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The term “baked goods” encompasses multiple food products made from flour (typically wheat
flour). Among them, bread has stood as a foundation in different cultures by providing energy,
mostly from its starch fraction, while being low in fats and sugars. Nevertheless, breadcrumbs are
categorized as having a high amount of rapidly digestible starch that has been associated with poor
health outcomes, including type 2 diabetes, obesity, and cardiovascular disease, as well as other
metabolic-related health problems. In this regard, the enrichment of bread with resistant starch (RS)
ingredients is gaining prominence and can be definitively positioned as an impactful strategy to
improve human health through diet. In this Special Issue, structural factors for the resistance to
digestion and hydrothermal processing of clean label RS ingredients are reviewed by Roman et al. [1],
who expanded the definition of each RS subtype to account for recently reported novel and natural
non-digestible structures. The term baked goods also include cakes and cookies, which are rich in
fats and sugars but represent an excellent choice for indulgent consumption. While bread may be
an excellent food carrier of added nutritional and extranutritional compounds, such as proteins,
dietary fibers and bioactive phytochemicals, the effort to improve the nutritional properties of cakes
and cookies has focused on the elimination or reduction of fats and sugars associated with poor health
outcomes. As an example, milk fats have typically been used in cake- and cookie-making, and their
high content in calories and saturated fatty acids has encouraged food researchers and technologists to
develop fat mimetics, as discussed in this Special Issue in the review by Huang et al. [2].

Many research groups have focused on the enrichment of baked goods with other plant-based
ingredients of high nutritional value. Legume flours possess a high content of proteins with an amino
acid profile complementary to that of cereals. As a result, the enrichment of breads with these flours
has received significant attention over the last years, as revised in this Special Issue by Bresciani
and Marti [3]. However, the incorporation of legume flours into baked goods usually results in
lower organoleptic quality and the recipe must be re-adjusted to minimize these detrimental effects,
as reported by Cunha et al. [4]. The use of ingredients from oil seeds is also becoming paramount in
many recipes over the last years because they possess higher protein content than cereals and are rich
in fiber, omega-6 and omega-3 essential fatty acids, and natural antioxidant compounds, including
tocopherol, beta-carotene chlorogenic acid, caffeic acid and flavonoids. As discussed in the review
written by De Lamo and Gémez [5], oil seeds can be added directly as whole seeds or as milled flour.
In this Special Issue, Grasso et al. [6] considered the enrichment of cookies with defatted sunflower
seed flour and Codina et al. [7] investigated the use of flaxseed flour in bread-making. As observed in
these works, the nutritional improvement of baked goods derived from the use of the aforementioned
nutrient-dense ingredients almost always worsens their physical quality. This may result in a critical
loss of consumers’ acceptance and, therefore, the unfeasible translation of nutrient-dense ingredient
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incorporation to the commercial reality. This aspect is approached by Mellette et al. [8] using cakes
made with whole flour. In this regard, Belorio et al. [9] found that optimization of the physical
properties of a flour, specifically in terms of particle size, dramatically impacted the physical qualities
of their baked good: cookies. In their work, the authors encourage ingredient technologists to optimize
clean and simple technologies, such as milling mechanical fractionation, to produce clean label flours
with optimum physical properties and successful commercial applications.

Baked goods are also characterized as having a low protein content, although their high
consumption makes them account for a significant fraction of the total recommended protein uptake.
Nonetheless, protein scores in cereals, which are commonly the main ingredients in baked goods,
are usually low due to a suboptimal amino acid profile and low protein digestibility. Interestingly,
the overall protein digestibility is not only dependent on the protein source, but also the food processing
methodology. The review written by Joye [10] provides an in-depth evaluation of protein digestibility
as affected by the typical unit operations carried out during the manufacture of baked goods.

Last but not least, this Special Issue considers the consumers’ increased awareness of the
environment and sustainable food systems. In this regard, novel processing and breeding technologies
have been reported as key contributors to reduced food waste and loss. As an example, the use of
perennial grains has been reported to result in more efficient use of water, fertilizers, and soil nutrients,
although their incorporation into foods is only possible if the quality of their resultant flours matches
the expectations of both manufacturers and consumers. In this Special Issue, the impact of milling and
tempering on the perennial grain intermediate wheatgrass was studied by Tyl et al. [11].

The works included in this Special Issue highlight the importance of holistically considering
the nutritional improvement of baked goods by using sustainable plant-based ingredients and
the optimization of the physical properties of such ingredients to result in successful commercial
applications. However, scientists and technologists within the realm of baking should invest in
translational research that provides a detailed understanding of food and food ingredient nano- and
micro-structures, as well as the impact of processing and the development of successful recipes.
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Abstract: Bread is categorized as having a high amount of rapidly digested starch that may resultin a
rapid increase in postprandial blood glucose and, therefore, poor health outcomes. This is mostly the
result of the complete gelatinization that starch undergoes during baking. The inclusion of resistant
starch (RS) ingredients in bread formulas is gaining prominence, especially with the current positive
health outcomes attributed to RS and the apparition of novel RS ingredients in the market. However,
many RS ingredients contain RS structures that do not resist baking and, therefore, are not suitable
to result in a meaningful RS increase in the final product. In this review, the structural factors for
the resistance to digestion and hydrothermal processing of RS ingredients are reviewed, and the
definition of each RS subtype is expanded to account for novel non-digestible structures recently
reported. Moreover, the current in vitro digestion methods used to measure RS content are critically
discussed with a view of highlighting the importance of having a harmonized method to determine
the optimum RS type and inclusion levels for bread-making.

Keywords: high-amylose; digestion; bakery; retrogradation; glycemic response; amylose; amylopectin;
a-amylase

1. The Importance of Bread in the Human Diet

Carbohydrates are the most important source of dietary energy for humans (45-70% of total energy
intake) [1], with starch being the main structure-building macro-constituent in many foods, including
bread, pastry, breakfast cereals, rice, pasta, and snacks. White bread, with an average consumption
of about 170 g per day per person in 10 European countries, contributes to the highest proportion of
carbohydrates to the daily dietary intake [2]. Despite current findings showing dose-response relation
between consumption of whole grains and the risk of non-communicable diseases [3], white wheat
bread remains consumers’ first choice mainly owing to its sensory attributes [4]. This event remarkably
highlights the technological challenge of the incorporation of dietary fibers to make palatable breads
acceptable by consumers, that is, the type and amount of dietary fiber ingredients must be meticulously
selected based on their impact on bread quality [5].

Besides lacking the nutritional components from the whole grain fraction, white bread is
categorized as having a high amount of rapidly digestible starch. This is the result of starch
gelatinization produced as a consequence of the high temperatures that the dough reaches during
baking (>70 °C) at relatively high-water content (>35%) [6,7]. In fact, a complete starch gelatinization
in white bread crumb almost always occurs [6,8,9]. In this regard, consumption of white breads, which
results in a rapid increase of the postprandial blood glucose, is associated with poor health outcomes
including type 2 diabetes, obesity, cardiovascular disease, as well as other metabolic-related health
problems [10-12].

In view of the large consumption of daily white bread and the health benefits associated with
higher dietary fiber consumption [13], the enrichment of bread crumbs with resistant starch (RS)
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ingredients is gaining prominence (Figure 1) and can definitively be positioned as an impactful strategy
to improve human health through the diet. A literature search in the topic also revealed significantly
more studies of RS in breads than in cakes, muffins, and cookies. Because the RS property can change
during baking, this review will cover the structural factors responsible for the RS digestion property
and the thermal stability of RS ingredients to manufacture breads with meaningful health outcomes.
In this review, the structural basis for the RS property of RS in breads will be revised based on recent
pivotal studies. Furthermore, the definition of RS will be discussed, addressing holistically and briefly
the current analytical methods for quantifying the RS content of foods and the current regulations in
terms of food labeling and health claims. We expect that this review provides a brief overlook of the
currently commercially available RS ingredients, with special focus on those that support clean and
natural labels (i.e., RS4 will not be discussed).

ORS and bread BERS and cake BERS and muffin BRS and cookie

50 _
40

30

Number of studies

—_
(=)

0 |I| Ton e b |t o i e 0 ed [l

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

Figure 1. Literature search of the last 10 years on the topics: “resistant starch (RS) and bread”; “resistant
starch and cake”; “resistant starch and muffin"; and “resistant starch and cookie”. Data collected from
all databases from the Web of Science on 28 June 2019.

2. RS Definition and Analytical Methods

Resistant starch (RS) is defined as the starch portion that escapes digestion by human enzymes in
the upper part of the gastrointestinal tract, entering the large intestine where it can be partially or fully
fermented by colonic microflora. The main health outcomes of RS consumption can be categorized
mainly based on a modulation on the glycemic response, body weight control, and bowel health.
However, this review is not intended, by any means, to provide deep insights into the complex effects
of RS consumption on specific metabolic responses and health benefits, which has been previously
revised elsewhere [5,14-27].

According to its definition, RS should be predicted by physiological (in vivo) techniques [28],
such as the human ileostomy model, where ileal digesta from adults with permanent ileostomies is
analyzed for its starch content and compared with the total amount of starch ingested during the study
period [16]. However, in vivo methods are remarkably slow and tedious, and require a considerable
investment in specialized resources and expertise. Added to that, the rate and extent of starch digestion
depends on both extrinsic (e.g., chewing, hormone responses, enzyme activity, passage rate, individual
health) and intrinsic (food structure) factors, with the former providing a high variability included in
in vivo experiments. On the other hand, the variability from extrinsic factors is excluded in in vitro
methods, enabling information for understanding the mechanism of food structural changes during
the digestion time course [16].



Foods 2019, 8, 267

Many in vitro assays for RS determination are variations on Berry’s [29] modification of Englyst’s
original method [30]. Starchy products “as eaten” are subjected to gastric (protease) and luminal
(pancreatic x-amylase) digestions under fixed physiological conditions of temperature, pH, viscosity,
and rate of mechanical mixing similar to those in the gastrointestinal tract. RS is determined by
difference between total and digestible starch [31], with validated in vivo results using the ileostomy
model [32]. Digestion products are obtained at 20 and 120 min of incubation with x-amylase and
further converted to glucose for colorimetric [31] or chromatographic quantification [33]. In the Englyst
test, rapid digestible starch (RDS) is the starch digested fraction within the initial 20 min digestion,
slowly digestible starch (SDS) is the digested fraction between 20 and 120 min, and RS is the remaining
portion after 120 min.

In 2002, McCleary and Monaghan [34] also developed a wide spread method to determine RS,
which was validated by both the Association of Official Analytical Chemists [35] (AOAC Method
2002.02) and the American Association of Cereal Chemists [36] (AACC Method 32-40.01). In this
case, starchy foods are simultaneously incubated with pancreatic x-amylase and amyloglucosidase
for 16 h (vs. 3 h in the Englyst test) in order to hydrolyze and solubilize all the digestible starch. The
non-digested starch, the RS fraction, is recovered after several washes and centrifugation steps, and
the RS pellet is dissolved with potassium hydroxide prior its hydrolysis to glucose and colorimetric
determination. Several other methods were also proposed for analytical determination of RS [37-41].

RS can also be measured following the procedures used for dietary fiber determination. However,
attention should be paid on the methodology used because some RS sources can be underestimated.
Thus, the Prosky [42] and Lee [43] methods, as well as AOAC official methods 985.29 (AACC 32-05.01)
and 991.43 (AACC 32-07.01), respectively, do not quantitatively measure all the RS. Because of the
initial heating step at above 90 °C, thermally unstable RS fractions, such as RS2 from banana or potato,
are partially degraded. To alleviate this problem, an integrated procedure for the measurement of
total dietary fiber (AOAC Methods 2009.01/2011.25; AACC Methods 32-45.01/32-50.01), which fully
includes RS (in the same way as in AOAC 2002.02) and other non-digestible oligosaccharides [44,45],
was proposed. Therefore, the combination of AOAC 2009.01 and 2002.02 methods could provide
quantitative determination of total dietary fiber (including all the RS fractions) and RS, respectively.
However, because of the simplicity of AOAC 2002.02, this procedure is recommended if only RS is the
dietary fiber of interest.

RS is usually categorized following the RS classification given by Englyst, Kingman, &
Cummings [31]; Eerlingen & Delcour [46]; and Brown et al. [47] based on the structural features
conferring its resistance. In this way, RS is usually listed into five categories, as follows. RS1: physically
entrapped, non-accessible starch in a non-digestible matrix; RS2: native granular resistant starch (B- or
C-polymorph); RS3: retrograded starch; RS4: chemically modified resistant starch; and RS5: single
amylose helix complexed with lipids. In Table 1, the structural features conferring the RS property
within each category (reported to date) are listed and categorized based on the RS classification given
by Englyst, Kingman, & Cummings [31]; Eerlingen & Delcour [46]; and Brown et al. [47]. Although
this traditional categorization is the most used to date, it is noteworthy that it assumes RS to be a
thermodynamically defined structural form (physical entities) and discards its potential kinetic nature.
If RS was simply thermodynamically defined, only highly chemically-modified starches (RS4) would
be completely resistant to enzyme hydrolysis. This is a critical point in bread-making, as flour/starch
fabrication and baking will strongly alter the RS type and content [6,48-50]. As an example, baking will
generally destroy RS1 and RS2, but may form RS3 and RS5, generally resulting in breads containing
RS < 2.5% (dry matter) [40]. In this section, the structural types of RS listed in Table 1 will be briefly
described and linked to their effects on bread physical and nutritional quality. Special attention will be
put on commercially available RS2 and RS3 clean ingredients (see Section 4 and Table 2). Resistant
maltodextrins, soluble chemically modified-dextrins derived from starch and included in the definition
of RS, are also commercially available. However, this review will only focus on RS excluding starch
degradation products that may also be resistant to digestion by pancreatic x-amylase.
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Table 1. Structural features conferring the resistant digestion property within each clean-label resistant

starch (RS) category.

. Detrimental Steps That Assisting Steps That
Structural Features Conferring
e . A May Decrease RS May Increase RS
Classification the RS Property within Each . .
Category Content during Content during
Bread-Making Bread-Making
Intact plant tissues Milling, sieving, baking -
RS1 Highly dense food matrices - Baking and cooling
Confined starch within a Bak.mg of Sta?ch
: . materials containing
continuous layer of certain - o .
. specific layer forming
proteins i
proteins
Starch granules with an outer Baking (of note .that high
RS2 high-density shell structure amylose RS2 is more )
g Y heat-resistant)
Retrograded amylose - Baking and cooling
RS3 Extrusion of high
High-density processed amylose - amylose starch
ingredients
Retrograded amylopectin Baking Baking and cooling
Chemically substituted starches - -
RS4 Chemically cross-linked starches - -

2 Resistant maltodextrins
Amorphous amylose-lipid

Baking and cooling

RS5 complexes (form I)
Crystalline amylose-lipid

complexes (form IT) - Baking and cooling

@ Resistant maltodextrins can be defined as chemically-modified dextrins instead of chemically-modified starch. In
that case, they should be excluded from this list.

3. Natural RS Ingredients in Bread-Making and Structural Basis of Their Resistant Digestion

3.1. Physical Barriers Comprising Plant Cell Walls and/or the Food Matrix (RS1)

The resistant digestion property of RS can be the result of its confinement within the intact plant
cell (surrounded by the plant cell wall) and/or the food matrix. Overall, the role of cell walls in limiting
starch digestion is based on three mechanisms [51-57]: (1) the difficulty for amylase to permeate
through the cell wall; (2) the limitation of starch gelatinization during cooking; and (3) the binding of
a-amylase by cellulose and other cell wall components. Whole or partly milled grains or seeds with
intact cell walls are clear examples of physically confined starch within cell walls. Milling should be
performed carefully to avoid the loss of RS1, as the tissue matrix (cell wall and protein network) could
be damaged [57,58]. The effects can be minimized with coarse milling or selection of large particles
after mechanical fractionation [57,59]. Nonetheless, large particles are not always suitable and the
selection of plant materials with thicker and less permeable cell walls, such as legume flours [52,54] or
cereal flours from hard endosperm [57], could increase the content of starch that escapes digestion
entirely, even after cooking.

The presence of whole or partly milled grains and seeds has been reported to decrease the glycemic
index of breads [60,61]. However, the use of intact kernels (or broken kernels) will always impact
significantly the bread physical and sensory properties. Therefore, food technologists should bear in
mind that white bread is the most consumed bread type nowadays [4]. There is little doubt about
the health benefits associated with a higher consumption of whole grains [3]. However, to what
extent can the particle size of intact grains be reduced to result in breads with lower starch digestion
(glycemic response)? Interestingly, Edwards et al. [55] demonstrated that fully cooked and gelatinized
porridges, made with 2 mm wheat flour particles, resulted in significantly lower blood glucose, insulin,
C-peptide, and glucose-dependent insulinotropic polypeptide concentrations than porridges made
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with <0.2 mm particles. In fact, they showed that the structural integrity of coarse wheat particles
was retained during gastroileal transit using a randomized crossover trial in nine healthy ileostomy
participants. However, flours for bread-making are usually smaller than 250 um and complimentary
studies should be performed with smaller variations in particle size. Martinez, Calvino, Rosell, &
Gomez [62] observed that among <250 pum flour particles, a differential of 100 pum (coarser) can result in
a lower rate and extent of starch digestion, even after full gelatinization through high-shear extrusion.
Nevertheless, their effect after incorporation into breads has received little attention. Only de la Hera et
al. [63] observed that breads made with coarser rice flour (132-200 um) presented higher RS than those
made with fine flours (<132 um). On the other hand, Protonotariou, Mandala, and Rosell [64] did not
observe differences in the amount of RS between breads made with whole wheat flours with particle
size ranging from 57 to 120 um. Remarkedly, these two studies included the RS values of bread samples
after freeze-drying and milling. Even if freeze-dried crumb samples were corrected for moisture and
sieved to discard particle size effects, this approach for sample preparation still disregards potential
changes in the permeability of the intact plant cell and/or the food matrix. In any case, differences in RS
were small and human intervention studies should be performed to confirm or discard the use of coarse
flours feasible for bread-making for better postprandial metabolism. Added to that, it should be noted
that the amount of ungelatinized starch is dramatically higher in bread crust than in bread crumb [6],
and hence the effects of varying particle size could be completely different between crumbs and crusts.
In this sense, de la Hera et al. [63] and Protonotariou, Mandala, & Rosell [64] investigated the RS
content in bread slices containing the crust portion, so the question of whether particle size differences
in the range of 100 um affect RS in bread crumb, the major fraction of a bread slice, remains unclear.

Besides plant cell walls, storage proteins from certain plants, such as those from wheat (glutenin
and gliadin), maize (zein), and sorghum (kafirin), have the ability to form disulphide bonds that
result in a continuous layer around starch granules upon cooking, and in a slowdown of starch
digestion [65,66]. In any case, the effect of network-forming proteins on the resulting RS (or glycemic
response) after baking has received little attention. Only Berti et al. [67] and Jenkins et al. [68] showed
lower postprandial glucose levels of gluten-containing breads compared with gluten-free breads,
which was attributed to the presence of a protein network encapsulating the starch. Jenkins et al. [68]
also proved that the addition of gluten to gluten-free breads did not reduce the glycemic response,
suggesting that the protective effect of the protein present in the wheat is the result of the natural
junctions between protein and starch, and is lost once the protein-starch network is disrupted. On the
other hand, zein and kafirin, presumably owing to their relative hydrophobicity and disulphide bond
cross-linking [69], are isolated in protein bodies in the endosperm cells of the mature grain [70]. The
localization of storage proteins in protein bodies, unlike what occurs in wheat, prevents the formation
of a continuous matrix around the starch granules within the cells. For zein and kafirin to be functional
in doughs, the protein bodies must be disrupted during dough mixing and the proteins freed. However,
disruption of the protein bodies has only been observed to occur during high shear extrusion [71] or
roller flaking [72].

3.2. Granular Surface Properties (Granular Resistant Starch, RS2)

Starch usually gelatinizes in the range of 54 to 76 °C at >20% water [73]. Therefore, considering
that, even for those breads made with the lowest possible hydration level (refined dough bread, also
known as candeal bread), the moisture content in the crumb is above 35% throughout baking (where a
temperature above 70 °C is reached [7]), an extensive (mostly complete) starch gelatinization (Figure 2)
is expected to occur [6]. On the contrary, the fast evaporation of water from the crust owing to its high
surface temperature impairs the full gelatinization of the starch [6]. In this way, it is possible to find
from 56% to 70% (or even higher) of the starch in the crust ungelatinized (Figure 2), depending on the
type of bread [6,9]. Restriction of swelling and gelatinization can also be achieved by the interplay of
starch with other ingredients in the formula, including lipids, protein, fibers, and sugars [74]. In any
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case, the presence of starch granules inherently resistant to digestion (RS2) could increase the final
content of RS in breads coming from their crust portion [9].

Figure 2. Micrographs of crumb (left) and crust (right) sections of breads containing 20% of RS2 banana
starch. Detailed magnification (20 um) denotes the presence of some granules in the gelatinized crumb.

RS2 has been found in ungelatinized tubers, particularly in potato, as well as in starchy fruits,
such as green banana, both in vitro [31] and in vivo [32,75]. High-amylose starch is also a source of RS2.
High-amylose starch, which is found mainly in maize, is obtained by mutation of the amylose-extender
(ae) gene and the gene encoding starch branching-enzyme I [15]. Thus, this starch presents longer
branch chains of intermediate material and higher amylose content [76]. RS2 starches are present in
starch granules containing the B-type crystalline allomorph. Although differences in the crystalline
structure help explain the higher resistance to amylolytic enzymes of potato, high amylose, and banana
starches, crystallinity itself does not fully explain the resistance of these starches. At a superior level
of starch structure, A-polymorphic starches are reported to have pores (0.1 to 0.3 um diameter) and
channels (0.007 to 0.1 pm diameter) through which x-amylase (around 3 nm radius) could diffuse [77].
On the contrary, larger “blocklets” at the periphery of B-type polymorphic starch granules result in the
absence of pores and channels [78], which could significantly limit the enzyme digestion, and possibly
be the primary determinants for the RS property [25,79].

In general, the addition of RS2 ingredients may result only in a moderate increase of RS in the final
bread, as gelatinization will destroy their semi-crystalline granular structure. This moderate increase
will be the result of remaining ungelatinized granules in the crust, which represents a significant, but
lower portion of the bread slice. As an example, Roman, Gomez, et al. [9] observed an RS increase
from 0.26 to 5.66% in the crust with the replacement of the main starchy ingredient by native banana
starch, but no significant RS increase was observed in the crumb portion. On the contrary, native
high amylose is the only RS2 source that resists gelatinization, making this starch more suitable for
hydrothermally-processed foods. In fact, complete gelatinization of these mutant starches is only
achieved at temperatures higher than 120 °C [5,80,81]. In addition, once gelatinized, high amylose
starches can form high amounts of RS3 [82]. Thus, several types of resistant starch, namely, RS2, RS3,
and RS5, can coexist in the final bread.

3.3. Dispersed Starch Molecules Forming Resistant Starch upon Cooling and Storage (RS3)

After gelatinization, which results from baking, dispersed starch molecules begin to re-associate
upon cooling, forming tightly packed structures stabilized by hydrogen bonding that are more resistant
to digestion [83]. The resistance of retrograded amylose to a-amylase digestion was demonstrated
both in vitro and in vivo long ago [84], which was termed as RS3. The amount of RS3 produced
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from retrograded amylose is dependent on the amylose ratio and its chain length [18,85]. Similar to
RS2, the enzyme resistance of RS3 has been associated with the formation of a highly thermostable
B-type crystalline structure. Thus, the increased crystallinity is expected to result in fewer available
a-glucan chains to which x-amylase can bind and thus reduce the susceptibility of retrograded starch to
digestion [82]. Nonetheless, crystallinity itself does not fully explain the resistance of RS3, as previously
mentioned with RS2. Amorphous material in enzyme-resistant fractions has been found, confirming
that the resistance is not simply based on a specific crystalline structure that is fully undigested [86].
Cairns et al. [87] and Gidley et al. [88] suggested that the resistance to digestion is also the result of other
double helices not involved in crystals. More recently, extrusion processing of high amylose starch was
shown to result in non-crystalline dense packing of amylose chains upon cooling, which exhibited
significantly higher RS content than the cooked counterpart [82,89,90]. Furthermore, the content of RS
in extruded high amylose starch was similar to that in a granular native state [82]. We believe that
the increase in amorphous RS during extrusion could be the result of the molecular fragmentation
of amylose and amylopectin chains during extrusion, which could improve molecular mobility and
amorphous molecular packing at submicron length scale. In fact, recently, evidence of shear-induced
amylose scission during extrusion has been reported [91].

In contrast to amylose, the branched structure of amylopectin is less prone to retrograde, needing
a longer time for the formation of double helical structures [91]. Retrograded amylopectin has been
linked to the formation of slowly digestible starch (SDS), and hence to a reduction in the rate of
starch digestion [92,93]. Starch with a slow digestion rate has been proposed to partially pass to
the large intestine as RS, where it functions as a source to bacterial fermentation [84]. In this way,
although RS3 has been generally attributed to the formation of resistant crystalline structures from
amylose double helices, some old and recent evidence suggests that retrograded amylopectin should
be included as