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ABSTRACT

This studywas carried out to evaluate the influence of food storage under ow temperature (-20°C) and the resistant
starch formation, both on the glycemic index (Gl). The GI of only cooked and cooked and stored foods under -20°C
for 30 dayswas evaluated in short-term tests with humans. Significant increase on the RS content was evidenced for
all the stored foods. The food storage resulted in a significant decrease on the Gl of beans and chickpeas; the Gl of
pasta remained the same and the GI of corn meal increased. Thus, the RS formation showed reduced influence on
the glycemic index. The storage of starchy foods under low temperature can collaborate to the RS intake but its

effect on the Gl will depend on the characteristics of the carbohydrates of each food.
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INTRODUCTION

Carbohydrates have an essential physiological role
in the body. The rate of digestion and absorption
of carbohydrates can be determinant for the
metabolic control of some human chronic non-
infectious diseases (FAO/WHO, 1998; Jenkins et
al., 2002). For this reason, there has been a
growing interest in the biological utilization of
carbohydrates by the human body, especially
referring to starch and dietary fiber and ther
effects on the glycemic response and on the large
bowd physiology (FAO/WHO, 1998; Danone
Vitapole/ FAO, 2001; Lajolo et al., 2001; Jenkins
et al., 2002).

The glycemic index (Gl), which quantifies the
glycemic response produced by foods, evaluates
indirectly the in vivo availability of the
carbohydrates (FAO/WHO, 1998; Wolever et a.,
1991). Currently, the importance of the Gl studies
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is linked to the possible therapeutical and
physiological effects of diets with low Gl on
healthy, obese, diabetic and hyperlipidemic
subjects. The Gl has also been rdated to colon
diseases and physical activity (FAO/WHO, 1998;
Danone Vitapole FAO, 2001; Jenkins & al.,
2002). In gspite of the evidenced positive
physiological effects of the low Gl foods, there is
little information available about the Gl of
Brazilian foods (Menezes et al., 1996).

The extension and duration of the blood glucose
rise after a meal depends on the rate of absorption,
which depends on certain factors such as gastric
emptying as wdl as the rate of hydrolysis and
diffusion of hydrolysis products in the small
intestine. Several factors can interfere in the rate of
in vivo hydrolysis and absorption of starch
(FAO/WHO, 1998). Starchy foods cooked with a
proper amount of water suffer gdatinization.
While the food is cooling, retrogradation takes
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place making starch less and less available for
digestion. High content of amylose, low moisture
of starch gd, low temperature of storage and the
presence of other components in foods may also
be rlated to the starch retrogradation (Fredriksson
e al., 1998; Thompson, 2000). This retrograded
starch represents a significant source of resistant
starch. At the same time, the usual domestic
cooking followed by cooling or freezing leads to
resistant starch formation in certain kinds of
starchy foods (Thompson, 2000; Menezes and
Lajolo, 2000; Haralampu, 2000; Rosin &t al., 2002;
Tovar ¢ al., 2002).

The main objective of this study was to evaluate
the influence of food storage under low
temperature (-20°C/30 days) and the resistant
starch formation, both on the GI.

MATERIALSAND METHODS

Samples

Five starchy foods usually consumed by the
Brazilian population were tested: white bread from
local market, dried beans from Broto Legal Com.
Imp. Exp. Ltda, white spaghetti from Quaker
Brasil Ltda, dried chick-peas from Hikari Ind.
Com. Ltda and corn meal from Hikari Ind. Com.
Ltda

Food preparation and storage

White bread was used as standard food, without
being processed before its consumption. The other
foods were submitted to two kinds of processing:
cooking, or cooking and storage under -20°C for
30 days. Beans and chick-peas were soaked in
water at 4°C for 12 hours and then submitted to
cooking without pressure during 36 and 70 min,
respectively. The corn meal and white spaghetti
were cooked for 90 and 20 min, respectively. No
seasoning or ingredients were added to any food.
After cooking, the water was thrown out and the
foods were weighed and packed separately. Half
of the portions was consumed on the same day of
cooking and the other half was stored under -
20°C/30 days. Each portion of food had exactly
50 g of total starch. Only the foods that were
stored under -20°C/30 days were heated once
more before consumption (microwave oven during
3-5 min).

Chemical methods
In order to determine total starch and resistant
starch contents, standard analytical methods were
used (Gohi e al. 1996; 1997). The detailed results
from chemical analyses were already published
(Rosin et al., 2002).

Assays with humans

Ten healthy volunteers, one man and nine women,
at the age of 33.2 = 7.9 years, who had normal
body mass indices (22.8 + 2.1 kg/n?’) participated
in the study. The Ethical Research Committee of
the School of Pharmaceutical Science, Sao Paulo
University, approved the experimental protocol
and the volunteers gave their written consent. The
volunteers came to the laboratory once a week
after a 10-hour fast. White bread (standard food)
was tested twice in the first two weeks. In the
following four weeks, the volunteers consumed
foods only cooked and in the four last weeks they
consumed foods which were cooked and stored
under -20°C for 30 days. The volunteers consumed
a different kind of food in each week with 150 ml
of water. The blood glucose was determined from
each subject on fast (time zero) and, afterwards, a
food was consumed. The volunteers had ten min to
consume each portion. Blood samples were taken
at 15, 30, 45, 60, 90 and 120 min after food
ingestion in order to daborate the glycemic curve
(Wolever et al., 1991). The glucose was measured
in capillary whole blood with blood glucose
sensors (Precision Q-1-D™ MediSense®).

Glycemic index (GI) calculation

The incremental area under the glycemic response
was geometrically calculated, using the trapezoidal
rule and the area under the fast line was
ignored (Wolever ¢ al., 1991; FAO/WHO, 1998).
The Gl of each studied food was calculated
from the resulting area and the white bread area
was considered as the standard (100%)
(FAO/WHO, 1998).

Statistical analysis

The Gl was expressed as mean =+ SEM and the
other results as mean = SD. Comparisons of the
mean values were peformed by student t test
using Minitab-Windows computer system, version
10.1, 1994. Linear regression analysis and p -
value for corrdations were estimated using the
Minitab-Windows.
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RESULTS

Table 1 shows the area under the glycemic curve
and the Gl after the ingestion of foods under two
kinds of processing (A-cooked and B-cooked and
stored under -20°C/30 days) and RS content of the
samples. Legumes (beans and chick-peas)
produced the lowest areas under the glycemic curve

for both kinds of food processing. The spaghetti
submitted to the same kinds of processing produced
similar glycemic areas. The corn meal, cooked and
stored under -20°C/30 days, produced a glycemic
area higher than the one produced by the cooked
corn meal that was consumed immediately after it
was cooked, (Fig.1).

Table 1 - Area under the glycemic curve and glycemic index (GI) after the ingestion of foods under two kinds of

processing and resistant starch (RS) content

Food Food Area under the glycemic Gl RS

processing curve (mmolxmin/L) (%) (% dry wt)

White Bread 207+17 100
Corn Mesal A 152+ 172 74482 4.20+0.18%
B 199 + 15° 96+7° 4.86+0.45°
White Spaghetti A 133+ 152 64+7° 1.38+0.00%
B 129+ 112 62+5° 2.22+0.14°
Beans A 79 + 82 38+4° 4.75+0.30°
B 38+3" 18+2° 6.99+0.34°
Chick - peas A 70+ 8% 34+4° 5.86+0.24%
B 46+ 3° 22+2° 6.35+0.36"

A= cooked; B= cooked/stored (-20°C/30 days)
Gl - mean = SEM; White bread = 100% (standard)
RS - mean + SD

Different letters between treatments show significant difference (p<0.05).
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Figure 1 - Glycemic index of foods under two kinds of processing (mean +SEM). Values with
different letters are significantly different, p<0.05.
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The storage under -20°C/30 days led to the
resistant starch formation. Each food had the
following increases:. 61% for white spaghetti, 47%
for beans, 16% for corn meal and 8% for chick-
peas. The RS formation was calculated from the
RS content of cooked food, considering it as
100%.

DISCUSSION

Starch is potentialy digested by the amylalitic
enzymes secreted by the human’'s digestive tract,
but some factors can interfere in the rate at which
the starch is in vivo hydrolyzed and absorbed and
one of these factors is the kind of process which
the food has gone through (Bjorck, 1996;
FAO/WHO, 1998). The low glycemic responses
produced by the only cooked legumes (beans and
chick-peas) were similar to the ones found in the
literature (Menezes et al., 1996; FAO/WHO,
1998). Those Gl were, significantly, even more
reduced after the foods storage under -20°C/30
days. At the same time, it was possible to notice an
increase in the RS content, by the formation of
type Il RS (retrograded amylose/amylopectin).
Other researchers who studied legumes and other
kinds of foods also noticed the RS formation when
the food was stored under low temperatures
(Bravo & al., 1998; Menezes and Lajolo, 2000;
Tovar ¢ al., 2002).

When the food is coaling, the starch retrogradation
and the RS formation are activated and even less
starch is available for digestion (Fredriksson & al.,
1998; Thompson, 2000). In the case of the studied
legumes, this procedure interfered in the glycemic
response, resulting in interesting sources of low Gl
and high content of RS foods. Foods such as corn
meal and spaghetti are made out of grains that
have ther structures broken to eaborate the meal.
This processing disrupts the cdlular wall making
the starch more available. It can explain, in part,
the high Gl produced by the corn meal when it is
consumed immediately after it was cooked
(Bjorck, 1996).

A significant increase on the Gl of the stored corn
meal under -20°C/30 days was observed. It was
expected that the RS formation (16%), verified
under these conditions, was an important factor for
the Gl reduction. However, the opposite happened.
This effect can be attributed to the presence of non
gdatinized starch even after cooking and storage.

When corn meal was thawed and reheated, more
starch was made available for digestion and
absorption.

The hypothesis which quoted that the more
processed the food the higher Gl it produced
(Brand et al., 1985) contrasted with the study of
pasta, which showed that the GI was reduced by
processing (Jenkins et al., 1983). The wheat starch
might have a different performance from that of
rice, corn and potato in response to cooking and
processing, maybe gdatinizing differently from
other starches (Williams and Bowler, 1982). Since
there are several kinds of pasta, in different
shapes, several protein contents and ways of
processing, different metabolic effects can
come out. Pasta is a usual starchy food and, in the
form of spaghetti, has a low Gl (nearly 60 %)
(Wolever et al., 1986). Studies which aim to
evaluate the effect of low Gl diets (breakfast) on
the glucose tolerance in the subsequent meal
(lunch), use the spaghetti as a low Gl food
(Liljeberg and Bjoérck, 2000).

In the current study, a Gl of 64% was observed in
cooked white spaghetti and a Gl of 62% was
observed in the spaghetti which was stored after
been cooked. A significant increase of the RS
content in the stored sample (61%) was observed.
However, just like in the corn meal, this RS
formed did not interfere in the Gl. From the linear
regression analysis, a reduced but significant
negative correlation between the Gl and RS starch
content of the studied foods was observed (y= -
9.68x + 96.9; r= 0715, p<0.032; n=9).
Consequently, these results suggested that the
resistant starch had little influence on the GI. On
the other hand, other factors besides the resistant
starch content seemed to be involved in the
differentiated Gl of foods.

The relation between the resistant starch content
and the GI of foods is not simple to be established.
One could presume that foods with high RS
content produce low GI. Neverthdess, thisis not a
rule. Although they show high resistant starch
amounts, some foods produce high GI, for
example baked potatoes and corn flakes. However,
barley and legumes produce a low Gl associated to
a high RS percentage (Truswell, 1992).

The use of the Gl as a tool to daborate a food
planning, aiming the prevention and control of
chronic non-infectious diseases, has been used and
recommended in several countries (Brand-Miller
e a. 1997; FAO/WHO, 1998; Frost and
Dornhorst, 2000; Danone Vitapole/ FAO, 2001).
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In order to make this practice easier, it is important
to make all the efforts to expand the alternatives of
low Gl foods and products.

The RS has been identified as the main substrate
for the bacterial fermentation and it seems to play
a role in the human body similar to the one of the
digtary fiber (Bjorck, 1996; Haralampu, 2000;
Lajolo et al., 2001). The consumption of foods that
are sources of dietary fiber and RS has been
encouraged in order to prevent and control chronic
non-infectious diseases (Bjorek, 1996;
FAO/WHO, 1998). At the same time, the current
RS intake in Latin America and in Brazil is
reduced, oscillating between 3-4g/day (Lajolo and
Menezes, 2001; Lajolo et al., 2001). The -20°C/30
days storage induced RS formation for all the
studied foods. The increase of RS content varied
from 8% to 61%. It is important to notice that this
kind of food storage is a usual household
procedure and it can contribute to increase both
the RS content and intake.

In conclusion, the storage of starchy foods under -
20°C for 30 days can represent away of increasing
the RS intake. The GI might, or not, be affected by
the storage under low temperature, depending on
the characteristics of the carbohydrates of each
food.
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RESUMO

O estudo foi realizado para avaliar a influéncia do
armazenamento de aimentos sob  baixa
temperatura e a formacdo de amido resistente
sobre o indice glicémico (IG). O IG de alimentos
cozidos ou cozidos e armazenados a -20°C por 30
dias foi avaliado em ensaios de curta duragdo com
humanos. Aumento significativo no contelido de
AR foi evidenciado para todos os alimentos
armazenados. O armazenamento dos alimentos

resultou em significativa reducéo no |G do feijéo e
do grédo de bico. O IG do macarrdo foi 0 mesmo e
da polenta sofreu aumento. Desta forma, a
evidenciada formacdo de AR mostrou reduzida
influncia no 1G. O armazenamento de alimentos
fonte de amido sob baixa temperatura pode
colaborar com a ingestdo de AR, mas o efeito
sobre 0 IG va depender das caracteristicas dos
carboidratos de cada alimento.
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