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ASTRACT

Oats are recently gaining attention for their composition and various benefits and it is widely used for
various purposes including in the food industry and human health. Oats are composed of mainly starch
made of amylose and amylopectin with several distinctive chemical, physical, and structural properties.
The difference in amylose and amylopectin ratio directly affects the properties of starch, including
gelatinization, textural, pasting, functional, rheological, and retrogradation. The characteristics of oat
starch also affect its interaction with other food components which substantially affect the food products.
In addition, the oat starch is also high in resistant starch content which improves human health (e.g.
prevention of colon cancer, cholesterol, and reducing blood sugar). This review summarizes the oat starch
as a resistant starch with various chemical compositions and characteristics with various applications.
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HIGHLIGHTS

Oat starch is the main carbohydrate component in oats composed of amylose and amylopectin affecting
the amount of resistant starch.

Oat starch has various physical, chemical, and structural properties affecting its properties and
functionality

Resistant starch is a major component of oats and it prevents diseases including cholesterol and diabetes.

INTRODUCTION

Recently, the trend of oat consumption has been increasing. Oat is frequently used in food production,
including oat flakes, porridge, cereal bars, biscuits, noodles, breads, yogurt, and oat milk and beverages
(Yang et al., 2023). Oat starch is used in various food and non-food products, including to replace fat,
soup/sauce/gravy/ingredients, and dessert ingredients (Arendt & Zannini, 2013). Oat, or Aneva sativa, is
produced from the plant Poaceae grass family. The oats have been manufactured in various forms with
differences in texture, flavor, and cooking period time (Zhang et al., 2021). Oat groats are the least
processed type of oat, followed by steel-cut oats and rolled or old-fashioned oats. Furthermore, some oats
are experienced in pre-cooked methods to reduce the cooking time, such as oats, quick oats, and instant
oats. Due to this effectiveness and nutritional value, oats have become a popular breakfast cereal
worldwide. Oats are famously consumed by people trying to lose weight and improve gut microbial
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activity (Shehzad et al., 2023). Moreover, the high content of water and soluble fibers can control the
hunger level by consuming oats (Rebello et al., 2016).

Oats have a balanced nutritional profile, high B-glucan concentration, low glycemic starch, essential amino
acids, unsaturated fatty acids, and phenolic compounds. Moreover, oats are listed as the only cereal
considered a health food by the World Health Organization and have various potentials to be modified
into functional foods or food additives (Mao et al., 2022). Additionally, it is a versatile grain for food and
has unique qualities compared to other cereal grains. The oat starch is also an essential raw ingredient, and
it is widely used in the food industry as it has high nutritional value and broad technological functionality
(Punia et al., 2020). While previous research has acknowledged oats' potential as a rich source of resistant
starch, there has not been a thorough analysis of the field's current research in this particular area. The
exact types and amounts of resistant starch present receive less emphasis in research, with the majority
concentrating on the overall nutritional value of oats. Researchers still do not fully grasp the variables,
like oat types, processing methods, and cooking procedures, that affect the resistant starch content of oats
due to the gap in the research. More research is needed to determine how these factors affect the
bioavailability and health advantages of oats-resistant starch.

Resistant starches (RS) are non-digestible carbohydrates that are generally defined as any starch that is
not digested in the small intestine but passes through to the large intestine. RS is a good substrate for
fermentation, which increases the short-chain fatty acid production and the abundance of intestinal
bacteria (Zhu et al., 2020). The interesting properties of oats are commonly discussed in many literature.
This paper will delve deeper into the chemical properties of oats as a resistant starch and aims to inform
the properties of oats as a resistant starch including their properties, specifically its chemical properties,
interaction with other components, types of resistant starches, its mechanism of action, and effects on the
human body.

Oat Properties

Chemical Properties of Oat

Oats are notable for their high nutritional content, specifically starch, protein, fat, and dietary fiber,

particularly soluble B-glucan content, and are rich in lipids and protein compared to other grain types.
Table 1. Nutritional Content of Oat

Name Amount
Starch 60%
Protein 14%
Fat 7%
Dietary fiber 4%

It is exceptionally high in potassium when it comes to micronutrients and it contains other insignificant
substances like phenolics (Zhang et al., 2021). Aside from that, oats are a good source of phenolic
compounds and antioxidants such as phytic acid, flavonoids, sterols, etc, which can decrease inflammation
and help to guard the cells from free-radical oxidation reactions (Paudel et al., 2021). The high content of
B-glucan soluble fiber, high protein, and fat content in oats help to minimize the risk of coronary heart
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disease. In addition, oats also contain several essential vitamins and minerals like phosphorus, iron, zinc,
polyphenols, and selenium (Chen et al., 2021).

Characteristics of Oat Starch

The oat starch has several unique characteristics, including gelatinization, textural, functional, pasting,
physicochemical, morphological, and rheological properties (Kaur et al., 2022). The gelatinization
properties occur when the starch and water are exposed to heat above the critical temperature.
Gelatinization results in the starch granules swelling, the crystallite melts, loss of birefringence, increasing
viscosity of the food product, and solubilization. A high degree of crystalline behavior raises the transition
temperature, providing structural stability and making granules resistant to gelatinization. In addition, the
higher amount of amylose will lower the melting point of crystallites, which initiates the gelatinization
process. The increase in viscosity can also be used to observe the pasting properties. The swelling of starch
granules will eliminate the molecular order, the granules will undergo mechanical stress, and shear will
lead to disruption of granules, and amylose and amylopectin will leach out. This process will form a paste.
Moreover, as this process alters starch's structural and physical properties, it is highly related to the
processing and palatability of oat food. Many factors influence the rheological properties of starch paste
and gel, including the chemical structure of starch, pasting conditions (e.g., temperature, shear rate, and
heating rate), starch concentration, and storage conditions (temperature and time) (Punia et al., 2020).

Interaction of Starch with Different Components

Oat starch is widely used in food applications such as soup, sauces, baked products, milk products, snacks,
and noodles. It also increases the viscosity of food products. Oat starches contain high protein content,
high digestibility, and high amounts of dietary fiber (Yang et al., 2023). In addition, the oat starch is also
influenced by interactions with other components, namely protein, starch, lipid, and polyphenol (Kaur et
al., 2022). Kumar et al. (2018) stated that the quality of food products made from oat starch is also affected
by the concentration and composition of starch and protein. Moreover, Punia et al. (2020) also mentioned
that reducing the fat in food products can affect the amylose-lipid complex, which may alter the starch
swelling and gelatinization properties.

Resistant Starch

Types of RS

Type 1 resistant starch (RS1). Because the starch is physically confined within the food matrix, this form
of starch is resistant. Physical barriers prevent enzymes from accessing the starch. Foods can have their
starch released through milling or grinding, which makes it more palatable and accessible (Kraithong et
al., 2022).

Type 2 resistant starch (RS2). Because of the way the starch granules are made, this kind of starch is
naturally resistant. Unripe bananas, for example, or maize starch with a high amylose content, which does
not gelatinize when cooked, are examples of foods where RS2 can develop (Snelson et al., 2019).

RS3, or resistant starch type 3. When gelatinized starch is heated and cooled, this kind of starch results. It
can happen naturally during routine food processing (such as when potatoes are cooked and chilled), or it
can happen when RS-rich items are made (Butardo & Sreenivasulu, 2016).

Type 4 resistant starch (RS4). This form of starch is made by adding chemical linkages to the starch
polymer that prevent the digestive amylases from working properly. The kind and degree of bonding
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determine the inhibition. Dextrinization, etherification, esterification, oxidation, and cross-linking with
difunctional reagents are among the chemistries that hinder amylolysis. These chemistries can
significantly alter the food engineering functionality that the RS contributes to the food, such as solubility
and process tolerance (Dhakal & Dey, 2022). In addition to resisting heating and amylase enzyme
hydrolysis, RS5 offers steady processing qualities that minimize the swelling of starch granules. The
ability of starch to paste is also impacted by the development of amylose-lipid complexes (Faridah et al.,
2021).

Structure of resistant starch

To improve the physiological qualities and increase the content of resistant starch, the molecular structure
of oat starch has been modified using several ways. Various studies have found that resistant starch of
various sizes has variable physicochemical and functional features. The size of the surface area of starch
granules, for example, would affect enzyme digestion. Due to the varied particle sizes of resistant starch
granules, the surface area of enzyme action was also diverse, which directly affected enzyme digestion
(Xia et al., 2023). However, the main properties of starch depend on the composition of amylose and
amylopectin. Amylose and amylopectin are both the main components of starch which accounts for
approximately 98-99% of oat starch granules (Punia et al., 2020). The resistant starch is influenced by the
ratio of amylose and amylopectin and generally, the RS content of starch is strongly correlated with the
amylose level as well as the ratio of amylopectin/amylose content, as the higher the number, the larger the
content of resistant starch is. This is due to the fact that amylose is more resistant to digestion, thus giving
the properties of resistant starch. Amylose has a relatively smaller structure chain which is easy to reorient
in solution and to regenerate. It is a polysaccharide composed of a-D-glucose units, bonded to each other
through a(1—4) glycosidic bonds with a low degree of polymerization and a branching frequency with a
low o-1, 6 linkage frequency. Amylopectin, on the other hand, tends to have a higher degree of
polymerization and a higher a-1, 6 linkage frequency (Tian & Sun, 2020). Many studies have reported
the total amount of amylose in oat starch, however, those humbers vary from 19.4 - 22.7% to 27.5-29.5%
(Raigond et al., 2014).

Resistant starch mechanism

The largest concentrations of resistant starch (RS), quickly digestible starch (RDS), and slowly digestible
starch (SDS) were found in the oat bran group, the -glucan group, and the control group, respectively (Zhu
et al., 2020). By giving a full feeling, oats may lower cholesterol and blood sugar levels and aid with
appetite control. Oat bran may function by preventing the intestines from absorbing elements that can
cause diabetes, high cholesterol, and heart disease. When applied to the skin, oats appear to lessen edema
(Paudel et al., 2021). The component of starch known as resistant starch is not digested in the small
intestine and is instead fermented by bacteria in the colon. This process produces short-chain fatty acids,
which may have certain metabolic consequences (Bojarczuk et al., 2022).

To increase the intake of resistant starch, a good food to add to the diet is cereal-based foods. Resistant
starch could be present naturally in cereal grains as a result of encapsulation of starch in cell or protein
matrix. Resistant starch could also be incorporated into cereal-based food, as it has been studied to have
evidence of health benefits in both conditions (Nguyen et al., 2022).

Adding oats to one's diet is one of the most convenient ways to add resistant starch, simply by cooking
the oats and letting them cool down, such as the RS2 starches. After the starch cools, the RS3 starches
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form due to the recrystallization of gelatinized starch. Oats have a high antioxidant content, therefore,
when the cooked oats are cooled down, the level of resistant starch could increase even further, such as in
overnight oats (Raigond et al.,2018).

Whole oat food (WO) is considered to be a resistant starch type 2 (RS2), in research done by Zhu et al.
(2020), oat products consist of 0.4 to 12.8% of oat resistant starch (ORS). Oat products that contain higher
levels of ORS are known to improve IR and glucose tolerance for individuals with diabetes. The oat dietary
fibers that are not digested by the gastrointestinal digestive system would be fermented in the large
intestine in the gut microbiome. Resistant starch which is present in the raw form of oats is also known as
RS2 starch and in research done by Zhang et al. (2021), RS2 starch makes up 29.31% of starch content in
raw oats. RS2 slows down digestion as it has a compact structure of starch granules which makes it
difficult for it to be broken down by the enzymes. In the same study, it was found that the high lipid content
in oats — 3-7%, maybe another factor for the high level of RS in oats, as the amylose-lipid complex is more
resistant to the enzymatic breakdown. RS starches that are less susceptible to enzymatic breakdown are
also known as RS5 starches. The RS5 starches are not only more resistant to enzymes, it also change the
gut microbiota content.

Oat’s main components are amylose and amylopectin, which account for the content of resistant starch in
them. The amount of amylose in oats is relatively high, as RS has a high-level content of amylose. This is
due to the fact that amylose has a helical structure as well as the presence of hydrogen bonds linking in
the glucose chain, which makes it less digestible for enzyme breakdown (Li et al., 2020). According to
Ashwar et al. (2015), amylose has been recognized as the main factor of resistant starch formation. The
retrogradation of amylose results in a higher amount of resistant starch after heating and cooling. Resistant
starches also form from amylopectin during retrogradation due to the increase in molecule entanglement
in the gel network which increases the molecular order of helix formation of the outer short chains.
Amylopectin debranching produces low-molecular-weight polymers which promote the retrogradation
process and thus it can increase the content of RS (Zaman & Sarbini, 2016).

Oats consist of not only resistant starch which slows down the digestion process, it also B-Glucans (BG).
B-Glucans are a form of soluble fiber which dissolves in water and gelatinizes in the digestive tract. As a
result, the B-Glucans slow down the digestion process and assist in the absorption of nutrients (Binou et
al., 2020).

Heat treatment effect on resistant starch

Exposure to high temperatures might alter the composition of resistant starch inside oats. Gelatinization
commonly occurs when starch is exposed to heat in which the starch granules can absorb water and swell
(Donmez et al., 2021). As a result, the resistant starch will be more digestible in the intestine since the
structure is changed (Romano & Kumar et al., 2019). During the gelatinization, the starch stored in the
oats is normally in the form of semi-crystalline. However, this structure is disturbed by the heat, making
the starch more accessible to react with water and enzymes, hence, the granules will be weakened and
ruptured (Yussof et al., 2013). If the heating process is continued, then, the amylose and amylopectin
might reach out to the solution in the form of a short-chain molecule, thus creating a gelling network that
increases the viscosity of the whole solution. Typically, the starch starts to gelatinize around 110°C up to
130°C (Yacu, 2020).

On the other hand, the cooling in which the temperature is decreasing will reform the semi-crystal
formation, thus, the content of resistant starch increases (Shah et al., 2016). The process is called

IJFMR240111292 Volume 6, Issue 1, January-February 2024 5



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

retrogradation where the amylose and amylopectin are reassembled creating an ordered structure that is
similar to its original. As a result of retrogradation, the oat’s texture will also be altered, commonly
becoming firmer, bulkier, and having a gritty texture (Pahwa et al., 2020). Moreover, retrogradation also
impacts the resistance to digestion. Due to the reform of resistant starch, it can prevent the oat from being
completely digested by the small intestine although the resistant starch is not the same as in the raw oat
(Patel et al., 2017).

Overnight Oats Vs. Cooked

The amount of heat used during cooking is a contributing component; the lower the heat, the more nutrients
are available. Cooking the oats by soaking them overnight is a way to cook oats without heat, and even
though the process takes considerably longer, it has more nutrients than the cooked form (Chun, 2023).
Overnight oatmeal has more resistant starch than cooked oats, because when starchy meals are chilled,
their structure is once more reorganized, making it harder for the digestive enzymes to break them down
(Abdulmageed et al., 2023). More "resistant starch,” which is fiber since it is not broken down, is now
present in the food (O’Neil et al., 2015).

Digestion of resistant starch in the human body

Short-chain fatty acids (SCFAS), such as acetate, propionate, and butyrate, are mainly produced when RS
enters the colon through fermentation by bacteria in the gut microbiota (Bach Knudsen et al., 2018). While
both acetate and propionate may have adverse effects on health, butyrate is the SCFA that is most
influenced by RS consumption and has been specifically linked to health benefits. By lowering
inflammation, reducing the incidence of colon cancer, and enhancing gut barrier integrity, butyrate
contributes significantly to human gut health (Geirnaert et al., 2017).

Resistant starch, which is mainly present in oats and is difficult for the small intestine to digest, is a
significant component of oats. Instead, it gets to the large intestine, fermented by colonic bacteria as a
substrate (Zhu et al., 2020). The ability of these bacteria to metabolize resistant starch is fueled by it. With
the complex structure of RS, certain bacteria are needed to initiate the degradation of this semi-crystalline
material. The resistant starch is fermented in the large intestine by specific gut bacterial species,
Ruminococcus bromii and Bifidobacterium adolescentis, and other related Bifidobacterium species, as
well as particular strains of Firmicutes, are currently the known human gut microorganisms with
demonstrated RS degrading capabilities (DeMartino & Cockburn, 2020). The resistant starch is broken
down by these bacteria into other byproducts, including butyrate, during fermentation. In this fermentation
process, butyrate is one of the main byproducts. It is released into the colon, where it provides colonocytes,
the cells that line the colon, with their primary energy source and aids in maintaining the integrity of the
gut lining (Dobranowski & Stintzi, 2021).

Health effects

Consuming resistant starch has numerous health benefits, including preventing colon cancer, reducing
blood sugar levels, reducing cholesterol, and inhibiting fat buildup (DeMartino & Cockburn, 2020).
Resistant starch is commonly used to reduce the risk of diabetes and obesity because it can help lower
blood sugar, lose weight, and have a low glycemic index (GI). As a result, RS has promising growth
prospects and benefits for the functional food processing industry. RS provides similar physiological
benefits to dietary fiber but without the drawbacks of dietary fiber's unpleasant taste and flavor. Moreover,
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the non-digestible fibers in oats are fermented in the large intestine, producing butyrate. Butyrate is a
short-chain fatty acid (SCFA) that is known for having various health benefits (Cavaleri & Bashar, 2018).
According to Bourassa et al. (2016), butyrate is well known for its wide range of advantages, including
strengthening the mucosal barrier to improve gut health, lowering colon inflammation, and preventing
problems like leaky gut. Additionally, it regulates bowel movements and might prevent colon cancer.
Oats, as one of the more well-known sources of RS, are gaining popularity due to their excellent nutritional
content and health advantages in the prevention of obesity and diabetes (Xia et al., 2023).

CONCLUSION

Oats are mainly composed of starch with various amylose and amylopectin ratios, which affect the
product's structure, properties, and amount of resistant starch. The oat has resistant starch 2, which will
turn into resistant starch 3 after retrogradation. The characteristics of the oat starch will form the properties
and functionality of the food product, including gelatinization, which affects the viscosity texture, pasting
properties, functionality, physicochemical attributes, and retrogradation of the food products. Moreover,
other components such as protein, lipids, and polyphenols also influence the properties of the oat starch.
Food products with oat-resistant starch have a broad positive health income, especially in how they
influence gut microbiota and butyrate production. It also plays a role in reducing cholesterol, diabetes, and
colon cancer.
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