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Abstract

Since the role of intestinal microbiota in metabolism was understood, the importance of dietary components such as fibres
and prebiotics, which affect the modulation of microbiota, has been increasing day by day. While all prebiotic components
are considered dietary fibre, not every dietary fibre is considered a prebiotic. While fructooligosaccharides, galactooligosac-
charides, inulin, and galactans are considered prebiotics, other fermentable carbohydrates are considered candidate prebiotic
components based on in vitro and preclinical studies. Resistant starch, one of such carbohydrates, is considered a potential
prebiotic component when it is made resistant to digestion naturally or chemically. In this review, both in vitro and in vivo
studies in which the prebiotic capacity of type II, type III, and type IV resistant starch isolated from food and produced
commercially was assessed were analyzed. According to the results of current studies, certain types of resistant starch are
thought to have a high prebiotic capacity, and they may be candidate prebiotic components although positive results have

not been achieved in all studies.

Key points

o Resistant starch is undigested in the small intestine and is fermented in the large intestine.
® Resistant starch fermentation positively affects the growth of Bifidobacterium and Lactobacillus.

® Resistant starch can be considered a prebiotic ingredient.
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Introduction

Microorganisms in the intestinal microbiota which function
as a regulator play various roles in metabolic, physiological,
and immunological processes. Physiological or environmen-
tal factors such as genetics, age, illness, stress, and medi-
cation use affect the gut microbiota (Ashaolu et al. 2021).
Due to its role in the etiology of various diseases, studies
in which the relationship between nutrition and microbiota
is investigated have gained momentum with the increas-
ing interest in food and dietary components that affect the
composition and modulation of the intestinal microbiota
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(Martinez et al. 2015). With the understanding of the impor-
tance of intestinal microbiota on human health and the use
of probiotics to modulate the microbiota, studies in the field
of probiotics have increased a great deal. The International
Scientific Association for Probiotics and Prebiotics (ISAPP)
defined probiotics as “live microorganisms that, when
administered in adequate amounts, confer a health benefit
on the host” (Hill et al. 2014). The effective use of probi-
otics has been reported in the treatment of gastrointestinal
diseases in many studies (Gungor et al. 2013; Trush et al.
2020). Lactic acid bacteria (LAB) constitute a significant
proportion of probiotic cultures, and they are naturally found
in many foods. LAB species have a particular interest in food
industries due to their technological properties (Dincer and
Kivanc 2012, 2020). Environmental factors help mediate the
composition and metabolic functions of the gut microbiota
and consumption of certain dietary components, especially
fibres and prebiotics, and can modulate the gut microbiota.
Dietary fibres and prebiotics are fermented by bacteria in
the intestine, and they affect the composition and metabolic
activities of the intestinal microbiota (Ashaolu et al. 2021).
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Among the components of dietary fibre are non-starch
polysaccharides (cellulose, hemicellulose, pectin, inulin, and
fructans), non-digestible oligosaccharides (fructooligosac-
charides, galactooligosaccharides), lignin, a phenylpropane
polymer, and resistant starch. In other words, dietary fibre
is defined as carbohydrates and lignin which are found in
plants, not digested in the small intestine, but partially or
completely fermented in the large intestine (Wlodarczyk and
Slizewska 2021). There is a consensus on the health effects
of dietary fibre, although it is defined in several ways in the
literature. The incidence of non-communicable chronic dis-
eases is lower in populations consuming dietary fibre in high
amounts than in populations consuming dietary fibre in low
amounts. Among the effects of dietary fibre on health are the
modulation of intestinal microbiota, decrease in blood glu-
cose and cholesterol levels, increased satiety, and decrease
in the risk of developing some types of cancer and cardio-
vascular diseases (Carlson et al. 2018). In addition to these
effects of dietary fibres on health, it is known to affect the
composition and metabolic activity of some intestinal bacte-
rial communities by increasing the production of short-chain
fatty acids (SCFA). Therefore, some fibres can be classified
as prebiotics (Rezende et al. 2021).

The concept of prebiotic was first introduced in the 1990s,
and in 1995, it was defined by Gibson and Roberfroid as “an
indigestible food component that beneficially affects the host
and improves the health of the host by selectively stimulat-
ing the growth and/or activity of one or a limited number
of bacteria in the colon” (Gibson and Roberfroid, 1995).
Today, prebiotics are considered selectively fermentable
components that cause specific changes in the composition
and/or activity of the gastrointestinal microbiota and benefit
the health of the host. This definition suggests that the effects
of prebiotics are not limited to the colon but can occur in
any part of the gastrointestinal tract. The prebiotics having
been identified so far are classified as dietary fibre. However,
not every dietary fibre is considered a prebiotic. In this con-
text, for a compound to be classified as a prebiotic, it must
meet certain criteria. For a food component to be considered
prebiotic, it should be resistant to stomach acid, hydrolysis
by mammalian enzymes, and gastrointestinal absorption;
it should be fermented by the intestinal microbiota; and it
should selectively stimulate the growth and/or activity of
healthy intestinal bacteria (Gibson et al. 2010). Prebiotics
should not lead to adverse effects such as the growth of
pathogenic microorganisms or distension caused by exces-
sive gas production. Studies show that prebiotics primarily
support an elective increase in probiotics (Wtodarczyk and
Slizewska 2021; Rezende et al. 2021). The majority of the
microorganism comes from lactic acid bacteria, and strains
that are used as probiotics usually are members of Lacto-
bacilli and Bifidobacteria (Dincer and Kivanc 2021). In
addition to supporting Lactobacillus and Bifidobacterium
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populations, prebiotics are known to promote the growth
of beneficial bacteria such as Akkermansia, Eubacterium,
Propionibacterium, Faecalibacterium, and Roseburia
(Wtodarczyk and Slizewska 2021; Rezende et al. 2021).

According to data in the literature, fructooligosaccha-
rides, galactooligosaccharides, inulin, and galactans are
considered prebiotics. Based on in vitro and preclinical
studies, other fermentable carbohydrates can be considered
candidate prebiotic components (Rezende et al. 2021). It has
been shown that resistant starch, one such carbohydrate, is
fermented by the intestinal microbiota and that it promotes
SCFA production. In the literature, there is also evidence
that resistant starch can modulate the growth of gut bacte-
ria involved in butyrate production in humans (James et al.
2015). There are different types of resistant starch based on
their chemical structure and properties. Some resistant starch
types that have become resistant to digestion naturally or
chemically have the potential to have the prebiotic capac-
ity (Rezende et al. 2021). Especially in the last few years,
there has been a significant increase in the number of studies
conducted on this issue. However, the prebiotic capacity of
resistant starch has not been evaluated in detail within the
scope of in vitro and in vivo studies. In this review, cur-
rent studies investigating the prebiotic capacities of resistant
starch types isolated from food or produced commercially
are evaluated together for the first time. Also, the capac-
ity of different probiotic/potential probiotic bacteria to use
resistant starch types was analyzed at the species level. In
addition, in vitro and in vivo methods used for determining
the prebiotic capacity of resistant starch are explained in
detail. Consequently, based on the studies in the literature,
the prebiotic capacities of different resistant starch types
have been discussed all in aspects.

What is resistant starch?

Starch, a polymeric carbohydrate produced by plants for
energy storage, is one of the main forms of dietary carbo-
hydrates (Snelson et al. 2019). Starch consists of amylose,
which has a linear a1-4 bond structure and typically consti-
tutes 15-20% of starch, and amylopectin, a larger branched
molecule with al1-4 and a1-6 bonds. Two basic crystalline
starch structures have been defined as A and B types con-
taining amylopectin at different proportions. While type
A starches are found in grains, type B starches are found
in tubers and foods rich in amylose. There is also a third
type, called “type C”, which is found in legumes as a mix-
ture of both A and B forms (Snelson et al. 2019; Dupuis
et al. 2014). According to its nutritional properties, starch
is divided into three main classes: rapidly digestible starch,
slowly digestible starch, and resistant starch. While rapidly
digestible starch is hydrolyzed to dextrins by a-amylase
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enzyme within 20 min after consumption, slowly digestible
starch is hydrolyzed within 20—120 min after consumption.
Resistant starch is not hydrolyzed after 120 min in the small
intestine of healthy individuals but can be fermented in the
large intestine (Dupuis et al. 2014). Information on the types
and some properties of starch according to the digestion sta-
tus is given in Table 1 (Ashwar et al., 2016).

Resistant starch is defined as the starch fraction that is
resistant to digestion by a-amylase and pullulanase enzymes
in vitro and can be fermented in the colon. In 1982, Eng-
lyst et al. discovered resistant starch for the first time by
discovering that some starch remained in the medium after
enzymatic hydrolysis of non-starch polysaccharides in an
in vitro environment (Englyst et al. 1982). In subsequent
studies conducted with healthy ileostomy subjects, it has
been shown that starch resistant to digestion exists in the
stomach and small intestine and that it may be fermented in
the large intestine (Englyst et al. 1996). As a result, resistant
starch has been accepted as the sum of starch and the deg-
radation products of starch that are not digested in the small
intestine of a healthy person (Wtodarczyk and Slizewska
2021). The amount of resistant starch can be measured as
the difference between the total starch and the sum of rapidly
digestible starch and slowly digestible starch. The resistance
of resistant starch to digestion varies according to the ratio
of amylose to amylopectin in its structure. While amylose is
digested slowly, amylopectin is digested rapidly. Therefore,
an increase in the amylose content of resistant starch is asso-
ciated with a slower digestibility rate (Ashwar et al. 2016).

Types of resistant starch

There are five types of resistant starch according to their
chemical structure called type 1-2-3—-4-5 (Wlodarczyk and
Slizewska 2021).

Type I resistant starch is starch molecules inside plant
cells whose walls have not been damaged. Since the
enzymes in the gastrointestinal system cannot break down
cellulose, hemicellulose, and lignin, common components
of plant cell walls, amylolytic enzymes cannot reach this

Table 1 Types and properties of starch

starch. Therefore, type I resistant starch passes into the
large intestine without being digested in the small intestine
(Wtodarczyk and Slizewska 2021). Grinding and chewing
can make type I resistant starch more accessible and less
resistant to digestion. Type I resistant starch is heat stable
in most normal cooking processes (Fuentes-Zaragoza et al.
2011). Cereals, seeds, legumes, and pasta are considered
nutritional sources of type I resistant starch (Wtodarczyk
and Slizewska 2021; Ashwar et al. 2016; Lockyer and
Nugent 2017; Jiang et al. 2020).

Type II resistant starch is natural starch granules
resistant to digestion due to the structure of the starch
granule. These non-gelatinized starches are resistant to
digestion due to their compact structure. High amylose
corn starch, which is among the Type II resistant starch
varieties, remains stable by preserving its structure and
resistance during the processing and preparation of many
foods (Ashwar et al. 2016; Fuentes-Zaragoza et al. 2011)
and can be added to foods to increase total dietary fibre
intake without changing the physicochemical properties of
foods (Maziarz et al. 2013). High amylose corn starch, raw
potato starch, and raw banana starch are considered nutri-
tional sources of type II resistant starch (Wtodarczyk and
Slizewska 2021; Ashwar et al. 2016; Lockyer and Nugent
2017; Jiang et al. 2020).

Type III resistant starch is formed by cooling starchy
foods after cooking. It contains retrograde starch or crys-
talline non-granular starch (Ashwar et al. 2016; Fuentes-
Zaragoza et al. 2011). It is produced from natural starch in
a three-step process. In the first step, called gelatinization,
the granular structure is degraded by heating in excess water.
In the second step, called retrogradation, recrystallization of
amylose molecules takes place upon cooling or dehydration
of the starch solution. In the final step, the resistant frac-
tion is isolated through partial enzymatic digestion of the
amorphous phase (Fuentes-Zaragoza et al. 2011; Maziarz
et al. 2013). Cooked and then cooled foods (potatoes, pasta,
rice) and starch products with special heat treatment (bread,
cakes, cereals) are considered nutritional sources of type II1
resistant starch (Wtodarczyk and Slizewska 2021; Ashwar
et al. 2016; Lockyer and Nugent 2017; Jiang et al. 2020).

Types of starch

Rapidly digestible starch

Slowly digestible starch Resistant starch

Digestion time (min) 20
Digestion (region of gastrointes- Mouth and small intestine
tinal system)
Nutritional sources Freshly cooked food
Physiological feature Fast energy source

Structure Amorphous

20-120
Small intestine

>120
Large intestine

Corn starch, millet, legumes Raw bananas and potatoes

Slow-continuous energy source Prebiotic

Amorphous/crystal Depending on type
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Type IV resistant starch is chemically modified starch
produced by cross-linking, etherification, or esterification
(Fuentes-Zaragoza et al. 2011). It is produced by cross-
linking starches from rice, wheat, corn, potato, tapioca, oat,
and mung beans using sodium trimetaphosphate, sodium
tripolyphosphate, epichlorohydrin, or phosphoryl chloride
(Du et al. 2020). The resistance of type IV resistant starch
varieties to digestion increases depending on their substi-
tution with different functional groups (Wtodarczyk and
Slizewska 2021).

Type V resistant starch is a complex structure formed by
the combination of amylose and lipids resistant to enzymatic
digestion. Since the amylose—lipid complex has a complex
structure, it resists digestion by amylase. In addition, the
amylose-lipid complex limits hydrolysis against the enzyme
amylase by preventing the swelling of starch granules (Oku-
mus et al. 2018).

Food sources and commercial forms
of resistant starch

Although resistant starch is found in all starchy foods, its
amount may vary depending on the methods used during
processing or storage (Fuentes-Zaragoza et al. 2011). Size
and type of starch granules, physical form of grains and
seeds, plant genotype and mutations, relationships between
starch and other food components (lipids, proteins, sugars,
gums, other fibre types and plant bio-actives which inhibit
a-amylase), and food processing methods such as grinding,
cooking, high-pressure processing, autoclaving, extrusion,
and storage time affect the resistant starch content of foods
(Lockyer and Nugent 2017). Whole grains, seeds, legumes,
and other starch-containing foods are among the rich sources
of resistant starch. Among the unprocessed foods, unripe
bananas whose resistant starch ratio ranges between 47
and 57% are the richest source of resistant starch. Starches
of tuberous vegetables such as potatoes contain resistant
starch with type B crystallinity, which is highly resistant to
enzymatic digestion. On the other hand, Legume starches
whose resistant starch rate is 24.7% are another rich source
of resistant starch with type C crystallinity (Ashwar et al.
2016; Tekin and Fisunoglu 2020). In Table 2, the amounts
of resistant starch in commonly consumed foods are given.
Resistant starch amounts in the foods in Table 3 were calcu-
lated based on the dry weight (Patterson et al. 2020).

In addition to resistant starch obtained from natural
foods, there are also resistant starch types produced in
commercial form from foods such as corn, tapioca, wheat,
and potatoes (Ashwar et al. 2016; Ingredion 2022). Gener-
ally, commercially produced resistant starches are type 11,
type III, and type IV resistant starches (Ingredion 2022).
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Table2 Resistant starch amount of some commonly consumed
starchy foods*

Foods Resistant
starch amount

(g/100 g)**

Mean (min—-max)

Cereals and cereal products

Buckwheat (groats and cooked) 1.8 (1.1-2.6)
Bread (white) 1.2 (0.1-4.4)
Bread (whole wheat) 1.0 (0.5-1.5)
Oats (uncooked) 11.3 (7.8-14.8)
Barley (grained and cooked) 2.4 (1.14.2)
Millet (cooked) 1.7
Rice (brown and cooked) 1.7 (0-3.7)
Rice (white and cooked) 1.2 (0-3.7)
Pasta (cooked) 1.1 (0.5-1.5)
Pasta (whole grain) 1.7 (0-3.7)
Breakfast Cereals
Cornflakes 3.2(1.8-6.3)
Granola 0.1
Muesli 33(2.3-43)
Vegetables
Pea (cooked) 1.9 (0.9-2.2)
Potatoes (boiled) 1.3(0.3-4.5)
Potatoes (cooked) 1.0 (0.8-1.4)
Sweet potatoes (baked) 0.7 (0.3-1.1)
Fried potatoes 2.8 (1.3-5.5)
Corn (cooked) 0.3
Yams 1.5
Banana (raw) 4.0 (0.3-6.2)
Banana (plantain/cooked) 3.5
Legumes
Beans (white, canned/cooked) 4.2 (1.8-8.3)
Mung beans (canned/cooked) 1.6 (1.3-1.8)
Chickpeas (canned/cooked) 2.6 (0.8-4.3)
Lentil 3.4 (1.6-9.1)

“Patterson et al. 2020

“*Resistant starch amounts of foods were calculated on the dry weight

Commercially produced resistant starch types are used
as a food ingredient in various products. Commercially
produced resistant starch types are not affected by pro-
cessing or storage conditions; therefore, they are more
advantageous than natural resistant starch sources. These
products, which are used as food components in various
products, are used to increase the total dietary fibre content
of foods without affecting the taste or texture of the food
(Ashwar et al. 2016; Tekin and Fisunoglu 2020). Some
characteristics of commercially produced resistant starch
types are given in Table 4 (Ingredion 2022; MGP Ingredi-
ents 2022; Raigond et al. 2015).
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Table 3 Commercial resistant starch types and properties

Commercial name of resistant starch Source of resistant starch

Resistant starch
percentage (%)

Resistant starch type

HYLON VII High amylose corn starch Type I 48.0
Hi-maize 1043 High amylose corn starch Type I 50.0
Hi-maize 958 High amylose corn starch Type I 22
S4180 High amylose corn starch Type I 23
Hi-maize 260 High amylose corn starch Type 11 53.0
NOVELOSE 240 High amylose corn starch Type II 53.0
NOVELOSE 260 High amylose corn starch Type 11 60.0
NOVELOSE 300 Retrogradation of high amylose corn starch Type 111 <30.0
NOVELOSE 330 Corn Type 11 47.0
NOVELOSE 3490 Tapioca Type IV 80.0
Crystal.ean Retrograde Maltodextrin (from high amylose corn Type 111 19.241.0
starch)
C*Actistar Retrograde Tapioca Maltodextrins Type 111 53.0
Neo-Amylose - Type 111 87.0-95.0
FIBERSYM™ HA High amylose corn starch Type IV >70.0 (TDF)
FIBERSYM™ 80ST Potato Type IV 80.0 (TDF)
FIBERSYM® RW Wheat Type IV 90.0 (TDF)
Versafibe™ 1490 Potato Type IV 74.2
Versafibe™?2470 Corn Type IV 65.0
Versafibe™?2480 Modified Corn Type IV 71.0

*TDF, total dietary fiber

Prebiotic capacity of resistant starch
Why is resistant starch considered a prebiotic?

Among the dietary fibre, polysaccharides and oligosaccha-
rides, only hydrolytic enzymes digest starch and its break-
down products in the gastrointestinal tract. All non-starch
polysaccharides and oligosaccharides pass into the large
intestine without being digested in the small intestine and
are fermented in the large intestine. Substrates essential for
fermentation are other non-starch polysaccharides, and they
exist in very small amounts in the stool. However, when
other non-starch polysaccharides are not sufficient to meet
the substrate needs of the microbiota, resistant starch may
contribute to the fermentation in the large intestine (Kadyan
et al. 2022). The results obtained from several studies indi-
cate that over time, the SCFA profile increases in the large
intestine and faeces samples after consumption of foods with
high resistant starch content (Bojarczuk et al. 2022). Within
this context, it is thought that resistant starch is the larg-
est component that meets the substrate requirement of the
microbiota and contributes to SCFA production and that it
may potentially have a prebiotic capacity (Tekin and Fisu-
noglu 2020; Kadyan et al. 2022; Bojarczuk et al. 2022). Fig-
ure 1 shows the fermentation of resistant starch as a prebiotic
by the microbiota and its prebiotic effects.

How is the prebiotic capacity of resistant starch
determined?

Analysis of the existing literature reveals that it is possible
to access various studies in which the prebiotic capacity of
resistant starch is assessed. In some of these studies, the
resistance of resistant starch to gastric acid, hydrolysis by
mammalian enzymes, and gastrointestinal absorption have
been investigated. In various in vitro applications, it has been
observed that resistant starch is exposed to gastrointestinal
acids and enzymes. In in vivo applications, it is possible to
measure the substrate recovery from the stool by administer-
ing resistant starch orally and to determine the undigested
resistant starch molecules in the distal ileum in various
experimental animals such as rats. Based on the analysis of
studies in general, it is possible to say that resistant starch
shows resistance to digestive enzymes. In addition, literature
data indicate that type II resistant starch naturally found in
foods is naturally resistant to enzymatic digestion and that
type III and type IV resistant starch can also be resistant to
digestion through chemical modification ((Nayak et al. 2014,
Zaman and Sarbini 2016). The fermentability of resistant
starch by the gut microbiota has been investigated in various
studies. While fermentability was investigated by carbohy-
drate fermentation tests in in vitro studies, in in vivo studies,
SCFA profiles in faeces were determined, the presence of
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Fig. 1 The relationship between
resistant starch and probiotics in <
intestinal microbiota
4 )

resistant starch in faeces was investigated, and fermentability
of resistant starch (in humans) was investigated by a hydro-
gen breath test. Based on the analysis of studies in general,
it is possible to say that resistant starch can be fermented by
the microbiota and that SCFAs increase with resistant starch
fermentation in humans and other living things ((Bojarc-
zuk et al. 2022; Zaman and Sarbini 2016). According to the
analysis of studies in which the capacity of resistant starch in
terms of selective stimulation of the growth and/or activity
of healthy gut bacteria was investigated, it was found that
type II resistant starch stimulated the growth of Bifidobac-
terium and Bacteroidetes in mice (Tachon et al. 2013), that
type III resistant starch stimulated Bifidobacterium growth
and increased SCFA production in in vitro applications (Pur-
wani et al. 2012), that type IV resistant starch changed the
profile of bacterial communities in vitro applications (Erick-
son et al. 2018), and that type IV resistant starch increased
SCFA production and decreased colonic pH in a clinical
study (Upadhyaya et al. 2016). In conclusion, considering all
this information, it becomes certain that resistant starch has
a potential prebiotic capacity, and the modulation of micro-
biota with resistant starch attracts a great deal of attention
in the field of modern nutrition.

The prebiotic capacity of resistant starch
types isolated from foods

The literature review revealed that resistant starch types which
are both isolated from food and produced commercially are
used in resistant starch applications. The review of studies con-
ducted on resistant starch isolated from foods demonstrated
that in those studies, foods with high starch content such as
potatoes, rice, bananas, tapioca, corn, peas, and wheat were
used. In addition to these nutrients, resistant starches obtained
from local foods such as lotus seed, breadfruit, sago starch,
and jackfruit seeds have been frequently used in studies. The

e ~
Decrease in intestinal pH

Fermentation of resistant starch \. J

»| by probiotics microorganisms s ~

intestinal microbiota

Increase in probiotic bacteria density

\ J

in intestinal microbiota Increase in short chain fatty acid

L production

4 N

Regulation of microbial balance

\. J

type of resistant starch isolated from food is mostly type III
resistant starch, followed by type II resistant starch. The studies
were mostly carried out in vitro, and it is noteworthy that espe-
cially two methods are frequently preferred. In the first of these
methods, isolated resistant starch is added to the basic growth
medium of probiotics as a carbon source and whether it is
fermented according to microbial growth this evaluated. In the
second method, human or animal faeces samples and resistant
starch are added to the basic growth medium and subjected to
fermentation under in vitro conditions, and colonic fermen-
tation of resistant starch is evaluated according to microbial
composition or SCFA profiles. In most of the existing studies,
it has been shown that there is an increase in the number and
viability of probiotic cultures fermented with resistant starch
and that resistant starch types isolated from foods are used as
carbon sources by probiotic bacteria. In addition, in studies, it
has been frequently reported that when resistant starch is fer-
mented with probiotic culture or faeces, it increases SCFA pro-
duction. Although in most of the studies, the general prebiotic
effects of resistant starch types isolated from foods have been
shown; in the literature, there are studies in which the prebiotic
effect of resistant starch types is reported to be insufficient or
ineffective. The differences between these results are thought
to stem from the fact that the types of foods from which starch
was isolated were different, that the type of the resistant starch
was different, or that the different methods were used to pro-
duce resistant starch. In Table 4, the prebiotic capacities of
resistant starch types isolated from foods are presented.

The prebiotic capacity of commercially
produced resistant starch types

The review of studies involving commercially produced
resistant starches demonstrated that mostly type II, type III,
and type IV resistant starch were included in the studies.
Of studies involving commercial resistant starches, some
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have been conducted in vitro, and some have been con-
ducted in vivo. In in vitro studies, probiotic bacteria were
microencapsulated, and resistant starch was added to micro-
encapsulated probiotic bacteria to investigate the effect of
resistant starch on the number and viability of encapsulated
probiotic bacteria. In vivo studies were carried out in MRS
broth medium by examining the co-fermentation of probi-
otic cultures or animal/human faeces samples with resistant
starch. In in vitro studies, the prebiotic effects of resistant
starch were investigated by adding resistant starch to the
diet at a per cent rate by using animal models. In in vitro
studies, it was observed that the number of probiotic cul-
tures fermented with commercial resistant starch increased,
and SCFA production increased when commercial resistant
starch was fermented with probiotic culture or faeces. In
microencapsulation studies, it has been shown that encap-
sulation of probiotic bacteria together with commercial
resistant starch may have positive effects on the viability
and number of bacteria. In in vivo studies, it was observed
that commercial resistant starch types modulated the micro-
biota and stimulated the growth of beneficial bacteria and
the production of SCFA. The analysis of the results of stud-
ies involving commercial resistant starch types indicated
that different types of commercial resistant starch were
fermented by different bacterial populations, and different
bacterial species were activated in microbiota modulation.
The fact that there were differences between the resistant
starch contents of commercial resistant starch types or that
the source of resistant starch was different foods may have
yielded these results. However, given the results of the stud-
ies, it is seen that commercially produced type II, type III,
and type IV resistant starch may have the prebiotic capacity
and potentially be as a candidate prebiotic component. In
Table 5, the prebiotic capacities of commercially produced
resistant starch types were presented.

(Alfilasari et al. 2021)

References

starches were 3.8 and 2.8 times higher respectively than
was those of the control during 24-h fermentation. The
total SCFA, butyric, acetic and propionic acid produc-

tion of formulations containing resistant starch were
higher than was that of the control. However, the results

The prebiotic indexes of type II and type IV resistant
obtained were not statistically significant

of Bifidobacteria were obtained from the formulations
containing resistant starch compared to the control.

After 24 h of fermentation, a significantly higher number

Results

5) were investigatedin terms of

Conclusion and recommendations

Various resistant starch types can be isolated from foods and
are commercially available. In recent years, there has been
an increasing interest in evaluating the prebiotic capacity
of both commercially produced resistant starch types and
resistant starches isolated from foods. The review of the
literature data demonstrated that the prebiotic capacity of
resistant starch isolated from foods is mostly investigated
by in vitro studies, and the prebiotic capacity of commer-
cially produced resistant starch types is investigated by both
in vitro and in vivo studies. According to the analysis of the
existing studies in detail, the results vary from one study
to another, and there is no definite consensus on the use of
resistant starch varieties as prebiotics. However, it is claimed
that the number of studies yielding positive results is higher

prepared with fecal samples collected from healthy

were added to the second formulation. Formulations
adult individuals (n

adding type II and type IV resistant starch to instant
dehydrated rice noodles. Twenty percent type 11
resistant starch and 0.15% carboxymethyl cellulose
(CMC) were added to rice noodles instead of rice flour,
and 25% type IV resistant starch and 0.15% CMC

In this study, in vitro fermentation was investigated by
intestinal health function

Type of the Method

experiment
In vitro

Table 5 (continued)
Resistant starch types

Type I
Type IV

@ Springer
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and that resistant starch isolated from foods or produced
commercially, especially type II, type III, and type IV resist-
ant starch, can meet the necessary criteria as a prebiotic can-
didate. The fact that the results in the current literature differ
from one study to another is attributed to methodological
differences such as the resistant starch tested has different
origins and percentages, and the microorganisms tested are
different. In conclusion, the analysis of the studies included
in this review suggests that of the commercial resistant
starch types, type II, type III, and type IV resistant starch,
and the resistant starch isolated from foods, type II and type
III resistant starch have the prebiotic capacity and that they
can be used as a prebiotic component.
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