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Globally, starch based foods including staples are consumed most as they contribute maximum towards the daily per capita
energy. While the carbaholic nature resulting high post prandial glycemic response has led to a starch dilemma and innovative low
glycemic profile grains as well as products are thus the need of the hour. The presence of two nutritional fractions – slowly
digestible starch (SDS) and resistant starch (RS) which endorse the low glycemic potency is thus supplemented in food industry for
developing low glycemic food prototypes. The unique characteristic of RS like bland flavour, white colour, low water holding
capacity along with its prebiotic potential has made them a valuable component in functional foods. Many strategies are currently
applied to increase the proportion of SDS and RS including physical, chemical, enzymatic as well as their combinations. Thus,
considering the changing paradigm, the aim of this review is to understand the basic concepts of starch digestibility, inherent factors
affecting digestibility, applications in food industry, current strategies, commercial counterparts as well as existing dietary
regulations.
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Role of starch in nutrition is undeniable as the food
pyramid recommends 6-11 serving of starch based foods
per day, which accounts for 60-70% of the daily per
capita energy. Being the major glycemic carbohydrate,
during digestion it depolymerizes through the action of
α-amylase and brush bordered amyloglucosidase
enzymes into monomeric glucose form in the small
intestine1. Staple cereals like white rice and its products
have thus been known to generate high kinetic rate and
glycemic response which relatively increase the insulin
secretion2. Positive dependence exists between high
glycemic index (GI), glycemic load (GL) and glycemic
response (GR) after taking such carbaholic diets and
thus known to be a major risk for chronic diseases like
type 2 diabetes (T2DM)3, 4. There are mounting
evidences also to share insights that Asians are more
prone towards postprandial blood glucose spike with
insensitive insulin response than Caucasians even for
similar foods ingested, which escalated the risk chance
for developing T2DM5. Diabetic challenge which we
face in our country with regard to controlling
carbohydrate consumption is that, rice/rice products are
part of our culture and not just food for living. Thus
reports even suggest that Indians could compromise
health over food6. Thus an effective strategy for
managing diabetes in India as well as in Asia would be
to improve the carbohydrate quality through modifying
—————
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the inherent GR of rice along with reducing the
carbohydrate quantity. Meta-analysis in this direction,
substituting conventional high GI foods with low GI
foods endorsed clinical leg-up on glycemic control7.
Thus to tackle the global economic burden due to
chronic hyperglycemia, tailoring the inherent GR of
starch rich staple cereals like rice and their products is
the need of the hour. Much more, extensive research
probing various factors affecting glycemic potential will
assist in designing new food prototypes of low glycemic
amplitude. Thus this comprehensive report briefly
reviews on the basic concept of starch digestibility,
inherent factors affecting starch digestibility, industrial
applications, existing technologies to manufacture,
commercial counterparts as well as existing dietary
regulations.
Starch digestibility and nutritional fractions
Inherent GR depends on its complex starch
hierarchy, which in turn affects the extent of starch
digestibility as well as its absorption in the small
intestine. Starch digestibility of food like rice is
usually defined as GI and white rice is known to be
high GI in nature8. Digestibility profile divides starch
majorly into three types – Rapidly digestible starch
(RDS), slowly digestible starch (SDS) and resistant
starch (RS). RDS is interpreted as the portion of
dietary starch digested within 20 min (G20), while
SDS contributes to the extended GR i.e., glucose
released in about 240 min (G240). RDS result in huge
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blood glucose fluctuation resulting oxidative stress
resulting with disturbed glucose homeostasis. SDS is
the most elusive fraction among three due to its
transient nature and has not been clinically to such a
significant degree to as RS. RS is the third portion,
represented as the fraction of dietary starch which
skips the enzymatic digestion in upper gastrointestinal
tract. RS has also examined and known as beneficial
as it evades human digestion and hence food rich in
this fraction endorse its low digestibility nature9. Over
and above, RS shares similar physiology with dietary
fibre and act as carbon source for the colon gut
microbiome releasing beneficial short chain fatty
acids (SCFAs)10. SDS also report to have
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physiological consequences just as profound as RS
but not detailed much due to the existing gap in
research (Fig. 1).
Most recent publications11, 12 classified RS into five
sub categories: (i) RS1: resistance due to physical
entrapment. (ii) RS2: resistance due to inherent high
molecular ordered configuration. (iii) RS3: resistance
due to change in molecular structure after cookingcooling process (iv) RS4: processing induced
modifications like newer chemical bonds and
linkages. (v) RS5: resistance due to formation of
amylose-lipid complexes inherently or due to
processing. As RDS being positively correlated to GI,
rice varieties rich in SDS and RS could solve the

Fig. 1 — Diagrammatic representation of in vitro starch hydrolyzation kinetics simulating the in vivo human digestive system. [Starch
fractions are divided into three – rapidly digestible starch (RDS), slowly digestible starch (SDS) and resistant starch (RS). Starch digestion
starts in the oral cavity where salivary amylase breaks down it into maltose units, the bolus moves down to the stomach where the enzyme is
inactivated (due to the acidic environment). There is no carbohydrate breakdown in the stomach and the bolus moves to the small intestine.
RDS fraction completely digests in the jejunum of small intestine, while SDS further continues till ileum. The pancreatic amylase breaks
down the RDS and SDS fractions in the small intestine. RS after escaping digestion from mouth, stomach and intestine, moves to the large
intestine (colon) where the RS granules are solubilized or fermented or bio-transformed into short chain fatty acids (SCFA) by the gut
microbiome SCFAs. (Partially adopted from (https://www.cell.com/trends/microbiology/fulltext/S0966-842X(19)30239-2?rss=yes)]
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aftermath of chronic hyperglycemia. Even though an
inverse relation was expected between GI and RS,
previous report by a researcher group8 mentioned it’s
decisive. RS estimated till date in white rice varieties
varied from 0.35% to 3.2%8, 13. As inherent RS
content limited to less than 4% reported till date, high
through put screening tools as well as efficient
strategies have to be deduced in future to improve the
RS content in rice. Many more RS profiling of rice
varieties especially in the heirloom indigenous rice
may share novel insights. Recently the role of SDS
and RS together known as nutraceutical starch (NS)
having reported to have role in anti-hyper glycemia,
also underlines the fact that higher proportion of low
digestible starch will be beneficial14. Fine tuning the
inherent starch digestibility further by processing is
possible only through a sound understanding on
various inherent factors affecting starch digestibility.
Inherent factors affecting starch digestibility
Till date, numerous factors have been known to
influence the starch digestibility like grain type,
botanical origin, microstructure/molecular structure,
starch
composition
(total
starch,
amylose,
amylopectin), starch fractions (RDS, SDS, RS), other
matrix components (protein, lipids and phenolics),
physicochemical properties, cooking attributes,
rheological and textural attributes15 (Fig. 2)
Among the inherent factors, microstructure of the
grain is vital in modulating the digestibility as they
either prevent enzyme diffusion towards starch
granule (i.e., multi-layered pericarp) or enzyme
adsorption to the granule, or ultimately the hydrolytic
event1. The size, shape, surface pores, channels as
well as cellular layers have known as major
microstructural variations contributing difference in
its digestibility. Other than the intactness of the
natural grain matrix and the alterations in the
microstructure (due to origin), certain processing
conditions like milling or cooking has known to
contribute towards higher gelatinization rate induced
starch digestibility. A possible correlation between the
microstructure and starch digestibility was recently
reported by group of researchers16 where, incomplete
breakages in the bran layer and presence of fissures or
cracks on the surface or incomplete disruption to
germ was endorsed with increased gelatinization rate
and associated GR. Other than that, cooking
conditions also alter the texture of rice which in turn
affects their digestibility induced GR. Texture is a
multifactorial sensory property commonly studied as

a gold standard for eating and cooking quality, while
it also acts as a physicochemical trait correlating
digestibility. The stickiness or hardness, majorly due
to the differences in composition (amylose or
amylopectin) ultimately affects the molecular
structure of starch packing as well as crystallinity17.
The amorphous or tight package at nanoscale
influences amylolytic digestibility which in turn is
dependent on the degree of polymerization (DP) of
linear glucan (amylose) as well as branched glucan
(amylopectin). It has been reported that easily
digestible starch types are sticky and low in amylose
content; while higher amylose variants found to be
harder and less digestive18. Studies reported to have
lower GT, enthalpy value and molecular crystallinity
have lowered resistance towards enzyme digestion19.
In comparison to low amylose and waxy phenotype,
intermediate amylose starch showed much more
stable molecular order due to higher proportion of
stable double helices with stronger crystallites. Such
hints correlated a possible relation between amylose
and RS19, while in contrary recent reported by a
research group13 justifies the role of other components

Fig. 2 — Mechanism of in vivo starch hydrolysis and various
factors affecting it. [Rice contains about 78-89% starch and its
hydrolysis occurs in two steps in human body. The illustration (left
side) represents the action of carbolytic enzymes like amylase and
amyloglucosidase. Step 1 in the digestion of starch is catalysed by
salivary and pancreatic amylases which produce maltotriose,
maltose and glucose. Step 2 of hydrolysis to glucose is carried out
by brush bordered disaccharidases or glucosidases. Inherent factors
which often interplay and affects the starch digestibility is presented
on the right side of the illustration. TS- Total Starch; AC- Amylose
content; APC –Amylopectin content; RDS – Rapidly Digestible
Starch; SDS– Slowly Digestible Starch; RS- Resistant Starch; GTGelatinization temperature; ASV- Alkali Spreading Value; GC- Gel
consistency; PV- Peak viscosity; BD- Breakdown viscosity; FVFinal viscosity; SB- Setback viscosity]
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like amylopectin debranching rate as an indicator
towards RS formation. Rice cultivars with similar
amylose contents displayed different stickiness, which
suggested that the proportion of amylose-amylopectin
in the leached contents during cooking could be an
indicator for texture20. Hence, the microstructure as
well as texture depends on the molecular composition
and configuration of amylose and amylopectin.
Among the components of starch having key role
in digestibility, amylose has been well characterized
since 1980s21. Starch gelatinization occurs during
cooking is the initial step towards digestibility.
During the process, starch granules absorb water and
swells losing its molecular order. Over and above if
continued it will melt the crystallites leading to
leaching of linear amylose. Such leaching into the
solution phase forms a protective layer around the
granule prevents further swelling. This in turn reduces
the accessibility of enzyme to penetrate further into
the granule and reduce the digestibility by reducing
the susceptibility of starch to digestive enzymes, as
the swelling of starch granules increases the
accessibility of enzymes to penetrate into the granules
and thereby greater amylose content allows greater
resistance to swelling and minimizes hydrolysis.
Considering the impeccable role of amylose in starch
quality, various molecular biology efforts have been
taken to characterize the gene responsible for its
synthesis — Granule Bound Starch Synthase (GBSS).
The relationship between GBSS alleles and amylose
content in different rice varieties was initially
characterized by Dobo et al.22, where different
combinations of SNPs in exons 1(G/T), 6(A/C), and
10(G/T) was found to vary the amylose content. Low
amylose varieties had TAC and TCC allele,
intermediate amylose had GCC allele and high
amylose varieties had GAC and GAT allele. The C/A
polymorphism in exon 6 caused serine/tyrosine
substitution which destabilize GBSS and result with
low amylose phenotype. A positive correlation
between RS content and gbssI expression in rice
cultivars was reported by8 and mutation within the
GBSS has reported to increase the RS content23. They
discovered that wild type GBSSI and SNP in ssIIa
and ssIIIa zoomed the RS level to about 8.68%.
As the molecular configuration of starch is
dependent on both components (amylose and
amylopectin), the role of amylopectin towards
digestibility has recently unraveled through advance
studies involving size exclusion chromatography,
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crystallinity and electron microscopy. Li et al.24 have
reported that the molecular fine structure of
amylopectin including size and chain-length
distribution contribute to starch texture and
digestibility. Syahariza et al.25 highlighted that
besides the composition, the intricate structural
features of amylopectin may play compelling role in
determining the hydrolytic rate of starch in cooked
rice grains. Increased percentages of A-type
crystalline structure and amylopectin side chains of
DP 6-24 both have been shown to increase the rate of
digestion26, while B or V type contributed through
compact crystalline packaging has shown to inhibit
inside out digestion of starch granules. Manipulating
amylopectin levels as well as its structure through
engineering, various branching and debranching
enzymes were carried out. Zhang and others27
reported that slow digestion properties of cereal
starches are associated with high levels of short
amylopectin chains. Recent report by a research
group13 proposed the role of debranching enzyme,
pullulanase towards accumulation of RS fraction in
rice. Targeted mutagenesis in starch branching
enzyme (SBE)I and IIb in rice through CRISPR/Cas9
has reported to increase RS to 9.8%, also
demonstrated the role of amylopectin structure in
starch configuration and digestibility28. Besides the
significant role of composition, starch digestibility
also depends on the physico-chemical attributes
which in turn is depended on the structural hierarchy
of starch at various scales.
Gelatinization attributes based on composition also
well correlated with digestibility. Structural disruption
due to gelatinization escalates its susceptibility to
enzymatic hydrolysis in vitro, and thus increases its
availability for digestion and absorption. Thus degree
of gelatinization correlates positively to starch
digestibility, in contrary gel consistency (GC)
correlates negatively29. Hardness of GC has reported
with higher amylose content and also known as an
indication of longer cooking time. Cooking time
being the process of gelatinization, has majorly
related with amylose content as amylose acts as a
diluent as well as inhibitor to swelling of starch,
which causes the rice cultivars to have a longer
cooking duration. Generally, varieties with shorter
cooking time are digested faster as they are
gelatinized more easily. Optimum cooking time is
positively correlated with thickness of the grain which
is difficult to digest than slender or thin grains. Alkali
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spreading value (ASV), which gives an estimate of
the gelatinization temperature (GT) can also be used
get a preliminary idea on eating quality30. ASV is
negatively correlated with the amylose content and
GT. A higher GT is known to have slower in vitro
starch digestibility31. Rice varieties with lower values
of ASV and GC will take longer time to cook and gets
digested slowly since it has higher GT32.
Rapid visco-analysis (RVA) based starch
pasting profiles are determined as they may have
potential to assess the quality of starch.
Estimation of eating and cooking quality of rice
starch using RVA revealed that setback (SB) and
breakdown (BD) values play significant role as
compared to peak viscosity (PV)33. Amylose
content, a major determinant of pasting
parameters, has been found to be negatively
correlated to peak viscosity (PV) and breakdown
viscosity (BV)34. A lower peak viscosity implies
lower digestibility of gelatinized starch34. It has
also been shown that higher setback values are
linked to higher amylose in cooked rice35. Lower
RVA parameters show a lower amount of
liberated glucose, indicating their slower rate of
digestion, promoting less GI. Such parameters
can be used to screen rice varieties with lower
digestibility and well suited for hyperglycemic
patients.
Rice being the staple food for Asians, especially
Indians, completely replacing the diet with other types
of low digestible cereals like quinoa or millets is not a
viable option. Even though there is a starch dilemma
that all rice is hyperglycemic, India is blessed with a
rich diversity of rice varieties but till date starch
quality studies are lacking. Many inter-relationship
studies have been conducted on understanding the
dependency among starch quality parameters. Even
though significant association is found, consistency
was the major bottleneck due to the wide diversity of
rice germplasm and the complexity associated with
the inheritance in the quality parameters36. The most
well associated parameters like amylose, RVA
profiles and GC has also found to vary between
‘indica’ and ‘japonica’ subspecies37,38. Though some
attempts were made to correlate various
compositional and rheological parameters with rice
starch quality using a predictive near-infrared
spectroscopy (NIR) by Bao et al.39 many factors like
proportion of RDS, SDS, RS remained unaddressed in
coherence with physicochemical and rheological

parameters. A comprehensive study involving various
deciding factors contributing towards digestibility is
not yet known (Fig. 2). The explicit hidden
mechanism of resistance of starch granules to
hydrolysis is perplexing because all these factors are
often interlinked. Hence, the established relationships
among these parameters are not dependable or
rational. It is necessary to test each parameter of rice
starch quality that is considered important as per the
objective of the genetic modification program. Being
the assessment of rice starch quality parameters is a
resource-intensive part in breeding, a predictive tool
comprising all the possible variables affecting starch
digestibility is the need of the hour.
Industrial applications and existing technologies to
manufacture low digestible starch
Low digestible starch (LDS) including SDS and RS
have immense role in overall quality of food by
lowering the glycemic potency, improving the texture
quality as well as eating/cooking qualities. Compared
to SDS, RS has been much more studied due to the
advancement in extraction and quantification of
different types. Many more the physiological
similarity with dietary fibre also embraced RS as a
potential prebiotic with multitude of functional
properties like increasing crispiness, low oil binding
in fried foods, high water binding capacity, good
extrusion quality, etc.11. High amylose starch being
low digestible, have low water holding capacity and
higher water binding capacity and thereby decreased
water activity and increased product shelf life. Also,
supplementation of such low digestible starch in dairy
products, thus prevents ice crystal formation, vital for
the creamy texture for ice cream. Among the RS
types, RS 3 is found to be thermally more stable
during frying or high temperature drying, hence play
immense role in baking industries11.
A wide range of potential health benefits has been
associated with SDS and RS fractions based on diet
supplementation studies40. Based on the factors
discussed above, mainly two approaches have been
followed to improve their content, either through
altering the molecular structure or increasing the
complexity of the matrix. For altering the molecular
structure, various thermal processing strategies, pretreatments and combination conditions has been
carried out till date which led to increase in starch
digestibility (Table 1). Extrusion cooking followed by
retrogradation has been successfully practiced to
reduce digestibility through increasing RS3
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Table 1 — Processing strategies to improve the low digestibility
of starch
Processing strategies to prepare/improve low
digestible starch

Fraction
enhanced

Extrusion cooking
Extrusion cooking + refrigeration
Partial acid hydrolysis
Enzymatic debranching
Retrogradation
Parboiling
Heat Moisture treatment (HMT)
Parboiling + HMT
Annealing (ANN)
ANN + HMT
Chemical Modifications
HMT + Chemical modifications
Dual autoclaving-retrogradation
Single modification treated (SMT) starch
Dual modification treatment (DMT)
Enzymatic modification with 4-α glucanotransferase

RS341
RS342
RS243
RS344
RS345,46
RS47
RS348,49
SDS, RS50
RS350
SDS, RS351,52
RS453,54
RS3+RS455
RS356
RS3/RS454
RS3+RS454
RS57,58

proportion. Even though it’s known that
retrogradation occurs after formation of new
intermolecular hydrogen bonding which endorse
better stability and less digestibility, few studies
reported conflicting data11,59,60. A combination of
extrusion cooking and low-temperature storage was
also carried out by Neder-Suárez et al.42 where they
reported an increase in total RS. Acid hydrolysis
being a major chemical modification altering the
starch granule morphology as well as digestibility,
partial acid-hydrolysis has reported in reducing
digestibility through increasing RS2 fraction43.
Debranching enzyme pullulanase has been recently
shown to have role in RS formation in rice13.
However, debranching treatment of starch have been
known to lower the digestibility. RS content increases
sharply with amount of the debranching enzyme (12
U/g) as well as with time (for 32 h) of incubation
under optimum conditions44. Reed et al.45 attribute the
increased levels of RS observed in fried-rice samples
to the retrogradation during the cold storage and to a
lesser extent to “amylose-lipid complex” formation.
Partially-gelatinized rice starches, with higher amount
of crystalline ordering, showed more resistance to
enzymatic digestion as compared to retrograded
samples46. Parboiling is an another process where rice
gets partly boiled in the husk, with three steps:
soaking, steaming and drying, were also found to
lower the starch digestibility. An interesting
observation was seen after parboiling when native and
typical A-type crystalline structure in starch
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transformed into a combination of A, B and V types.
V type starches are known for their resistant to
hydrolysis. Gunaratne et al. found that the parboiling
process reduced swelling volume and amylose
leaching, which resulted in retaining of amylose47.
Cheng et al.61 reported that parboiling also reduced
the estimated GI which was explained in such a way
that parboiling caused breakage in the protein
structure which acted as a barrier between starch and
hydrolytic enzymes.
Among the processing strategies, thermal
processing methods are most widely adopted and
among which microwave irradiation has been well
embraced by the food industry. Studies observed an
irradiation followed by cooling resulted with
increased RS3 fraction contributing towards low
starch digestibility62. RS 1, 2 and 5 being inherently
found in the source, while RS3 and RS4 content have
been modulated through processing strategies. Several
combinations of time-temperature treatments have
been studied in this direction focusing RS3 and
chemical processing like esterification, cross-bonding,
substitution in case of RS463. Among different
processing strategies, heat moisture treatment (HMT)
and annealing (ANN) are the hydro-thermal processes
directed to change starch properties by manipulating
the temperature and moisture levels. Both these
involve incubation of starch at temperatures between
the glass transition temperature and GT. HMT is
usually carried out at low moisture levels (<35%)
whereas ANN is done in excess of water (>60%) or at
intermediate water levels (40-55%)64. Literature
shows uncertain relationship between HMT and rice
starch digestibility with HMT having greater, lower or
no effect on digestibility. A higher value of
digestibility was demonstrated in heated waxy
starches than in non-heated samples65. Similarly,
autoclaved HMT rice starches showed higher
digestibility than their respective native starches66. On
the contrary, decreased RDS and increased SDS and
RS contents were observed in HMT rice starches48,49
and heated flours67. Chang et al.50 reported that RS
and SDS contents were enhanced to 10.4 and 45.8%,
respectively by combining HMT with parboiling. The
rate of starch digestibility in HMT rice was lower than
that of steamed rice68. Anderson et al.65 reported that
HMT showed no effect on waxy or non-waxy type of
rice starches. Longer duration of heating (60 min vs.
30 min) during HMT has been shown to increase
digestibility65,67 due to formation of RS67. But an
extended heating period of 8 hours was shown to
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reduce the RS content in waxy rice starch in
comparison to native starch52. Decrease in RDS with
increase in RS has been found in HMT starches with
high, medium and low amylose content and is
assumed to occur because of interactions between
amylose and amylopectin formed during HMT69.
However, contradictory results reporting reduction in
RDS levels in HMT waxy starches along with
reduced RS levels were found in another study52. This
might be because waxy starches lack amylose and
have lower proportion of long chain amylopectin70.
Moisture content is also reported to influence the
extent to which HMT affects digestibility. HMT
starches prepared by autoclaving at different moisture
levels (15/20/25%) had more susceptibility to
α-amylase, and susceptibility increased with increase
in moisture levels66. On the contrary, starch
digestibility was shown to decrease asmoisture
content in samples increased (10/20/30%)49. ANN
treatment alone and ANN-HMT combined treatments
have reports to influence the rice starch digestibility.
ANN treated rice starches were more digestible by αamylase51 as well as elevated RDS and reduced SDS
and RS levels52. This was ascribed to an increase in
porosity of granules and reduced crystalline structure
which both facilitates enzyme accessibility to starch52.
In one study, treatment with a combination of ANN
and HMT enhanced the RDS and SDS levels and
reduced RS levels in waxy rice starch, which was
probably due to disruption of crystalline structure by
HMT52. Other studies on acid treated rice starch
reported an increased RS content due to ANN
treatment64 and ANN-cross-linked starch71. Since
HMT and ANN do not arrive at GT, partial
gelatinization could be an important factor driving
digestibility.
Chemical modifications like acetylation using
acetic anhydride in modified food starches has
observed with higher contents of type 4 resistant
starch (RS4)53. Physically (HMT) and chemically
(citric acid) modified in order to low digestible starch
having higher proportion of RS3/RS4 were reported55.
Production of RS from rice by dual autoclavingretrogradation treatment with understanding structural
and digestibility features were analyzed56. Thus,
single or double modified starches possess enzyme
resistant properties. It has been reported that
acetylated, hydroxypropylated and cross-linked starch
reduced the extent of enzyme-catalyzed hydrolysis.
The 4-α-glucanotransferase (4-α-GT) treated starch
samples showed an increase in slow digestion

property compared to control starch57. About 10-20fold increase in RS content was observed in
4-α-glucanotransferase treated starch58.
Commercial counterparts and dietary regulations
Specialty starches are one of the key ingredients in
the evolving designer food prototypes attributed with
better nutritional and functional quality. Demand for
bio-functional foods of low glycemic profile
including low digestible starch market revenue is
projected to reach about $12 billion by 2025. High RS
containing starch, named as RS-rich powder is
commonly used in bio-functional foods due to various
functional and textural attributes like low calorie
value (0.25 kcal/g), bland flavour profile, low water
binding capacity, process tolerance to extreme pH and
temperatures. Majorly the processed RS forms like
RSIII and IV has got developed as well-known
functional ingredient brands like ActiStar® 11700
resistant starch (Cargill, Minneapolis, USA),
HIMAIZE 260 (Ingredion Incorporated, Westchester,
Illinois, USA) and NOVELOSE 330 (Ingredion
Incorporated, Westchester, Illinois, USA) are RSIII
type. Few RSIV type like Fibersym RW/FiberRite
RW (MPG Ingredients Inc., Atchison, Kansas, USA)
with about 85% total dietary fibre are also
commercially used. These are modified starch crosslinked with sodium trimethaphosphate. These starches
majorly used as partial replacement for major
ingredients like wheat flour in bakery products due to
their low swelling capacity with optimal water
retention. Very few IRS products are in market,
among which high amylose maize starch, Eurylon,
(Roquette America Inc., USA), having 83% RSII used
as functional ingredient was observed with delivering
better textural properties. High amylose (HA) maize
starch,
HylonVII,
(Ingredion
Incorporated,
Westchester, Illinois, USA) with 53% RSII was
reported to improve the farinograph properties and
bread quality72. HYLON VII is a RSII type, obtained
from high-amylose hybrid corn with RS content of
70%. They have commonly used as thickening agents,
for stronger gels and films73. Green banana Starch by
Natural Evolution (Walkamin, Queensland, Australia)
is another product with about 42% RSII which
decreased the digestibility and glycemic spike74.
Green plantain flour, Chiquita with 50% RSII
improved functional quality of gluten free breads75.
In general, inherent resistant starch (IRS) types are
physiologically alike; they are soluble, fermentable,
and nutritionally more similar to non-starchy polymer
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(NSP) than to digestible starch76. Commission of the
European Communities (2008) defines ‘dietary fibre’
rather ‘IRS’ as a carbohydrate polymer with three or
more monomeric units, which are neither digested nor
absorbed in the small intestine. Expert committees to
place dietary guide lines are generally based on their
assessment on a number of sources of information,
including consensus documents; evidence based
systematic
reviews,
research
studies
and
recommendations by expert panels. Regularity
authorities also take into accounts the draft
recommendations and comments from stakeholders,
including the public and private institutions. Apart
from the potential health benefits RS also lowers
impact on the sensory properties of food compared
with traditional sources of fibre, as whole grains,
fruits or bran. The importance of RS as a dietary fibre
has been recognised globally by various health
authorities77 (IOM, 2002). As such, recommendations
for fibre intakes featured in National and International
dietary guidelines, but their recommendations differ
among Countries at the global scenario depending
upon food habits and sources of dietary fibres78.
As per EU guidelines native starches and starches
treated by amylolytic enzymes are considered to be
normal ingredients rather than food additives
(European Parliament, 2008). European Food Safety
Authority (EFSA) as part of a novel food application
(EFSA Panel on Dietetic Products Nutrition and
Allergies, 2010b) assessed a type of chemically
modified starch (RSIV) deemed safe and nonallergenic even at 15% level of intake in the diet.
Studies on both lower and higher doses of RS ranging
up to 100 g/day have been reported in varied
gastrointestinal symptoms and diarrhoea like situation
at higher doses79. EFSA in 2016, suggested reassessment of certain starches and celluloses, including
types of RSIV (hydroxypropyldistarch phosphate and
acetylated distarchadipate), regarding establishment of
dietary safety. Initially dietary guidelines were set by
Australian expert committee keeping Australian
population in mind, which were adopted by the New
Zealand Government also. Later, in a workshop held in
1997, proposal came to construct an expert committee
consisting eminent scientists from both Australia and
New Zealand for the wider acceptance of these dietary
guide lines across the population of both the countries.
Further, in 2006, the first complete set of
recommendations/values was published by Food
Standards Australia New Zealand (FSANZ) (NHMRC,
2006). According to FSANZ dietary fibres are the
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edible fractions of plants and their extracts including
synthetic analogues resist the digestion as well
absorption in the small intestine. These fractions are
usually partially or completely fermented in the large
intestine consists of RS. Recommendation released for
the benefit of UK population was solely based on nonstarch polysaccharide’s effect on bowel health, while
Australian and New Zealand committee considered
other health outcomes considering dietary fibre as per
National Nutrition Survey of Australia (1995) and New
Zealand (1997). The values for dietary fibre intake
were suggested higher for both males and females of
any age group. In addition, values for RS component
were recommended slightly higher than 4 g/day and
slightly less than 3 g/day for men and women,
respectively. This dietary recommendation having
special mention of the RS was the first guidelines at
national level and values were considerably more than
the UK recommendation which may be accounted for
the differences in methodology adapted to some extent
(Englyst in the UK, compared with AOAC). As per
these guide lines to stick for average IRS intake, we
should require a substantial increase in intake of
additional vegetables, legumes and fruits in the diet. In
other way round we should encourage the incorporation
of high-fibre food ingredients, such as RS.
Australia’s Common wealth Scientific and Industrial
Research Organisation (CSIRO) evaluated its own
independent assessment on dietary suggestions, and has
recommended ~20 g/day intake of RS amounting
4 times higher than that present in a typical western
diet80. The revision was made in 1993 regarding dietary
recommended values (DRVs) for the United States and
Canada and a comprehensive set of DRVs was
published in 2005 related to nutrient intakes by a
healthy US and Canadian individuals and populations.
Finally, a modified definition for dietary fibres was
placed forth consists of those carbohydrate components
also which were not included by AOAC analysis, for
example RS fractions and oligosaccharides (FNB,
2001). Recommendations given by FNB (2005)
included two times higher fibre intake as compared to
Americans consumes; American men eat 16.5-17.9
g/day of fibre, and women consume 12.1-13.8 g/day of
fibre (AOAC measurements). These values were found
substantially more as compared to the recommended
intake values in the other developing countries,
specifically for kids, while UK does not have any
guideline for children. At present, Netherland’s guide
lines (HCN, 2006) have been adopted globally
regarding the importance of fibre for its protective
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effect with reference to the Canada Institute of
Medicine and USA guidelines. Apart from adoption of
centralised European policies, dietary intake
recommendations were given by European-wide
information councils and by Pan-European expert
committees also with the aim to promote nutrition and
health in accordance to EU health-promotion
programme. Experts working in this project
recommended 25 g of dietary fibre intake per day81,
where specific type of the fibre was not specified and
the figure recommended matched well with the AOAC
recommendations (FAO/WHO report from 1998).
The scenario around the world regarding
recommended dietary allowances (RDA) of
RS/dietary fibre intake in terms of its absolute value
and form has a vast difference and at the moment
developing economies like India is not having its own
RDA recommendations for IRS intake and is
following the recommendations published by other
health organizations. Average RS consumption in
developed nations (Northern Europe, Italy) ranges
between 3-6 g/day82, while for Australians83 and
Americans, it is 8.5 g/day, while Indian and Chinese
diets include around 10-15 g/day. Highest
consumption of RS (38 g/day) is reported in the diets
of rural black South Africans. Research analysis
indicates that intake of up to 40-45 g/day RS is
tolerable and beyond this limit digestive system might
show diarrhoea and stomach bloating symptoms due
to increased fermentation in colon by gut microbiota.
Responses of the digestive system varies towards the
types of RS or SDS and its adaptability increases over
the time of consumption.
Thus, understanding the basic mechanism of starch
bioavailability as well as newer in house strategies84.
for lowering its bioavailability will assist in the
ultimate goal of developing food of low glycemic
amplitude. Many more identifying traditional low GI
cereals and their inherent mechanism behind, will add
value to those humble grains and will assist in
fetching premium price in global market85.
Conclusion
Glycemic response is a broader concept which
includes the nature and extent of postprandial blood
glucose profile. Low digestible starch offers the
possibility of moderated glucose delivery to the body
and thus proven to maintain the glucose homeostasis,
to provide fullness as well as satiety and also a possible
strategy to counteract the alarming T2DM condition.
Demand for bio-functional foods of low glycemic

profile including low digestible starch market revenue
is projected to reach about $12 billion by 2025. Due to
this trend, expanding staple cereals rich in inherent low
digestible starch as well as adopting processing
strategies to improve further gained attention.
Industrial insights on various health and product
specific benefits rely on its basic biochemistry, which
are depended on its micro/molecular structure, matrix
components, matrix interactions, physico-chemical,
rheological and textural attributes. Various existing
strategies/manufacturing practices have shown to elate
the SDS or RS fractions and thus endorse its low
digestibility nature in the modified food types. Even
though specialty starches are available, more extensive
studies are required in this direction to lay dietary
guidelines in future.
References
1
2

3
4

5
6

7

8

9

10
11

Lehmann U & Robin F, Slowly digestible starch–its structure
and health implications: a review. Trends Food Sci Technol,
18 (2007) 346.
Frei M, Siddhuraju P & Becker K, Studies on the in vitro
starch digestibility and the glycemic index of six different
indigenous rice cultivars from the Philippines. Food Chem,
83 (2003) 395.
Seah JY, Koh WP, Yuan JM & van Dam RM, Rice intake
and risk of type 2 diabetes: the Singapore Chinese Health
Study. Eur J Nutr, 58 (2019) 3349.
Zuniga YL, Rebello SA, Oi PL, Zheng H, Lee J, Tai ES &
Van Dam RM, Rice and noodle consumption is associated
with insulin resistance and hyperglycemia in an Asian
population. Br J Nutr, 111 (2014) 1118.
Abate N & Chandalia M, Ethnicity, type 2 diabetes &
migrant Asian Indians. Indian J Med Res, 125 (2007) 251.
Lawton J, Ahmad N, Hanna L, Douglas M, Bains H &
Hallowell N, ‘We should change ourselves, but we can't’:
accounts of food and eating practices amongst British
Pakistanis and Indians with type 2 diabetes. Ethnic Health,
13 (2008) 305.
Brand-Miller J, Hayne S, Petocz P & Colagiuri S,
Low–glycemic index diets in the management of diabetes: a
meta-analysis of randomized controlled trials. Diabetes Care,
26 (2003) 2261.
Kumar A, Sahoo U, Baisakha B, Okpani OA, Ngangkham U,
Parameswaran C, Basak N, Kumar G & Sharma SG,
Resistant starch could be decisive in determining the
glycemic index of rice cultivars. J Cereal Sci, 79 (2018) 348.
Butardo VM, Anacleto R, Parween S, Samson I, de Guzman
K, Alhambra CM, Misra G & Sreenivasulu N, Systems
genetics identifies a novel regulatory domain of amylose
synthesis. Plant Physiol, 173 (2017) 887.
Brouns F, Kettlitz B & Arrigoni E, Resistant starch and “the
butyrate revolution”. Trends Food Sci Technol, 13 (2002)
251.
Homayouni A, Amini A, Keshtiban AK, Mortazavian AM,
Esazadeh K & Pourmoradian S, Resistant starch in food
industry: A changing outlook for consumer and producer.
Starch‐Stärke, 66 (2014) 102.

RAHAMAN et al.: LOW DIGESTIBLE STARCH AND FOOD INDUSTRY
12
13

14

15
16

17

18

19

20
21
22
23

24

25

26

27

Raigond P, Ezekiel R & Raigond B, Resistant starch in food: a
review. J Sci Food Agric, 95 (2015) 1968.
Krishnan V, Awana M, Samota MK, Warwate SI, Kulshreshtha
A, Ray M, Bollinedi H, Singh AK, Thandapilly SJ, Praveen S &
Singh A, Pullulanase activity: A novel indicator of inherent
resistant starch in rice (Oryza sativa. L). Int J Biol Macromol,
152 (2019) 1213.
Krishnan V, Rani R, Awana M, Pitale D, Kulshreshta A, Sharma
S, Bollinedi H, Singh A, Singh B, Singh AK. & Praveen S, Role
of nutraceutical starch and proanthocyanidins of pigmented rice
in regulating hyperglycemia: Enzyme inhibition, enhanced
glucose uptake and hepatic glucose homeostasis using in vitro
model. Food Chem, 335, 127505 (2021).
Praveen S, Singh A & Krishnan V, Molecular assembly of
starch granules: Interplay of metabolizing enzymes in rice. J
Rice Res, 10 (2017) 1.
RamyaBai M, Wedick NM, Shanmugam S, Arumugam K,
Nagarajan L, Vasudevan K, Gunasekaran G, Rajagopal G,
Spiegelman D, Malik V & Anjana RM, Glycemic Index and
Microstructure Evaluation of Four Cereal Grain Foods. J Food
Sci, 84 (2019) 3373.
Prathap V, Ali K, Singh A, Vishwakarma C, Krishnan V,
Chinnusamy V & Tyagi A, Starch accumulation in rice grains
subjected to drought during grain filling stage. Plant Physiol
Biochem, 142 (2019) 440.
Li H, Prakash S, Nicholson TM, Fitzgerald MA & Gilbert RG,
The importance of amylose and amylopectin fine structure
for textural properties of cooked rice grains. Food Chem, 196
(2016) 702.
Zhu LJ, Liu QQ, Wilson JD, Gu MH & Shi YC, Digestibility
and physicochemical properties of rice (Oryza sativa L.)
flours and starches differing in amylose content. Carbohydr
Polym, 86 (2011) 1751.
Patindol J, Gu X & Wang YJ, Chemometric analysis of
cooked rice texture in relation to starch fine structure and
leaching characteristics. Starch‐Stärke, 62 (2010) 188.
Bhattacharya K & Juliano B, Rice: Chemistry and
technology. AACC, St Paul, MN, (1985) 289.
Dobo M, Ayres N, Walker G & Park WD, Polymorphism in
the GBSS gene affects amylose content in US and European
rice germplasm. J Cereal Sci, 52(2010) 450.
Gurunathan S, Ramadoss BR, Nayak C, Kalagatur NK, Bapu
JR, Mohan C, Alqarawi AA, Hashem A & Abd Allah EF,
Single Nucleotide Polymorphisms (SNPs) in starch
biosynthetic genes associated with increased resistant starch
concentration in rice mutant. Front Genet, 10(2019) 946.
Li H, Prakash S, Nicholson TM, Fitzgerald MA & Gilbert
RG, The importance of amylose and amylopectin fine
structure for textural properties of cooked rice grains. Food
Chem, 196 (2016) 702.
Syahariza ZA, Sar S, Hasjim J, Tizzotti MJ & Gilbert RG,
The importance of amylose and amylopectin fine structures
for starch digestibility in cooked rice grains. Food Chem, 136
(2013) 742.
Martens BM, Gerrits WJ, Bruininx EM & Schols HA,
Amylopectin structure and crystallinity explains variation in
digestion kinetics of starches across botanic sources in an in
vitro pig model. J Anim Sci Biotechnol, 9 (2018) 91.
Zhang G, Venkatachalam M & Hamaker BR, Structural basis
for the slow digestion property of native cereal starches.
Biomacromolecules, 7 (2006) 3259.

28

29

30
31

32

33

34
35

36
37

38

39
40
41
42

43

839

Sun Y, Jiao G, Liu Z, Zhang X, Li J, Guo X, Du W, Du J,
Francis F, Zhao Y & Xia L, Generation of high-amylose rice
through CRISPR/Cas9-mediated targeted mutagenesis of
starch branching enzymes. Front Plant Sci, 8 (2017) 298.
Park JE, Bae IY & Lee HG, Effects of Amylose Contents
and Degree of Gelatinization of Rice Flour on In Vitro Starch
Digestibility, Physical Characteristics, and Morphological
Properties. Industrial Food Engineering, 21(2017) 341.
Mohapatra D & Bal S, Cooking quality and instrumental
textural attributes of cooked rice for different milling
fractions. J Food Eng, 73 (2006) 253.
Liu H, Fan H, Cao R, Blanchard C & Wang M,
Physicochemical properties and in vitro digestibility of
sorghum starch altered by high hydrostatic pressure. Int J
Biol Macromol, 92 (2016) 753.
Juliano BO, Perez CM, Barber S, Blakeney AB, Iwasaki TA,
Shibuya N, Keneaster KK, Chung S, Laignelet B, Launay B
& Del Mundo AM, International cooperative comparison of
instrument methods for cooked rice texture. J Texture Stud,
12 (1981) 17.
Bao J, Shen S, Sun M & Corke H, Analysis of genotypic
diversity in the starch physicochemical properties of
nonwaxy rice: apparent amylose content, pasting viscosity
and gel texture. Starch‐Stärke, 58 (2006) 259.
Hu P, Zhao H, Duan Z, Linlin Z & Wu D, Starch digestibility
and the estimated glycemic score of different types of rice
differing in amylose contents. J Cereal Sci, 40 (2004) 231.
Kurasawa H, Kanauti Y, Takei K, Ogawa S, Okabe T,
Hayakawa T & Igaue I, Correlation analysis between eating
quality, rheological property and amylose content of starch.
Biosci Biotechnol Biochem, 36 (1972) 1809.
Bao JS & Xia YW, Genetic control of paste viscosity
characteristics in indica rice (Oryza sativa L.). Theor Appl
Genet, 98 (1999) 1120.
Shu QY, Wu DX, Xia YW, Gao MW, Ayres NM, Larkin PD
& Park WD, Microsatellites polymorphism on the waxy gene
locus and their relationship to amylose content in indica and
japonica rice, Oryza sativa L. Acta Genet Sin, 26 (1999) 350.
Wang XQ, Yin LQ, Shen GZ, Li X & Liu QQ, Determination of
amylose content and its relationship with RVA profile within
genetically similar cultivars of rice (Oryza sativa L. ssp.
japonica). Agr Sci China, 9 (2010) 1101.
Bao JS, Cai YZ & Corke H, Prediction of rice starch quality
parameters by near‐infrared reflectance spectroscopy. J Food
Sci Technol, 66 (2001) 936.
Björck I, Liljeberg H & Östman E, Low glycemic-index
foods. Br J Nutr, 83 (2000) S149.
Faraj A, Vasanthan T & Hoover R, The effect of extrusion
cooking on resistant starch formation in waxy and regular
barley flours. Food Res Int, 37 (2004) 517.
Neder-Suárez D, Amaya-Guerra CA, Quintero-Ramos A,
Pérez-Carrillo E, Alanís-Guzmán MG, Báez-González JG,
García-Díaz CL, Núñez-González MA, Lardizábal-Gutiérrez
D & Jiménez-Castro JA, Physicochemical changes and
resistant-starch content of extruded cornstarch with and
without storage at refrigerator temperatures. Molecules, 21
(2016) 1064.Vasanthan T & Bhatty RS, Enhancement of
resistant starch (RS3) in amylomaize, barley, field pea and
lentil starches. Starch‐Stärke, 50 (1998) 286.
Brumovsky JO & Thompson DB, Production of
boiling‐stable granular resistant starch by partial acid

840

44

45
46
47

48

49
50
51

52
53
54
55

56

57

58

59

INDIAN J EXP BIOL, DECEMBER 2020
hydrolysis and hydrothermal treatments of high‐amylose
maize starch. Cereal Chem, 78 (2001) 680.
Pongjanta J, Utaipattanaceep A, Naivikul O &
Piyachomkwan K, Effects of preheated treatments on
physicochemical properties of resistant starch type III from
pullulanase hydrolysis of high amylose rice starch. Am J
Food Technol, 4 (2009) 79.
Reed MO, Ai Y, Leutcher JL & Jane JL, Effects of cooking
methods and starch structures on starch hydrolysis rates of
rice. J Food Sci, 78 (2013):H1076-81
Chung HJ, Lim HS & Lim ST, Effect of partial gelatinization
and retrogradation on the enzymatic digestion of waxy rice
starch. J Cereal Sci, 43 (2006) 353.
Gunaratne A, Kao W, Ratnayaka J, Collado L & Corke H,
Effect of parboiling on the formation of resistant starch,
digestibility and functional properties of rice flour from
different varieties grown in Sri Lanka. J Sci Food Agric, 93
(2013) 2723.
Van Hung P, Chau HT & Phi NT, In vitro digestibility and in
vivo glucose response of native and physically modified rice
starches varying amylose contents. Food Chem, 191 (2016)
74.
Wang H, Liu Y, Chen L, Li X, Wang J & Xie F, Insights into
the multi-scale structure and digestibility of heat-moisture
treated rice starch. Food Chem, 242 (2018) 323.
Cheng KC, Chen SH & Yeh AI, Physicochemical properties
and in vitro digestibility of rice after parboiling with heat
moisture treatment. J Cereal Sci, 85 (2019) 98.
Dias AR, da Rosa Zavareze E, Spier F, de Castro LA &
Gutkoski LC, Effects of annealing on the physicochemical
properties and enzymatic susceptibility of rice starches with
different amylose contents. Food Chem, 123 (2010) 711.
Zeng F, Ma F, Kong F, Gao Q & Yu S, Physicochemical
properties and digestibility of hydrothermally treated waxy
rice starch. Food Chem, 172 (2015) 92.
Shah A, Masoodi FA, Gani A & Ashwar BA,
Physicochemical, rheological and structural characterization
of acetylated oat starches. LWT. 80 (2017) 19.
Xu SS, Xiang ZJ, Bin L, Jing L, Bin Z, Jiao YJ & Kun SR,
Preparation and physical characteristics of resistant starch (type
4) in acetylated indica rice. Food Chem, 134 (2012) 149.
Gani A, Jan A, Shah A, Masoodi FA, Ahmad M, Ashwar
BA, Akhter R & Wani IA, Physico-chemical, functional and
structural properties of RS3/RS4 from kidney bean
(Phaseolus vulgaris) cultivars. Int J Biol Macromol, 87
(2016) 514.
Ashwar BA, Gani A, Wani IA, Shah A, Masoodi FA &
Saxena DC, Production of resistant starch from rice by dual
autoclaving-retrogradation treatment: In vitro digestibility,
thermal and structural characterization. Food Hydrocoll, 56
(2016) 108.
Zhou Y, Meng S, Chen D, Zhu X & Yuan H, Structure
characterization and hypoglycemic effects of dual modified
resistant starch from indica rice starch. Carbohydr Polym,
103 (2014) 81.
Jiang H, Miao M, Ye F, Jiang B & Zhang T, Enzymatic
modification of corn starch with 4-α-glucanotransferase
results in increasing slow digestible and resistant starch. Int J
Biol Macromol, 65 (2014) 208.
Wolf B, Polysaccharide functionality through extrusion
processing. Colloid Interface Sci, 15 (2010) 50.

60
61

62
63
64
65

66
67

68
69
70
71
72
73

74
75

76
77

78

Vasanthan T & Bhatty RS, Enhancement of resistant starch
(RS3) in amylomaize, barley, field pea and lentil starches.
Starch‐Stärke, 50 (1998) 286.
Zhou S, Hong Y, Gu Z, Cheng L, Li Z & Li C, Effect of
heat-moisture treatment on the in vitro digestibility and
physicochemical
properties
of
starch-hydrocolloid
complexes. Food Hydrocolloids, 104 (2020) 105736.
Zhang J, Wang ZW & Shi XM, Effect of microwave
heat/moisture treatment on physicochemical properties of
Canna edulis Ker starch. J Sci Food Agric, 89 (2009) 653.
Mun SH & Shin M, Mild hydrolysis of resistant starch from
maize. Food Chem, 96 (2006) 115.
Jacobs H & Delcour JA, Hydrothermal modifications of
granular starch, with retention of the granular structure: A
review. J Agric Food Chem, 46 (1998) 2895.
Anderson AK, Guraya HS, James C & Salvaggio L,
Digestibility and pasting properties of rice starch
heat‐moisture treated at the melting temperature (Tm).
Starch‐Stärke, 54 (2002) 401.
da Rosa Zavareze E, Storck CR, de Castro LA, Schirmer MA
& Dias AR, Effect of heat-moisture treatment on rice starch
of varying amylose content. Food Chem, 121 (2010) 358.
Silva WM, Biduski B, Lima KO, Pinto VZ, Hoffmann JF,
Vanier NL & Dias AR, Starch digestibility and molecular
weight distribution of proteins in rice grains subjected to
heat-moisture treatment. Food Chem, 219 (2017) 260.
Ito K, Yoshida K, Okazaki N & Kobayashi S, Effect of
processing on the pore size distribution and digestibility of
rice grain. Biosci Biotechnol Biochem, 52 (1988) 3001.
Van Hung P, Vien NL & Phi NT, Resistant starch
improvement of rice starches under a combination of acid
and heat-moisture treatments. Food Chem, 191 (2016) 67.
ButardoJr VM & Sreenivasulu N, Tailoring grain storage
reserves for a healthier rice diet and its comparative status
with other cereals. Int Rev Cell Mol Biol, 323 (2016) 31.
Song JY, Park JH & Shin M, The effects of annealing and
acid hydrolysis on resistant starch level and the properties of
cross‐linked RS4 rice starch. Starch‐Stärke, 63 (2011) 147.
Ozturk S, Koksel H & Ng PK, Farinograph properties and
bread quality of flours supplemented with resistant starch. Int
J Food Sci Nutr, 60 (2009) 449.
Arp CG, Correa MJ & Ferrero C, High-amylose resistant
starch as a functional ingredient in breads: a technological
and microstructural approach. Food Bioproc Tech, 11 (2018)
2182.
Roman L & Martinez MM, Structural basis of resistant starch
(RS) in bread: Natural and commercial alternatives. Foods, 8
(2019) 267.
Sarawong C, Gutiérrez ZR, Berghofer E & Schoenlechner R,
Effect of green plantain flour addition to gluten-free bread on
functional bread properties and resistant starch content. Int J
Food Sci Technol, 49 (2014) 1825.
Sofi SA, Ayoub A & Jan A, Resistant starch as functional
ingredient: A review. Int J Food Sci Nutr, 2 (2017) 195.
Mann J, Cummings JH, Englyst HN, Key T, Liu S, Riccardi
G, Summerbell C, Uauy R, Van Dam RM, Venn B & Vorster
HH, FAO/WHO scientific update on carbohydrates in human
nutrition: conclusions. Eur J Clin Nutr, 61 (2007) S132.
Lockyer S, Spiro A & Stanner S, Dietary fibre and the
prevention of chronic disease–should health professionals be
doing more to raise awareness? Nutr Bull, 41 (2016) 214.

RAHAMAN et al.: LOW DIGESTIBLE STARCH AND FOOD INDUSTRY
79
80
81
82
83

Grabitske HA & Slavin JL, Gastrointestinal effects of lowdigestible carbohydrates. Food Sci. Nutr, 49 (2009) 327.
Baghurst PA, Baghurst KI & Record SJ, Dietary fibre, nonstarch polysaccharides and resistant starch: a review. Food
Aust, 48 (1996) S3.
Rajala M, Nutrition and diet for healthy lifestyles in Europe:
science and policy implications. Public Health Nutr, 4 (2001) 339.
Dysseler P & Hoffem D, Estimation of resistant starch intake
in Europe in Proceedings of the concluding plenary meeting
of EURESTA, 1994, 84.
Lunn J & Buttriss JL, Carbohydrates and dietary fibre. Nutr
Bull, 32 (2007) 21.

84

841

Krishnan V, Mondal D, Bollinedi H, Srivastava S, Ramesh
SV, Madhavan L, Thomas B, Anju TR, Singh A, Singh AK
& Praveen S, Cooking fat types alter the inherent glycemic
response of niche rice varieties through resistant starch (RS)
formation. Int J Biol Macromoli, 162 (2020) 1668.
85 Krishnan V, Awana M, Raja Rani AP, Bansal N, Bollinedi
H, Srivastava S, Sharma SK., Singh AK, Singh A, &
Praveen, S, Quality matrix reveals the potential of Chak-hao
as a nutritional supplement: a comparative study of
matrix components, antioxidants and physicochemical
attributes. Food Measurement and Characterization
https://doi.org/10.1007/s11694-020-00677-w (2020).

