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ABSTRACT
A continuous extrusion process to provideinstant corn flour
for tortillas was evaluated. Variables investigated included
two types of mill (knives and hammer) with screens with two
diameters (0.5 and 0.8 mm), two types of corn (hard en-
dosperm or normal and soft endosperm or cacahuazintle),
lime concentration (0.15 and 0.25% w/w), processing mois-
ture (45 and 48% w/w) and temperature (70, 80 and 90°C). The
water absorption capacity, water solubility index, color of in-
stant corn flour, adhesiveness of masa, tensile strength, cut-
ting force, rollability and puffing of tortillas, were compared.
Based on textural datathe hammer mill with 0.8 mm sieve,
normal corn type, 0.15% lime, 48% moisture and 90°C pro-
cessing temperature, produced the highest quality tortillas.
Key Words: corn tortilla, corn flour, extrusion, milling

INTRODUCTION

TRADITIONAL NIXTAMALIZATION PROCESS TO MAKE MASA AND
corn tortillasincludes batch cooking and soaking in water of whole
corn kernelswith addition of calcium hydroxide (lime) in a process
that requires 8to 12 h. Industrial production of instant corn flour for
tortillas depends upon an adaptation of thetraditional nixtamalization
process and includes nutrient losses, high cost and space disadvantag-
es(Serna-Saldivar et a., 1990). This process requires|long process-
ing timeand intensivelabor, aswell asproducing alkaline waste water
disposal problems. Investigations to overcome these problems have
been reported (Figueroaet a., 1993).

Some studies have focused on aternative methodsto produce corn
tortillas. The use of cooker extruders as continuous reactorsto convert
cornto masaor instant corn flour has been reported (Irvinet a., 1991,
BazUaet al., 1979; Gomez and Aguilera, 1983; Mensah-Agyapong
and Horner, 1992). In general, experimental extrusion processes have
yielded corn tortillaswith lower sensoria quality compared with those
from thetraditional process.

Martinez-Bustos et al. (1996), patented a continuous extrusion
process, and an experimental low shear extruder with specific charac-
teristics for making corn masaand instant corn flour suitable to form
tortillas of good quality. Whole corn grain was ground and the corn
meal was mixed with lime and water. The mixture was extruded to
produce fresh masain pellet form. Thefresh masawas dehydratedin
an experimental infrared (IR) tunnel dryer, to provide amoisture con-
tent of 8-10% (w/w). The dry masawas reground to prepare instant
cornflour.

The dry milling steps (grains and pellets) are very important be-
cause the mean particle size, starch damage, heat transfer, water and
lime diffusion during extrusion may influence characteristics of masa
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and textural properties of tortillas (Martinez-Bustos, et al., 1996).
Good quality tortillas can berolled in “taco” form, without damage.
This characteristic has been measured by instrumental (tensile strength
and cutting force) and subjectivetests (rollability).

Theaim of our work wasto select the type of mill and screen hole
diameter based on textural properties of tortilla, and to evaluate the
effects of processing parameters on some properties of flour, masa
and tortillas produced from the extrusion process. The processing
objective was to produce tortillas with similar or better quality and
functional characteristics than those produced with commercial in-
stant corn flour.

MATERIALS & METHODS

Materials

Commercia samples of food grade white corn, hard endosperm
(normal) and soft endosperm (cacahuazintle) were used and the phys-
ical and chemical characteristicswere compared (Table 1). Powdered
hydrated lime (El topo, Monterrey, N.L., México) was used as alkali.

Methods

The proximate composition, 1000 kernel weight and test weight of
corn samples were determined using procedures described by the
AACC (1983) approved methods. The pearled index (Buendia, 1981),
apparent density (Koeppe et al., 1987) , water absorption capacity
(Bedolla, 1983) and water solubility index (Anderson et al., 1969)
were also determined.

Mean particle size

Samples (50 g each) were used to determine the mean particle size
(MPS) of corn raw flour using screens (MONT-INOX) # 30, 40, 60,
80, 100 (595, 420, 250, 177 and 149 .m respectively) and pan. The
screens were placed in a RO-TAP-shaker for 10 min. The flour re-
tained on the screen was weighed and the MPS was determined as
follows:

MPS = (W,d+W,dyt..... +Wsds)/R

where W s = weight of product through each sieve; d,_; = diameter
of mesh for each sieve; R = total recovery.

Flour color

Theflour color was determined by the Hunter L, a, b, method. A
colorimeter (Minolta, CR-210) was used. A 100g sample was placed
on apetri plate of 16 cm diaand 1 cm deep. Readings on four posi-

Table 1 —Physical and Chemical Characteristics of Raw Corn

Type 1000 Test Pearled Crude
of Kernel wt? index! Protein®c Lipids® fiber® AshP
com  wt'(g) (kg/hL) (%6) (%6) (%6) (%) (%6)
Normal  376.1 75.1 33.8 9.23 4.73 1.67 1.29
Cacahua-

zintle  629.6 56.8 73.4 6.92 4.59 1.42 1.47

aMean values of three or more repetitions.
bmean values of three repetitions, reported on dry base.
CN x 6.25.



tions, 90° apart, were obtained. The L, a, and b values were deter-
mined, and AE was calculated asfollow:

AE =[(AL) 2 + (Aa)? + (Ab)2]v2

where L = brightness or lightness (100 = perfect white, to 0 = black);
a = greenness/redness [negative (green) to positive (red)]; b =yellow-
ness/blueness [negative (blue) to positive (yellow)]; AL, Aa, and Ab=
absolute differences of the values between the reference tile (white
porcelain) and sample values were also recorded; AE = total differ-
ence between reference and sample color.

Thereference values (calibration) were: L =97.63,a=0.78 and b
=2.85.

Apparent viscosity with RVA

A Rapid Visco Analyzer (RVA-3D) (Newport Scientific Pty, Aus-
tralia) was used to measure apparent viscosity of samples as afunc-
tion of temperature. All corn flour sampleswere passed through a#60
screen; sample moisture was determined and sample weight adjusted
(3+0.0019) to 14% (m. b.). For example, if aflour samplewas 12.5%
(w/w.) moisture, 3g x (100-14) / (100-12.5) = 2.95g was used. After
that, distilled water was added to keep the total weight (water plus
sample) constant at 28 g. Rotating paddleswere held at 50°C for 2min
to stabilize the temperature and ensure uniform dispersion and wetting
of samples, then it was heated to 92°C at aconstant rate of 5.6°C/min.
The samplewas held at thistemperature for 5 min and then cooled to
50°Cin7.5min at the samerate.

Production of experimental instant corn flour

Whole corn kernelswere ground with amill (Pulvex-200) using
knives and hammer head, and the corn flour was mixed with limeand
water at different concentrations (see experimental design), with a
domestic blender (Kitchen Aid, K5SS). An experimental single screw
extruder with alow shear was used. All sampleswere extruded at 35
rpm with 1.8 min residencetimeto produce fresh masain pellet form.
The corn masawas dehydrated in an experimental IR tunnel dryer, to
provide pellets with moisture content of 8-10% (w/w). The dry masa
was reground (Pulvex-200) and tortillas were prepared as described
by Martinez-Bustos et al. (1996).

Preparation of masa and tortillas

Instant dry masaflour (300g) was rehydrated with enough water
to obtain fresh masawith adequate consistency to maketortillas. Con-
sistency was suitable when the masa pressed between two metallic
plates covered with plastic films did not stick to them. Masa was
rounded and shaped in the form of flat discs using a manual form
(CasaGonzdlez, México, D.F.). The masa discswere baked on ahot
plate about 290+10°C for 27 sec on one side, followed by 30 sec on
the opposite side, and then they were turned to thefirst baked side and
held until they puffed. Dimensions of thetortillaswere: 1.2+0.1 mm
thickness, 12.5+0.2 cmdiaand 18+0.5 g.

Adhesiveness of masa

Adhesiveness of masawas determined using the TA.XT2 Texture
Analyzer (Texture Technologies Corp., Scarsdale, NY/Stable Micro
System, Godalming, Surrey. UK) with a TA-18 probe attachment.
Rehydrated masa samples (50 g) were shaped in the disc form of
4+0.1 cmdiaand 1.5+0.1 cm thickness and placed on the metallic flat
platform. Testing conditionswere aspeed of 2 mm/sec, and apenetra-
tion of 4 mm deep. The peak force was recorded.

Firmness of tortillas

TheTA.XT2 Texture Andyzer (Texture Technologies Corp., Scars-
dale, NY/Stable Micro System, Godalming, Surrey, UK) was used to
determinetensile strength and cutting force of tortillas. A sample con-
sisting of a3.7x9 cm strip of the middle part of atortillawas placed on
the TA-96 probe, attached to the head of the Texture Analyzer and
tested for tensile strength. The texturometer head moved the probe

upwards at 2 mm/sec until the tortilla broke. Two tortillas of each
treatment were evaluated after 30 min at room temperature (25°C).
The same strips of tortillawere placed on the platform and the TA-90
attachment was used to determine the cutting force. The texturometer
head moved the probe downwards at 2 mm/sec until thetortillawas
cut. The tensile strength and cutting force were expressed as peak
force (kgr) required to break and cut the strip.

Rollability and puffing of tortillas

Therollability of tortillas was determined by the Bedolla (1983)
method using tortillas kept for 30 min at room temperature after being
formed. Thewholetortillawasrolled around aglassrod of 2 cm dia
and the breakage degree was determined using asubjective scalefrom
1to 5, where 1, 2, 3, 4 and 5 corresponded to breakage degrees of
about 0, 25, 50, 75 and 100% of the length of thetortilla.

The puffing of tortillas was estimated observing the percentage of
total surfacethat puffed, on ascaleof 1to 3, where 1 corresponded to
complete puffing (70-100 %), 2 , medium puffing (30-70%) and 3, no
puffing (0-30%).

Experimental design

A factorial arrangement to select the type of mill was used, evalu-
ating type of corn (normal and cacahuazintle), type of mill (knivesand
hammer) and screen hole diameter (0.5 and 0.8 mm). The effects of
processing parameterswere determined by afactorial experiment vary-
ing type of corn (normal and cacahuazintle), lime concentration (0.15
and 0.25% w/w), processing moisture (45 and 48% w/w) and temper-
ature (70, 80 and 90°C). The Statistical AnalysisMethod (SAS Insti-
tute, Inc., 1991) to analyze data, and Duncan means comparisonswere
used. Significance was defined at p<0.05.

RESULTS & DISCUSSION

Evaluation and selection of milling type

Thenormal cornwas denser (Table 1) than the cacahuazintle corn
(test weight 75.1 vs. 56.8 kg/hL, respectively). The pearled index of
cacahuazintle corn was higher than normal corn mainly because of its
higher proportion of floury endosperm and higher amylose content
(Trejo-Gonzélez et a., 1982; Bedollaand Rooney, 1982). Those char-
acterigticsarerelated to grain breakage, grain density and overall dry
milling performance (Peplinsky et al., 1992). The chemical composi-
tion (Table 1) of the experimental corn kernel wasin therange report-
ed by others (Robles et al., 1988; Bedollaet a., 1983).

The mean particle sizes (MPS) of raw corn flour from the two
types of corn were compared (Table 2). When the knives mill was
used, afiner flour was obtained than with the hammer mill, for normal
corn. For both types of corn and mill finer particles were obtained
when the 0.5 mm sieve was used, compared with the 0.8 mm sieve.
The type mill affected significantly the MPS for cacahuazintle corn
contrary to the normal corn. When the hammer mill was used, finer
flour was obtained than with the knives mill.

The apparent density of normal corn (Table 2) was affected by the

Table 2—Mean Particle Size (MPS) and Apparent Density (AD) of Nor-
mal and Cacahuazintle Corn Raw Flour

Variable" MPS' (um) AD' (kg/L)
NK5 176.14° 0.519°
NH5 221.01° 0.5832
NK8 212.17° 0.5612
NH8 284.152 0.6092
CK5 162.10f 0.477°
CH5 158.35¢ 0.470°
CK8 194.204 0.469°
CH8 176.15° 0.480°

a-gMeans with same letter, in same column, not significantly different, (p > 0.05).

hN= Normal corn, C= Cacahuazintle corn, K= Knives mill, H= Hammer mill, 5= 0.5 mm
sieve and 8=0.8 mm sieve.

IMean values of three repetitions.
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Typeof corn
Normal 0.7672 4.1642 1.0°
Cacahuazintle 0.221° 1.724° 2.82
Commercial 0.505°¢ 3.2202 1.0
Type of Mill
Knives 0.5442 3.0782 2.12
Hammer 0.4442 2.8102 1.6®
Commercial 0.5052 3.2202 1.0
Hole diameter of screen
0.5mm 0.4992 2.9352 2.02
0.8mm 0.4892 2.9532 1.82
Commercial 0.5052 3.2202 1.02
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Fig. 1—Apparent viscosity profiles of cacahuazintle (A) and normal
(B) corn raw flour processed with different type of mill (H=hammer,
K=knives) and sieve size (8=0.8 mm, 5=0.5 mm).
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Fig. 2—Effects of processing méisture (A) and temperature (B) on
apparent viscosity profiles of instant dry masa flour.
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a-CMeans with same letter, in same column, in each group not significantly different (p>0.05).
d-eTested with the Texture Analyzer, TA-XT2, using accessories TA-96 and TA-90,
respectively.

fScale: 1, 2, 3, 4, and 5 are breakage degrees of 0, 25, 50, 75, and 100% of the length of the
tortilla.

type of mill and sieve. The knives mill produced aflour with lower
density than the hammer mill because of the different grinding form.
Theknivesmill cutsand rubsthe material producing fine particlesand
the hammer mill hitsand breaksthe material producing coarser parti-
cles. Also the 0.5 mm sieve flour was |lower density than that from the
0.8 mm sieve, probably because of the higher hardness of the normal
corn (Table 1) and high resistancein dry milling.

Effects of type of mill and sieve sizewere compared (Fig. 1) onthe
apparent viscosity profiles of two typesof corn. Theinitial tempera-
ture of gelatinization (Ti) waslower for cacahuazintle raw corn flour
than for normal raw corn flour (68°C vs 73°C). The larger starch
granules (cacahuazintle corn) gelatinize at lower temperatures than
small starch granules (normal corn) (Shuey and Tipples, 1980; Roon-
ey and Serna-Saldivar, 1987). The apparent viscosity peaks (Vp) of
thetwo corn types were affected by type of mill and size of sieve. For
the two types of corn the VVp was higher when the hammer mill was
used (174 and 74 RV U). That was probably dueto the low breakage
of starch granules produced by the action of the hammer mill. In
genera ahigher gelatinization peak was observed for the cacahuazin-
tle corn than for the normal corn.

Thetensile strength, cutting force and rollability were affected by
type of corn (Table 3). The cutting force and rollability values of
tortillas made with instant corn flour formed from normal corn were
similar to those for tortillas made with commercial instant corn flour.
Regarding type of mill and sieve size, thetextural quality of tortillas
did not show significant differences but values for tortilla obtained
with the hammer mill and the 0.8 mm sieve were closer to thosevalues
for commercid tortillas. Based on these results, the hammer mill and
0.8 mm sieve were selected as the best performance type of mill.
Effects of processing parameters were then evaluated using that type
mill.

Evaluation of processing parameters

The corn type affected the color, water absorption capacity and
water solubility index of instant corn flour (Table 4). The water ab-
sorption capacity of cacahuazintle corn was high, probably because
the corn with soft endosperm absorbs more water when gel atinized,
than the normal corn with hard endosperm (Bedolla and Rooney,
1982). The cacahuazintle corn showed higher amounts of soluble
solidsthan normal corn. The adhesiveness of masa; tensile strength,
cutting force, rollability and puffing of tortillas were affected signifi-
cantly by corntype (Table4 and 5). The normal corn showed higher
valuesthan the other corn and the hard corn endosperm had produced
better tortillasthan soft corn endosperm types (Gonzadlez et al., 1991).

The color of instant corn flour and adhesiveness of masas (Table 4)
wereimproved when the lime concentration wasincreased. Thusthe
instant corn flour, masaand tortillas showed ayellow color. However,
the lime concentration showed adverse effects on water solubility
index of instant corn flour and tensile strength of thetortillas.

Thetensile strength and cutting force of tortillas decreased when



Table 4—Physicochemical and textural characteristics of instant corn
flour and masa

Water
absorption Water Adhesiveness
Color capacity solubility of masa
Variable (DE) (mL/g) index? kg)
Typeof corn
Normal 13.3172 0.775° 0.086° 0.21°
Cacahuazintle ~ 12.535° 0.9192 0.1172 0.032*
Lime [Ca(OH),]
concentration (%)
0.15 12.518° 0.848° 0.106% 0.024°
0.25 13.3342 0.846% 0.096° 0.029°
Processing
moisture (%)
45 12.051° 0.825° 0.0992 0.025°
48 13.8012 0.869° 0.1042 0.029°
Processing
temperature (°C)
70 10.871° 0.829° 0.094° 0.021°
80 12.760° 0.816° 0.101% 0.025°
90 15.1462 0.8972 0.109° 0.033®

a-CMeans with same letter, in same column, in each group not significantly different (p>0.05).
dReported in % dry solids per 2.5 g of dry sample.

Table 5—Textural characteristics of tortillas of instant corn flour

Tensile Cutting
strength® forced
Variable (kaf) (kaf) Rollability® Puffing’
Typeof corn
Normal 1.0852 5.085% 1.2v 2.6°
Cacahuazintle 0.598° 3.688° 1.5° 2.92
Lime [Ca(OH),] concentration (%)
0.15 0.8972 4.4982 1.42 2.82
0.25 0.786° 4.275% 1.32 2.82
Processing moisture (%)
45 0.906% 4.9822 1.3 3.0°
48 0.777° 3.791° 1.42 2.6°
Processing temperature (°C)
70 0.936° 5.0522 1.22 3.0%
80 0.886° 4.909° 1.42 3.0%
90 0.702° 3.199° 1.42 2.3

a-bMeans with same letter, in same column, in each group not significantly different (p<0.05).
c-dTested with Texture Analyzer, TA-XT2, using accessories TA-96 and TA-90, respectively.
€Scale: 1, 2, 3, 4, and 5 are breakage degrees of 0, 25, 50,75, and 100% of the length of the
tortilla.

fScale: 1 = complete puffing; 2 = medium puffing; and 3 = no puffing.

high moisture and high processing temperature were used (Table 5).
Theincrement of moistureinwhole corn flour and processing temper-
ature produced a significant increment of color, water absorption ca-
pacity, water absorption index and water solubility index of instant
corn flours. In addition, the adhesiveness of masas and puffing were
improved (Table4 and 5).

The most important changes were found when moisture and the
extrusion temperature were increased. When processing moisture and
temperatureincreased (Fig. 2), the apparent viscosity of instant corn
flour decreased. All such changeswere related to the degree of starch
gelatinization of the samples. Results confirmed those reported by
Mensah-Agyapong and Horner (1992) for lime-treated corn grits pro-
cessed in asingle cook-extruder.

Textural properties of tortillas from instant corn flour using the
low shear extrusion process were compared with tortillasformed with
commercial instant corn flour used ascontrol. The optimal processing
conditions were: normal corn type, 0.15% lime, 48% moisture of
whole corn flour and 90°C processing temperature.

CONCLUSIONS

EXPERIMENTAL INSTANT CORN FLOURS WITH DIFFERENT FUNC-
tional properties and formed with different techniques were influ-
enced by type of corn and processing parameters such aslime concen-
tration, processing moisture and temperature. Tortillasmadewithin-
stant corn flour of normal corn, processed with hammer mill and 0.8
mm sieve, 0.15% lime, 48% moisture of whole corn flour and 90°C
processing temperature, had good performance characteristics with
quality similar to tortillasfrom commercial instant corn flour.
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