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Abstract - Dietary starches are important sources of
energy for many human societies and it is clear that they
can also make quite specific contributions to health.
Resistant starch (RS) is recently recognized source of
fiber and is classified as a fiber component with partial or
complete fermentation in the colon, producing various
beneficial effects on health. RS also offers an exciting new
potential as a food ingredient. Resistant starch (RS)
refers to the portion of starch and starch products that
resist digestion as they pass through the gastrointestinal
tract. The potential physiological benefits of resistant
starch, along with its functional properties, provide a
means to increase total dietary fiber in the diet through
popular foods. Apart from the potential health benefits of
resistant starch, another positive advantage is its lower
impact on the sensory properties of food compared with
traditional sources of fiber, as whole grains, fruits or
bran. By formulating foods with resistant starch,
product developers and nutritionists can encourage
consumers to increase their fiber intake with a variety
of palatable, high quality foods that are healthy as well.
In this review, we discuss about resistant starch from
both its potential health benefits and functional
properties in food industry. This research will create a
market potential for a range of new health based
food to maintain optimal human health.
Keywords- Functionality, healthy, resistant starch, food
industry

L INTRODUCTION

The increase in consumer demand for high quality food
products have led to a growth in the use of new
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technologies and ingredients. Several factors
influence changes in consumer demand, including:
health concerns (cholesterol, cancer, obesity,

etc.),changes in demographic characteristics (ethnics,
population ageing, etc.) [1], the need for convenience,
changes in distribution systems and price. As a result of
these changes, interest in new products, particularly
convenience oriented products prepared using new
technologies [2-3], high pressures, etc., has
dramatically increased in recent years. The food
industry offers quality and convenience to a wide
spectrum of consumers including single households,
working couples, the ageing population, and others [4,
5]. To develop these types of products, one must
evaluate consumer perceptions, the most important
quality aspects being that they taste good, appear
healthy and have nutritional value [6].
Alvarez (2008) describe that any functional food must
be safety, healthy and tasty [4].

Recently, eating habits have been changed in the
developed countries. Instead of the consumption of the
traditional, natural foods, the refined foods that are easy
to be digested and contain high calories are consumed
every day. Besides the sedimentary lifestyle, the
changes of the eating habits led to the spread of obesity
worldwide. Obesity puts people at risk for
hypertension, dyslipidemia, diabetes mellitus type 2,
heart disease, and many other chronic disorders.
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Diet rich in dietary fiber is considered to be generally
low in saturated fat and have several other health
benefits; therefore, many national authorities have
long recommended greater consumption of grain and
fiber-rich  products to weight. The
consumption of dietary fibers seems to be a promising
solution according to their definition (AACC report):
Dietary fibers are resistant to digestion and absorption
in the human small intestine with complete or

control

partial fermentation in the large intestine. Dietary
fibers physiological effects
including laxation, and/or blood cholesterol attenuation,
and/or blood glucose attenuation.

Dietary fiber (DF) can be defined from
different points of views, including legal, technological,
chemical, nutritional and functional. Hipsley defined
fiber in 1953 [7] but, dietary fiber is not an entity, but a
collective term for a complex mixture of substances
with different chemical and physical properties, which
exert different types of physiological effects. Dietary
fiber was first defined as non-digestible components of
plants that make up the plant cell wall: cellulose,
hemicelluloses (both non-starch polysaccharides) and
lignin. The Commission of The European Communities
(2008) defines ‘fiber’ as carbohydrate polymers with
three or more monomeric units, which are neither

promote  beneficial

digested nor absorbed in the small intestine.[8]

In a report of a Joint FAO/WHO Expert
Consultation, resistant starch is defined as dietary fiber
as well Resistant starch that escapes digestion in the
human small intestine appears to have a unique
combination of physiological and functional properties
compared to traditional types of fiber. Namely, the
consumption of high amount of resistant starches may
improve glucose and lipid metabolism, can reduce the
risk of diabetes mellitus type 2, coronary, and heart
diseases as well as
gastrointestinal
resistant

colorectal and other
Additionally, commercial
have desirable physicochemical
properties making it useful in a variety of foods.

Moreover, resistant starches do not influence the

cancer
disorders.
starches
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sensory properties of starch-based products (bread,
pasta, cookies, pudding, yoghurt etc.) significantly.

The demand for the application of resistant
starch as a functional ingredient is growing, thus, the
analysis of its structural, thermal, rheological, and
digestibility  properties great importance.
Moreover, the understanding of the relationship
between structural characteristics and functional as well
as nutritional properties of resistant starches can help

have

food producers in optimizing industrial applications.
The aim of this paper is to review selected topics
related to resistant starch and examine all aspects from
both its potential health benefits (similar to soluble
fiber) and functional properties.

II. GENERALLY ABOUT THE STARCH
MOLECULE

Starch is the dominant carbohydrate reserve material of
higher plants, being found in leaf chloroplasts and in
the amyloplasts of storage organs such as seeds and
tubers. Biosynthesis of starch granules takes place
primarily in the amyloplasts, it is the major source of
carbohydrate in the human diet [9]. Starch granules
vary in shape (spherical, disk,
elongated and kidney shapes), in size (1 um-100 pm in
diameter), in size distribution (uni- or bimodal), in
association of individual (simple) or granule clusters
(compound) and in composition (o-glucan, lipid,
moisture, protein and mineral content).chemically,
Starch granules are composed of two types of alpha-
glucan, amylose and amylopectin, which represent

oval, polygonal,

approximately 98-99 % of the dry weight. The ratio of
the two polysaccharides varies according to the
botanical origin of the starch; normal starches contain
70-80 % amylopectin and 20-30 % amylose [10, 11].

Amylose and amylopectin have different structures and
properties; however, both molecules are composed of a
number of monosaccharides (glucose) linked together
with alpha-1, 4 and/or alpha-1-6 linkages. Amylose is a
mainly linear polymer consisting of long chains of
alpha-1, 4-linked glucose units. Its molecular weight is

approximately 1*105-1*106, it has a degree of



polymerisation (DP) by number (DPn) of 324-4920
with around 9-20 branch points equivalent to 3-11
chains per molecule [12, 13]. On the basis of X-ray
diffraction studies, the presence of A-type and B-type
amylose is indicated. The structural elements of B-type
are double helices, which are packed in an antiparallel,
hexagonal mode. The central channel surrounded by 6
double helices is filled with water (36 H2O/unit cell).
A-Type is very similar to B-type, except that the central
channel is occupied by another double helix, making
the packing closer. In this type, only 8 molecules of
water per unit cell are inserted between the double
helices. Generally, most cereal starches give the so-
called A-type pattern; some tuber starches (€.g. potato)
and cereal starches rich in amylose yield the B-type
pattern, while legume starches generally give a C-type
pattern(mix of A and B), and V-type(semi crystalline
form) occurs in swollen granules [1]. These types
depend partly on the chain length making up the
amylopectin lattice, the density of packing within the
granules, and the presence of water [14]. In general,
digestible starches are broken down (hydrolyzed) by the
enzymes sucrase—
isomaltase in the small intestine to yield free glucose
that is then absorbed [15]. However, not all starch in the
diet is digested and absorbed in the small intestine [9].

a-amylases, glucoamylase and

III. RESISTANT STARCH (RS)

For nutritional purposes, starch can be classified into
three categories by the Englyst test [16, 17], depending
on their rate and extent of digestion; these include
rapidly digestible starch (RDS), slowly digestible starch
(SDS), and resistant starch (RS). The main enzymes,
which take part in starch hydrolysis, are amylases and
maltose and
dextrins liberation during the digestion [18].

RDS is the fraction of starch granules that cause a
rapid increase in blood glucose concentration after
ingestion of carbohydrates. This fraction of starch in
vitro is defined as the amount of starch digested in the
first 20 min of a standard digestion reaction mixture
[17]. Although RDS is defined by experimental

amyloglucosidases resulting glucose,
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analysis of digestion in vitro, the rate of starch
conversion to sugar follows similar kinetics in the
human digestive system [19]. RDS means mainly
amorphous starch fractions that occur in high amounts
in freshly cooked or baked starchy foods (bread,
potatoes). [18].

SDS is the fraction of starch that is digested slowly but
completely in the human small intestine [19]. SDS is
defined as the starch that is digested after the RDS but
in no longer than 120 min under standard conditions of
substrate and enzyme concentration [17]. The potential
health benefits of SDS in vivo include stable glucose
metabolism, diabetes management,
performance, and satiety [20]. Mostly physically
inaccessible amorphous starches, raw starches with A-
type or C-type crystalline pattern and B-type starches
either in granule form or retrograded form belong to
this type.

RS: The fraction of starch that escapes digestion in the
small intestine, and cannot be digested within 120 min,
is defined as RS [19]. The term of “resistant starch”
derives from Englyst et al. (1982) [21]. Later, it has
been defined formally by the European Flair Concerted
Action on Resistant Starch (EURESTA) as the starch or
products of starch degradation that escapes digestion in
the human small intestine of healthy individuals and
may be completely or partially fermented in the large
intestine as a substrate for the colonic microflora acting
as a prebiotic material [22]. Many studies have shown
that RS is a linear molecule of a-1,4-D-glucan,
essentially derived from the retrograded Amylose
fraction, and has a relatively low molecular weight (1.2
_ 105 Da) [23].

Resistant starch may not be digested for four reasons:

(i) This compact molecular the
accessibility of digestive enzymes, various amylases,
and explains the resistant nature of raw starch granules
[24]. The starch may not be physically bioaccessible to

mental

structure limits

the digestive enzymes such as in grains, seeds or tubers.
(if) The starch granules themselves are structured in a
way which prevents the digestive enzymes from



breaking them down (e.g. raw potatoes, unripe bananas
and high-amylose maize starch) [15].

(iii) Starch granules are disrupted by heating in an
excess of water in a process commonly known as
gelatinization, which renders the molecules fully
accessible to digestive enzymes. Some sort of hydrated
cooking operation is typical in the preparation of
starchy foods for consumption, rendering the starch
rapidly digestible [24]. However, if these starch gels are
then cooled, they form starch crystals that are resistant
to enzymes digestion. This form of ‘retrograded’ starch
is found in small quantities (approximately5%) in foods
such as ‘‘corn-flakes” or cooked and cooled potatoes,
as used in a potato salad.

(iv)Selected starches that have been chemically
modified by etherisation, esterisation or cross-bonding,
cannot be broken down by digestive enzymes [25].

The physical properties of resistant starch, particularly
its low water-holding capacity, make it a functional
ingredient that provides good handling and improves
texture in the final product [26]. By careful control of
the processing conditions employed, for example, the
moisture content, pH, temperature, duration of heating,
repeated heating—cooling cycles, etc., the content of RS
may reach as much as 30%. RS is shown to improve
eating qualities because of its increased expansion,
enhanced crispiness, and reduced oil ‘‘pickup” in deep-
fat-fried foods, contrary to the traditional dietary fiber,
which imparts a gritty texture and strong flavor [23].

In comparison with traditional fibers, such as
whole grains, bran or fruit fibers [1], RS possesses the
advantage of affecting the sensory properties of the
final products less, which is very positive for consumer
acceptability.  Resistant starch  provides
technological properties, such as better appearance,
texture, and mouth feel than conventional fibers [27]. A
wide range of foods has been enriched with RS

many

including bread, cakes, muffins, pasta and battered
foods [28].
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IV. RESISTANT STARCH AS A COMPONENT OF
DIETRY FIBER

Generally, dietary fiber refers especially to non-starch
polysaccharides, resistant  oligosaccharides  and
analogous carbohydrates. It also includes resistant
starch [29].Traditionally, in the UK, the definition of
dietary fiber includes only non-starch polysaccharides
and lignin, and does not include RS [29]. However,
currently, naturally occurring resistant starch (such as
found in whole grains, legumes, cooked and chilled
pasta, potatoes and rice, unripe bananas) is considered
dietary fiber, while resistant starches added to foods for
health benefits are classified as functional fiber under
the AACC (American Association of Cereal Chemists,
2000) and NAS (National Academy of Sciences, 2002)
definition (16).

The increased awareness of consumers concerning the
relationship between food, lifestyle and health has been
one of the reasons for the popularity of food rich in
fiber, so resistant starch (RS) has gained importance as
a new source of dietary fiber [30]. The general behavior
of RS is physiologically similar to that of soluble,
fermentable fiber, like guar gum. The most common
results include increased fecal bulk and lower colonic
pH [31]. Additional observations suggest that resistant
starch, such as soluble fiber, has a positive impact on
colonic health by increasing the crypt cell production
rate, or decreasing colonic epithelial atrophy in
comparison with non-fiber diets. There are indications
that resistant starch, like guar, a soluble fiber,
influences  tumorigenesis, and reduces serum
cholesterol and triglycerides. Overall, since resistant
starch behaves physiologically as a fiber, it should be
retained in the total dietary fiber assay [24]. The recent
increased interest in RS is related to its effects in the
gastrointestinal tract, which in many ways are similar to
these of dietary fiber. Like soluble fiber, RS is a
substrate for the colonic microbiota, forming
metabolites including short-chain fatty acids (SCFA),
i.e. mainly acetic, propionic and butyric acid. Butyric
acid is largely metabolised by the colonocyte, and is the
most import energy source for the cell (32). RS



consumption has also been related to reduce

postprandial glycemic and insulinemic responses,
in the
management of diabetes [33]. Therefore, there is wide

that RS

which may have beneficial implications

justification  for behaves
physiologically like fiber [14].

RS is not a cell wall component but is nutritionally
more similar to NSP than to digestible starch. Of late,
RS has been considered a new ingredient for creating
fiber-rich foods, although one of the problems of
including RS is that it does not have all the properties
of soluble and insoluble fiber together [29].Several
studies have attempted to quantify the dietary intake of
resistant starch in different populations. Worldwide, the
dietary intake of resistant starch varies considerably. It
is estimated that resistant starch intake in developing
countries with high starch consumption rates ranges
from approximately 30-40 g/day [34]. Intakes in the
EU are thought to be from 3 to 6 g/day [35], and 5-7
g/day in Australia [34]. It should be noted that intakes

of resistant starch in Australia are likely to be higher

assuming

than in Europe, because of the commercial availability
of top-selling breads, baked goods and cereals that
contain ingredients high in resistant starch. Australia’s
Commonwealth Scientific and Industrial Research
Organization (CSIRO) has recommended that the total
intake of resistant starch should be around 20 g a day
based on a study by Baghurst et al. (2001)[34] for good
health. However, compared with current resistant starch
intake rates in the UK population and elsewhere, to
achieve intakes at this level would require substantial
dietary changes and, indeed, may only be reached by
the consumption of foods containing resistant starches
as a food ingredient, rather than in the natural form.
However, resistant starch could make a valuable
contribution to dietary fiber intakes, as it is fermented
slowly in the large bowel and is therefore tolerated
better than other soluble fibers [25].
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V. TYPES OF RESISTANT STARCH

Resistant starch has been classified into four general
subtypes (Table I) called RS1, RS2, RS3 and RS4 [36;
17; 3; 15; 14].

RS1: It has a compact molecular structure which limits
the accessibility of digestive enzymes. This starch is
entrapped within whole or partly milled grains or seeds
and tubers [3; 24]. It is measured chemically as the
difference between the glucose released by the enzyme
digestion of a homogenized food sample and that
released from a non-homogenized sample. RS1 is heat
stable in most normal cooking operations, which
enables its use as an ingredient in a wide variety of
conventional foods [14].

RS2: RS2 are native, uncooked granules of starch, such
as raw potato, banana and high amylose maize starches,
whose crystallinity makes them poorly susceptible to
hydrolysis. They are protected from digestion by the
conformation or structure of the starch granule. This
compact structure (tightly packed in a radial pattern and
is relatively dehydrated) limits the accessibility of
digestive enzymes, and accounts for the resistant nature
of RS2. A particular type of RS2 is unique as it retains
its structure and resistance even during the processing
and preparation of many foods; this RS2 is called high
amylose maize starch. RS2 is measured chemically as
the difference between the glucose released by the
enzyme digestion of a boiled homogenized food sample
and that from an unboiled, nonhomogenized food
sample [3; 15; 14].

RS3: RS3 refers to non-granular starch-derived
materials that resist digestion. Starch granules are
disrupted by heating in an excess of water in a process
commonly known as gelatinisation, which renders the
molecules fully accessible to digestive enzymes.
However, if these starch gels are then cooled
(retrogradation), they form starch crystals that are
resistant to enzymes digestion. It may be formed in
cooked foods that are kept at low or room temperature.
Therefore, most moisture heat-treated foods contain
RS3. It is found in small

some quantities



(approximately 5%) in foods such as corn-flakes or
cooked and cooled potatoes. RS3 can be divided into
subtypes: RS3a (Illa) containing crystalline
amylopectin and RS3b (IlIb) having a partially
crystallized amylose network [37]. It is measured
chemically as the fraction, which resists both dispersion
by boiling and enzyme digestion. RS3 is of particular
interest, because of its thermal stability. This allows it
to be stable in most normal cooking operations, and

two

enables its use as an ingredient in a wide variety of
conventional foods. Food processing, which involves
heat and moisture, in most cases destroys RS1 and RS2
but may form RS3 [ 3; 24; 14].

RS4: describes a group of starches that have been
chemically modified (conversion, substitution, or cross-
linking) and include starches which have been
etherized, esterified or cross-bonded with chemicals in
such a manner as to decrease their digestibility. RS4
may be further subdivided into four subcategories
according to their solubility and the
experimental methods by which they can be analyzed.
The level of resistance depends on the starch base and
the modification reaction In addition to the structural
mentioned above whereby the chemical
structure of starch can influence the amount of RS

in water

factors

present, other factors intrinsic to starchy foods can
affect activity
breakdown. These include the formation of amylose—

a-amylase and therefore starch
lipid complexes, the presence of native a-amylase
inhibitors and also non-starch polysaccharides, all of
which can directly affect a-amylase activity. Extrinsic
additives, e.g. phosphorus, may also bind to starch,
making it more or less susceptible to degradation. In
addition, physiological factors can affect the amount of
RS in a food. Increased chewing decreases particle size
(smaller particles being more easily digested in the gut),
while intra-individual variations in transit time and
biological factors (e.g. menstrual cycle) also affect the
digestibility of starch. At present, it is not known how

RS4 is affected by digestion in vivo [3; 15; 14]

32

Table I

Types of resistant starch, their resistance to digestion in
small intestine and food sources. [29, 25, 14, 15]

Type Description Digestion in Resistanc Food
of small e reduced sources
starc intestine by
h
RS1 Physically matrix Milling, Whole or
inaccessible to Slow rate; chewing partly
digestion by partial degree milled
entrapment in a Totally grains and
non-digestible digested If seeds,
matrix properly legumes,
Milled pasta
RS2 Ungelatinized Very slow Food Raw
resistant rate; little processing potatoes,
granules with degree and green
type Totally cooking bananas,
B crystallinity, | digested when some
slowly freshly legumes,
hydrolyzed by cooked high
a-amylase amylose
starches
RS3 Slow rate; Processing Cooked
partial degree | conditions and
Reversible cooled
digestion: potatoes,
Retrograded digestibility bread,
starch improved by corn
formed when reheating flakes,
starch food
containing products
foods are with
cooked and prolonged
cooled and/or
repeated
moist heat
treatment
RS4 Selected Selected Less Some
chemically- chemically- susceptible fiber:
modified modified to drinks,
resistant resistant digestibilit foods in
starches and starches and y in vitro which
industrially industrially modified
processed food processed starches
ingredients food have been
used
(certain
breads)

From a commercial point of view, there are resistant
starch products derived from high-amylose corn starch,



including Hi maize® whole grain corn flour (RS1 and
RS2), Hi-maize®260 (RS2),
Novelose®330 (RS3) resistant starch. Recently,
Mermelstein et al (2009) [38] reported that there is a
fifth type of soluble polysaccharide called ‘resistant
maltodextrins”. They are derived from starch that is
processed to purposefully rearrange starch molecules to
render them soluble and resistant to digestion. Two
commercial resistant maltodextrins are Nutriose and
Fibersol.

corn starch and

VI. FOOD SOURCES OF RESISTANT STARCH

Factors that determine whether starch is resistant to
digestion include the physical form of grains or seeds in
which starch is located, particularly if these are whole
or partially disrupted, size and type of starch granules,
associations between starch and other dietary
components, and cooking and food processing,
especially cooking and cooling [39]. The digestibility of
starch in rice and wheat is increased by milling to flour
(14).As a food ingredient, RS has a lower calorific (8
kJ/g) value compared with fully digestible starch (15
kJ/g); however, it can be incorporated into a wide range
of mainstream food products such as baked products
without affecting the processing properties or the
overall appearance and taste of the product [40].Unripe
banana is considered the RS-richest non-processed
food. Several studies have suggested that consumption
of unripe bananas confers beneficial effects for human
health, a fact often associated with its high resistant
starch (RS) content, which ranges between 47% and
57%. Recently, the preparation of unripe banana flour
was described, with 73.4% total starch content, 17.5%
RS content and a dietary fiber level of 14.5%. Although
banana represents dietary fiber, it is important to keep
in mind that, when the unripe fruit is cooked, its native
RS is rendered digestible [41]. As a percentage of total
starch, potato starch has the highest RS concentration
and corn starch has the lowest. Raw potato starch
contain 75% RS as a percentage of Total Starch (TS).
Starches from tubers such as potatoes tend to exhibit B-
type crystallinity patterns that are highly resistant to
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digestion. Amylo maize contains mostly amylose,
which has been shown to lower not only digestibility
but also blood insulin and glucose values in humans
[42].Whole grains are rich sources of fermentable
carbohydrates including dietary fiber, resistant starch
and oligosaccharides [39]. Fiber provided by the whole
grain includes a substantial resistant starch component,
as well as varying amounts of soluble and fermentable
fibers, depending on the whole grain source [25].

RS concentrations are low for the flour group
as a whole. Cereal flours display an A-type crystalline
pattern, which is more readily hydrolyzed than raw
cereals that are not as highly processed as flours.
Therefore, cereal flours contain more RDS and SDS
than RS. The nutrient profile of cereal grains and their
corresponding flours vary considerably. Grain flours
are made up primarily of two components: protein and
starch. Cereal grains, in contrast, contain the pericarp,
aleurone layers and germ portions of the grain that
provide lipid and fiber, Cereal grains are processed and
milled

composition of the flour compared with the cereal

to flours, thereby altering the chemical
grain. The RS concentrations are five times higher in
the cereal grains than in the flours [42].

Prepared grain products contain moderate
levels of RS (mean 9.6% as a percentage of TS). Starch
in foods like spaghetti is more slowly digested because
of the densely packed starch in the food [42]. Legumes
are known for their high content of both soluble and
insoluble dietary fiber. Pulse grains are high in RS and
retain their functionality even after cooking [40].
Legume starches have higher amylose levels than cereal
and pseudo cereal starches [43]. Legumes have high
TDF and RS concentrations (mean 36.5% and 24.7%,
respectively). RS concentrations generally constituted
the highest proportion of the starch fractions of
legumes. Leguminous starches display a C-type pattern
of crystallinity. This type of starch is more resistant to
hydrolysis than that with an A-type crystallinity pattern
and helps explain why legumes have high amounts of
RS. Another possible reason for the higher RS
concentrations in legumes could be the relationship



between starch and protein. When red kidney beans are
pre incubated with pepsin, there is an increase in their
susceptibility to amylolytic attack [42].Cooked legumes
are prone to retrograde more quickly, thereby lowering
the process of digestion. Processed legumes contain
significant amount of RS3. The digestibility of legume
starch is much lower than that of cereal starch. The
higher content of amylose in legumes, which probably
leads to a higher RS content, may account for their low
digestibility. High amylose cereal starch has been
shown to be digested at a significantly lower rate [33].
There is a very high diversity of the content of resistant
starch in seeds of leguminous plants (from 80% to only
a few percent). Nevertheless, is very important
influence part resistant starch.
Hydrothermal processing can cause an increase or
reduction in the fraction of resistant starch (depending
on the parameters of processing and varieties of
legumes) [44].

Wheat bran starch isolated from commercial
wheat brans using a wet-milling process was shown to
have unique properties compared to commercial wheat
endosperm starch. Starch recovery was 90% and the
starch fraction contained a low level of protein (0.15%).
The
retrogradation rate are properties that present an

processing on

more resistant starch content and lower
opportunity to make wheat bran starch a new functional

ingredient for the food industry [3]

VII. HEALTH PROPERTIES OF RESISTANT
STARCHES

RS has received much attention for both its potential
health benefits and functional properties (14). Resistant
starch is one of the most abundant dietary sources of
non-digestible carbohydrates (15) and could be as
important as NSP (non-starch polysaccharides) in
promoting large bowel health and preventing bowel
inflammatory diseases (IBD) and colorectalcancer
(CRC) [45] but has a smaller impact on lipid and
glucose metabolism [15].

A number of physiological effects have been
ascribed to RS, which have been proved to be beneficial
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for health [14]. The physiological properties of resistant
starch (and hence the potential health benefit) can vary
widely depending on the study design and differences
in the source, type and dose of resistant starch
consumed [7; 15]. It is possible that modern processing
and food consumption practices have led to lower RS
consumption, which could contribute to the rise in
serious large bowel disease in affluent countries. This
offers opportunities for the development of new cereal
cultivars and starch-based ingredients for food products
that can improve public health. These products can also
be applied clinically [45].RS acts largely through its
large bowel bacterial fermentation products which are,
in adults, short-chain fatty acids (SCFA) [45] but
interest is increasing in its prebiotic potential.

There is also increasing interest in using RS to
lower the energy value and available carbohydrate
content of foods. RS can also be used to enhance the
fiber content of foods and is under investigation
regarding its potential to accelerate the onset of
satiation and to lower the glycemic response The
potential of RS to enhance colonic health, and to act as
a vehicle to increase the total dietary fiber content of
foodstuffs, particularly those which are low in energy
and/or in total carbohydrate content [3] (Table II).

A) HYPOGLYCEMIC EFFECTS

The GI of starchy foods may depend upon various
factors such as the amylose/amylopectin ratio, the
native environment of the starch granule, gelatinization
of starch, water content and baking temperature of the
processed foods. Thus, the factors affecting the GI
values are in accordance with those of RS formation.
With glucose as reference, reported GI values range
from about 10 for starch from legumes to close to 100
in certain potato or rice products and breakfast cereals
[29]. Thus foods containing RS reduce the rate of
digestion. The slow digestion of RS has implications
for its use in controlled glucose release applications
[14] and therefore, a lowered insulin response and
greater access to the use of stored fat can be expected
[15]. This is clearly important for diabetes and has led



to major changes in dietary recommendations for
diabetics [46]. The metabolism of RS occurs 5-7 h after
consumption, in contrast to normally cooked starch,
which is digested almost immediately.Digestion over a
5-7 h period reduces postprandial glycemia and
insulinemia and has the potential for increasing the
period of satiety [47; 48].

There have been a number of studies on the
effects of different forms and doses of RS on glucose
and insulin responses but the data are contradictory
[29]. In a study on humans, Reader et al. (1997)[48]
reported that the consumption of RS3 resulted in lower
serum glucose and insulin levels than obtained with
other carbohydrates. The study also showed that food
containing RS decreased postprandial blood glucose
and might play a role in providing improved metabolic
control in type II diabetes. From a human study, using a
RS3 (CrystaLean ), the
maximum blood glucose level was found to be
significantly lower than that of other carbohydrates

commercial ingredient

(simple sugars, oligosaccharides, and common starch).
Higher glycemic index values have been reported in
humans consuming potatoes and cornflakes — foods that
contain significant amounts of retrograded starch [49].
In general, positive effects were usually observed
shortly (within the first2—8 h) after heavy meal [50]. An
RS3-containing bar decreased postprandial blood
glucose and could play a role in providing improved
metabolic control in type II diabetes (non-insulin
dependent) [14]. RS must contribute at least 14% of
total starch intake in order to confer any benefits to
glycemic or insulinaemic responses [51; 52; 50].More
recently, a study showed that RS reduces levels of
glucose dependent insulino tropic polypeptide m-RNA
along the jejunum and ileum in both normal and type 2
diabetes rats [53].

Chemically-modified starches (RS4) have also
been found to generate different glucose responses. The
effect of two test meals containing 1-2% acetylated
potato starch and beta cyclodextrin enriched potato
starch (2-3%), respectively, was studied in humans and
only the latter was found to lower body glucose levels.
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This may be due to the more distal absorption of beta
cyclodextrin in the intestine or to delayed gastric
emptying [47].

As RS has a low glycemic response, adding it
as an ingredient to foods will help lower the overall GL
value of the food (particularly if it is replacing existing
readily absorbed forms of carbohydrate). RS is likely to
become an increasingly attractive ingredient to many
food manufacturers (particularly those of breads and
cakes or similar products which traditionally may have
had higher GI values) [3].

B) RS AS A PREBIOTIC AGENT

Prebiotics are non-digestible food ingredients that
beneficially affect the host by selectively stimulating
the growth and/or activity of one or more bacteria
(probiotics) in the gastrointestinal tract and thereby
exert a health-promoting effect [54; 55]. Typical of
prebiotics are inulin and oligofructose, both naturally
present in a number of fruits and vegetables (e.g.
bananas, chicory, Jerusalem artichokes, onions, garlic
and leeks, and wheat), and other resistant
oligosaccharides such as inulin-type fructans [7].
Various experimental studies on pigs and humans have
revealed a time-dependent shift in fecal and large bowel
SCFA profiles, suggesting the possible interaction of
RS with the ingested bacteria [ 3 ]. Since RS almost
entirely passes the small intestine, it can behave as a
substrate for growth of the probiotic microorganisms. In
vitro studies have shown that RS-supplemented diet
may significantly increase populations of Lactobacilli,
Bifidobacteria, Staphylococci and  Streptococci,
decrease the Enterobacteria population, and alter
microbial enzyme metabolism in the colon [56].

C) PREVENTION OF COLONIC CANCER

There is evidence that butyrate may reduce the risk of
malignant changes in cells. Population studies in the
cecum of rats fed RS preparations have shown that
increase in fecal bulking and lower fecal pH, as well as
greater production of SCFA, is associated with the
decreased incidence of colon cancer, which have been



suggested to resemble the effects of soluble dietary
fiber [57; 33].

Dietary fiber and resistant starch, as they
ferment in the large bowel, produce high levels of
butyric acid or its salts [29] as in vitro experiments with
human fecal inocula have shown [14]. Champet al
(2003) [58] also demonstrated a specific role for
resistant starch in the stimulation of bacteria able to
produce butyric acid. As butyrate is one of the main
energy substrates for large intestinal epithelial cells and
inhibits the malignant transformation of such cells in
vitro; this makes easily fermentable RS fractions
especially interesting in preventing colonic cancer [36].
As observedin the various studies, the butyrates can
have an inhibitory effect on the growth and
proliferation of tumor cells in vitro by arresting one of
the phase of cell cycle (G1) [29].Bingham et al (2003)
[59] showed that in populations with a low to average
intake of dietary fiber, the doubling of dietary fiber
intake could reduce the risk of colorectal cancer by up
to 40%. In contrast, there was no relationship between
dietary NSP and large bowel cancer [29]. However,
when RS was combined with an insoluble dietary fiber,
such as wheat bran, much higher SCFA levels, in
particular of butyrate was observed in the feces [60]. In
rats, when RS was combined with a soluble fiber as
Psyllium (Plantagoovata), the site of RS fermentation
was pushed more distally. As the distal colon is the site
where most tumors arise, it may be of additional benefit
for cancer protection if fermentation is further enhanced
within the distal colon. Psyllium (Plantago ovata) may
be a good candidate to spare and deliver starch to the
distal colon [61].More recently, Liu and Xu (2008)[62]
showed that RS dose-dependently suppressed the
formation of colonic aberrant crypt foci (ACF) only
when it was present during the promotion phase to a
genotoxic carcinogen in the middle and distal colon,
suggesting that administration of RS may retard growth
and/or the development of neoplastic lesions in the
colon. Therefore, colon tumorigenesis may be highly
dietary Adults  with
preneoplastic lesions in their colon may therefore

sensitive  to intervention.
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benefit from dietary RS. This suggests the usefulness of
RS as a preventive agent for individuals at high risk for
colon cancer development [3].

D) HYPOCHOLESTEROLEMIC EFFECTS

RS appears to particularly affect lipid metabolism, as
seen from studies in rats, where reductions in a number
of measures of lipid metabolism have been observed.
These include total lipids, total cholesterol, low density
lipoproteins (LDL), high density lipoproteins (HDL),
very low density lipoproteins (VLDL), intermediate
density  lipoproteins  (IDL), triglycerides and
triglyceride-rich lipoproteins [15]. Hypocholesterolemic
effects of RS have been widely demonstrated. In rats,
RS diets (25% raw potato) markedly raised the cecal
size and the cecal pool of short-chain fatty acids
(SCFA), as well as SCFA absorption and lowered
plasma cholesterol and triglyceride levels. Also, there
was a lower concentration of cholesterol in all
lipoprotein fractions, especially the HDL1 and a
concentration of triglycerides in the
triglyceriderich lipoprotein fraction [14].

decreased

The results of feeding trials on rats using RS
from Adzuki bean starch (AS) and Tebou bean starch
(TS) suggested that AS and TS has a serum cholesterol-
lowering function due to enhanced levels of hepatic SR-
B1 (scavenger receptor class B1) and cholesterol
7alpha-hydroxylase mRNA [63]. The bean starches
lowered the levels of serum total cholesterol and VLDL
+ IDL +LDL cholesterol, increased the cecal
concentration of short-chain fatty acids (in particular
the butyric acid concentration), and increased fecal
neutral sterol excretion. From studies on hamsters fed
diets containing cassava starch extruded with 9.9% oat
fiber or cassava starch extruded with 9.7% RS,
hypocholesterolemic  properties of  both
demonstrated suggesting their potential for use in foods
to improve cardiovascular health [64].

According to several studies, RS ingestion may
decrease the serum cholesterol level in rats fed a

WEre

cholesterol-free diet [65; 66]. Some earlier studies in
humans reported the beneficial effect of RS on fasting



plasma triglyceride and cholesterol levels. However,
some other studies indicate that RS consumption does
not affect the measures of total cholesterol in humans.
Therefore it is evident that more research is needed to
help us better understand the effects of RS on lipid
metabolism in humans [15].

E) INHIBITION OF FAT ACCUMULATION

A number of authors have examined the potential of RS
to modify fat oxidation [15] and various studies [15;29]
have examined its potential as satiety agent and also an
ingredient by weight management [67], although the
results are still not conclusive. It is proposed that eating
a diet rich in RS may increase the mobilization and use
of fat stores as a direct result of a reduction in insulin
secretion [72]. Studies to date in humans would indicate
that diets rich in RS do not affect total energy
expenditure, carbohydrate oxidation or fat oxidation
[68; 69; 70; 71]. In another study on human volunteers,
breads rich in RS imparted greater satiety than white
breads between 70 and 120 min after eating (D73).
Anderson, et al (2002)[74] reported that high-RS meals
caused less satiety than low-RS meals 1-h post
ingestion. Higgins et al. (2004)[75] examined the
relationship between the RS content of a meal and
postprandial fat oxidation, finding that replacing 5.4%
of total dietary carbohydrates with RS
significantly increase postprandial lipid oxidation and
probably reduce fat accumulation in the long term.
Keenan et al. (2006)[76] reported that the use of
resistant starch in the diet as a bioactive functional food

could

component is a natural, endogenous way to increase gut
hormones that are effective in reducing energy intake,
so may be an effective natural approach to the treatment
of obesity.

F) REDUCTION OF GALL STONE FORMATION

Digestible starch contributes to gall stone formation
through a greater secretion of insulin, and insulin in
turn leads to the stimulation of cholesterol synthesis, so
RS reduces the incidence of gallstones. Gallstones are
less frequent in southern India where whole grains are
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consumed rather than flour, as in northern India. The
dietary intake of RS is 2- to 4-fold lower in the United
States,
populations consuming high-starch diets, such as in

Europe, and Australia, compared with
India and China, which may be reflected in the
difference in the number of gallstone cases in the latter

countries [3].
G) ABSORPTION OF MINERALS

Resistant starch enhances the ileal absorption of a
number of minerals in rats and humans. Lopez et al.
(2001) [77] and Younes et al. (1995) [78] reported an
increased absorption of calcium, magnesium, zinc, iron
and copper in rats fed RS-rich diets. In humans, these
effects appear to be limited to calcium [79; 80;82]. RS
could have a positive effect on intestinal calcium and
iron absorption. A study to compare the apparent
intestinal absorption of calcium, phosphorus, iron, and
zinc in the presence of either resistant or digestible
starch showed that a meal containing 16.4% RS
resulted in a greater apparent absorption of calcium and
iron compared with completely digestible starch [61].
For a balanced view of the effect on RS on health, it is
important to note that the consumption of high amounts
of RS may have
gastrointestinal performance. These include bloating,
borborygmi (noise due to gas movement in the
intestine), flatulence, colic and watery feces. Overall,
the benefits of RS consumption are considered to
outweigh any gastrointestinal discomfort [56].

VIIL FOOD TECHNOLOGICAL AND
NUTRITIONAL APPLICATIONS OF RESISTANT
STARCH

some negative effects on

Resistant starch has a great interest to product
developers and nutritionists for two reasons, the first
being the above-mentioned potential physiological
benefits the the unique functional
properties, yielding high quality products not attainable
otherwise with traditional insoluble fibers [81; 26].
Historically, fiber-containing foods have been coarser,
denser and sometimes less palatable than refined,

and second



processed foods. The use of resistant starches as food
ingredients typically does not change the taste or
significantly change the texture, but may improve
sensory properties compared with many of the
traditionally used fibers, such as brans and gums [14].
RS has desirable physicochemical properties [83] such
as swelling, viscosity increase, gel formation and water-
binding capacity, making it useful in a variety of foods.
RS has a small particle size, white appearance, bland
flavor and also provides good handling in processing
and crispness, expansion, and improved texture in the
final product [14].Its low water-holding capacity, make
it a functional ingredient that provides good handling
and provides and improves texture in the final product
[81].RS shows improved crispness and expansion in
certain products and better mouth feel, color, and flavor
than can be obtained with some traditional, insoluble
fibers [14]. This greatly increases the likelihood that
consumers will accept these foods and hence increase
their dietary fiber intake [17]. These properties make it
possible to use most resistant starches to replace flour
on a 1-for-1 basis without significantly affecting dough
handling or rheology. RS not only fortifies fiber but
also imparts special characteristics not otherwise
attainable in high-fiber foods [33].They may also be
used to provide fiber in some commercially available
low-carbohydrate foods marketed for those following
low-carbohydrate dieting regimens [15]. There are also
potential uses in fermented foods, such as dry-cured
sausages.

The processing conditions can affect the
resistant content of starch by influencing its
gelatinisation and retrogradation [84[. Augustinet al
(2008) [85] describe that it is possible to make a
physically functional RS ingredient by the application
of physical processes to starch suspension. Technically,
it is possible to increase the RS content in foods by
modifying the processing conditions such as pH,
heating temperature and time, number of heating and
cooling cycles, freezing, and drying [14]. The
substitution of 3% milk solids in yoghurts (12% total
solids) with heated, sheared and microfluidised starch
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suspensions increased the viscosity and decreased
syneresis of yoghurts but the incorporation of starch
that had only been heated and sheared without
microfluidisation did not. Unlike natural sources of RS
(e.g. potatoes, bananas),
manufactured resistant starches are not affected by

legumes, commercially
processing and storage conditions. For example, the
amount of RS2 in green bananas decreases with
increasing ripeness, while a commercial form of RS2,
Hi-maize, does not present these difficulties[15].

The food manufacture may be thought of as
enhancement of the proportion of the starch that test as
RS. The reason for including an ingredient high in RS
is to combine physical functionality, processing
stability and nutritional functionality. The physical
functionality of RS is required for the physical
characteristics of the food, such as texture, water-
holding capacity. The processing stability of RS is
important to preserve
functionality of the RS-containing ingredients. The
functionality of the RS-containing
ingredients can involve both resistance to digestion in

in order the nutritional

nutritional

the small intestine and resistance to fermentation in the
colon. Eventually, we should be able to produce starch
materials with the desired rate and extent of digestion
(in terms of mean population responses) and (for any
RS that might be present) a desired rate of hydrolysis
and fermentation in the colon. In any starch material,
the constituent molecules will have a range of
susceptibility to amylolytic activity in vitro. For a
starch or starch-containing ingredient, it is possible to
alter this range by judicious selection of processing
conditions to increase the proportion of RS. The starch
material will also have a range of thermal stabilities
before and after processing, which may or may not
reflect the range of susceptibility to hydrolysis [84] The
industrial applications of RS mainly involve the
preparation of moisture-free food products [81]. Bakery
products such as bread, muffins, and breakfast cereals
can be prepared by using RS as a source of fiber. The
amount of RS used to replace flour depends on the
particular starch being used, the application, the desired



fiber level, and, in some cases, the desired structure—
function claims.

The incorporation of RS in baked products,
pasta products and beverages imparts improved textural
properties and health benefits [86]. A panel rated 40%
TDF RS loaf cakes as best for flavor, grittiness
moisture perception, and tenderness 24 h after baking.
Based on an evaluation by a trained sensory panel of
toasted waffles for initial crispness, crispness after3
min, moistness and overall texture, RS waffle showed
greater crispness than control or traditional fiber. RS
can improve expansion in extruded cereals and snacks.
RS may also be used in thickened, opaque health
beverages in which insoluble fiber is desired. Insoluble
fibers generally require suspension and add opacity to
beverages. Compared with insoluble fibers, RS imparts
a less gritty mouth feel and masks flavors less [14].
Bread containing 40% TDF RS had greater loaf volume
and better cell structure compared with traditional
fibers tested [87].

Hydrolyzed starches (those which retain their
granular structure and essentially behave like
unmodified starches in undergoing gelatinization
on heating), which are also referred to as thin boiling
starches, are also a form of RS. The advantage of this
starch is the high concentration, which can be used as a
paste of low viscosity, and its ability to set as a firm gel
[88]. Cross linked starches of RS4 type, based on
maize, tapioca and potato, have been useful in
formulations needing pulpy texture, smoothness, flow
ability, low pH storage, and high temperature storage
[14]. Baixauli et al (2008)[26] studied the instrumental
texture characteristics of muffins with added resistant
starch and noted that its addition produced a softer
texture: the samples were less hard, elastic and
cohesive, reflecting a more tender structure; these
effects were more evident at higher concentrations of
(2008)[89]

successfully replaced most or all of the fat in imitation

resistant starch. Arimi et al have
cheese with resistant starch without adversely affecting
meltability or hardness and conferring the well-

established benefit of resistant starch as a functional
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fiber. In addition, low-fat, starch-containing imitation
cheese has been demonstrated to have the potential to
expand during microwave heating. Since this type of
imitation cheese expands on microwave heating, it can
be presented as a stand-alone snack, pre-expanded or as
a home expansion product.

The rheology and microstructure of a control
imitation cheese compared with cheeses
containing Novelose240 (N240, native resistant starch)
or Novelose330 (N330, retrograded resistant starch), as
a source of fiber to replace fat. by Clara Montesinos et
al [90]. also, applied in
microencapsulation probiotic bacteria because of it is
prebiotic Mirzaei et al [91] were investigated on Effect
of calcium  alginate
microencapsulation on the survival rate of Lactobacillus
acidophilus La5 and sensory properties in Iranian white
brined cheese. They found resistant starch was able to
increase the survival rate of L. acidophilus La5 in
Iranian white brined cheese after 6 months of storage.

Table II

WEre

resistant starch are

and resistant starch

Health properties of resistant starches (3)

Potential physiological effects | Conditions where there may be

a protective effect

Control of glycaemic and
insulinaemic responses

Diabetes, impaired glucose and
insulin responses, the metabolic
syndrome

Colorectal cancer, ulcerative colitis,
inflammatory bowel disease,
diverticulitis, constipation

Improved bowel health

Improved blood lipid profile Cardiovascular disease, lipid

metabolism, the metabolic syndrome

Prebiotic and culture protagonist Colonic health

Increased satiety and reduced energy
intake

Obesity

Increased micronutrient absorption Enhanced mineral absorption,

osteoporosis




IX. CONCLUSION

Fiber consumption has been reduced significantly in
western society and is far below the recommended
level. The main reason has been the change in life style,
which has promoted a significant reduction in fruit,
vegetables and legume consumption. With the aim of
increasing fiber intake in the diet, many fiber enriched
foods have been developed. Resistant starch (RS) is a
recently recognized source of fiber and is classified as a
fiber component with partial or complete fermentation
in the colon, producing various beneficial effects on
health. RS also offers an exciting new potential as a
food ingredient. As a functional fiber, its fine particles
and bland taste make the formulation of a number of
food products possible with better
acceptability and greater palatability than those made

consumer

with traditional fibers. Technically, it is possible to
increase the RS content in foods by modifying the
processing conditions such as pH, heating temperature
and time, the number of heating and cooling cycles,
freezing, and drying. RS shows improved crispness and
expansion in certain products, which have better mouth
feel, color and flavor than products produced with
traditional insoluble fibers.
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