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Abstract

Tortillas were prepared using commercial hydrocolloids, stored for 7 and 14 days and their available, resistant and retrograded
resistant starches, were evaluated alongside their in vitro starch digestibility. Available starch (AS) decreased with storage time and
tortillas with hydrocolloids had lower values than the control sample. Tortillas elaborated with TC-20 gum did not present substan-
tial differences in AS. Control tortilla had resistant starch (RS) content that increased with storage time but, in general, tortillas with
hydrocolloids did not show any change in RS values with storage time, except tortillas with TC-1 gum that presented a slight
increase after 7 storage days. Approximately 50% of RS is due to the retrogradation phenomenon as it was shown by the amount
of retrograded resistant starch (RRS). Tortillas with added hydrocolloids had lower hydrolysis percentage and the hydrolysis was
slower than in the control. In general, tortillas prepared with hydrocolloids had a lower tendency for retrogradation than control

tortillas; it is important to consider this to obtain tortillas with better texture and lower RS content.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The nixtamalization of maize is an ancient process
developed by the Mesoamerican civilizations and is still
utilized in the production of “tortillas”. The maize
grains are cooked with alkali (i.e., lime) and steeped,
in a process known as nixtamalization. After grinding
and washing the “nixtamal” (i.e., alkaline-cooked maize
grains) a soft dough, known as “masa’’, is obtained. The
masa is a mélange constituted by starch polymers, mixed
with partially gelatinized starch granules, intact starch
granules, pieces of endosperm, and lipids. All these com-
ponents develop a complex heterogeneous network in a
continuous water phase (Gomez, Rooney, & Waniska,
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1987). Masa is used in the production of tortillas, which
are the principal staple food in the Mexican diet, repre-
senting the main source of carbohydrates and calcium
(Campus-Baypoli, Rosas-Burgos, Torres-Chavez, Ra-
mirez-Wong, & Serna-Saldivar, 1999). The nixtamaliza-
tion process produces changes that improve the
nutritional quality of tortillas. Many studies have been
conducted on nutritional aspects of nixtamalized maize,
but very few studies have been carried out on the bio-
availability of its carbohydrate constituents (Rendon-
Villalobos, Bello-Pérez, Osorio-Diaz, Tovar-Rodriguez,
& Paredes-Lopez, 2002). Carbohydrates represent the
main fraction of cereal grains, accounting for up to
50-70% of the dry matter; of these, starch and non-
starch polysaccharides (dietary fiber) are the major con-
stituents. When tortillas are cooked starch gelatinization
occurs; the gelatinized starch gels are thermodynami-
cally unstable structures and, on cooling, reassociation
of the starch molecules may occur. The ability of starch
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chains to form ordered structures in pastes, gels and
baked foods during storage, a process often described
by the term “Retrogradation”, greatly influences the
texture and shelf-life of these products (Biliaderis,
1991). Retrogradation in tortillas is a problem, because
after preparation staling occurs increasing rigidity which
affects palatability. On the other hand, starch retrogra-
dation increases enzymatic resistance to starch digestion
due to the formation of resistant starch which is associ-
ated with low glycaemic and insulinemic responses, and
is very important for prevention of some diseases such
as colon cancer and cardiovascular disease. The main
classification of RS has been proposed by Englyst, King-
man, and Cummings (1992); it is based both on the nat-
ure of the starch and its environment in the food. RSI
corresponds to physically inaccessible starches, en-
trapped in a cellular matrix, as in legume seeds (Tovar,
Bjorck, & Asp, 1992). RS2 are native uncooked granules
of starch, such as raw potato or banana starches, whose
crystallinity makes them scarcely susceptible to hydroly-
sis (Englyst & Cummings, 1987; Faisant, Gallant, Bou-
chet, & Champ, 1995). RS3 are retrograded starches,
which may be formed in cooked foods that are kept at
low or room temperature (Noah et al., 1998). RS4 that
is due to chemical starch modification or thermal treat-
ment at high temperatures (Tovar, Melito, Herrera,
Rascon, & Pérez, 2002). It has been reported that adding
hydrocolloids in tortillas retards retrogradation; how-
ever, interactions between starch and hydrocolloids
may occurs in tortillas containing these additives which
might decrease starch digestibility. Good quality corn
tortillas are soft and can be rolled into ‘“taco” form
without damage. The textural characteristics of tortillas
are related to the binding forms and the amount of
water contained. The fresh masa is highly susceptible
to moisture loss which makes its texture hard and there-
fore difficult to shape into a round flat form (Arambula-
Villa, Mauricio, Figueroa, Gonzilez-Hernandez, &
Ordorica, 1999). A dehydrated corn masa produces hard
and breakable tortillas. Thus, retention of water in masa
and tortilla is important since excessive water loss makes
an unacceptable product. The nixtamalization process
produces changes that improve the nutritional quality
of tortillas. Many studies have been conducted on nutri-
tional aspects of nixtamalized maize in relation to pro-
tein, minerals and lipids, but very few studies have
been carried out on the digestibility of its carbohydrate
constituents (Campas-Baypoli, Rosas-Burgos, Torres-
Chavez, Ramirez-Wong, & Serna-Saldivar, 2002; Re-
ndoén-Villalobos et al., 2002), and there are no studies
on starch digestibility in tortillas mixed with hydrocol-
loids and the mechanisms involved in these perceived
phenomenon. The objective of the present study was
to evaluate the influence of the type of commercial
hydrocolloid and storage on the in vitro digestibility of
starch in tortillas.

2. Materials and methods
2.1. Sample preparation

The traditional method to produce nixtamal, masa
and tortillas was used. Lots of 5 kg maize (commercial
grain distributed for “Industriales de la Masa y Tortilla
de México”’) were cooked in 151 of lime solution. Lime
is added at 1% (grain weight basis). Maize was cooked
for 1 h at boiling temperature and then steeped in the
same cooking vessel during 16 h. The cooking solution
-or “nejayote’ —was discarded and the resulting nixtamal
washed three or four times with tap water for bran and
excess lime removal. Nixtamal was ground into a “masa”
using a commercial stone grinder. Masa was mixed by
hand with each one of commercial hydrocolloids TC-20
(2% in base of weight of masa), TC-1 (0.5%) (Gum Tech-
nology Corporation, Tucson, AZ) and WHIP (0.25%)
(Colloides Naturels International, Rouen, France) until
a good mixture was obtained in which the hydrocolloid
was uniformly distributed in the masa. The levels of
hydrocolloids used were those suggested by the produc-
ers. TC-20 is a mixture of modified food starch, guar,
xanthan and mono and diglycerides, designed to enhance
moisture retention in tortillas and is useful in frozen and
fresh tortillas. TC-1 is a mixture of cellulose and guar
gum, as designed to enhance moisture retention and
therefore reduce flaking and cracking in baked goods,
particularly tortilla type products. WHIP gum is a mix-
ture of hydrolyzed wheat proteins and arabic gum, that
is recommended for tortilla formulation due to its inter-
action with Ca ions present in masa.

The masa was molded by pressure and extruded into
thin circles to obtain “tortillas” of 1 mm thickness. Tor-
tillas were baked in a home gas fired oven (Hotpoint,
6B4411L0, Leisser S.A. de C.V.,San Luis Potosi, Méx-
ico) for 1 min per side, at an approximate temperature
of 250 °C. After cooling, tortillas were packed into
poly-ethylene bags (20 x 30 cm, Plasticos de México,
S.A. de C.V., México) and stored for 2, 4, 7 and 14 days
at 4°C. A sample immediately baked and cooled was
also analyzed (0 storage time). After each time the sam-
ples were frozen in liquid nitrogen and freeze dried. In
the case of stored tortillas, the samples were reheated
in a home gas fired oven for 30 s on each side, at an
approximate temperature of 250 °C, cooled down to
30 °C, frozen in liquid nitrogen and freeze dried; such
a variation was introduced in order to replicate the same
conditions used when this product is eaten. All samples
were stored at room temperature in sealed plastic
containers.

2.2. In vitro digestibility tests

Potentially available starch content was assessed fol-
lowing the multienzymatic protocol of Holm, Bjorck,
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Drews, and Asp (1986). The sample (300 mg db) was
suspended in 20 ml of distilled water and incubated with
a-amylase (Termamyl® Novo A/S, Copenhagen) in a
boiling water bath for 20 min. This mixture was then di-
luted to 100 ml with distilled water. To 0.5 ml of this
suspension, amyloglucosidase (Boehringer, Mannheim,
Germnay) and 0.1 mol/l1 Na acetate buffer, pH 4.75
(1.0 ml) were added. The mixture was incubated for
30 min at 60 °C, diluted to 10 ml with distilled water
and analyzed for glucose using glucose oxidase peroxi-
dase assay (SERA-PAK® Plus, Bayer de México, S.A.
de C.V., Edo. de México). Resistant starch was mea-
sured by two different protocols: (1) Retrograded resis-
tant starch (RRS or RS3) content was measured as
starch remnants in dietary fiber residues, according to
the so called “Lund method” as modified by Saura-Cal-
ixto, Goni, Bravo, and Manas (1993). (2) The method
proposed by Goni, Garcia-Diaz, Manas, and Saura-Cal-
ixto (1996) was employed to estimate the total amount
of indigestible starch (comprising RS2, RS3 and part
of RS1 fractions). In brief, removal of protein with pep-
sin P-7012 (Sigma Chemical Co., St. Louis, MO) at
40 °C, 1h, pH 1.5, incubation with z-amylase A-3176
(Sigma Chemical Co., St. Louis, MO) at 37°C for
16 h to hydrolyze digestible starch, treatment of the pre-
cipitate with 2 M KOH, incubation with amyloglucosi-
dase A-7255 (Sigma Chemical Co., St. Louis, MO) at
60 °C, 45 min, pH 4.75, and determination of glucose
using glucose oxidase peroxidase assay (SERA-PAK®
Plus, Bayer de México, S.A. de C.V., Edo. De México).
The in vitro rate of hydrolysis was measured according
to Holm, Bjorck, Asp, Sjoberg, and Lundquist (1985);

each assay was run with 500 mg available starch. Starch
was hydrolyzed at different incubation times with o-
amylase and maltose liberated was tested with DNS acid
reaction.

2.3. Statistical analysis

A randomized complete design with three replications
was used to analyze changes during tortilla storage.
Data were analyzed using one-way Analysis of Variance
(ANOVA) procedures. Where analysis showed signifi-
cant differences (p < 0.05), means were compared using
Tukey’s test at a level a significance of 0.05. Statistical
analyses were run using the computer SPSS V. 6.0 soft-
ware (SPSS Institute Inc., Gary NC).

3. Results and discussion
3.1. Available starch

The values for available starch (AS) are presented in
Table 1. For all analyzed samples, AS, decreased when
storage time increased, this pattern being due to the ret-
rogradation phenomenon as was reported in tortillas
elaborated with masa prepared in the laboratory (Re-
ndén-Villalobos et al., 2002). When AD of tortillas
without storage (0 h) and stored for 14 days were com-
pared, tortillas control, tortillas with WHIP and TC-1
presented the same difference, indicating that these gums
did not affect the AS content in tortillas. However, the
lowest difference between these two values of AS was

Table 1

Available starch (AS), resistant starch (RS) and retrograded resistant starch (RRS) in corn tortillas with hydrocolloids

Sample/storage (days) AS (%) RS (%) RRS (%)?

TC

0 70.03 + 1.24* 2.74 +£0.07* 1.66 & 0.08*
68.38 + 0.56*° 5.04 +£0.11° 2.83+£0.05°

14 66.91 + 0.72° 5.23 £ 0.06 3.05+0.11°

T WG

0 67.42 4 0.81*° 2.49 +0.05* 1.71 £ 0.08*

7 64.17 £0.93° 3.55 £0.63*¢ 1.23+0.13¢

14 62.55 4+ 0.60° 3.08 +0.11%¢ 1.54 £0.15%¢

T_TC-1

0 68.00 + 0.67*° 3.01 £ 0.05% 1.69 &+ 0.09*

7 66.44 & 0.70°° 3.18 +£0.07° 1.71 £0.16°

14 64.77 £ 0.89° 3.38 £0.06° 1.76 +0.13*

T _TC-20

0 65.69 +0.57¢ 3.01 +£0.11*¢ 1.46 + 0.09%¢

7 64.22 +£0.61° 3.33 £0.05° 1.37+0.18%

14 63.20 + 067¢ 3.27 +0.07° 1.48 £0.11%¢

TC, control corn tortilla; T_WG, corn tortilla with hydrocolloid WHIP gum; T_TCI, corn tortilla with hydrocolloid TC-1; T_TC20, corn tortilla

with hydrocolloid TC-20.

Mean values of eighteen replicates, dry matter basis. Values followed by the same letter in the same column are not significantly different (p > 0.05).

! Using method of Goiii et al. (1996).
2 Using method of Saura-Calixto et al. (1993).
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shown in tortillas with TC-20, demonstrating that this
gum decreased starch reorganization in higher propor-
tion and AS is not altered significantly. This pattern
can be related with the gum formulation, because TC-
20 is a mixture of modified food starch, guar, xanthan
and mono and diglycerides. These components can be
responsible for the decrease in starch retrogradation,
as has been reported in bread (Krog, Olesen, Toernaes,
& Joensson, 1989; Russell, 1983). AS values of 72.92%
and 70.97% were reported in tortillas without storage
and with 72 h of storage, respectively (Rendén-Villalo-
bos et al., 2002); values that were higher to those found
in this study. Similar values (between 64.52% and
76.04%) were determined in tortillas stored until 72 h
(Agama-Acevedo et al., 2004).

3.2. Resistant starch

Total resistant starch (RS) values in control tortillas
increased approximately 50% after storage for 7 days
(Table 1). However, tortillas with added gums did not
show appreciable differences with storage time; only tor-
tillas with TC-1 gum had RS values that changed after 7
storage days. In all cases tortillas with added hydrocol-
loids had low retrogradation tendency, because these
gums impede interactions between starch chains solubi-
lized during gelatinization. In laboratory-made tortillas
without storage was determined a RS content of
3.12%, and when this sample was stored for 3 days,
the RS value increased to 3.87% (Rendon-Villalobos
et al., 2002). This last RS content is comparable with
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that obtained in tortillas with added gums and stored
for 7 days. These results indicate that hydrocolloids
can retard the retrogradation phenomenon in tortillas.
Other studies reported in tortillas prepared with nixta-
malized maize flour, showed RS values for samples
stored for 72 h between 2.52% and 3.29% (Agama-Acev-
edo et al., 2004), and for RS values ranged between
2.70% and 4.18% (Rendoén-Villalobos et al., 2002).

Retrograded resistant starch in the tortillas studied
was lower than total RS; this indicates that there are
other resistant fractions (principally RS1 or RS4) that
contribute to total RS. Perhaps some portions of the
hydrocolloids interact with starch at high temperatures
and diminish starch susceptibility, because in other stud-
ies of tortillas without hydrocolloids, the difference be-
tween RS and RRS is lower than that shown in this
study (Agama-Acevedo et al., 2004; Rendon-Villalobos
et al., 2002). More studies are necessary to resolve this
question. Wet thermal treatment followed by cooling
and storage produces retrograded resistant starch
(RRS), as reported for corn flour (Garcia-Alonso, Jimé-
nez-Escrig, Martin-Carrén, Bravo, & Saura-Calixto,
1999) and in various starch gels (Fredriksson et al.,
2000; Tovar et al., 2002). The formation of retrograded
starch requires dehydration of the gelatinized sample
(Bjorck, Granfeldt, Liljerberg, Tovar, & Asp, 1994;
Fredriksson et al., 2000), a phenomenon that is likely
to take place when tortillas are baked, at approximately
250 °C, and cooled. However, hydrocolloid interaction
with water molecules impedes water elimination during
the baking and storage steps of tortillas.
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Fig. 1. In vitro starch hydrolysis: (a) control corn tortilla = TC; (b) control corn tortilla with hydrocolloid TC-20 = T_TC20; (c) corn tortilla with
hydrocolloid TC-1 =T_TCl; (d) corn tortilla with hydrocolloid WHIP = WG (d).
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Fig. 2. In Vitro starch hydrolysis of corn tortilla without hydrocol-
loids (TC), with hydrocolloids TC-20, TC-1 and WHIP (WG). All
samples were stored by 14 days.

3.3. Rate of enzymatic starch hydrolysis

When the behavior of tortillas were compared at the
different storage times, control (Fig. 1(a)) and tortillas
with TC-20 hydrocolloid (Fig. 1(b)) did not show statis-
tical differences (p <0.05). However, for tortillas with
TC-1 gum (Fig. 1(c)) the samples at 0 and 7 days of stor-
age had differences after only 30 min of the test. In this
same sense, the sample stored for 14 days showed lower
hydrolysis percentage. A similar pattern was evident for
tortillas with added WHIP gum (Fig. 1(d)), because the
samples at 0 h and 7 days storage did not show differ-
ences during the test, but the sample stored for 14 days
had the lowest hydrolysis percentage (approximately
60%). The differences showed in hydrolysis rate for the
tortillas with added gums studied can be related with
the chemical characteristics of the hydrocolloid used.
The in vitro a-amylolysis reaction of tortillas stored
for 14 days is presented in Fig. 2. The control sample
showed a high hydrolysis rate until 20 min (approxi-
mately 75%) and thereafter the values were constant
during the test. Tortillas with added hydrocolloids had
lower hydrolysis percentage and the hydrolysis was
slower than the control. Tortillas with WHIP and TC-
20 gums did not show statistical differences in hydrolysis
percentage with time. However, tortillas with added TC-
1 presented the lowest hydrolysis percentage; because
these tortillas are slowly hydrolysed by digestive
enzymes.

4. Conclusions

The present study shows that hydrocolloids decrease
resistant starch formation in tortillas. The hydrocolloids
can be used for obtaining tortillas with soft texture dur-
ing storage, but with the concomitant lost of resistant
starch formation and some benefits for consumers due
to the lower resistant starch ingested. However, the slow
hydrolysis rate in tortillas with hydrocolloids liberates

glucose toward the blood more slowly and also increases
the time elapsed between meals.
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