; y
un molino secundario 15.

El pre-cocedor 1 se alimenta con una mezcla de maiz y cal en la cual
se introduce agua caliente reciclada del lavador 2 para formar una
suspension acuosa que se calienta igualmente por vapor. Regulando el
calentamiento por vapor junto con el tiempo de residencia del grano, es
posible precocer el maiz a una temperatura de desde alrededor de 75° a

alrededor de 94°C durante un periodo de 20 a 45 minutos. Esto permite

%/ﬁ
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producir el grano precocido con un contenido de humedad de entre 32% y
37%, mientras que el pH se eleva a alrededor de 9 a 12 con cal. El agua de
desecho en el proceso se reemplaza con agua calientereciclada del lavador
2, el cual se regula para mantener los solidos de desecho de la suspension
del cocedor en el rango desde alrededor de 1.0% a alrededor de 3.0%. La
calidad del maiz entrante, el perfil tiempo de coccion-temperatura y el
proceso se han propuesto como los factores principales que determinan la
carga organica en ¢l agua de desecho o "nejayote" (Ramirez y Alvarez,
1995; Jackson y Sahai, 2001).

La suspension del maiz parcialmente cocidp se pasa a un lavador 2
en donde se rocia con agua calentada con vapor a una temperatura de
alrededor de 60° a 70°C y ademas con agua caliente a alrededor de 53° a
58°C durante 30-60 segundos, reciclada del depurador himedo 9, el cual
sirve para eliminar por lavado €] exceso de solidos de desecho.

El maiz lavado se pasa seguidamente a un pre-acondicionador 3 en
donde el maiz pre-cocido se atempera para lograr un contenido de
humedad de 34-39% durante 20-210 minutos.

Mas tarde, el maiz pre-acondicionado se alimenta a través de un
alimentador, cuyo disefio es conocido de por si, a un molino primario 4 tal
que ¢l grano molido y el aire caliente reciclado proveniente de un horno 5,
se mezclan y se cocinan parcialmente por un secador 6 cuyo disefio es
conocido de por si. En consecuencia, este grano de maiz molido se seca a
un perfil de alta temperatura y tiempo corto, y se seca parcialmente para
producir un contenido de humedad de 16% a alrededor de 18%
dependiendo del tamafio de particula deseado.

Aire caliente de desecho cargado con particulado y humedad se
extrae del secador 6 con un ventilador especialmente disefiado y se
alimenta en un primer separador de ciclon 7 para retiro de los solidos de
dicho aire caliente de desecho. Acto seguido, el aire caliente de desecho
(127°C a alrededor de 138°C, y 13% a alrededor de 15% de humedad) se
alimenta igualmente a una trampa de polvo 8 y un depurador himedo 9

para extraccion adicional de particulado.
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Una porcion del aire caliente de desecho se succiona a una trémpa de
polvos de baja presion 8 en donde se retira del particulado. El aire caliente
limpio (127°C a 138°C) se reutiliza y se mezcla para pre-calentar el aire de
combustion en el horno 5, en donde se usa gas natural. Los solidos
recolectados se eliminan como desecho.

El aire caliente de desecho remanente se enfria simulté.negmente y se
limpia corriente abajo por toberas de rociado de agua al interior del
depurador htimedo 9, bajo una caida de baja presién y una baja relacion
liquido a gas. El agua caliente se recicla al lavador 2 mientras que los
solidos gruesos humedos se aislan como desecho de maiz. Al mismo
tiempo, un aire frio y caliente limpio (96°C a alrededor de 104°C, y 15% a
alrededor de 18% de humedad) se descarga a la atmdsfera mediante un
multiple de escape.

El aire caliente con carga de humedad se retira del material seco
mediante un enfriador 10 con un ventilador asociado 11, reduciendo asi atin
mas el contenido de humedad desde 16-18% a alrededor de 9-12%,
" dependiendo de la vida en estante de la harina de maiz.

Luego de una extraccion adicional de la humedad con un segundo
separador de ciclon 12, en donde el aire de escape caliente (49°C a 52°C) se
descarga a la atmosfera, la harina seca pre-cocida se dirige a un cribador 13
en donde el molido fino se separa como harina de maiz y el molido grueso
se sigue procesando.

El ultimo molido grueso se separa ain mds en el sistema aspirador 14
en donde, se obtienen dos fracciones, una fraccion liviana de cascarilla que
se aisla como desecho para alimentarla con un contenido de humedad entre
9% a 12 % (representando desde alrededor de 3% a 5% del peso total del
maiz que entra), y una fraccion gruesa pesada que se remuele en un molino
secundario 15. El producto molido del molino secundario 15 se recicla al
cribador 13 para cernirlo ain mas y producir una harina de maiz
homogénea para tortilla y similares.

La trampa de polvo de baja presion de la presente invencion resulta

~en una reduccion del 78% en el caudal de salida de emision de material




P
PN
¥,
4
Y

WO 03/063594 PCT/US03/02756

particulado y desde una reduccion de 36% a alrededor de 38% en la
emision de 'carga (40 CFR, parte 60, Apéndice A-EPA) con costos
ambientales correspondientemente mas bajos.  Asimismo logra una
recuperacion de energia de 25% a alrededor de 30% en el horno,
reciclando el aire caliente de desecho, comparada con el proceso
convencional.

En este método, el depurador humedo de baja presion resulta en un
rango de disminucion de 75% a 81% en el caudal de salida de material de
emision de particulado y una disminucion desde 65% a alrededor de 72%
en 1a emision de carga (40 CFR, parte 60, Apéndice A-EPA), con costos de
energia correspondientemente menores, comparadas con el proceso
industrial. Mas ain, la baja relacion de liquido a aire caliente de desecho en
el depurador permite una utilizaciéon reducida de energia de 20% a
alrededor de 25% en el lavador y el pre-cocedor, reutilizando tal agua
caliente con costos de utilizacién de agua correspondientemente mas bajos.

De lo anterior, serd evidente que es posible mejorar un proceso de
harina de maiz nixtamalizado con un aparato industrial de bajo costo que es
eficiente debido a un consumo y emision de particulado reducidos, en
donde la recuperacién de esta pérdida resulta en un ahorro mas alto de
energia y una menor contaminacion a partir del aire caliente de desecho de
lo que habria sido posible en ausencia de las caracteristicas de esta
invencion.

Aunque la presente invencién se ha descrito anteriormente en
conexion con las incorporaciones de esta invencion ilustradas aqui y
descritas en detalle con referencias publicadas, éstas son a manera de
ilustracion y no de limitacion. Luego de leer esta divulgacién, sera
evidente a aquellas personas expertas en el arte que pueden hacerse varios
cambios y modificaciones, sin apartarse del espiritu y el ambito de la

presente invencion.

\
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Reivindicamos

1. Un proceso para recuperacion de energia y particulado durante la
produccion de harina de maiz nixtamalizado, que comprende los pasos de:

pre-cocer grano de maiz usando vapor en una solucion de cal para
realizar la coccidn parcial del grano de maiz,

lavar el grano de maiz pre-cocido con agua calentada con vapor y
agua caliente que se recicla de una depuracidn, corriente abajo, de aire
caliente de desecho,

estabilizar un contenido de humedad de dicho grano de maiz lavado y
pre-cocido hasta dentro de un rango predeterminado,

moler dicho grano de maiz estabilizado y secar instantaneamente
dicho grano de maiz molido usando un horno, produciendo aire caliente de
desecho, recibiendo el horno como aire de combustién precalentado aire
caliente limpio reciclado,

atrapar polvo de una primera porcion del aire caliente de desecho para
retiro del particulado para producir el aire caliente limpio alimentado al
hormo,

depurar en himedo una segunda porcion del aire caliente de desecho
con atomizacion de agua para extraccion de particulado para producir dicha
agua caliente usada en el paso de lavado,

enfriar y secar dichas particulas molidas secas con aire ambiente que
tiene un bajo contenido de humedad,

separar y recuperar dichas particulas molidas secas en una fraccion
mas fina, mediante malla 25 a 60, y una fraccion mas gruesa que se sigue
aspirando para retirar la cascarilla del maiz como desecho y, a renglon
seguido, se remuele,

recoger la fraccion mas fina con un tamafio predeterminado como

harina de maiz.

2. El método de acuerdo con la reivindicacion 1 en donde dicha

cascarilla y particulado, recogidos después de los pasos de atrapamiento de
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polvo y depuracion, es una fraccion que representa desde 3% a alrededor de

5% del peso total del grano de maiz.

3. El método de acuerdo con la reivindicacion |, que comprende

ademas reciclar la fraccion mas gruesa re-molida.

4. El método de la reivindicacion 1, en donde el paso de lavado
produce agua calentada, reciclandose el agua calentada como un insumo al

paso de pre-cocido.

5. El método de la reivindicaciéon 1, en donde el agua caliente
producida por el paso de depuracion humeda y usada en el paso de lavado

tiene una temperatura en el rango de aproximadamente 53 °C a 58°C.

6. El método de la reivindicacion I, en donde el .rango de
humedad predeterminado del grano de maiz pre-cocido al final del paso de

estabilizacion es de 34% a alrededor de 39%.

7. El método de Ia reivindicacion 6, en donde el paso de

estabilizacion se lleva a cabo durante entre 20 y 210 minutos.

8. El método de la reivindicacion 1, en donde el paso de secamiento
instantaneo se lleva a cabo hasta que el grano de maiz tiene un contenido de

humedad en el rango de alrededor de 16% a 18%.

9. El método de la reivindicacion 1, en donde el aire caliente de
desecho producido por el paso de secamiento instantaneo tiene una

temperatura en un rango de-127°C a alrededor de 138°C.
10. El método de la reivindicacion 9, en donde el aire caliente de

desecho producido por el paso de secamiento instantdneo tiene un

contenido de humedad en un rango de 13% a alrededor de 15%.

10
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11. El método de la reivindicacion 1, en donde el aire caliente de
desecho producido por el paso de secamiento instantineo se distribuye

igualmente entre las porciones primera y segunda.

12. El método de la reivindicacion 1, en donde el horno de alimenta

con gas natural.

13. Un dispositivo para producir harina de maiz nixtamalizado
que comprende: |

un pre-cocedor que tiene una entrada de vapor;

un lavador conectado para recibir una salida del pre-cocedor, teniendo
el lavador una entrada de agua calentada por vapor y una entrada de aire
caliente;

un pre-acondicionador y un alimentador conectados para recibir una
salida del lavador,;

un molino conectado para recibir una salida del pre-acondicionador y
alimentador, teniendo el molino una entrada que entrega aire caliente de un
horno; _

un secador y ventilador conectados para recibir una salida del molino;

un primer ciclon conectado para recibir una salida del secador y
ventilador;

un enfriador conectado para recibir una salida del primer ciclon;

un ventilador conectado para recibir una salida del enfriador;

un segundo ciclon conectado para recibir una salida del ventilador; y

un cribador;

en donde por lo menos alguna de la entrada de agua caliente al
lavador se recicla al pre-cocedor; y

en donde el primer ciclon se conecta a una trampa de polvo y a un
depurador himedo, de manera que ¢l aire caliente de desecho pase a la
trampa de polvo y al depurador hiimedo, conectandose la trampa de polvo

al horno para proporcionarle aire caliente limpio, conectindose el

11
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depurador himedo al lavador para proporcionarle el agua caliente.

14. Un dispositivo para producir harina de maiz nixtamalizado que
comprende:

un pre-cocedor que tiene una entrada de vapor;

un lavador conectado para recibir una salida del pre-cocedor, teniendo
el lavador una entrada de agua calentada con vapor y una entrada de agua
caliente;

un pre-acondicionador y alimentador conectado para recibir una
salida del lavador;

un molino conectado para recibir una salida del pre-acondicionador y
alimentador, teniendo el molino una entrada que entrega aire caliente de un
horno;

un secador y ventilador conectados para recibir una salida del molino;

un primer ciclén conectado para recibir una salida del secador y
ventilador;
en donde por lo menos alguna de la entrada de agua caliente al

lavador se recicla al pre-cocedor.

15.  El dispositivo de la reivindicacion 14, en donde el primer ciclon
se conecta a una trampa de polvo de manera que una primera porcion de
aire caliente de desecho se pase a ella, conectandose la trampa de polvo al

horno para proporcionarle aire caliente limpio.

16. El dispositivo de la reivindicacion 15, en donde el primer ciclon
se conecta ademas a un depurador himedo de manera que una segunda
porcidn del aire caliente de desecho pase al depurador himedo,
conectandose él depurador humedo al lavador para proporcionarle el agua

caliente.

17.  El dispositivo de la reivindicacion 16, en donde ¢l aire caliente

12
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de desecho producido por el primer ciclon se divide igualmente entre la

trampa de polvo y el depurador himedo.

18. El aparato de acuerdo con la reivindicaciéon 17, en donde el
consumo de energia se reduce de 25% a alrededor de 30% atrapando y

reciclando el aire caliente de desecho.

19.  El aparato de acuerdo con la reivindicacion 17, en donde el
uso de energia se reduce de 20% a alrededor de 25% por dicha depuracion

humeda del aire caliente de desecho remanente.
20. El aparato de la reivindicacion 13, en donde dicha emision de

material particulado se reduce en un rango de 75% a alrededor de 81%

atrapando y depurando particulado de dicho aire caliente de desecho.

13




WO 03/063594 PCT/US03/02756

! ?
| 8 @ ’ ENFRI-ADOR |

AGUA DE
DESECHO )€ \L
A "
AGUA DE YENTILADOR
DESECHO
W
DESFOGUE
LAVADOR J,
AGUA 12 ‘
< CALIENTE SEGUNDO J
A CICLON
€
3 A 4 v
13
PRE-
ACONDICIONADOR CRIBADOR

GAS l \[
NATURAL
@ MOLIDO MOLIDO JH

GRUESO FINO
MOLINO 5 J,
AIRE __| : 14
CALIENTE
HORNO ASPIRADOR
6 v
SECADOR Y 15 W
VENTILADOR
AIRE MOLINO
{CALIENTE
k4 8
7 S v
PRIMER “| TRAMPA DE —f\>( DESECHO \
CICLON DE MAIZ
10 POLVO A HARINA DE
\L MAIZ
O 0
~ |
~“| DEPURADOR

HGMEDOJ,

AIRE DE ESCAPE

14




(19) World Intellectunl Property
Organiration
Intzrnational Burean

{(43) International Publication Date

P A O R A AN R

(10) Intiermational Publication Number

WO 2003/063594 A3

7 August 2003 (07.08.2003) PCT
{51)' International Patent Clasdflcation: A23L 1/00
{21) Internatiomal Application Number:
‘ PCT/USZ003/002756

(22) International Fillng Date: 31 January 2003 (31.01.2003)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

10059 331 31 January 2002 (31.01.2002) US

- (71) Appleant (for all designated States except US): GONZA-

63594 A3 |10 0000 0 00 000 A OO 6 R

LEZ BARRERA, Roberto [MX/MX]; Lomas de Chapu)-
tepec, Delegecion Miquel Hidalga, MX (M30).

(72) lpveniors; and

(75) Inventors/Applicants (for US oniy: RUBIO, Manued,
J. [U8AJ8]; 1621 Collins Avenoe, Whrami Beach, FL
33139 (US). CONTRERAS, Roberto [MX/MX], R
Cortines 2002 Qte, Guadalupe, N.L. 67110 (MX). SOSA,
Francisco [MX/MX], R. Cortines 2002 Ote, Guadalupe,
N.L. 67110 {MX).

(74) Agent: JENSEN, Erlc;, /o YOUNG & THOMPSON, 745
South 23rd Street, Second Floor, Arlington, Virgima 22202
(US).

(81) Destgnated States (naiional): AE, AG, AL, AM, AT, AU, -

AZ BA,BB, BG, BR, BY,BZ, CA, CH, CN, CO, CR, CU,
CZ, DL, DK, DM, DZ,EC, IE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, 1D, IL, IN, TS, IP, KE, KG, KP, KR, KZ LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, 5C, 5D, SE,
§G, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Deslgnated States (rrglonal): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, 5Z, TZ, UG, ZM, IW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Burapean patent (AT, BE, BG, CH, CY. CZ, DE, DK, EE,
ES, FL FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, 81,
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17: i

—  asio the applicant’s entitlanent 1o claim the priority of the
eorlier application (Rule 4.17(1li)} for the following desig-
nations AE, AG, AL AM, AT, AU, AZ, BA, BB, BG, BR, BY,
BZ CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC,

EE, ES, Fi, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,

JP KE, KG, KP, KR, K2, LC, LK, LR, LS, LT, LU, LY, MA,
MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM, PH, PL,
PT, RO, RU, SC, 8D, SE, SG, SK, 8L, TJ, TM, TN, TR, TT,
TZ UA, UG, UZ VC, VN, YU ZA, ZM, ZW, ARIPQ patent
(GH, GM, KE. LS MW, MZ, SD, SL. SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patens (AT, BE, BG, CH, CY, CZ, DE, DX, EE,
ES, FlI, FR, GB, GR, HU, IE, IT, LU, MC, NL, FT, SE, 5],
5K, TR), OAPI patent (BF, B, CE CG, ClI, CM, GA, GN,
GO, GW, ML, MR, NE, SN, TD, TG}

Published:
—  with international search report
~—  with amended claims and statemen:

(88) Dale of pubilcation of the inlernational search report:
16 Oclober 2003

Date of publicalion of the amended claims and statemeni:
31 December 2003

For two-letter codes and other abbreviations, refer to the "Guid-
ance Nates on Codes and Abbreviations* appearing at the begin-
ring of each regular issue of the PCT Gazerte.

(54) Titie: PROCESS AND APPARATUS FOR MARKING NIXTAMALIZED CORN FLOUR

Q (57} Abatract: A process and apparatos improvement for energy and particolate recovery during the produchon of nixtamalized corn

€7} flour, by precooking with a lime sotution to effect partial cooking, reduced energy uss for pre-cooking and washing by recycling

& hol waler, Nexl, moisture conlent is stabilized, and the corn s milled and dried in a super-heated stream of air with reduced energy
consumphion by recycling waste hot axr. Dust trapping is performed on a portion of waste hot air which is reased for preheating
combustion air. Wet scrubbing of the remaining waste het air is performed where heated water is reused and exhaust air veated.

O Cooling and further drying of the dred-milled particles follows. A fine grind or flour is separated and recovered from the coarse

3 grind which is glso aspirated to isolate a hall fraction as corn waste along with particulate collected after entrapping and scrobhing
wasie hot air. Re-milling and sieving the coarse gnnd produces a com floir for torulla and the like,
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AMENDED CLAYMS
freceived by the International Bureau on 16 Septembre 2003 (16.09.03);
original claim 1 amended; remaining claims unchanged
1. A process #for energy and particulate recovery during
production of nixtamalized corn flour, comprising tha steps
of: .
pre-cooking corn kernel using steam and a lime solution

. to effect partial cooking of the corn kernsl,

washing the precocked corn kernel with steam heated water
and hot water, the hot water being recyclad from a downstream
scrubbing of waste hot air, . _

stabilizing a ‘moisture content of said washed &and
precooked corn kernel to within a predetermined .range,

milling said stabilized corn kernel and flash drying saic
milled corxn kernel using a furnace, producing waste hot air,
the furnace recelving as preheated combustion 'air recycled
cleaned hot air,

dust trapping a2 flrst portion of the waste hot air for
particulate removal to produce the cleaned hot air fed to the
furnacs, '

wet sgrubbing a second portion of the waste het air with
water spraying fox particulaté extraction to produce said hot
water u=zad in the washing atep,

cooling and drying said dry-milled parxticles with zmbient
air having a low moisture content,

saparating and recovering said dry milled particles infto
a finer fraction, under 25 to B0 mesh, and a coarser fraction
that is further aspirated to remove corn hull as waste and
théreafter re-milled,

collecting the flner fraction with a predetermined size
as corn flour.

2. The msthod according to claim 1 wherein said hull and
particulate collected after the dust trapping and scrubbing
steps 18 a fractlion representing from 3% to about 5% of the
total weight of corn ka;nel.

3. The method according to claim .1, further comprising
recycling the re-milled coarser fraction,

12
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STATEMFNT UNDER ARTICLE .1.9({1)

International Bureau Septembar .16, 2003
34, chemin des Colombettes
Geneva, Switzerland

Sir:
Responsive to the International 8Searzch Report of

July '17, 2001, applicant makes of recerd the followlng

atatemsnt:

Applicant has amended claim 1 to clarify that it is .

the hot water that is recyecled from the downstream scrubbing

of waste hot air

The International Search Report identifles three

reforences, namaly RUBIO ot al., SUNDERLAND, and HERBSTER.
The racitations of amended independent method claim
1 include the following ataps:
washing the precooked coxrn kernel with
steam hemted water =and hot water, the hot water
belng recycled from a downstream scrubbing of waste
hot alr,

milling said scabilized corn karnel and
flash drying said milled c¢orn kernel wusing a

13
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:furnace, producing waste hot air, the furnace
receiving as -preheated combustion air reoycled
cleaned hot ;air,

dust trapping a. first portion of the waste
hot alr for particulate removal to produce the
cleaned hot alr fad tc the furnace,

wet scrubbing a second portlon of the
waste hot alr with water spraying for particulate
extraction to produce said hot water used in the -
washing step,

Bs i1s evident from. the aménded-passageS'fram claim
1, hot water for <£he washing step 1is recycled from the
downstream scrubbing step.  Furthermore, claazned hot air is
racycled from the dust trapping step to ths drying step.

In the cited RUBIO et al. patent, the =zource of alr

For the furnace 5 and the source of water for the washer 2 ars

unidentified, as.ié most clearly indicaged by the scie drawing
figure of such reference. In sharp contrast, amended claim 1
now clearly recites that hot water 1s recycled from the
scrubbing step to the washing step.

The HERBSTER referance similarly discloses a method
for the production of flour. It appears that the only
refarence to a recycling step or apparatus is described in
connaction with the rotary grain abrasion device discussed in
the spacification of such reference beginming on line 10 of

column 3. However, such recirculation refers merely to the

reintroduction of the procass water from within the apparatus _

.performing tThe abrasion step, directly back intoc such

apparatus/step. This does not appear to be the same as the
PP P %
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recycling of hot water from a wet scrubber to a washer, as

recited in the amended claim.
The SUNDERLAND raference describes another
coﬁtinuous method of producing flour. In the paragraph

spanning columns 3 and 4, <the reference states that ™an

intermediate recycle conduit. 68, equipped with airlocks 70, 72

" may be employed for recycling oversized material from the top

of tower 64 back to hammermill 62 for reprocessing.”

Howaver, thie recycling refers to passing the grain
itgelf tﬁrough a continuous cyale'through the hammermill until
the grain has peen ground to a sufficiently fina consistency.
This repested grinding of the graini itself appears to be
distinct from the recycling of hot water recited In the
amended claim.

Accordingly, applicant suggests that amended claim 1
recites the recycling of hot.watgr‘in a manner unlike that

digclosed by the references,

15
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REIVINDICACIONES MODIFICADAS

[recibidas por la Oficina Internacional el 16 de septiembre de 2003 (16.09.03). reivindicacion

original | modificada; reivindicaciones restantes sin modificar)

1. Un proceso para recuperacion de energia y particulado durante la
produccién de harina de maiz nixtamalizado, que comprende los pasos de:

pre-cocer grano de maiz usando vapor y una solucion de cal para
llevar a cabo la coccion parcial del granos de maiz,

lavar el grano de maiz pre-cocido con agua calentada con vapor y
agua caliente, reciclandose el agua caliente de una depuracion corriente
abajo de aire caliente de desecho,

estabilizar un contenido de humedad de dichos grano de maiz lavado
y pre-cocido hasta dentro de un rango predeterminado,

moler dicho grano de maiz estabilizado y secar instantaneamente
dicho grano de maiz molido usando un horno, produciendo aire caliente de
desecho, recibiendo el horno como aire de combustion pre-calentado aire
caliente himpio reciclado,

atrapar polvo de una primera porcion del aire caliente de desecho
para retiro de particulado para producir ¢l aire caliente limpio alimentado al
horno,

depurar en hiimedo una segunda porcidn del aire caliente de desecho
con atomizacidn de agua para extraccién de particulado para producir dicha
agua caliente usada en el paso de lavado,

enfriar y secar dichas particulas molidas secas con aire ambiente que
tiene un bajo contenido de humedad,

separar y recuperar dichas particulas molidas secas en una fraccion
mas fina, mediante malla de 25 a 60, y una fraccion mas gruesa que se
aspira aun mas para retirar cascarilla de maiz como desecho y, a renglon
seguido, se re-muele,

recoger la fraccion mas fina con un tamafio predeterminado como

harina de maiz.

A
o
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2. El método de acuerdo con la reivindicacion 1 en donde dicha
cascarilla y particulado recogidos después de los pasos de atrapamiento de
polvo y depuracion es una fraccion que representa desde 3% a alrededor de

5% del peso total de grano de maiz.

3. El método de acuerdo con la reivindicacion 1, que comprende

ademas reciclar la fraccion mas gruesa re-molida.
HOJA MODIFICADA (ARTICULO 19)

DECLARACION BAJO ARTICULOQ 19 (1)

Oficina Internacional 16 de septiembre de 2003
34, chemin des Colombettes

Ginebra, Suiza

Seftior: ’

En respuesta al Informe de Busqueda Internacional del 17 de
julio de 2001, el solicitante hace formalmente la siguiente declaracion:

El solicitante ha modificado la reivindicacion | para aclarar
que es el agua caliente la que se recicla de la depuracion, corriente abajo, de
aire caliente de desecho.

El Informe de Busqueda Internacional identifica tres
referencias, a saber, RUBIO y colaboradores, SUNDERLAND, vy
- HERBSTER.

Las enumeraciones de la reivindicacion 1 del método
independiente modificada incluyen los siguientes pasos:

Lavar el grano de maiz pre-cocido con agua calentada
con vapor y agua caliente, reciclandose el agua caliente de una

depuracion corriente abajo de aire caliente de desecho,




WO 2003/063594 PCT/US2003/002756

moler dicho grano de' maiz estabilizado y secar
instantineamente dicho grano de maiz molido usando un horno,
produciendo aire caliente de desecho, recibiendo el horno como
aire de combustidn precalentado aire caliente limpio reciclado,

atrapar polvo de una primera porcion del aire caliente
de desecho para retiro de particulado para producir el aire
caliente limpio alimentado al horno,

depurar en hiimedo una segunda porcion del aire
caliente de desecho con atomizacion de agua para extraccion de
particulado para producir dicha agua caliente usada en el paso de
lavado,

Como es evidente de los pasajes modificados de la
reivindicacion 1, el agua caliente para el paso de lavado se recicla del paso
de depuracion corriente abajo. Mas atn, el aire caliente limpio se recicla
del paso de atrapado de polvo al paso de secamiento.

En la patente citada de RUBIO y colaboradores, la fuente de
aire para el homo 5 y la fuente de agua para el lavador 2 no se identifican,
como muy claramente se indica por la figura unica de dibujo de dicha
‘referencia. En marcado contraste, la reivindicacién 1 modificada enumera
ahora claramente que el agua caliente se recicla del paso de depuracion al
paso de lavado.

En forma similar la referencia HERBSTER divulga un método
para la produccion de harina. Parece que la tinica referencia a un paso de
reciclado o aparato se describe en conexion con el dispositivo de abrasion
de grano rotatorio, discutido en la especificacion de dicha referencia que
comienza en renglon 10 de columna 3. Sin embargo, tal recirculacidn se
refiere simplemente a la re-introduccion del agua de proceso desde el
interior del aparato que realiza el paso de abrasion, directamente de regreso
adicho apal;ato/paso. Esto no parece ser lo mismo que el reciclado de agua
caliente desde un depurador humedo a un lavador, como se cita en la
reivindicacion modificada.

La referencia SUNDERLAND describe otro método continuo de

49
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producir harina. En el parrafo que abarca las columnas 3 y 4, la referencia
establece que " puede emplearse una tuberia de reciclado intermedio 68,
equipada con esclusas de aire 70, 72 para reciclar material demasiado
grande desde arriba de la torre 64, de regreso al molino de martillo 62 para
el reprocesamiento.”

No obstante, este reciclado se refiere a pasar el grano mismo a
través de un ciclo continuo por el molino de martillo, hasta que el grano se
haya molido a una consistencia suficientemente fina. Esta molienda
repetida del grano mismo parece ser distinta del reciclado de agua caliente
mencionado en la reivindicacion modificada.

En consecuencia, el solicitante sugiere que la reivindicacion
modificada 1 mencione el reciclado de agua caliente en una manera distinta

a la divulgada por las referencias.
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“(PCT Article 36 and Runle 70)
Applicant’s or agent’s file reference FOR FURTHER ACTION See Notification of Transmitl of International
9002-1001-1 . Preliminary Examination Report (Form PCT/IPEA/416)
Internatjonal application No. Internationa! filing date (day/monthfyear) Priority date {day/month/year)
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IPC(7): A23L 100 and US Cl.: 426/508

Internarional Patent Classification (IPC) or national classification and IPC

Applicant
GONZALEZ BARRERA, ROBERTO

1. This international preliminary examination repors has been prepared by this International Preliminary
- Examining Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of ?L sheets, including this cover sheet.

D This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings
which have been amended and are the basis for this report and/or sheets containing rectifications made
before this Autherity {see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of = sheets, T

1 X Basis of the report

u [ priority

3. This report contains indications relating to the following items:

I D Non-establishment of report with regard to novelty, inventive step and industrial applicability
v D Lack of unity of invention

v @ Reasoped statement under Article 35(2) with regard to novelty, inventive. step or industrial
applicability; cimtions and explanations supporting such statement

VI D Certain documents cited
VII D Certain defects in the international application

VI D Certain observations on the international application

Date of submission of the demand

31 July 2003 (31.07.2003)

Date of completion of this report

Lo

31 October 2003 (31.10.2003)

Name and mailing address of the [PEA/US
Mail Stop PCT, Aan: IPEA/US
Commissioner for Patens
P.O. Box 1450
Alexandra, Virginia 22313-1450

Facsimile No. (703)305-3230

Authorized officer
Cano Milton

Telephone No. 703-308-0661

Form PCT/IPEA/409 (cover sheet){July 1998)




- . . International application Na.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/US03/02756 ’

I. Basis of the report

1. With regard 10 the clements of the international application:*
@ the international application as originally filed.
E the description:

pages 1-7 as originally filed
pages NONE , filed with the demand
pages NONE , filed with the lener.of
DX e claims: o
pages 8-11 , a5 originally filed
pages NONE . as amended (together with any statement) under Article 19
pages NONE , filed with the demand
piges NONE . , filed with the letter of
@ the drawings:
pages 1 ,- a5 originally filed .
pages NONE , filed with the demand
pages NONE , filed with the lerter of
E' the sequence listing part of the description:
pages NONE , a8 originally filed
pages NONE , filed with the demand
pages NONE , filed with the lemer of ;

2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the
language in which the interpational application was filed, unless otherwise indicated under this item.
These elements were available or furnished to this Authority in the following language - which is:

I:l the mngua‘gc of a translation furnished for the purposes of international search (under Rule23.1(b)).
the language of publication of the international application (under Rule 48.3(b)).

the language of the translation furnished for the purposes of internations! preliminary examinatdoo{under Ruies -
55.2 and/or 55.3).

3. With regard 10 any nucleotide and/or amino acld sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing;

:l centained in the international application in printed form.
filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
imernational application as filed has been furnished.

] L]

The statement that the information recorded in computer readable form is identical to the written sequence listing
has been furnished

4. @ The amendments have resulied in the cancellation of:

@ the description, pages none
@ the claims, Nos. none
AN e drawings, sheets/fig none
X]  the drawings, sheets/
5. D This report has been established as if (some of) the amendments had not been made, since they have been considered to go

bevond the disclasure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).**

* Replacemens sheets which have been furnished to the receiving Office in response 1o an invitation under Arttcle 14 are referred {0 in
this report as "originally filed” and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70.17).
** Any replacement shee: containing such amendmerds must be referred 10 under item 1 and annexed to this report.

Form PCT/IPEA/409 (Box I) (July 1998)




' : . Iniernational application No.
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/USQ3/02756

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial apphcablllty, N

citations and explanations supporting such statement

1. STATEMENT

Novelty (N} Caims 1-20  YES

Claims NONE - NO
Inventive Step (1S} Claims 1-20 ) - YES

-Claims NONE NO
Industrial Applicability (IA) Claims 1-20 . YES

Claims NONE NO .

2. CITATIONS AND EXPLANATIONS

Claims 1-20 the criteria se¢ out in PCT Article 33(2)«3), because the prior ant does not teach or fmrly suggest a process for the
production of nixtamalized corn flour which includes the steps of dust apping a first portion of the waste hot air and wet scrubbing a
second portion of the waste hot air with water. Also, the prior art does not teach or fairly suggest an apparatus in which the first
cyclone is connected (o a dust trap and a wet scrubber or an apparams in which the washer has a steam-heated water input and a hot
water input and the drier includes a fan. There is no suggestion to inciude these features in the prior art apparatus, There is no
suggestion o modify the prior art process to include the steps of dust trapping and wet scrubbing.

Claims‘ 1-20 meet ir‘uiusrﬁal applicabitity as defined by PCT Article 33(4) because the invention can be made and used in industry.

Form PCT/IPEA/409 (Box V) (July 1998)
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SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT
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From the INTERNATIONAL BUREAU
To:

JENSEN, Eric
c/o YOUNG & THOMPSON
745 South 23rd Street

56 /Y

Second Floor
Arlington, Virginia 22202
United States of America

{PCT Administrative Instructions, Section 411)

Date of mailing (day/month/ysar}
02 May 2003 (02.05.03)

Appllcant‘s or agent's flle referencg——- - . '

9002 10011 o - IMPORTANT NOTIFICATION

International application No. : International filing date (day/manthfyear)

PCT/US03/02756. ok 31 January 2003 (31.01.03)

Imernatmna! publication date (daylmonthfyear)*
Not yet published. =™~ "7 "o T

Priority date {day/month/year)
31 January 2002 (31.01.02)

SR VL S Y

Apphoantm-*v .

GONZALEZ BARRERA, Roberto et al

1. The applicant is hereby notified of the date of receipt (except whare tha letters "NR" appear in the right-hand oolumn) by the
International Burean of the priority dorument{s) relating to the sarlier appliostion(s) indicated below. Unless otherwiss’
indicated by an asterisk appearing next to a date of receipt, or by the'letters "NR", in the right-hand column, the priority
document concerned was submitted or transmitted to the international Bureau in compliance with Rule 17.1(a) or (b).

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents.

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the intarnational Bureau but not in compliance with Rule 17.1(a} or (b). In such a case, the attention
of the applicant iz directed to Ruls 17.1{c) which provides that no designated Office may disregard the priority claim
concernsd befors giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document
within a time limit which is reasonable under the circumstances.

4, The letters "NR” appeating in the right-hand column denotse a priority document which was not received by the international
Bureau or which the applicant did not request the recsiving Office to prepare and transmit to the International Bureau,
as provided by Rule 17.1(a) or (b}, respactively. In such a case, the attention of the applicant is directed to Rule 17.1(c} which
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity,
upon entry into the national phase, to furnish the prlorrty document within a time limit which is reasonable under the
circumstances.
t

Priority appligation No. .C_mmg_mm_a_o.tﬂm Date of receipt
or PCT receiving Office of priority dogument

Priority date

31 Janu 2002 (31.01.02) 10/059,331 us 26 Marc 2003 (26.03.03}
The International Bureau of WIPO Authorized officer =)
34, chemin des Colombettes Jean-Marie MCADAMS (Hax 7410}
1211 Geneva 20, Switzerland
Facsimile No, {41-22) 338.70.10 Telephone No. {41-22) 338 9913
Form PCT/B/304 {July 1908} 005817087
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10208 From the INTERNATIONAL BUREAU
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. OFACHANGE t/o YOUNG & THOMPSON
(PCT Rule 92bis.1 snd 145 South 23rd Street
22) .. .
Administrative Instructions, Ssction 4 Arﬂng‘lon, Virglnla 22202
tinfted States of America
Date of railing (day/monthyear) .
25 July 2003 (25.07.03)
Apphigant’ fils roference
'soozf:crm.‘:n IMPORTANT NOTIFICATION
International appimﬁm No intormational filng date {day/monthiyear)
PCTAJS03/02756 31 Jenuary 2008 (31.01.03)

1. The following indisations appeared on record conoerning:

the appliosnt the Inventor

D the agant

D the oommon representative -

D the parson D the name

Name and Address Gtate of Nationality State of Residence
EOCSOA' IFI'BI‘I%B%:‘QO MX MX
. rtines - =
Ote. Guadalupe, N.L. MX Telephons No.
Mexlco
Facsimile No

m
2. The international Buraau heraby notifies the epplicant that the following change has besn recorded concerning:
the addrass

Telaprinter No.

D the natlonality D the rasidence

Name and Address

SOSA, Francisco

R. Cortines 2002 Ote
Guadalups, N.L. 67110
Mexico

4 Acopy of this notifipation has been sant to:

the receiving Offioe

the internationel Searching Authority
[:l the Internatianal Preliminary Examining Authority

3. Further observatlons, f nacessary:

State of Nationality
MX

Telephone No.

State of Residents
MX

Facsimile No.

alaprinter No.

the designated Offioss concerned
D the elected Offives concerned

(] other:

The International Bureau of WIPO
34, chemin dos Colombettes
1211 Qanevs 20, Switzerland

Faesimile No. (41-22) 338.70.10

Authorized offioar
Monique BROSSE (Fax 338 7010)
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Form PCTAB/308 (Maroh 1804)
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the applicant »the Inventor D the ngent | D ma COMMON represemtative
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Mexico
‘ Faesimile No.
Telsprinter No.

"2 The intsmatione! Bursau hereby notifles the applicant that the following change has been recorded conoeming:
D the psrson D the nams tha addreas L__] the nationality D tha residence

Name and Addrass . State of Nationality State of Rasidence
gOCNTraERAS Rogtta;to ’ s MX | MX
. Cortines 2002 .
Guadalupe, N.L. 67110 | Telephone No.
Mexico
Faosimll_e No.
Telaprimter No.

3. Further ohasrvations, if necessary:
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the racelving Otfice the designated Offices conasrned
the imternational Searching Authority D the slected Offioes oonwmat_l
D tha International Prsliminary Examining Authority D othar:
The International Bureau of WIPD Authorized officer
34, chemin des Colombattes Monique BROSSE {Fax 338 7010)
1211 Genava 20, Switzariand
Facsimile No. (41-22) 338.70.10 Telephone Na. {41-22) 338 8325 ~

Form PCTAB/308 {Maroh 1984) ‘ ) 006772288
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PCT/US2003/002756 . 31 January 2003 (31.01.2003)

1. The following indioations appssred on record conoeming:

the applicant ' D the inventor D the agent - D ths comman representative

rar————
4 The Internstional Buregu hereby notifies the applicant that the following change has been recorded concsrning:

Name and Address e State of Nationality | Sutsof Residence |
(LEONZAé_E% EARI;ERA, Roberto © : MX MX
omas ds Chapultepec ,
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Mexico :
Facsimile No.
Talaprintar No.

D the person , D the nama the address D the netionality D the residence

Name and Address State of Nationality State of Rasidenos
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24, 02 2004

Teleprinter No.
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57 .ABSTRACT

Precooked and partially-debulled com flour is produced
using en acid-cooking in a continuous process, by acid-
precooking to effect com hull hydrolysis with sodium met-
abisulfite or sodium hydrogen sulfite or sodium sulfite, with
recuced kernel washing and solid loss. Moisture content is
then stabilized, followed by grinding and drying in a super-
beated stream of ais, cooling and further drying the dred-
ground particle, A fine grind or flour is scparated amd
recovered from the coarse grind which is also sepregated to
isolatc a bull fraction as corn bull waste, regrinding and
sieving the coarse grind to produce an instant com flour for
arcpa, and admixing the fine grind with lime 0 obtain a masa
figur for tortilla and the like.
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CONTINUOUS PRODUCTION OF AN
INSTANT CORN FLOUR FOR AREPA AND
TORTILLA, USING AN ACID-COOKING

BACKGROUND OF INVENTION

1. Field of the Invention

The present invention relates to an accelerated thermal
process under acidic cooking for the production of pre-
cooked comn flour and, more particularly, it relates to a
continnous partial removal of the corn hull fraction with an
acidic reducing agent applied 1o the production of instant
corn fiour for the manufacture of arepa and tortilla and the
like.

2. Description of Relaled Art

Tortilla aod corn dough (mase) are traditiotally made
from whale comn kerne! which is cooked and/or stepped in
calcium hydroxide (lime) or sometimes in sodium hydroxide
(lye) or wood ashes, in order to produce a reaction known as
“mixtamalization”. The nixtamalized corn is further steeped,
washed with partial holl removal and finally stone grouad
into a corn dough. Corn daugh texture is determined by
factom such as corn variety or culiivar, endosperm hardoess
as well -as the water uptake (dough yield) and degree of
starch gelatinization mainly during com “cooking”
{thermal) and cooked corn (nixtamal) “grindiog”
{mechanical) operations. -

During alksli-cooking and/or steeping, there are chemical
and physical changes such as nutrient losses along with
partial bull removal and gelatinization in the corn kemsl.
The most important putritional modifications are: an
increase in the caleium level with improvements in the Ca to
P ratio, a decrease in insoluble dietary fiber and zein-protein,
a significant reduction in thiamin and riboflavin, an
improvement of the leucine to isoleucine ratio reducing the
requirement for nizcin and reduction of the aflatoxins by
leaching into the lime-water.

The cooking method, raw corn guality and cooker-type
(batch or continuous) used have been proposed as the critical
variables which determine solid losses in lime-water residue
(pejayote). This wastewater by-product was composed of
comn solids ranging from 1.5% (batch-cooker) to 25%
(contimuous-cooker). Dry solid matter includes an average
of 50-60% dietary fiber, 15-20% ash, 15% starch, 5-10 %
prolein and 5% fat. The corn pericarp makes up 4—6% of Lbe
kernel dry weight (Watson, 1987), It also contzips 67%
hemiceliulose, 239 celluicse and 0.6% soluble-fiber. It is
eslimated that dietary fiber in the pericarp (4.9%) and
codosperm (2.6%) make up B0% of the total dictary fiber
(9.5% io a dry-weight basis).

During the formation of corn dough, grinding disrupts the
swollen and partially gelatinized starch granules and further
distributes the hydrated soluble starch, protein and fiber
fractions around. the ungelatinized fraction of the
emxosperm-germ granules.

Tortilla is the main edible com product in Latin America.
It is a flay, round, unleavened and baked thin pancake
(fat-cornbread) made from fresh masa or com dough pre-
pared from industrial nixtemalized corn flour (masa flour). It
might be mentioned that tortilla, when manually or mechani-
cally claborated and withoul additives of any kind, has a
maximum shelf life 'of 12 1o 15 hours at room temperature.
Afterwards they are spoiled by microorganisms and become
bard or stale (retrogradation) due to a physicochemical
change in the starch constituent of ¢ither stored or reheated
tortilla It is kmewn that tonilla when kept under conditions

US 6,322,836 BI . ‘ /
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in which no moisture is lost (plastic package stomage),
nevertheless become inflexible with lime and break or
crumble easily when bent.
Properly processed industrial masa flonr simplifies the
5 production of tortilla products, because the cusiomer ¢limi-
nates management techniques required for wastewater
treatmcot, securing, handling and processing corn into mesa
for tortillas and snacks. However, an imstanl corn {lour
potentially has the following quality cost disadvantages:
10 high cost, Iack of flavor, and poor texture in tortilla products
or snacks prepared from masa flour.

There is nevertheless an increasing demand for and use of
industrially prepared corn flours for the benefits they provide
1o tbe consumer, such as convenience, availability, incorpo-
ration of micronutrients and additives, low price and a more
stable product quality (Sustain, 1997). The basic difference
between lortilla (from Mexico and some Central American
counries) and arepa flour (Venezucla and Colombia) is that
for the former, whole corn is alkalicocked and the hull is
0 partially separated to abtain a lime-precooked corn flour «
(masa flowr). On the other hand, arepa flour (precooked
fiour) is prepared from dehulled and degerminated corn
without using an alkali-cooling treatment (INCAP, 1961).
However, arepa flour is further enriched, by Venezuelan law,
with B-vitamins and iron to improve the nutritional value of
this traditional South American food mainly based on this
baked thick pancake (flat-cornbread: Cuevas et al. 1985).

Com processes can generate added value from their
industrial operations in one of three approaches: developing
new products from new hybrids, increasing the yield of
traditional products from com, and improving process effi-
ciency at a lower unit cost. In the past, this has been done by
methods and apparatus where the grain is cooked and/or
steeped in a lime-water solution such as those disclosed in
%5 US. Pat. Nos. 2,584,893; 3,194,664; 4,326,455 and 4513,
018. These prior art methods for the industrial production of
corn dough or-masa flour involve aceelerated cooking and
stecping times with large amounts of solids losscs
(15-2.3%) in the liquid wasle. In addition, essential mitri-
eats such as vitamins and some amino acids are lost,
depemling on the -severity of the cooluug and washing
- operations. -

Many and varied methods for the production of instznt
corn fiour for tortilla involving reduced amounts of water
with short process times and low energy requircments for a
high yield of the end product have been developed, as
reflected by the following U.S. Pat. Nos. 4,250,802; 4,329,
371; 4,504,260 and 5,532,013. Although the above
described prior ant methods are capable of producing corn
flour with increasing yields and processing efficicncies, a
coplinnous process was slill unavailable in the expanding
masa flour industry for tortilla and the Iike.

SUMMARY AND ORIECTS OF THE
55 INVENTION

Accordingly, it is an object of this invention to provide a
novel melbod and apparatus for continuous production of an
instaat corn flour under processing conditions involving not

gn only a reduced amount of water and solids loss but also an
increased yield of the product.

Another object is to achieve this objective using an acidic
cooking with sodium metabisulfilec and the like for partial
removal of (be hull fraction and producing a precooked comm

65 Hour for arepa and tortilla and the like.

The above and other objects and advantages of the

invention are achieved by a new continuous process applied
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fo the production of precooked corn flour or instant corn
flour for arepa and tortilla, embodiments of which include
ecid-precooking with a sodium metabisuifite, or sodium
hydrogen sulfite or sodium sulfite solution so as to effect
corn bull hydrolysis, reduced washing of precooked kernel,
stabilization of the moisture content to a desired optimum
level for grinding, grinding and drying the preconditoned
kernel to produce a uniform partial cooling, cooling and
drying the dry-ground particle, separatiog and recovering
the fine grind so produced from the coarse grind while the
Intter is further aspirated to remove a hull fraction as corn
waste, regrinding the isolated coarse grind and further
sieving it to obtain zn instant com flour for areps, and
admixing only a fine flour with lime 1o produce masa flo

for tortilla and derivalives thereof. -

BRIEF DESCRIPTION OF THE DRAWING

The invention wili be more fully understood from the
description which follows and from the appended drawing in
which;

FIG. 1 depicts an embodiment of this invention in &
block-type flowchart illustrating the continuous process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1, there is depicted, in flowchart
form, an embodiment of the present invention. i includes a
pre—cooker 1, a washer 2; a preconditioner 3; a primary mill
4 with an associated furnace §; a dryer 6; a feederbolt 7; a
first cyclope separator 8; & cooler 9 with an associated
blower 10; a second cyclone separator 11; a sifter 12; a series
of aspirators 13; and a secondary mill 14.

The pre-cooker 1 is fed with con and 2 sodium met-
abisulfite solution, to form an acidic agueous suspension
which is heated by steam injection. By regulating the stcam
beating along with the kernel residence time, it is possible to
precook the corn to a temperature of from ebout 75° w about
94° C. for a period of 35 to 45 minutes. This allows the
precooked kemel 1o be produced at moisture contents of
between 35% and 37%, while the pH is lowered to sbout

15

35

40

6.2—6.6 with the addition of & 10% acidic solulion to supply -

2 0.16% sulfite-additive with respect to comn. Water loss in
the process is replaced with wash water from the washer 2,
which is regulated to maintain the solid content of the
solution at about 0.6% 1o 0.7%. The pre-cocker performs a
partial acidic hydrolysis that promotes a uniform diffusion of
the cooking water through the tip cap into the germ,
endosperm end their cell walls made of dietary fiber. Acid-
cooking also softens the corn, permitting a 70% reduction in
waste sohds as well as a 15% reduced wastewater overflow
(with a concomitant lower sewage' cost) compared ta the
industrially used alkali-cooking (Alverez and Ramirez,
1995). :

The partially cocked corm suspension is then passed to a |

washer 2 where it is sprayed with steam heated water at 2
temnperature of about 60° to 70° C. for 30 to 60 seconds,
which also serves to wash off excess wasle solids.

The washed corn is thereafter passed 1o a preconditioner
3, where the kernel is equilibrated to obiain a residual
moisture content of 38%—39% for 150-210 minutes.

Thereafter, the preconditioned particle is fed to a primary
mill 4 by feeder bolt 7. The mill 4 has an associated specially
designed venturi such that the premilled corn and hot air
coming from a furnace 5, is mixed and partially cooked by
3 dryer 6 whose design is known per se. The premilled

45
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kernel is thereby dried at & higher temperature and short
time, sod is partially gelatinized or precooked 1o yield a
moisture content of 12% to 14% depending og the granu-
lation being produced.

Moisture laden-hot air (195° C. 10 205° C.) is extracted
with a first cyclone separator 8 so that further moisture
extraction may take place by impelling the drier material
through & cooler 9 with air sucked by (be blower 10, thus
further decreasing the moisture content from 12-14% to
about 11-12% (similer to the incoming corn).

After further extraction of moisture Jaden-wam air with
a second cyclone separator 11, the precooked dry particle is
directed to a sifter 12 where the fine grind is discharged as
instani con flour for arepa and the coarse grind is furlber
scgregated in a serics of aspirators 13. The former fine grind
mry be admixed with lime (0.3% based on flour) for
production of instant masa flour for tortilla or snack foods.

The latter coarse grind particle is further separated in the
aspirator system 13 wherein two fractions arc obtained, a
light hull fractiop which is isolated .25 comn waste with a
moisture content between 11% to 13% (representing from
about 3% to 6% to ebout 5% to 10% of the total weight of
incoming corn), and & heavy coarse fraction that is milled in
asccondary mill 14. The milled product from secondary mill
14 is recycled to the sifter 12 for further sieving and to obtain
a homogeneous corn flour for arepa. If desired, the arepa
flour cant be admixed with lime to produce a masa flour for
making tortilla.

For uss in arepa menufacture, the mstant flour is prefer-
bly rebydrated by mixing with warm water froma 1 1.3 to
about 1:1.4 weight ratio to form a corn dough for arepa
elaboration (53% 1o 60% final moisture).

For use¢ in tortilla manufacture, the masa flour made from
the present method <an be rehydrated with water from a 1:1
1o aboul 1:1.3 weight ratio for a masa dough used in torlilia
preparation (45% 1o 49% final moisture}.

In this method, the novel acid-cooking results in a 65% to
75% reduction ia solid loss and a 15% to 20% reduction in
wastewater effluent, with correspondingly lower sewage and
energy cosls, as compared to the conventional methods.
Furthermore, the acid-cooking of the invention allows a
50% reduction io lime use if an instant masa flour were
produced to improve the traditional lime flavor and tortilla
and/or snack shelf life. The bisulphite and sulfite jons in
aqueous soluticns oot only aid in stopping the growth of
putrefaclive organisms, bul elso mhibit browmng reactions
during the corn preconditioning.

There is furthermore a potential gain in com flowr yield
from 88% tn 92% of the 1otal weight of acid-cooked com as
compared to the traditional alkali-cooking process which
approximetely yields from 87% to about 89%. Whereas the
precooked and partially dehulled corn flour produced by the
present method may thus comprise a higher than %0%
average yield of flour per kilogram of corn, the dehutled and
degermed flour produced by traditional arepa processing
obtains only & 70% average yield.

Still further, the instant corn flour produced by the present
method has a higher nutritional valus than that produced by
the convertional methods, with more protein (15% 1o 25%),
fat (70% minimum}, and dictary fiber content (100%) than
the typical arcpa or commeal flour which mainly needs
vitamins (B and A) and miperal (iron) fortificatian.

From the foregoing, it will be apparent that it is possible
Lo manufacturc a precocked and partially-dehulled corn flour
for arepa and masa Qour with a novel continuons process
which is efficient because of a reduced solid and wastewater
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cHlusnt, wherein some of the solid loss that would bave been
present but for the features of this invention is prevented.
The shelf life of tortilla, however, could be improved with
refrigeration, antimicrobial agents, fiber-gum antistaling
agents, or by edding more than 0.3% lime during cooking or
into the corn dough (U.S. Pat. No. 3,730,732) or less
washing of the precooked corn.

The following table gives & typical mulrient average
compasition for ap mstant com flour for tortilla, and a South
American precooked coro fiour for arepa elaboration
(NCAP, 1961; Cuevas, 1985):

It is to be understood that the embodiments of this
invention herein illustrated and described in detail, are by
way of illustration and not of limitation. Other changes and
modifications are possible and will present themsclves to
thoss skilled in the prior art and by the spirit of the appended
claims. -
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We claim:

1. A method of processing corn kemel to produce pre-
cooked and partially debulled corm flour for arepa and
tortilla, comprising continuounsly and repeatedly the follow-
ing steps:

acid-cooking corn kernel in a solution comprising at least

one acid component s¢lected from the group consisting
of sodivm metabisulfite, sodium hydrogen sulfite and
sadivm sulfite, to partially hydrolyze the hull of said
corn kernel,

stabilizing a moisture content of said acid-cooked corn

kernel to within a predetermined range,

grinding said corn kernel and drying seid corn kemel with

a high temperature-sbort time apparatus or Hash drier,
cooling and drying said ground com with ambient air
having a relatively lower moisture content,
separating and recovering said ground corn into a finer
fraction, under 25 to 60 mesh, and a coarser fraction
that is further espirated to remove hull by-product and
thereafter re-ground,

whereby there is produced an instant com flour with fine

particle size suitable for arepa.

2. The method of claim 1 wherein said hull by-product is
a light hull fraction representing & minimum by-product
yield from 3% to about 5% of the total weight of corn kemel.

3. The metbod according 1o claim 1, further comprising
recycling the reground coarser fraction by performing said

separating and recovering step on the reground coarser

fracnon.

4. The method for claim 1 whereip =aid precooked and
partially dehulled corn flowr comprises an average vicld of
about 30% flour per kilogram of corn kerne].

5. The metbod in accordance with claim 1, further com-
prising rehydrating said instant flour by mixing with warm
waler from a 1:1.3 to about 1:1.4 weight ratio to form a com
dough for arepa elaboration.

6. The method in accordance with claim 1, further com-
prising treating said instant corn flour with lime to produce
a masa four. i '

7. The method according to claim 6, further comprising
rehydrating said masa fiour with water from a 1:1 o about
1:1.3 weight ratio to form .a masa dough used in tortilla
preparation.

8. The method of claim 8, wherein the corn dough has a
fizal moisture content of 53% lo 60%.

9. The method of claim 7, wherein the masa dough has a
floal moisture coment of 45% to 49.

L I
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CONTINUOUS METHOD OF PRODUCING
. MASAFLOUR

BACKGROUND OF THE INVENTION

1, Feld of the Invention

The present invention is broadly concerned with a method
for the preparation of masa flour which eliminates many of
the costly, time-consuming, pollution causing steps conven-
tionally carried out in the preparation of such flours. More
particularly, it is concerned with 8 masa preparation method
wherein debranned, moistorized and partially cooked grain
(c.g., com or wheat) is subjecied to a flash dehydration
process in order to quickly dehydrate the debranned grain,
which can then be milled into an acceptable masa flour, In
the flash dehydration, high velocity hot air currents having
a temperature of from abont 600°-1000° E. ere employed for
the rapid grain dehydration.

2. Description of the Prior Art

Masa flour, typically msade using food grade com or
whest, is produced in tremendous quantities in the United
States and around the world. Such flour is used to fabricate
such familiar products as tortilla chips and taco shells.

Despite the demand for masa flour, for the most part it is
" prepared using very old and time honored techuiques. In the
first step, whole kernel com i3 cooked in & mixture of water
and 1% lime up to a temperature of 175°-2035° F,, depending
npon the hardness of the starting corn and other factors. The
com is then allowed to steep in the lime water for a period
of 8-12 hours, in order to allow the lime lo penetrate, loosen
and partially dissolve the pericerp or bren fraction of the
cormn,

The steeped corn is then passed through a corn washer,
comprising a perforated, rotateble cylinder equipped with
internal water jets, in order to complete the removal of bren
and to reduce the pH of the com to about §.5-7.5.

In the next siep, tbe washed, debranned com is passed
through a stone grinder to mill the corn to a desired particle
size end thns complete the four preparation. The Sour may
then be appropriately dried for storage, sale and use, or used
directly. Masa products are typically prepared by forming a
:1 (w/w) dough of the mass flour and water, followed by
forming the dough through sn extruder or other like device,
foliowed with subsequent drying, equilibrating and frying.
The final fried masa products are then cooled, salied and
packaged. R

The conventionsal masa flour preparetion technigue pre-
sents a number of serious difficultes. First.of all, the time
required to process the Bour is considerable, owing pring-
pally to the need for extended steeping. Secondly, the
established method has sericus ecological consequences, in
that the steeping weter contains considerable quantities of
objectionable dissolved pericarp and soluble: starches.
Removal of these orgapic substances from the steeping
water is an expensive proposition for masa flour producers,
and some four plants arc reported 10 incur expenses of many
thougand dollars per month simply Lo remove these pollut-
anis from their process streams,

U.Ss Pat. No. 5,176,931 represents a new approech to
masa flour production. This patent describes a process
wherein, after alkali metal hydroxide treatment of grain, the
grain is subjected to near infrared radintion and subsequent
milling. By this means, process times are significantly
reduced as compared with the traditional process. However,
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the technique described in the '931 patent can be difficult to

contro] in commercial scale production, particularly during -

the near IR treatment step,

SUMMARY OF THE INVENTION

The present invention provides an {mproved, short-time
method for masa flour production which eliminates many of
the problems encountered in conventional -processing.
Broadly apeaking, the method of the invemion involves first
contacting whole grain (typically wheat or corn, but virm-
eily any grain conld be used) with a heated alkaline solution
for a pericd of time to partially cook the grain and loosen the
pericarp or bran fraction thereof. The bran fraction is then
cssentially completely separated to yield debranned grein.
The latter product is flash dehydrated vsing high velocity,
high wemperature gir corrents unti} the debranned grain has
a moisture content of less than about 20% by weight
MCWB. This dehydrated @and debranned graip is then
redueed by rilling 10 a masa flour which may optionally be
cooled and packaged. )

In more detail, the heated alkaline solution used in the:
process of the inventlon should have & lemperature of at least
about 180° F, and a pH of at least about 9. Generally, the
golution 15 made by cispersing an alkali metal or alkaline
earth hydroxide or salt in water, with calcium hydroxide
being the most preferred agent. This treating solution is used
in excess, and is contacted with the grain for a period of at
least about 20 minutes, in order to achieve a partial gelati-
nization of the grain on the order of at least abow 15%.

The partially cooked grein is then passed through a
conventional washer/abrader having an elongated, rotaable,
perforated recl with internal water jets. The action of the
washer/abrader serves to essentially completely remove the
bran fraction leaving a cooled, debranned grain product.

The flash dehydmation advanmageously makes use of
incoming hot air currents which are passed through the grain
during a hammermill subdivision thereof. Such hot air
currents should have a temperature of from abount
600°~1000° F. Total residence time of the grain within the
flagh dehydrator is on the order of 2-15 seconds.

In another aspect of the invention, an improved apparatus
for partial cooking of whole grain and loosening the bran
fraction thereof is provided. This apparatus includes an
clongated, generally horizontally disposed body inctuding
inlets for whole grain end treating solution, and & spaced
product outlet, An elongated reel agsembly is located within
the body and includes an outer perforate screca and helical
flightirig inboard of the outer screen. Means is provided for
heating and maintaining the temperature of the treating
solution within the bedy. In nse, the reel assembly is rotated
in order to assure even heating, partial cocking end mwois-
turization of the incoming grain product, which is then
discharged for downstream processing.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a schematc flow dirgram illustrating the pre-
ferred apparatus and process scheme for the production of
masg flour in eccordance with the inventicn,

FIG. 2 is an end view panially in phantom and iHustrating
the construction of the prain cooker used in the preferred
process; and

FIG. 3 is an essentially schematic, fragmentary view
further illusteating the construction of the continuous grain
cooker apparatns used in the process of the invention.” "
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DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENT

Tumning first 1o the diawings, an overall appargtus 10 is
illustrated in FIG. 1 for the continnous production of masa-
type flours from grain sources. Broadly speaking, the appa-
ratus 10 includes a feeder assembly 12 opematively coupled
with a continuous grain cooker 14. A grain washer 16 is
coupled downstream of cocker 14, and a Auidized bed flash
dehydrator 18 is connected to the output of washer 16. A
conventional two-stage milling, cooling and packaging
assembly 20 is located downstream of dehydrator 18.

In more detail, the feeder assembly 12 includes codven-
tional screw-type grain end afkali feeders 22, 24 coupled via
conduits 26, 28 1o the inpot of cooker 14. As those gkilled in
the ant will readily understand, the feeders-22, 24 are
designeq to feed grain and alkali at & controlled rate into the
continuous cooker 14.

The cocker 14 (see FIG. 2) includes an upright frame
agsembly 30 supporting an elongated, horizontally disposed,
closed metallic housieg 32 having an axially rotatshle reel
33 therein, The latter includes an elongated, perforated %"
ouler screen 34 having helical Righting 36 along the inner
surface thereof. A secondary, inboard perforated 14" screen
38 is tack welded o the inner surface of Aighting 36 as
shown, and is relieved B9 at 39z, 395 adjecent the inlet and
outlet ends of the reel 33. Reel 33 is axially rotated within
housing 32 by means of convenlional drive assembly 40. At
the exit of reel 38, a conventional bucke! stratner is pro-
vided, serving to deliver concentrated grain to the output of
the cooker. A peir of steam heating coils 41 are also situated
within housing 32 as shown, in order to heat and maintain
the temperamre of water within the cooker.

As illustrated in FIG. 2, grain end alkali input condurits 26,
28 feed directly into the interior of reel 33. In a similar
fashion, a water line 42 is likewise operatively coupled 1o
the cooker 14 for delivery of water into the interior of
housing 32. A weter/grain oulpul line 43 is operatively
coupled to the end of housing 32 remate from input lines 26,
28 and 42. As will be explained in greater detail hercinafier,
during typical operation, the water level within housing 32
is shown at 44, whereas the grain level within screen M s
shown at 46.

The grain washer and abrader 16 1s of conventional design
and includes an elongated, rotatable, perforated reel 48 with
internal water jets 50. An inlet gansition 52 is coupled with
line 43 as shown, for delivery of the output from cooker 14
to the interior of reel 48. In the washer device 18, the
logsened pericarp of the prain is detached and strained for
subsequent processing or disposal. The resultant debranned
grain is then ready for flash dehydration and for this purpose
passes into output line 54 having a conventional Inline filter
42n Separated water from the device 16 18 delivered via line
42 back 1o cooker 14. Makeup water may be added as
needed through input line 58, and the water stream is heated
by means of keater 55a before delivery to washer 14.

Flash dehydrator 18 includes an upright housing 56
adapted to receive and fiash dehydrate the abraded, mois-
turized grain from device 16, To this end, the housing 56
includes a high capacity {e.g., 1.8M BTU) gas fircd burner
58 which feeds directly into a baffied equilibration tunnei 60.
A hammermill 62 is disposed at the end of tunnel 60 remote
from burner 58 and is adapted to receive both incoming
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equipped with airlocks 70, 72 may be employed for recy-

" cling ovenized materdal from the top of tower 64 back to
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moislurized graia and the hot dehydration air generated hy

. burmer 58. The output of hammermill 62 is connected with
an upright drying lower 64 which feeds 1o 2 conventional
cyclone scparator 66, An intermediate recycle conduit 68,

hammecmill 62 for reprocessing. The lower end of separator
66 has an sirlock 74, which feeds 1o output line 76. A
negative pressure fan 7B is operatively coupled to the upper
end of separator 66 and serves 10 induce airflow through
tunnel 60, hammermill 62 and tower 64, The dehydrator 18
is of the type described in U.S. Pat. No. 4,573,278, incor-
porated by reference herein.

The milling, cooling and packaging assembly 20 is opera-
tively connected to output line 76 as shown, and serves in the

usual fashion to redoce the dehydrated grain to an &ppro-

priate particle size with subsequent ambient air cooling and
packaging. The milling section would conventionaily be
two-siage mill. :

In normal operetions using apparams 10, the desired grain
Lo be procassed is fed through feeder 22 and line 26 into
cooker 14. Al the same time, heated water is directed
through line 42 inmo the cooker, along with elkali. The
incoming water temperature is at least about 180° F, and
more preferably from about 190°-212° E; this water tem-
perature i3 mainipined by means of the sieam coils 41 within
housing 32. Generally speaking, an excess of alkaline solu-
tion is provided in cooker 14, relative to the amount of grain.
Preferably, at least about 20040 by weight of alkaline solu-
lion is provided, based upon the amounl of grain taken as
100% by weight; more preferably, this ratio should be from
about 250-280% by weight alkaline solution, as compared
with the grain taken at 1009% by weight. The alkali employed
is typically ¢alcium hydroxide, although other types of alkali
metal or alkaline earth metal hydroxides cauld be used. The
pH of the processed water within cocker 14 should be at
least aboul 9, and more preferably from about 10-12. The
residence time of the grain within cooker 14 is variable, but
generally should be at least about 20 minutes. In actual
practice, this residence time usually ranges from about
2060 minutes, most preferably about 40 minutes. The
purpose of treatment within cooker 14 i3 o loosen the
pericarp of the prain and 1o partally hydrate and cook or
gelatinize the grain, In preferred practice, processing within
cooker 14 shoutd be sufficient to achieve &t least about 15%
gelatinization of the grain, and more preferably from ahout
20-45% gelatinizalion. The moigure content of the grain
exiting cooker 14 should be from about 15-50% by weight
MCWB (moisture content wet basis), and more preferably
from about 35-50% by weight MCWB. The temperature of
the grain leaving cooker 14 is generally from about
160°-210° F.

The output from cooker 14 passes via conduit 43 into
washing device 16. In this device, the loosened pericarp is
removed from the grain and separated, For this purpose, iow
pressure ambient temperature water is directed through the
jets 50 onto the rotating prain within rcel 48. The pericarp is
then stralned and the resulting processed prain js passed
through cutput line 54 into dehydrator 18. At the same time,
the separated alkaline solution is passed through line 42 for
filtration, addition of mekeup water as needed, preliminary
heating, and pessage back into cooksr 14, The moisture
content of the grain leaving washer 16 is generally slightly
lower than that of the grain from cooker 14. Usually, this
reduction is from sbout 2-8%. The temperature of the grain
leaving washer 16 is less than 80° E-

' The moisturized and debranned grain is delivered throngh
line 54 direetly into hammermill 62. At the same time, high
temperawre induced air currents are directed into the ham-
mermil] vie fan 78 and bumer 58. The temperature of the
incoming air stream i8 from abouwt 600°-1000° F., and more
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preferably from about 700°-900° F. This air is directed fnio
the hammeraill at a reletively high velocity on the order of
from about 1,000-15,000 cfm, aod mors preferably from
gboul 2,000-12,000 cfrn, In preferred practice, the amount
of heated air employed should be from about 0.5-7.5 effth.
of incoming wet grain, and more preferably from sbout
1.0-6.0 cilb of incoming wet grain. The hammmermill 62
serves to reduce the incoming grain to 2 maximyum perticle
size of lesy than about 3 mm, and preferably smaller. In this
fashion, tha total surface area of the grain is very substan-
tially increased. At the same time,, the grain is subjected to
significant flash dehydration within the hammermiil. The
outpirt from hammermill 62 passes upwardly through tower
64, being conveyed by the induced air currents within the
debydrator 18. As necessary, the airlocks 78, 72 may be
operated for recycling purposss. Finished product is deliv-
ered 1o separator 66. The incoming air temperature 1o the
separgtor 66, referred to a3 the process (emperature, i3 from
about 160°-320° F, and more preferably  from aboot

5

-nothing therein should be.teken as a limjtation upon the

overall scope of the invention, .

A total of four processing mns were carried out, three
uging yellow dent corn, and one uging hard red winter wheat.
The three com runs were carried out under identical pro-
cessing conditions, except that retention imes in the cooker
14 were varied, In particular, in all four nims, water, lime ang
grain were delivered to the cooker 14, and the prain was
retained in the cooker for measured amounts of time. The
water ternpemture within the cooker 14 was maintained at
212° F, and lime addition was at 3-3.5% by weight. After
the product exited the cooker 14, it was immediately washed
with 30 psi, ambient emperature tap water. The washed
product was cooled to a temperature below 80° F. and then
collected in drums. The collected products were then pro-
cessed through the flash dehydrator, with subsequent milling
and cooling.

In particular, the measpred, conditions within the flash
dehiydrator for these four samples were as follows. Tem-
peratre of incoming hot air currents, 716° F; process
temperature, 200° F.; agitator load, 30%; fan damper pasi-

180°-300° F. The output, from separator 66 isin the formof 0 o 25% b i . et
. 1 0 8 ! open; burmer position, 15% open; estimated
subdivided, subsm;]tf;aé.ly a?)nnd Sg_f;';“% gpm;“ymh]t{mg a residence or dwell time in Aash dehydrator, 6 seconds.
Tooisture content ol fom about y weight MCWBE, The com samples after flash dehydraion were milled o
and more preferably fno_mabout 10-1257 b}! weight MCWB. two paricie sizes, pamely: B coarse milling with S50%
The temperature of this output material is normally from through 2 40-mesh screen, and 50% through a 60-mesh
about 100°-150° F., and more preferbly from about 25 soreen; and 2 fine milling with 100% through 60-mesh. The
110°-140°E. The total residence time of the debranned grain wheat sample was fine ground only. This gave a fotal of eight
within dehydrator 18 is from about 2-15 seconds, more samples of flour for evaluation, a coarse and fine milling of
praferably from about 512 seconds. the three com mns, the fine grind_ wheat run, and a control
In the final assembly 20, the grain is further processed by~ corn masa flour from a commercial source.
a two-stage milling to ackieve a standard flour particle size. The following table sets forth other processing conditions
It is then cooled and is ready for packaging.. and product parameters for these tests.
Com Comn Com Whe
Cooker Rendence Time (Min,) 18.6 o 400 186
Moisture Coment From Cooker 395 41 464 38,7
(% by weipht MCWB)
Textperatirs of Product From © 202 207 07 pash]
Cooiter (*F)
Mgisture Contont From Washer 337 1’9 197 —
(% by weight MCWB)
Moisture Content from Detry- 10.8 125 13.0. 116
drator (% by weight MCWB) ’
Final Floar Water Absorpuan 323 372 3.61 351
Index .
Flost Four Water Solubility 501 497 5.06 1]
Index® (%)
Final Flour Reducing Sugar 1145 930 . 1033 90.0
Coptett (Mg Maltose/10 g Produoet)® .
Fins! Fiour pH* 6.63 6.62 6.6 775
Fimal Floor Meisture Contert 992% 1.18% 7 %% 7.97%
(% by weight MCWRY :

'WAI values obtsined by grinding the product through a 60-mesh screen, adding 2.5 g of the
ground prodoct (dry basis) w 30 mi water aod allowing the naxtore Lo stand af Yoom [emperstre
. , for 144 boars with atifring er agitation every 30 mimutes; mample i1 then cenwrifuged for 20
minies, the sopernae ia decanted and the wei gel is weighed; the weaght of this gel in grany
' s divided by 2.5 g to give the WAL The dry corn masa flour conirol had & WAI of 3.52
WSI vadnes obisined by

oven drying the supemee described in fonmots 1 a 110° C The dried

solids are then weighed and the wright in grams is divided by 2.5 g and the result {5 multiplied
100 to gve the WL The dey com owss four control had a WSI of 655%

sugar content vajues obtmned using AA.C.C. (Ametican Association of Cerezl
Chemnists) Method 80-60; the

con mata, lour control had » value of 35 mg

‘pthuuhﬁmduﬁn;AAchMmm-m;mmmmﬂmmlhad;pH

of 6.75

*Misure content vahses obtmined using A.AC.C. Method 44-15; the dry com masa fomr
conrol had 2 9.62% by weight MCWB

EXAMPLES

The following exemples illugtrate preferred aspects of the
present invention. It is to be understood, however, that these
examples are presented by way of illustration only, and

65

The eight flours were evaluated by mbydm‘in‘n. conven-
tional sheeling, preliminary toasting and final frying, The
flours produced by the method of the invention gave accept-
able aroma and flaver characteristics, and the fine flours
rehydrated and sheeted easily. The coarse flour made chips




5,558,898

7

having an unacceptable rough texiure, as compared with
conventional masa chips. The finc flours gave fully accept-
gble flourtype soft tonillas. However, when fried these
products absorbed 100 mmch oil and did not have completely
acceptable texture and color. It was concluded that these
frying and color problems derived from use of 100 much
lime in the initial processing; this is believed to deletericusly
affect both color and frying quality.

1 claim:

1. Amethod of producing masa flour, comprising the ateps
of:

providing a guantity of whole grain;

contecting said whole grain with a heated alkaline solu-

lion for a peried of lime to pariially cock the grain and
ioosen the bran fraction thersof!

separating said bran fraction from said grain to yield

debranned grain;

flash debydrating said debranned grain by passing hot air

currents therethrough until the debranned grain has a
moisture content of up 10 about 20% by weight; and

reducing the flash dehydrated and debranned grain to a
. masa flour.

2. The method of claim 1, including the step of conlacting
said whole prein with said heated aikaline solution for &
periad of 4l least about 20 minutes. :

3. The method of claim 2, said period being from about
2060 minutes.

4. The method of claim 1, seid heated alkaline solution
having temperature of at least ebout 180° F

5, The method of claim 4, seid temperature being from
gbow 190°-212° F,

6. Tho method of claim 1, said heated alkaline solution
having 2 pH of at least about 9.

7. The method of cleim 6, said pH being from about
10-12.

8. The method of ciaim I, including the step of contacting
said grain with at least about 200% by weight of said heated
glkaline solution, based upon the amount of whole grain
taken as 100% by weight.

0. The method of claim 8§, wherein spid whole grain js
contacted with about 250-280% by weight of said heated
glkaline solution, based upon the amount of whoie grain
laken a8 100% by weight.

35
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10. The method of claim 1, said heated alkaline sclution
comprising an alkali metal or alkaline earth metal hydroxide
dispersed-in water. '

11. The method of claim 10, seid healed alkaline solution
comprising calciom hydroxide dispersed in water.

12. The method of claim 1, said contacting step being
carried out until said grain is at least about 15% gelatinized.

13. The method of claim 12, sald contacting step being
carried out until said grain is from about 20-45% gelati-
nized,

14. The method of claim 1, the moisture content of said
grain after said contacting step being from about 15-50% by
weight

15. The methed of claim 14, said moisture corfﬂu;{bemg
from about 35-50% by weight.

16. The method of claim 1, the iemperature of said grain
afier said contacting step being from about 160°-210° F.

17. The method of claim 16, wherein said temperatire is
from about 700°-900° E ..

18. The rethod of claim 1, said ho1 air currenis having a
velecity of from abowt 1,000-15,000 cfm.

19. The method of cleim 18, said velocity being from
about 2,000-12,000 cfm.

20. The method of claim' 1 said flash dehydmtion step
being carried out until the moisture content of the debranned
grain is from aboul 8-15% by weight.

21. The metbod of claim 20, said moisture content being
from about 10-12% by weight

22. The method of claim 1, the temperature of said grain
after said flash dehydration step being from about 100°-150°
E ’

23. The method of claim 1, including the step of mubdi-
viding said debranned grain during at least a portion of the
time that said hot air currents are contacting the debranned
grein.

24. The method of claim 1, wherein said hot ar currents
have a temperature of from about 600°-1000° F.

25. The method of claim 1, including the siep of flash
dshydrating said debranned grain for & period of from about
2~15 saconds.

26. The methoed of claim 22, sgid period being from about
3-12 seconds. : )

27. The methed of claim 1, said residence time being from
about 5-12 seconds.

’
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57 ABSTRACT

A short-ume. low-pollution method of preparing masa
flour is provided which vields flour equivaient to con-

- ventionally fabricated masas with a total processing

time significantly less than prior techniques. The proce-
dure preferably comprises subjecting alkali-treated.
debranned and moisturized grain (e.g.. com) to near
infrared radsation in order 1o partially cook the grain.
The grain can then be milled 10 desired particle size
specifications. Masa prepsred in accordance with the
invention may be produced in as little as one-half hour.
as compared with prior methods involving many hours
of preparation time. The preferred alkali treatment of
the grain prnor to infrared processing substantially re-
duces poltution inherent 1 prior ari methods.
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1
PREPARATION OF MASA FLOUR

BACKGROUND OF THE INVEKTION

1. Field of the Invention

"The present invention is broadly concerned with a
method for the preparation of masa flour which elimi-
nates meny of the costly. tme-consuming. pollution
causing steps conventionally carried out in 1he prepara-
tion of such flours. More particularly. it 15 concerned
with a masa preparation method wherein debranned.
moisturized grain {e.g.. corn ar wheat) is subjected to
near infrared radiation for partial cooking thereof. fol-
fowed by reduciion of the cooked. debranned grain 10
-masa flour. The method of the invention may be carnied
out in as lirtle as one-half hour of processing time, as
compared with conventional techniques requiring many
hours of preparation time. The resulyant fiours in accor-
dance with the invention are essentially equivalent to
conventional flours in terms of cook. waler absorption
and handling characteristics.

2. Description of the Prior Ant

Masa lour. 1ypically made using food grade com or
wheal. it produced in tremendous quanties n the
United States and around the world. Such flowur 1s used
ta fabricate such familiar products as 1onilla chips and
taco shells.

Despite the demand for masa flour, for the most pan
it i« prepared using very old and ume honored tech-
niques. In the first siep. whole kernel corn is cooked in
a mixture of water and 1% lime up 10 2 temperarure of
175°-205° F.. depending upon the hardness of the start-
ing comn and other factors. The com is then allowed 1o
steap in the lime water for a penod of §-12 hours. in
order 10 allow the lime to penetrate. loosen and par-
tially dissolve the pericarp or bran [raciion of the corn.

The sieeped corn is then passed through o comn
washer. compricing a perforated. rotatable cylinder
equipped with internal waier jets, in order 10 complate
the removal of bran and 10 reduce the pH of the corn 1o
about 6.5-7.5.

In the next step. the washed. debranned com is passed
through & stone gnader 1o mill the corn 10 a desired
particle size and 1thus complete the flour preparanion.
- The flour may then be appropriately dried for storage,
sale and use, or used directly. Masa products are typ-
cally prepared by forming a2 1:1 {w/w) dough of the
masa flour and waier. followed by forming the dough
through an extruder or other hke device, followed with
subsequent drying. eguilibrating and frving. The final
fried masa products are then cooled. salied and pack-
aged. .

The conventional masa flour preparation technique
presents a number of serious difficulnes. First of all, the
time required to process the flour is considerable. owing
principally 1o the need for extended steeping. Secondly,
the established method has serious ecological conse-
quences. in that the steeping water contains consider-
able guantities of objectionable dissolved pericarp and
soluble starches. Removal of these organic subsiances
from the sieeping water is an expensive proposition for
masa fipur producers. and some flow planis are re-
ported to incur expenses of many thousand dollars per
month simply 1o remove these polluiants from their
process sireams. ' .

There is accordingly a real and unsatisfied need in the
ert for gn improved mase production method which

H)
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¢ masa flour prepared in
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avoids the long processing times typical of prior meth- '
ods while reducing concomitant pollution problems.

SUMMARY OF THE INVENTION

The presem) invention overcomss the problems out-
lined sbove and provides a significamtly improved
method for the production of masa flour from grains
such as wheat and corn. Broadly speaking. the mathod
involves first providing a quantity of debranned grain
having & moisture coatent of from about 15-35% by
weight, followed by subjecting the debranned. moistur-
ized grain to near infrared radiation to effect partial
cooking thereaf. The partially cooked grain can then be
reduced by conventional milling techniques to-masa
flour having desired particie sizes.

In preferred forms. the process includes an alkal)
treatment of starting whole grain followed by sbrasion
of the alkali-treated grain in order 10 remove & substan-
tial proportion of the pericarp fraction. without the
need for lime water cooking and extended steeping
times. The alkali treatment advamageously comprises
the steps of forming an aqueous solution of alkali meta)
hydroxide (e.g.. from about 2-205¢ alkali metal hydrox-
ide). heating the solution 10 a temperature of from abowi
100°-160" F.. and contacting the whole grain with the
heated alkali solution for a period sufficient 10 loosen
the pericarp fraction. Thereafter. the grain may be
abraded and washed 10 substantially remove all peri-
Cam.

The preferred near infrared treatment of the de-
branned grain comprises subjecting the grain 1o near
infrared radiation having 2 wavelength of from about
1.8-3.4 microns for & period of from abouot 10-270 sec-
onds. until the grain has s tempergture from about
140°-260" F. and a moisture content of from about-
7-20% by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is # schemaiic process flow diagram setung
farth the preferred masa preparation method of the
present invention:

+ F1G. 2 is ¢ portion of an amylograph obtained using
conventional. commercially obtained masa flour: and

F1G. 3 is a portion of an amylograph obiained using
: f accordance with the present
nvention !

DESCRIPTION OF THE PREFERRED
EMBCODIMENT

Turning first to FI1G. 1. 2 process flow diagram se1-
ting forth the preferred steps in the production of corn
masa flour is provided. The method involves first pro-
viding an appropriate quantity of whole food grade
yellow or white corn which typically has a moisture

5 coment of from about 9-159% by weight. This corn is

then s_ubject:d 1o an alkali treatment process of the type
described by Mistry, et al. m a paper entitled “Dry

‘Milling and Physical Characteristics of  Alkali-

Debranned Yellow Dent Com™, appearing in Cerea/.
Chemistry. 69 (1):82-84 {1991) This paper is incorpo-
raled by refarence heremn. Similar alkali treatments are
disclosed in U.S. Par. Nos. 3,264.113, 3,031,305 and
2.472.971.

In more detail. the preferred alkali 1reatmem com-
prises first preparing an alkali meta) hydroxide solution,.
such a5 a 6% NaQH solution, This solution is then
heated 10 a temperature of ftom abouwr 100°-160° F..
more preferably from abowt 120°-150* F.. and most
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preferably about [35° F, At this point. the corn is added
10 the heamed solution ot & level of from about 1:1-4:}
solution:corn on & weight/weight basis. Most prefera-
bly. the corn is added et a level of abow 2:| solunon:-
com. The com is allowed to remain in the alkali splu-
tion for a period of from aboui 2-12 minures. more
preferably of from about 5-10 minutes. and most pref-
erably about 7 minutes. The corn is then removed from
- the alkali solttion, -

» The corn may be allowed 10 set and equilibrate for
any convenient time (e.g.. 24-72 hours).- if' desired.
However, for the mast efficient production. little or no
equilibration ume is reguired. and the alkali-treated
corn may be directly passed into a rotary grain abrasion
device. Such a device is conventional in the milling
industry. and serves to mechanically remove pericarp
from the whole kernel com. One useful abrading unit
consists of a plastic bristle brush rotating at 160 rpm
over a t2-mesh. 150 mm (in diameter) circular screen
with a continugus water spray. The peeled pencarp is
washed through the 12-mesh screen and collected over
a 100-mesh screen below. The process water is recircu-
lated unti! all of the corn is largely free of pericarp. In
practice. the com should be processed in the abrading

device from a period of sbowi 2-10 minutes. rypically 2

aboul 5 minutes. .

Afier abrading, the corn is placed 1n a continuous
corn washer that removes the remamder of any peri-
carp. The washer includes a rotatable. perforated reel
with internal water jets. and has a strainer for caiching
the removed pericarp.

The debranned corn resulting from this process has 5
morsture content of from aboud 15-35% by weight.
more preferably from about 20-30% by werght. and
mast preferably about 25% by weight. The pH af 1:1
{(w/w}mixture of water and this debranned corn ranges
from about 6.5-7.5,

In the neat step as set forth in FIG. 1. the debranned.
mossturized corn is subjected to infrared radiztion in a
micronizer or similar device. The purpose of microniz-
ing is 1o cause rapid heating of a1 least the ouler portion
of the corn while effecting cooking of a fraction of the
starch granules therein. In the micronizing process. near
infrared or micron sized wavelength radiation .is em-
ploved. basically in the range of from about 1.8-3.4
microns. This near infrared radiation penetrates the
grain. causing constituent molecules to vibraie ai a {re-
guency on the order of 8.8%10° MHz. up 10 1.7 10*
MHz. The resuhiant ‘inter-molecular friction causes
rapid internal hegting and & rise in water vapor pressure,

Micronizing is a relatively simple process. wherein
the corn is conveyed along 8 moving belt or vibrating
pan over which g near infrared manifold is suspended.
The belt is normally vibrated 10 insure that the corn 15

constantly rurned over, thus exposing all surfaces to the 5

radhation. The rate of flow, and therefore the residence
titne in the micromzer, is controlled by adjusting the
angle of the conveyor. Micronizing is described in U.S.

Pat. No. 3,694,220 as well a5 in 2 1989 thesis by Kay ’

20

10

s

45

Timmins entitled “The Microscopic Examination of &0

Micronized and Extruded Cereals and Cereal Prod-
ucts™, both of the Jatter being incorporated by reference
herein.

In the context of the present invention. the near infre-

red processing should be carried out for a period of 65

{ram about 10-270 seconds. mare preferably from about
50-150 seconds, and most preferably about 90 seconds.
The near infrared radiation should-have o wavelengih

4 .

of from about 1.8-3.5 micrans. and most preferably is in
the range from abowm 2.5 to 3.4 microns, The tempera-
wre of the corn exiting the near infrared processor
should be from about 140'-260" F.. more preferabh
from about 150°-225° F., and most preferably about
185° F. The moiswre of this exiting corn should be from
about 7-20F by weight MCWB. more preferably from
about 10-15% by weight MCWB. and most preferably
aboul 14% by weight MCWB.

As further illustrated in FIG. 1. following near infra-
red treatment. the corn should be cooled to ambient
using any conventional and expedient technique such as
an ambient air cooler. Alternately. the micronized comn
may be directed to & holding tank wherein additional
cooking will occur by virtue of the elevated tempera-
ture of the comn. Such a set period could range up to
sbout 60 minutes. and provide whatever additiona)
cooking may be desired by the processor. After such set
time. the corn would then be directed to a cooler as
described. At this pomt, the comn is cooked to the de-
sired extent and fully debranned. The final step involves
simply milling the corn ta a desired particle size specifi-
cation. the latier being dictated by the desired and use
Such specifications are well known in the ar1 and vary
from customer 10 customer.

The final corn masa flour is normally used by rehy-
drating the flour with water. and commonly a 1:]
{w /w) Rour:water ratio is used. Afier such rehydration.
the masa flour of the invention will exhibit a moisture
level of from abowt 45-55% . and more preferably from
abow 48-32% . Microscopic examination of the masa
flours produced in accordance with the invention show
that they are very similar to conventional flours of this
character. Specifically. such examinetions demonstrate
that the masa flours hereof exhibit substantially intact
starch granules with the greatest proportion of these
granules non-gelatirized. and respective smaller pro-
portions thereof partially and fully geistinized. Typical
conventional masa flour will have 55% of the siarch
granules non-gelatinized. 25% partially gelatinized. and
20% fully gelatinized. and the processing steps of the
present invention can be selected to essentiaily dupli-
cale these percentages.

Similar 1echniques can be employed in the production
of masa-type flours fram other grairs. most notably
whest.

The following examples describe the preferred tech-
nigues for producing masa flour in accordance with the
invention. It is 10 be understood, however, thal the
examples are presented by wey of illustration only, and
nothing therein should be taken as a limitation upon the
overall scope of the invention.

EXAMPLE 1

In this example, ¢leaned, whole kernel food grade
corn (yellow or white) 15 treated to produce precocked
masa flour.

In the first step, fifty pounds of a 6% sodium hydrox-
ide solution is made and heated to a temperature of 135* .
F. Twenty-five pounds of the food grade comn 1s next
added to the heated solution, and allowed 1o stand for
about 7 minutes in order to break the chemieal bonds
between the pencarp and endosperm fractions of the
corn. thus loosening the pericarp without substantial
dissolution thereaf.

After this alkali treatment is completed, the corn is
removed from the hydroxide solution and pieced mn a
conventional rolary pran abrasion unit of the type de.
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scnibed previousiy. Thys device serves o further me-
chanically loosen the pericarp from the whole kernel
corn. In practice. the corn is processed in the sbrasion
unit for ghaut § minmtes,

The debranned corn is then placed in & continuous
grain washer having a perforated. rotatable reel with
water je1s. The washer serves 1o detach the loosened
pericarp from the kermel corn The detached pericarp is
caught in the strainer of 1the washing device for subse-
guent processing or disposal {e.g.. neutralize with acid
1o vield an approximately 926 dielary fiber). and the
resultant debranned corn is ready {or near infrared
trestment. As it emerges from the washer. the de-
branned corn has e moisiure content of approxmaiely
25% by weight MCWB and & pH of from about 6.5-7.5
in & 1:1 (w/w) corn/water mixture. In this example. the
debranned corn is allowed to set undisturbed for over
24 hours. inasmuch as the micronizing equipment was

physically separated from the atkal treatment and 2

washing apparatus. 1t is believed, however. that such set
uime is not required 10 obtain the desirable results of the
mvention.

The debranned and moisturized Lernel corn is next
directed 10 a mucronizer apparatus for near nfrared
treatment. The micronizer is operaled (o give a reten-
tion time of approximatelv 90 seconds. resulting in 2
grain tempergture at the exit of the micronizer of 185°

F. and 2 mosture coment of 14% by weight MCWR, 3

The wavelength of the near infrared radiation used is in
the range of 2.5-3.4 microns. The pan transporting the
debranned carn under the infrared burners s vibrated ai
60 Hz. and the inclined setting of the main vibrator was
1", in decline

The effect of micronizing is ro gelgtinize (i.¢.. cook) a
minor fraction of the starchk granules in the corn. 0
pertially gelanmze a greater perceiage thereof. and 10
leave at least abous 50% of the granules noy gelatinized.
The starch granules also rewgin their identity by virtue
of the near infrared treatment. This substantially dupli-
cates the cooked condition of traditional masa flour.

In the next step. the micronized corn is directed to a
conventional ambient air cooler where the corn kernels
are cooled 10 ambient. At thy point. the corn is milled
1o desired specifications for & particular masa flour. In
this case. the corn was ground to the following sieve
profile. typical for use in making tortilla chips:

U5 Med T By Weight
-0 7.0
-N Bda
=40 187
-0 6.0
- R} R00

~-100 . 167
<100 0%
EXAMPLE 2

In the following example. white and vellow corn
samples were treated as set forth in Example 1. The
alkali 1reatment, abrading and washing steps were car-
ried out as in Example 1. followed by micronizer reat-
ment and subsequent coaling. The following 1able sum-
marizes the micronizer conditions.

5
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TABLE
HUN o
1 N
Gram Duhrunnad Uebrannad Drbranney!
Yelow Corn Yellow Comn Yellaw Corn
Near TR Wae. IR AL inwMn
lengrh w
Temperane €.
Vihrason Fros Hi1H, oty HiH/,
guency ofAlwn Pan .
Inchine of Main Pan 1 Dechine 1" Decline 17 Dl
Reteninen Tomy FA v BS sy At ey
Main G "Ajr - 174 hAL]
Bunerfly Seting
Rate Emering 102 thomun 16.2 theqn. 182 Ih/min
Micranizer
Gram Mosgure 1422 1r 237 11,01
Emering Microniret b weighy hy welpght by weight
Gran &lonture {20077 14027 18 Thy
Exmng Muchmizer Moweight hy weight by werpn
Grin Temperatur - IR F, 192 F

Evnng Micrnner

These three grain products were then milled to an
appropriate size for masa flour. They were each tested
qualitatively by mixing flour and water 1:1 (w/w). and
it was found that the flour products of the: invention
balied up™ in the same fashion as traditional masa flour.
Moreover. the moisturized fiours of the invention did
not stick to the hands when manipulated. which is an
importani equvalem characteristic of masa flour.

The Run #1 mesa flour was also tested using an
amyiograph. and compared (o conventional. commer-
cially available masa flovwr: Specifically. 45 g of the Run
#1 flour was ground through 2 UDY mill and mixed
with 375 ml of water. The mixture was heated for 45
minutes. heid for 10 minutes. and cooled for 45 minutes
in the amylograph. An identical quantity of commercial
fiour sold under the name “Masa Mixta” was UDY mill
ground. mixed with 375 ml of water and run through
the amylograph under the identicz! conditions set forth
above,

The relevant portion of the amylograph obtained
using the Masa Mixia flour is shown in FIG. 2, where
the hold time is from 16-6 minwies. F1G. 3 illustrates the
same portion of the amylograph obtained using the Run
#1 flour. where again the hold time is from 16-6 men-
utes. It will be observed that these amylographs are
very similar 1o each other. further confirming the fact
that the maesa flour of the present invention is very
similar, if not functionally identical. with conventional
masa flour.

The Run #3 flour was also tesied for water absorp-
tion. The standard for commercial masa flour is that a
1} HaO:flour mixture gives 522:3% water moisture.
The Run #3 floer gave 8 waier moistere of 52,55, wel)
within 1he commercial standard.

A microscopic examination of the flours produced in
these three runs demonstrates thet they are simiar to
conventional masa flour, by having intact starch gran-
ule structure and a substantial proportion of non-gelati- -
nized starch granules. In order 10 mete closely simulate
the conventional flour, the near infrared treatmest con-
ditions should be ajtered 10 increase the proportion of
fully and partially gelatinized starch granules. Such
would involve increasing the micronizer residence time
and/or increasing the process temperature.

I claim:

1. A method of producing masa fiour. comprising the
sieps of: ’

X
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e
providing.a quantity of whale grain:

contacting said whole grain with an agueous alkali

metal hvdroxide solution for a relatively short per-
ind of 1ime sufficieny 10 loosen the bran. removing
the brap fraction of said grain. and adjusting the
moisture content of the debranned gram as neces-
sary uniil ihe debranned grain has a8 moisture con-
-tent of from abour 15-35% by weight:

- subjecting said debranned grain to near infrared radi-
ation for partia) cooking thereof: and

reducing the partially cooked, debranned grain to

masa flour.

2. The method of claim 1. said grain being selecied
from the group consisting of wheat and corn.

3. The method of claim 2. said grain being coarn.

4. The method of claim 1. said partie]l cooking step
comprising subjecting said gramn to near infrared radia-
tion for & period of from about 10-270 seconds.

5 The method of claim 1. said penial cooking step
being carried out until the prain has a temperature of
from about 140°-260° F. and a moisture content of from
about 7-20% by weight.

6. The method of cleim 1. wherein said bran removal
slep comprises gbrasion of the alhali metal hyvdroside-

0
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treated grain in order to remove a substantial propar-
tion of the bran from the grain.

7. The methed of claim 6. said ajkali metal hydroxide
contacting comprising the steps of forming an equegus
solution of sodium hydroxide and heating the solution
Lo 8 temperature of from about 100"-160" F., contacting
said whole grain with seid heated salution for a period
suificient 10 loosen said bran.

8. The method of claim 1. a 1:1 (w/w) dispersion of
said debranned grain in water having e pH from about
6.5-7.5.

9. The method of claim 1. including the step of caol-
ing said cooked grain prior to said reduction step.

10. The method of clann 1. said comacting step being
carried out for a period of from about 2-12 minutes.

11. The method of clzgim 10, said period being from
about 5-10 minuias. .

12. The method of claim 9. including the step of di-
recting said grain to a holding tank for additiona} cook-
ing thereof prior 10 said cooling step.

13. The methed of claim 9. wherein said cooling is
carried ou! until the grain is cooled to about ambient
tempereture,

14. The method of claim 1. said agueous glkali meial
solution being heared.

L
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(:j In practice. time limils other than the 30-month time limit will continue .10 apply, for various penods of lime, in respecl of ceriam
designated or elected Offices. I'or regular updaies on the applicable time fimiis (20, 21, 30 or 31 months, or other lime limit). Office by
Office, refer 1o the PCT Gazette, the PCT Newslenter and the PCT Applicant’s Guide, Volume 11, National Chaptcrq all avu:lablc from

pel/enindex huml.
Jiminary examinafion, see the PCT Applicant’s Guide, Volume /A, Chapler IX. Only an

applicanl whe is a national or residemt of & PCT Contracung Stale which is bound by Chapter 1 has the right o fie & demand for
internabenal preiiminary examination (at present, all PCT Cantracting States are bound by Chapler I

1t is the applicant's sole responsihility 10 monitor all these lime limits.

The appheant is hereby notified that, al the lime of establishment of this Notice, the time limit under Rule 46,1 for making amendments
under Article 19 has not yel expired and the lmcmahonnl Burcau had received neither such amendments nor a declaration that the applicant

The international Bureau of W1
3. chemin des Colombelies

Facsimmle No.(41-22) 740,14 .35

PO Authorized officer

1211 Genevu 20, Switzerkand Judith Zahra

Telephone No.t41-22) 338.91.11

Form PCT/ABAOS (Apnl 2002y
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Industria y Comercio

SUPERINTENDENCI

2020
Bogota, D.C.,
V94 5t

Doctor: OficioN°
RAMIRO CASTRO DUQUE
Apoderado
ASUNTO: Radicacidon N° 04-39948

Solicitud intemacional PCTUSO3/2756

Fecha inicio fase nacional 31/08/2004

Tramite 011

Evento 379

Actuacion 430

Folios 001

A

Como resultado del examen de forma, realizado con fundamento el el artfculo 38 de la Decisidn 486 de la

Comision de la Comunidad Andina, articulo 27 del Tratado de Cooperacién en Materia de Patentes (PCT),
regia 51 bis del Reglamento y Circular Unica de la Superintendencia de Industria y Comercio, se le comunica
que:

0 La solicitud no contiene la copia de! documento en que consta la cesién del derecho a la patente del
inventor al solicitante 0 a su causante. (Art. 26-k) Decision 486).

0 La solicitud no contiene el poder debidamente otorgado, con el lleno de los requisitos exigidos por los
articulos 63 y subsiguientes del Codigo de Procedimiento Civil. Adicionalmente, debera presentar el
documento que acredita 1a existencia y representacion legal de la sociedad solicitante, cuando ésta fuere
persona juridica.

0

En cumplimiento de lo dispuesto por el articulo 39 de la Decisidn 486, se le requiere para que dentro del
témino de dos meses siguientes a la fecha de notificacion del presente oficio, complets los requisitos
anteriomente enunciados. En caso de no dar cumplimiento al presente requerimiento, la sofictud se
considerara abandonada y perdera su prelacion.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del capitulo quinto del
tituko primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe d;ja/nwisim de Nuavas Creaciones.

21 Mirp 209

El anterior requerimiento fue notificado por fijacién en lista de fecha,




