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Abstract

This review article presents basic information on resistant starch and its applications in the food industry.
Resistant starch (RS) refers the starch portion that is resistant to enzymatic digestion in the human upper
gastrointestinal tract and passes into the large intestine. Currently, there are five types of RS, based on their
physical structures and mechanisms of resistance to enzyme hydrolysis. In addition, new definition of RS types has
also been reported based on their effects on the gut microbiota. RS has several benefits, such as acting as
prebiotics, which have biological effects beneficial to human health, helping to reduce blood sugar levels, helping
to control weight and prevent obesity, and aiding in the absorption of certain minerals. However, each RS type
has its own characteristics and physiological impacts on organisms. For the food industry, RS is a functional food
ingredient that is more suitable to supplement or replace starch in food products than general dietary fiber.
Moreover, RS can be used for encapsulating bioactive compounds and health beneficial microorganisms to

enhance their stability and to aid their delivery through the digestive system in the body.
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Table 1 Types of sources resistant starch

Types Description Mechanisms for slowing starch digestion Sources of RS Ref.
RS 1 Starch that is physically entrapped within the Physically inaccessible starch protection by either (1) Some milled seeds, tubers, and grains (7]
plant cells or food/ polymer matrix the cell wall or food matrix; therefore, it is not (2) Whole grains, pulses/ legumes intact
accessible to digestive enzymes. plant cells, as well as achieved by
encapsulation of starch granules
RS 2 Granular starch with high amylose content and Uncooked starch having non-gelatinized granules. Raw potatoes and green bananas (8]
crystallinity These have B- or C- polymorph crystallinity which
makes these granules resistant to enzymatic
hydrolysis.
RS 3 The inherent crystallinity of starch upon Retrogradation promotes an increased chance for Retrograded starch from different botanical (9]
retrogradation which can be prepared by the association of amylose into double helix and origins developed by the processing
physical treatment, including high hydrostatic allows for further molecular alignment into methods/conditions
pressure, ultrasound, extrusion, autoclaving, crystalline structure, which affects the enzymatic
microwave cooking, and heat-moisture treatment  resistance due to high level of molecular order.
RS 4 Chemically modified starch generated by several ~ The chemical methods use to modify starch alter Commercial modified starch [10]
different methods including the addition of ester  the chemical and physical properties of the starch
crosslinks between starch molecules, the which reduce its digestibility by preventing
addition of chemical constituent groups, or by enzymatic accessibility and/or degradation.
acid hydrolysis and heat treatment
RS 5 Amylose-lipid complex (ALC), in which the The formation of an amylose helix around a Naturally, present lipids in high amylose- [11]

amylose helix is wrapped around the lipid ligand

hydrophobic chain of lipid and their non-covalent
inclusion complex increase digestion resistance by
making the complex less available to digestive

enzyme

containing raw plant-based foods or added
lipids which can form the ALC during

gelatinization or other processing steps
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Table 2 Possible new definitions of RS types from the gut microbiota perspectives

Gut microbiota

perspectives

New RS types

Characteristics

Possible application for

human health

Possible examples (corresponding categories in

traditional RS types) References

Fermentation

rate and location

Rapidly fermentable RS

Rapidly fermented once RS

enters large intestine

Increase the microbial
metabolites from the proximal to
distal colon by increasing the

amount of slowly fermentable RS

Retrograded potato starch (RS3)

Slowly fermentable RS

Slowly fermented throughout the

large intestine

Hi-Maize® (RS2), Novelose® (RS3), phosphorylated
cross-linked high amylose maize starch (RS4) and
cross-linked alginate matrix entrapped waxy corn

starch (RS1)

Unfermentable RS

Not fermented in the large

intestine

Consumption of > 60 g retrograded resistant
maltodextrins (RS3), cross-linked alginate matrix
entrapped waxy corn starch (RS1) Potato starch (RS2)
and Hi-Maize 260 corn starch (RS3)

Fermentation end

products

Butyrate promotion RS

Primarily form butyrate in the

colon

A targeted promotion of specific
SCFA by the delivery of designed
RS

Potato starch (RS2) and Hi-Maize 260 corn starch (RS3)

Propionate promotion RS

Primarily form propionate in the

colon

Native pea starch (RS2), retrograded pullulanase-
debranched pea starch (RS3), retrograded acid-
hydrolyzed pea starch (RS3)

Acetate promotion RS

Primarily form acetate in the

colon

Sorghum grain tissue (RS1), maize kernel tissue (RS1),
potato tuber tissue (RS1), chickpea endosperm tissue
(RS1), intact and damaged cells from pinto bean seeds
(RS1), native potato starch with and without prior
amylase treatment (RS2), HI-Maize 260 (RS2),
retrograded high-amylose maize starch (RS3), high-

amylose maize starch - palmitic acid complex (RS5)
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Gut microbiota

perspectives

New RS types

Characteristics

Possible application for

human health

Possible examples (corresponding categories in

traditional RS types) References

Gut microbiota

specificity

High specificity RS

Can only be utilized by a small

number of bacteria

A predictable and consistent host
response might be reached by

consuming the high specificity RS

Low specificity RS

Can be utilized by a large

number of bacteria

Potato starch (RS2), Hi-Maize 260 resistant corn starch
(RS2)

Bacterial shift

Bacteroidetes promotion RS

Promote the abundance of

Bacteroidetes

Promote a targeted alteration of

gut microbiota profile

Crackers prepared by including Fibersym® RW (a
chemically modified phosphorylated cross-linked
wheat starch, RS4), undigested rice cake containing the

highly resistant starch rice (possibly RS3)

Firmicutes promotion RS

Promote the abundance of

Firmicutes

Cross-linked alginate matrix entrapped waxy corn
starch (RS1), high-amylose maize starch (RS2),
propionylated high-amylose maize starch (possibly RS4)

Actinobacteria promotion RS

Promote the abundance of

Actinobacteria

Native potato starch (RS2), crackers prepared by
including Fibersym® RW (a chemically modified
phosphorylated cross-linked wheat starch, RS4)

Source: Adapted from Li and Hu [3]
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ifiutuile 13,49 ud uwndogansglugaedaaiing
(.. 2029) Tnefidnsnisdulavemesmads (Compound
Annual Growth Rate, CAGR) $08ay 6.1 na0AY19U04
syezlialunIsAINNITal aUSURaIATEERISINULDY
sreeulel fnrsihlulduselevilundadusiniody
wasiilodns 9MTHUTIU YUNVIU YUNBY 0191
NNy IMIVUIRED WazNAn T [45]

msleusylevivesanisonugnsnigioulyl
a1u1sataeiuanuniasazaiuasialundeg el

a1

w3nsiy Paeiiuauduileniuvedlenniy uavildn
YFulsesavdlindndaeiuy [46] nsiiuanissnugey
meteulmiandudUrudsiosay 1 Tundndusileiise
(Yoghurt) Faeiiumnuviiauazannisnass (Syneresis)
vosrdnfasilutisnisiiusne 21 fu flgungl 4 ssem
wadea InglifinadonisiudsuwUasausiniaszam
duda [47] nswduansynutesalgeuluiussian 2
wag 3 dwavrsiasunisiinlaseasiseavesletisn
funnsnefu amsenugesdisouleiuseian 2 9eld
Tassadaaaguing (Serum) Fadu aghdlsfinmm amiy
nugossmeieuluivszian 3 fusgansualunisuiuuss
A mvedleiisalifnda Tnggreusuusannunia

N ¢

muauaudunse wazdreundosqdunsdavamlad
(48] dusunandualdnsen n1siANEISINULYAIY
wulwdavdrganUsuinaluiulugns nsivansynuges
sroeuluiUszinn 3 Sevay 4 (wthaetiwtin) azaae
anuUsualvdulundndualagldinasionmuainnia
Uszamduda uardnvauzilodudavewmansuaiile
avaindewedesiio (Texture profile analysis) [49]
u3deluYa9U 2019-2021 fnslauselevtives
ansamugoseeulel onaunuutidlugasensdng 4
Tneansnansuaifivhanuteand teun Jaie (Biscuit)

vrndl vuuds wagwnasn (Pasta) FeUsELANYBERISYNU
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' o a ' a o 4

goumeloulyiNnieiy asinanonuA NV IHANS I

q

% '
a

anviefisinfy ndndusinnd (Cookie) uazdafnd
naunundandcmeanissnudesaisioulel diulngd
AMMULTS (Hardness) WagA1n15uAnIin (Fracturability)
anaadosnniiviinalusiuanas egilsinu iiodua
iy uaznseuvondnfudufisouiuvesduilaa
Wuien fundndusiuguiinisauwnundeanddig
anfynugesiigeuluiuiuiugs (Feuay 40) dnalv
Annuudsvesndndasianas esannuIuanginu
(Gluten) luutlandanas widaduiiveuiuvesguilan
dmsundndugivunts nsldansynudasaisieuley
Usziam 4 adaluvundsquaindifeanisloemsgs a
FavlvideduianasamunmyisUssamduiaves
yunilsiniiniglésdn lnsdreifiuArnuuiuiie
(Firmness) Y3u1asvesvuuie (Loaf volume) wagadny
atrsasdvuutl uonand dadrednergnisifivinm
yuntalg LﬁawWﬂiﬂina%nﬁﬁmﬂ%am%mqﬂ (Highly
cross-linked structure) ¥osan15¥NugosfluLoulyy
Ussian 4 fivasaanisindeuiivesluanaanifudunis
1IUaNTNIINI1TAUG (Retrogradation) Laz¥zanns
wfaivosvunile (Bread staling) Meliiidelauaunuzin
yundsiieduansvnugesmetouluiuszian 4 unni
fovay 20 amnsodneglunduermsiifarfuiiiinia
Awviseurunanals [16]

31891Ua3U03 Arp et al. [50] WUl wandue
yundsanansaldanvnugesmoeuluinaunuligds
Yowaz 20 lndanssnuwinuamiipuasdieifinnNy
Innvauuds nsldansynugesieulyduszan 2
waz 3 anunsavaunuusinaluiulundnioueiéin (Cake)
wazdviiu (Muffin) 1 wagyinlindndnsidanuasdsing
wazAaA RNl fisuiugasniugy nandusiuE vl
waznasaunsaldansynugossigeuladnnussian
naunuudeendlalaedinssnvinunmeeaniniug uaz
finaaaurnvendu Paefiunsgaduii uavaniosas
nsgaydoidesninnissiu dmsurdndusiand annsy
nugosdegouledfiminganfouseian 5 dsaiunsn
nawnuudsandlatiesevay 75 lnedinssnwinuninues
HARSATR TnasonurveIndnsur uazaunsold

nounuludulugnsle
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T < = v <
7.3. N15¥0%NE590NONTNTINNAIBENTY
] v <
nugasngoulyl
¢ 1 14 L3 Y @
annsynudayalgeuleiuanainazldilu
drulsznavemsileiduiiowdsunas /m3enaununded
gngeaisa (RDS) uax uilsiigngasd (SDS) lundnsae
91w Seanunsmhunldlunisvieriuanseengnan
101 (Bioactive compounds) WNaLANAMNLEDYTIAS
N151NEd9@1999NNINNTFININNIUTZUUNIBAUDINS
V99519018978 [32] U883 Shrestha et al. [51] 1a

v s '

naaealdanisynudeanlgpuleduszinyn 3 annutl

= o

nmeRuNgnaaLUsAEIsMILATRaEN18A N WunTuiu

U

Wsfuataandundes (Polysaccharide-protein conjugate)

P

Wi uvevuLean usuiy (Astaxanthin) Tusguy
datu (Emulsion) vllaniuluthdesinlvdianuaiios
11nnINsIElUsAuainaIndmde wiieseg1ufed
n1svievuludu (Nisin) Faduansiudedediunauves
weadiun (Alginate) SoBay 1 wazanisunudouneioulyl
Sevar 0.5 nuiliuseansnnnsvieviugege ¥aglunis
Unteuazlanlaesiusdredi 9 lugrensinusne
2 iou warihlUldegnslinalundndasiuenda [52]

7.4. nsvieviudunidguaindieaniiynudes
14 <
faetauley

a ! 13 1 v L3

fsenunanssugesmeeuledainsaldlu
msvieriuuarUesiugdunidguamluseninnssuiunms
w33 nsiivsne wazdlenudngseuumaiuemng

t3

Ingd5189U31N15NUAUNTIFUAMAIE AR TYNU
goamsouled dunszuiunsyhuiauuundiBenuds
(Freeze drying) 1s’fﬂizﬁw%nnwmiﬁaﬁmqmamﬁu
gnIn1segsenvengadydunidnnglululasualya
(Microcapsule) aneldanmzildouuuuiigelunszinne
913 wazdnldidn [53] d1uauideues Muhammad et al.
[54] wuan Asldaasrnugesmetouleiantlnauay
Sfurl$a SRy F-wuulua (D-mannose) wealiandvsu
(Maltodextrin) wagriglusiududu Tun1svieviugdunsd
FUNMEIUNTEUIUNTVIUASLUUUIBY (Spray drying)
fiusvansannsvieiuinitaniseugesmeteuledain
417 Msldamsvnugesmetoulwisiuiulalnsneansen
(Hydrocolloids) fisnenuinTaeifiaUszans mwnsvesfy

a

Aunsdaunmlaftu nan1sveaaesdliiiuil auvsy



a

NIaTInermansuazmealulad unInedeauasivsiil U9 27 atun 3 weudueieu-sunau 2568

guamludinUndueaiiun (Alginate bead) Nid1unas
Y9IANSINULREMIBLO Ul TIBTNSNIIN1TRE TN

wadlundndnailerniu lnglidfinansenudeamninmis

a

Uszamduda [55] uazqduvsdguamiignieulude

q U q

A ¢ a

Unduoadiunfitadoumsuguunuiy (Xanthan gum) 9g
#8nsnsegsenvenranneldansiifeuiuuiigey

Tunszagomsuazanldianldagadu (56]

8. unasy
Yagduamsanugesmeouladlnsuaivauls
Dusdrannludulssleviseguam Jsflnuddedmay
wndifnuifesieaziBeadiulaseadne nrswaun
nszUIUNISHAR WaznansEnuTiAntuseqaunisludld
TN TEVIUNTINUYDI0T822A1S 9 TUs19N18U09
AadiTAmidludninaassuagluuysd mugluiunsise
Waumandusomsildanisenudesdioouletain
s55uT1RLarNIenIsAnTudulsEnoue I sHad Ty
MinsAnvifeieatuamsenugosdeiouladlui
#4 9 fanslogogrsdeiiios ilonnilafigniosuas

mathlllAAedsleviasgadeaunmvesusian
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