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CONTINUOUS PRODUCTION OF AN INSTANT CORN FLOUR
FOR AREPA AND TORTILLA, USING AN ACID-COOKING

BACKGROUND OF INVENTIONM

1. Field of the Invention
The present invention relates to an accelerated
thermal process under acidic cooking for the production of
5 precooked corn flour and, more particularly, it“relates to a .
continucus partial remd;al of. the- corn hull fractioh with an-
acidic reducing agent applied to the production of instant
corn flour for the manufacture of arepa and tortilla and the
like.
10 - 2. Deacription of Related Art
Tertilla and corn dough (masa) are traditionally
made from whole corn kernel which is cooked and/or steeped in
calclum hydroxlde (llme) or sometimes in sodium” hydroxide.
(lye) or wood ashes, in order to produce a reaction known as
15 - "nixtamalization'. The nixtamalized corn is further steeped,
washed with partial hull removal and finally stone ground into
a cefn dough. Corn dough texture is determined by factors

such as corn variety or cultivar, endosperm hardness as well

as the water uptake {(dough yleld) and degree of atarch
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gelatinization mainly during corm "cooking" (thermal) and

cooked corn (nixtamal) “"grinding®™ (mechanical) operations.
During alkali-cocking and/or ateepin_g, there are

chemical and physical changes such as nutrient losses al ng

with partial hull removal and gelatinization in the corn

kernel. The most important nutritional modifications are: an

. increase in the calcium level with improvement in the Ca to P

ratio, a decrease in insoluble dietary fiber and zein-protein,
a significant reduction in thiamin and riboflavin, an improve-
ment of the leucine to ieoleﬁcine ratio reducing the require-
ment for niacin and reduction of the aflatoxina by leaching

into the lime-water.

'I'he cook:.ng method, raw corn quality and cooker type

o (batch or continuous) used have been proposed as the critical

variablea which determine solid losses in lime-water residue
(nejayote}. This v;astewater by-—product was composed of corn
solids rang:.ng from 1.5% (batch—cooker) to 2.5% (continuous-
cooker} . Dry solid matter includes an average of 50-60%
dietary fiber, 15-20% -ash, 15% starch, 5-10% protein and 5%
fat. The corn pericarp makes up 4-6% of the kernel dry weight
(Watson, 1587). It " aldo contains ‘' 67% hemicellulose, 23%
cellulose and 0.6% soluble-fiber. It is estimaii_ed that
dietary fiber in the pericarp (4.9%) and endosperm (2.6%) make
up B80% of the total dietary £fiber (9.5% in a d.ry-weig:ht
basis).

During' the formation of corn dough, grinding

disrupts the swollen and partially gelatinized starch granules
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and further distributes the hydrated scluble starch, protein
and fi_ber fractions around the ungelatinized fraction of the
endosperm-germ granules.

| Tortilla is the main edible corn product in Latin
America. It is a flat, round, unleavened and baked thin
pancake (flat-cornbread) made from fresh masa or corn dough
prepared from industrial nixtamalized corn flour (masa f1 ur).
It might be mentioned that tortilla, when manually or mechani-
cally elaborated and without additives of any kind, has a
maximum shelf l1life of 12 to 15 hours at room temperature.
Afterwards they are spoiled by microorganisms and become hard
or stale (retrogradation) due to a physicochemical change in
the starch constituent of either stored or reheated tortilla.
It is known that tortilla when kept _u.rider conditions in which
no moisture is loat (plastic package storage), nevertheless

become inflexible with time and break or crumble easily when
bent.

Properly processed industrial masa flour simplifies
the production of tortilla products, because the customer

eliminates management techniques required for wastewater

" treatment, securing, handling and processing corn into masa

for tortillas and snacks. However , an instant corn flour
potentially has the following quality and cost disadvantages:
high cost, lack of flavor, and poor texture in tortilla
products or snacks prepared from masa flour.

There ism nevertheles an increasing demand for and

use of industrially prepared corn flours for the benefits they
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provide to the consumer, such as convenience, availability,

incofporation of micronutrients and additives, low price and

a more stable product quality (Sustain, 19%7). The basic
difference between tortilla (from Mexica and some Central
American countries) and arepa flour (Venezuela and Colombia)
is that for the former, whole corn is alkali-cooked and the
hull is partially separated to obtain a lime-precooked corn
flour (masa flour). On the other hand, arepa flour (precocked
flour) is prepared from dehulled and degerminated corn without
using an alk&li-cooking 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 phncakq-(flat-cornbread: éuevas,et al. 1985).

Corn processes can generate added value from their
industrial operations in one of three approachea: devel ping
new products from new hybrids, increasing the yield £
traditional products from corn, 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'Iimg-water solution such as thoae disclosed in
U.S. Datents Nos. 2,584,893; 3,194,664; 4,326,455 and
4,513,018. These prior art methode for the industrial
production of corn dough or masa flour involve accelerated
cooking and steeping times with 1érge amounts of solids 1 sses
(1.5-2.5%) 1in the liquid waste. In addition,

easential

nutrienta such as vitamins and some amino acids are lost,
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depending on the severity of the cooking and washing opera-
tions.

Many and varied methods for the production of
instant corn flour for tortilla involving reduced amounts of
water with short process times and low energy requirements for
a high yield of the end product have been developed, as
reflected by the following U.S. patents: 4,250,80_2;
4,329,371; 4,594,260 and 5,532,013. Although the above
described prior art methods are capable of producing corn
flour with increasing yields and processing efficiencies, a
continuous process was still unavailable in the expanding masa

flour industry for tortilla and the like.

_sﬁmmr m OBJECTS OF. 'r-}m‘-mvm:ou .

Accordingly, it is an object of this invention t
provide a novel method and apparatus for continuous production.
of an instant corn flour under processing conditions involving
not only a reduced amount of water and solids lossa but als an
increased yielc'i of the product.

Another object is to a.chieve this objective using an
acidic cookmg w1th sodium ‘hetabisulfite and the like for
pa:r:t:ial removal of the hull fraction and producing a preco ked
corn flour for arepa and tortilla and the like.

The above and other objectes and advantages of the
invention are achieved by a new continuous process applied to
the production of precooked corn flour or instant corn flour

for arepa and tortilla, embodiments of which include acid-



10

1s

20

precooking with a sodium metabisulfite, or sodlum hydrogen
sulfite or sodium sulfite solution so asm to effect corm hull
hydrolysis, reduced washing of precooked kernel, Bta.b:llizatio_n
of the wmoilsture content to a desired optimum level for
grinding, grinding and drying the preconditioned kermel to
produce a uniform partial cooking, cooling and drying the dry-
ground particle, separating and recovering the fine grind ao

produced from the coarse grind while the latter is further

aspirated to remove a hull fraction as corn waste, regrinding

the isolated coarse grind and further sieving it to obtain an
ingtant corn flour for arepa, and admixing only a fine flour

with lime to produce masa flour for tortilla and derivatives

_ thereof. _

BRIEF DESCRIPTION OF THE DRAWING

The invention will be more fully understood from the

decription which follows and from the appended drawing in

which:

FIG. 1 depicts an embodiment of this invention in a

block—tfpe flowchart illustrating the continuous process. -

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring first to FIG. '1, there is depicted, in
flowchart form, an embodiment of the present invention. It

includes a pre-cocker 1; a washer 2; a preconditioner 3; a
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primary mill 4 with an associated furnace 5; a dryer 6; a
feeder bolt 7; a first cyclone separator 8; a cooler 9 with.an
asscciated blower 10; a second cyclone separator 11; a sifter
12; a seriea of aspirators 13; and a secondary mill 14. .

The pre-cocker 1 is fed with corn and a s dium
metabisulfite solution, to form an acidic agqueous suspension
which is heated by steam injection. By regulating the steam
heating along with the kermel resideﬁce time, it is possible
to precook the corn to a temperature of from about 75° to
about 94°C for a period of 35 to 45 minutes. This allows the
precooked kernel to be produced at moisture contenta of
between 35% and 37%, while the pH is lowered to about 6.2-6.6
with the addition of a 10% acidic solution to supply a 0.16%
sulfita-addihivg with respect to corn, Water loes in the
process 1s replaced with wash water from the washer 2, which
is regulated to maintain the solid content of the solution at
about 0.6% to 0.7%. The pre-coocker performs a partial acidic
hydrolyeis that promotes a uniform diffusion of the'cooking
water through the tip cap into the germ, endosperm and their

cell walls made of dietary fiber. Acid-cooking also softens

(L

the corn, permitting a 70% reduction in waste solids as well .

as a 15% reduced wastewater overflow (with a concomitant loﬁer
sewage cost) compared to the industrially used alkali-cooking
(Alvarez and Ramirez, 1995).

The parﬁially cooked corn suspension ias then passed

to a washer 2 where it is sprayed with steam heated water at
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a temperature of about 60" to 70°C for 30 to 60 sec nds, which
also serves to wash off excess waste =olids.

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

Thereafter, the preconditioned particle ie 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 a drxyer 6 whose design is known per se. The premilled
kernel is thereby dried at a higher temperature and short
time, and i1s partially gelatinized or precooked to yYield a
moisture content of 12% to 14% glepo.ar_ldi_ng on the granulation
being bro_cl-uced." ' _ |

Moisture laden-hot air (195°C to 205°C) is extracted
with a first cyclone separator 8 so that further moilsture
extraction may take place by impe'lling the drier wmaterial
through a cooler 9 with air sucked by the blower 10, thus
further decreasing the moistu_re con:tent from 12-14% to about
11-12% (epimllar to the incoming corn).

After further extraction of moisture laden-warm air
with a u:-ec'ond cycloné separator 11, the precooked dry particle
is directed to a sifter 12 where the fine grind is discharged
as instant corn flour for arepa and the coarase grind is
further segregated in a eseries of aspirators 13. The f rmer
finf grind may be admixed with lime (0.3% based on flour) for

production of instant masa flour for tortilla or snack £ ods.
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Th.e latter coarse grind particle is further separat-
ed in the aspirator system 13 wherein two fractions are
obtained, a light hull fraction which is isolated as corn
waate with a moisture content between 11% to 13% (representing 3
from about 3% to 6% to about 5% to 10% of the total weight £
incoming corn), and a heavy coarse fraction that is milled in
a secondary 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 deslred, the
arepa flour can be admixed with lime to produce a masa flour
for.making tortilla.

For use in arepa manufacture, the instant flour is
preferably rehydrated by mixing with warm water Erom a 1:1. 3
to about 1:1.4 weight ratio to form a corn dnugh ‘for arepa
elaboration (53% to 60% final molsture).

For use in tortilla manufacture, the masa flour made
from the present method can be rehydrated with water from a
1:1 to about 1:1.3 weight ratio for a masa dough used in
tortilla preparation (45% to 49% final moisture).

In this method, the novel acid-cooking results in
a 65% to 75% reduction  in solid loss and a 15% to 20% reduc-
t{oﬁ in wastewater effluent, with correspondingly lower séﬁége
and energy costs, as compared to the conventional unthp&s.
Furthermore, the acid-cooking of the invention allows a 50%
reduction in lime use if an instant masa flour were produced
to improve the traditional lime flavor and tortilla and/ r

snack ahelf life. The bisulphite and sulfite ions in aqueous
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solutions not only aid in stopping the growth of putrefactive
organisms, but aleo inhibit browning reactions during the ¢ mm
preconditioning.

There is furthermore a potential gain in corn flour
yield from 88% to 92% of the total weight of acid-cooked corn
as compared to the traditional alkall-coocking process which
approximately ylelds from 87% to about B89%. Whereas tﬁe
precocked and partially dehulled corn flour produced by the
present method may thuas comprise a higher than 90% average
yield of flour per kilogram of corn, the dehulled and degermed
flour produced by traditional arepa processing obtains only

a 70% average yield.

Still further, the instant corn flour produced by

the present ‘method has a higher nmutriticnal value than that

produced by the conventional methods, with more protein (15%
to 25%), fat (70% minimum), and dietary fiber content (100%)
than the typical arepa or cornmeal flour which mainly needs
vitamine (B and A) and mineral (irxon) fortification.

From the foregoing, it will be apparent that it is

poseible to manufacture a precooked and partially-dehulled

.corn’ flour for arepa and masa flour with a novel continuous

process which is efficient because of a reduced solid and
wastewater effluent, wherein some of the solid loss that would
have been present but for the features of this inventi n is
prevented. The shelf life of tortilla, however, could be
improved with refrigeration, antimicrobial agents, fiber-gum

antistaling agents, or by adding more than 0.3% lime during

10
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cooking or into the corn dough (U.8. Patent No. 3,730,732) r
leas washing of-the precooked corn.

The following table gives a typical nutrient average
composition for an instant corn flour for tortilla, and A

Bouth American precooked corn flour for arepa elaborati n

(NCAP, 1961; Cuevas, 1985):

Nutritional profile (per 100 g) of Imstant Corn Flours
Nutrient Corn flour Arepa flour
Water (g) 11.0 : 11.0
Protein (g} 8.1 7.0

_ Fat. (g) o 3.7 - _ _ 0.7
Ash (g) 1.3 0.3
Dietary fiber (g) 6.1 3.0
Starck (g) 69.8 78.0
Calories . 356 365

It is to be understood that the embodiments of this

invention herein illustrated and dgacfibed in detail, are by

way of illustration and not of limitation. Other changes and
modifications are possible and will present themselvea to

those skilled in the prior art and by the spirit of the

appended claims.

11
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We claim:

1. A method of processing corn kermel to pr duce

- precoocked and partially dehulled corn flour for arepa and

tortilla, comprieing continuously and repeatedly the following
steps: -

acid-cooking corn kernel in a solution comprising at
leaat one acld component selected from the group consisting of
sodium metabisulfite, aod:.i.um hydrogen sulfite and sodium
sulfite, to partially hydrolyze the hull of sald corn kernel,

stabilizing a moisture c_ohtent' of said acid-c ked
corn kernel to within a 'pr'edétemihed range, corts Lorae

grinding said corn kernel and drying ﬁt] with a high
temperature-short time apparatus or flash drier,

cooling and drying said ground corn with ambient air
having a relatively lower moisture content,

separating and recovering sald ground ¢orn into a

finer fraction, under 25 to 60 mesh, and a coarser fraction

 that is further aspirated .to.remove hull by-product and

thereat:ter re-ground, T

whereby there is produced an instant corn flour with

fine particle size suitable for arepa.

13
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2. The method of claim 1 wherein said hull by-
product is a light hull fraction representing a minimum by-
product yield from 3% to about 5% of the total weight of co}'x‘{::“"

3. The method according to claim 1, urther

: ol
comprising recycling the reground coarser fractionlto a sarie

- " ow the
apparatua used :l.rzl said separating and recovgrrngﬂécr:f;# coavs e

‘-fuh'c-'\'.

4. The method of claim 1 wherein saild precooked and
partially dehulled cc';rn flour comprises an average yleld of

Lervel
about 90% flour per kilogram of corn,

S. -The method in accordance with claim 1, further

‘comprising rehydrating. said instant flour by mixing with warm

water from a 1:1.3 to about 1:1.4 weight ratio to fo:{p a corn

'dough for arepa elaboration E53% to 60% final moitureﬂ.

6. The method in accordance with claim 1, further

comprising treating said instant corn Elour with 1lime Tt

produce a masa flour.

1. The method according to claim. 6, further

comprising rehydrlating said masa flour with water from a 1:1

to about 1:1.3 weight ratioc to form a masa dough used in

tortilla preparation E&S% to 49% final misture)].

14
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ABSTRACT OF THE DISCLOSBURE

Precooked and partially-dehulled corn £flour i=s
produced using an acid-cooking in a continuous process, by
acid-precooking to effect corn hull hydrolysls with sodium

metabisulfite or sodium hydrogen sulfite or sodium sulfite,

with reduced kernel washing and solid loss. Moisture content

is then stabilized, followed by grinding and drying in a
super-heated stream of air, cooling and further drying the

dried-ground particle. A fine grind or flour is separated and

recovered from the coarse grind which is also segregated to
isolate a hull fraction as corn hull waste, regrinding and
sleving the coarse grind to produce an inatant corn flour for

arepa, and admixing the fine grind with lime to cobtain a masa

. flour for tortilla.and the like..

15
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Datos de identificacidn del solicitante o de 1a persona que presenta la solicitud.
Representacidn grifica y fotografica del Disefio Industrial 0 muestra del
material que incorpora el disefio .

s Comprobante de pago de las tasas establecidas.

COMPLETA [ ] INCOMPLETA

ESQUEMA DE TRAZADO | }

o Indicacidn de que se solicita el registro de un Esquema de frazado.

“@ Datos de Identficacion del solicitante o de la persona que presenta la solicitud.
o Representacion grafica del esquema de frazado
o Comprobante de pago de las tasas establecidas.

COMPLETA[ ] INCOMPLETA

Firma Responsable

Fecha:
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Carrora 13 Ne. 27-00 Pisn 2 mezeanii:-
Conmutador: 362 08 40

f ax: 350 52 20 e-mail: Info@sic.gov.ee
Boegoti D.C. - Colombia
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RAMIRO CASTRO DUQUE
Oficio No. 0 9 4 1 9

REFERENCIA: Radicacibn  02-3288

Triimite 002

Evento 001

Actuacién 430

Folios 001

Como resultado del examen de-forma, realizado con fundamento en el articulo 38 de Ia
Decision 488 de la Comisién de la Comunidad Andina, se Je comunica que:

- Debe allegar o poder otorgado al abogado que aparece -en la solicitud como
apoderada, con el lleno de fos requisitos exigidos en el Cédigo de Procedimiento Civil.

- Debe aportar |a traduccién de la solicitud presentada come solicitud colombiana. /

En cumplimiento del articulo 38 de la Decisién 488, en concordancia con el articulo 85 de
la misma decisién, se-le requiare para que dentro del término de dos (2) meses siguientes
a la fecha de notificacion, del presente oficio, complete los requisitos anteriormente
enunciados.-En caso de no dar cumpliimiento-al-presente requerimiento, la- solicitud- se
consideraré abandonada y perdera su prelacién.

Notifiquase ol presente oficio confol
15 de enerv del 2001.

lo-dispuesto-en-el articulo 8 de-la Resolucién 210 del

ALIX CARMENZA QESPEDES DE VERGEL
Jefe de la Divisiép'de Nuavas Creaciones

El anterior onmuento fue notificado por fijacién en lista de fechd § MAR. 2802

amuwmmm dentro de ioa decisdls masass aigulantss contados a partir de Ja facha.de
presentacién de la solicihud cuys priorided se invoca, copla dela misma certificada por la suloridad que I axpkdld y, en los
casoa en que hays lugar, Iphdueddndmudapluommmhdndn H incumpiimisnto de dste piszo, scarreard I
pérdida de la priorided Invocada.

Carrera 13 N* 27-00 Plaos 6° vy 10°
Conmutador 334 1221-2-34
Fan 281 3125
Saniafi de Bogoth, D.C. - Colombia



