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Abstract: Resistant starch (RS) is defined as the total amount of starch and the products of starch degradation that resists
digestion and absorption in the small intestine of the healthy human body within 120 min, but it can be fermented in the large
intestine. It provides many health benefits for humans, such as preventing diabetes, improving the intestinal microenvironment,
reducing blood sugar, blood fat and weight, thus sparking great interest of scholars in multiple fields such as agriculture,
food and medicine. RS has become one of the hot topics in crop nutrition quality improvement and healthy food research.
According to the different chemical structures, sources and properties, RS can be divided into five types: RS, RS,, RS,, RS,
and RS,. Banana is the world’s largest traded fruit, the fourth largest food crop, and a source of carbohydrates for two billion
people worldwide. Banana RS belongs to the RS, type and is the only RS identified as dietary fiber by the US Food and Drug
Administration. Banana fruit is rich in RS, with a content of over 40% in unripen fruit, which is much higher than that in rice (<
3.0%), wheat (< 3.5%), high amylose corn (< 22.4%) and other crops. Banana is a direct source of functional food. Since British
physiologist Englyst first discovered and named RS in 1982, significant progresses have been made in bananas in terms of the
morphological characteristics of RS granules, effects of processing conditions and complexation reaction on the morphological
characteristics of RS granules, the relationship between accumulation and degradation characteristics and fruit quality,
preparation methods and applications in food processing. However, compared to cereal crops like rice, studies on the core genes
involved in RS synthesis, regulation mechanisms of transcription factors for the core genes expression influencing RS synthesis,
functional identification, and molecular breeding in banana are significantly lagging behind. The previous work on the cytology,

physiology and biochemistry, food processing, molecular biology of banana RS since 1982 is reviewed, and prospect for future

work is put forward.
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Table 1 Types, physicochemical characteristics, digestion characteristics and sources of resistant starch [ 1]
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A: Starch granules of wild—type Arabidopsis '*" ; B: Starch granules of dpe2-1/5SS4-2 double mutants in Arabidopsis "*) ; C: Starch granules of rice [*'! ; D: Starch
granules of high—amylose rice!*'}; E: Endosperm starch granules of reed-*; F: Starch granules of Mysore banana variety' **; G: Starch granules of Figo banana variety' %
H: Wheat A— and B~ type starch granules, with red arrow indicating A~type and green arrows indicating B-type granules '/ ; I: Starch granules of sweet potato
(Bar=2 pm) | 7); J: Resistant starch 3 (RS,) granules of sweet potato (Bar=2 pm) | 7/; K: Starch granules of potato (Bar=30 um) ‘3" ; L: Potato RS, granules prepared by
microwave—double enzyme method (Bar=30 pum) "%/ ; M: Potato RS, granules with moist heat treatment (Bar=50 pm) *”/; N: Potato resistant starch 4 (RS ) granules with
lactic acid and moist heat treatment (Bar=50 pm) 17/ ; O: Potato RS, granules with citric acid and moist heat treatment (Bar=50 pm) 1" ; P: Potato RS, granules with
Octenyl Succinic Anhydride (OSA) treatment (Bar=50 pm) [*/; Q: Starch granules of lentil (Bar=7 pm) ' ; R: Lentil RS, granules with OSA treatment (Bar=7 pum) 1**/;
S: Starch granules of banana (Bar=7 pm) '*'; T: Banana RS, granules with OSA treatment (Bar=7 pum) | **'; U: Starch granules of maize (Bar=10 pum) **'; V: Maize RS,
granules prepared by etherification crosslinking way (Bar=10 pm) 12/ ; W: Resistant starch 5 (RS,) granules composed of maize starch—procyanidin complex (Bar=10
pm) [97: X: Starch granules of arrowhead (Bar=10 pm) "*/; Y: RS, granules composed of arrowhead starch-linoleic acid complex with ultrasound treatment (Bar=10
um) ““7; Z: RS, granules composed of rice starch—gallic acid complex (Bar=1 pm) '*/; A1: RS, granules of rice starch-mesonic acid complex (Bar=1 pum) %3'; A2: RS,
granules of rice starch—polyphenol complex with ultrasomic and hydrothermal treatment (Bar=1 pm) (45
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Fig.1 Scanning electron micrographs of starch and RS granules from different plant species
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Frpip RS & B MR, FEEHTF
GBSSI. SSlla 1 SSla 3 A~ K 14 )5 51 58745 K H
FIRFrE R AR i PR AR x AR
FACHAG F, FEIRIIE R A A VEH, R e
GBSSI:ssIla:ssIlla 2HERE T 108 FERE RS A
AL Zhang 45 192 R 104 S FEIN T KR i AR
) RS &5 2 288 867 M7 5.1 Single Nucleotide
Polymorphisms ( SNP) #4fs 8 47 ko0, &
PH A —A SNP JCHK 2 A7 S 7 5 R 19 RS &
WAL, B E I E N AE GBSSTHE A [ S —A
SNP J& SBEIla % R AY G HE 2] INDICA fh & 1 RS
FmARfk, R GBSSIFEHF M RS & AR LAE
IKAFE T i R P AEES . 7E/NE P Ak
N, RARER RS RS & &80 BT RN
J& GBSSI JeHLIRIVFRE R i b 3 i ek [
4.2 HFEETFIEE GBSSI RizHIMHIEEM S E
5% B, — 5L 5t K F 40 Basic leucine
zipper (bZIP) . Nuclear factor-Y ( NF-Y ) .
Myelocytomatosis ( MYC ) Il MADS-box & 1, #J
DI S DE M A A OGS R 2R 08, H Y
M) RS &R ) . fE7KFEH, OsbZIP33 A5 GBSSI
H1 SBEI FE 7 8+ X 3k ACGT7motif 54, MM
fi g H By R 1) OsbZIP58 4% & one finger
( Dof ) K FINT Rice prolamin box binding factor
(RPBF) nJ LI ¥ OsAGPL3. GBSSI. SSlla.
SBEI. SBEIIb Fll DBE2 ik ; {E/KAE osbzip58 5
AR, RERY . ELEEVE R FNS T & R
I, SCHETEM AR /D AETE R K A
i L66-671 " Dehydration—response element=binding
(DREB) #: % N T SALT-RESPONSIVE ERF1
(SERF1) W] GBSSI il RPBF 5 8 T X 454,
MR IR 3 78 serf] S7ER, SIEH I
FEFR S I RGN L8 MYC FK i bt OsBP-5
5 GBSSI |3 3 T X CAACGTG motif 4% 4, HH
5 AP2/EREBP Z % Ji{ 51 OsEBP-89 H.1E M\ 1fif 3



8

% GBSSI#: 5% @5 7E7KAF OsBP-5 RNAi T4k
b, HEEEH GRS TR . NF-YBl 5
NF-YC12, bHLH144 M HEAEIE N = oo &1k,
H.5 GBSSIEEh T IX. G-box 454 TR HiZR 1k
1E NF-YBI. NF-YCI2 5% bHLHI144 575K, 5
VERY . ELREVEM AR S B, (KRR
A E AT RN Feng % 71 W5y %
W], MADS-box % J& i i OsMADS14 5 NF-YBI
A HAE I H LSS S OsAGPL2 F1 GBSSI 3 81
X CArG Gt 5% 7E OsMADS14 78k,
VE A FIURE BT IR R/ INIH Bl A, R TE A L B
TER S R, AT RS R N, 2R LA
W, XL SR AT BEIE B — 5 A4 0 R 4 I 245
VAT GBSSI #ik, M5 B BE JE A A BB e
WORGANZERE , B2 RS i
43 GBSSI RRHEBERIMMEEMEREIKLE
EE

FRZ GBSSTAMTVER TR AL L RSB AL,
LR AR [2o) NI AR S R B b RS & &
P S ATF IR, H e T 6 T MaGBSSs
FIEW D1, %P MaGBSSI-3 1/ HER LK TN
R R R A 2, H 5% A BA 2007 4F 18
ok 7 A5 AL S50 SSH. S Wi 4 3K 15 1Y GBSS Sz [A] —
AFEH P [EEE, FEFE A M B ER AP
FAHE MaGBSSI-3 JE[H 15174 R Bz BE Ak I
FHXT AR SF . i b 5 U5 it 32 38 MaGBSSI-3 g
RS RS A3, {0 MaGBSSI-3 7215t A
MaSSII-1 5 MaSBE2.3 3:[i] 2 5 RS & WAL AN 1E
R o A BAGHE 3 S U et e 0K A AR R S A g
if ik 2238 S R P TR R 4 500w, R IW MaSSH-
11790 Fl MaSBE2.3 1520 B4R E 52 e by &
W, A5 MaGBSSI-3 525 RS &, #E—
AR MaGBSSI-3 2 e A A R 52 RS A i ¢
HEIL

5 BEENMMEMIEAEREERSM
THERMNFxE

51 FERUEREHMHEEE

TR TR R A KR RS, RIR, fEEMT
e A R R T {H TR AR TE R R
P2, MR IR F] 60~80 CHT, TEK Bk A5
R R AR, T8 RS SRR e AR W
W T AT E RS, 25, BRI . 2F4E% |

B, ORFY AL MEETE RS, BORL
WA T Tk AR, L, EENINERE
RSLalifh RS, 2T T RIS, WK R
BRI AL I RS, Ik, H T ZmEh: &
RS- R P o URHEAA TR B
o TH—BmiE— RS, RAMIEMAHIN RS, 246
7] 35 99.619%~99.75% |77, Kaur 25 [78) L 45 B8
i I3k IR 75 I8 A R A A VE A R AT AL B Y 52
W, & ERRE P I8 T A HL 2 o A0 R s A R (]
3A. C) , HJEM B0k R mALRE . U1 FE ELAFAE BT
SUNE 05 T B TR T AL PR ) 7 R 0 R Ay S B
(FI3A. B) .

HHIX T & RS il & T 2R 2L
RS, HI RS, il & T ZAUAL M BT . Hfr, RS,
il 25 ik B KA B (iRt | R
P ) o B PREE CAnERAR L . R ) A
BUBCEE B CAngf vk . Bk . B IE)
WFoE M, dE A& T2 i 2L pH (A
ToKE . PR . WA R /BRI
SIS, AR S B VE B o iR B &
HESY T, TR RS, &k, FFAETEH P B
VERY i b, G e KR A H S TE ) RS,
RN 6%; MAEmEEHELI S, K
FIVEH) 5 A 5 45 1 RS, & ik 519% 1)
JEAgE 80 38 o8 1F 28 SEIR T A A RS WA fefd 4%
il o- VERTEE 5SS SR O 1 1L B
IHEN 0.22% ., #RE 59°C, pH 6.0, H}[E] 4.2 h,
TEMAF T A RS Sk 81.07%. JifAbt5i4s
W, Al AR AL | R ORI 7] A A5 5 i ] 6
TAEVEM I T, i &K B RDS. SDS #ll
RS & Z AR . S ERETE M &b
FHET, SDS & & S UER & Y 34.51%, RS i
TERY ) 50%; WU [H1 A= AL FRHE SDS A [
& 14.27%, MR KX SDS S s MR i 22 181
% - B JGERISHE RS, KINATEEHTE
R L 2T 0 S 1 P 30 93 i 80 DX T 1) i e LR T
B 7 BN, ELRE S 45 i B 1 I AR e 1 3
T, PR A FUR TR AS RN | 3 T 25 4 T
;2 (EI3N) o

HFFERE K FAAD PR 5 0 S b R, sk AL
T B 5 S b 3 A PR D B 22 B IR L
RS,, LABRRFEEAR R RS, & 7% BF5EsRm],
AL B R R A R VE A IR M AT By 1) )



T A, LR
ke %EL' %’T B LA e s RS {7hik 62.93% RIEAME RS Friit 62.76% 1 1007 =—RDS
= f g1 ==F%
607 b
< a c ¢
A8 E 401 < .
:' ! » 5 d I8 % dd
_. Y \ & i = 20]
VERYIRLAT fifi it = AmBERR A - EHRBERR LT %
THIEEE A RS, | o—=
’ 3 A FRERHEE L penenn FUEH

AR AL

B 0 G RS A
FSEAEFFIHI £ 9 RS St 51.92%
HEFIfil 4510 RS 976k 42.85%
KMEHI A1) RS ik 43.419%

IKIALER

HREERL P RES,
§§%;§* BRI TR
R AR P RES 2
POT—— FSTITAN Wﬁ%ﬂ EER, BekgEH

HERANR RS,, i
e KRENRFES RS, ek

R RS AR 7.3 +2.99/100g
R
1
J (rs, ) L | [N : _
*Wﬂﬁ*l SRR R AREIE | WEEZERE i — A B
80~ Raw unripe plantin . { .,
S TR 2 7 TRAR e BN AL - ki JEY QSN
—rzs a a R i
©| 5
KX K5
~ o oS
£ w0l 5 3
S 40 lose 5%
C % B
o 5 £
12]31 20+ ,:.: 55
il a <>
A b (<
ol B

RS 7 4t 55.900% RS 7 iit 65.38% RS 74t 61.56% TURL B

A~B: BEfFREGIE AR RS, R 85 D A GRS L IOL i) 4 () S TERIUR. 705 B = OMBERR LT 5 10 A4 RS, Ok 195 F. 52
HRWEIR AL L] 09 7 A8 RS, MUK 195 G IR SEBEIAITRINR (L S NE ) #5197 A6 RS, J00RE 1005 H: ATPBRIRIR L) #5007 45 RS, J00RE 1540 5 1. JKFAKEHR kI
F AT RS, WORL 00 5 T WU TRIL ] A (AL RS MORL 1557 5 K WRRRIN — @5 HEK T — W8 ALl (B AE RS, ORL 107 5 Lo /K IAARPRTA 2 1 7 2

RS, UKL (5115 M [0 A= ab BRI A ) 4 RS, B0RE (5115 N R - AKRRAR BRIR R 45 0 7 A RS, JOORL (205 O IR RRRE A A AR RS, W0RE [
Po BRNEEALI g I A RS, 0K 1915 Q. SILIATIA IO AR RS, R 975 R I AR 5 (1 7 46 RS, ks 510
A-B: Banana resistant starch 2 (RS,) granules prepared by enzymatic hydrolysis method "7/ ; C-D: Banana starch granules prepared by ultrasonic microwave—assisted

1,83

alkaline extraction |/ ; E: Banana RS, granules prepared by sodium trimetaphosphate method **); F: Banana RS, granules prepared by cross—linking phosphorylation

method 1% ; G: Banana RS, granules prepared by octenylsuccinate esterification reaction (%7 H: Banana RS, granules prepared by citric acid esterification (841,

I: Banana RS, granules prepared by moist heat treatment method 1461, J: Banana RS, granules prepared by physical crushing method 1850 K: Banana RS, granules

prepared by alkali extraction—high pressure sterilization—cooling method %' ; L: Banana RS, granules prepared by moist heat treatment method "*1/; M: Banana RS,

granules prepared by retrogradation ‘*'" ; N: Banana RS, granules prepared by enzymatic hydrolysis and moist heat treatment (821 0: Banana RS, granules prepared by

acid dilution method "#*/; P: Banana RS, granules prepared by hydroxypropylation method 831 Q: Banana RS, granules prepared by oxidation method {831, R: Banana
RS, granules prepared by annealing treatment method |#!)

B3 BEAREZEESHIBES %

Fig.3 Modification methods of different types of resistant starch in banana

WAk, (BACFRI R R B JER AR . &, HASEIRY RS, KR BEFIK i R B . 450
AR RANE AR A WE I ™ 0 SRS 4R 1) . Sanchez—Rivera 45 5 AT A B,
KB, A PAE IR SRR BA RS RS, & ATIBTR - KPR A i R ARVE R B B Y RS,
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i (93.87%) MzEREREN, 2885 RS,
WOk 2 RADIR A S IHAL, WTLUME R E R EE
A BC T By, AT R AT

{5 FH % 19k 5 ( Phosphoryl chloride, POCI, )\
=RBERAN (Sodium tripolyphosphate, STPP) . ¥}
A S N %% (Epichlorohydrin, EPL) . = i i 2 &
( Sodium trimetaphosphate, STMP ) | =F /& 3& 3% #1
TR I ( Octenyl succinic anhydride, OSA ) Zfb2#x8
S D T i v o el S N L = o M - 2| R 0 .2
Veky, WARACHE RS, SR, M2 HE AT
A5 3K o Paramasivam 45083 U TRAR BT | AU
STMP . AZHRBERR M0 A N S Al ik S A 2 ek vt
KRB RETER R ERCR . RIRN AL AI 2L
BB AL I 4 1 RS, & i 3 T HA v
Bello—Flores """ Fl Remya 4§ "3/ i F§ OSA X} 7 £
FRERTER AT, KB RS, A1 SDS & i1y
GEIRTE 2/

RS, 2 vk i EEEVE M S AR T / B 7
M. P (pEFLEKER) . 2 (WEET
. TR, KETRR) SFRMNTEN - 155,
TEky - 2. Ve - IR - B RAE JuE =t

AW s JERy - NIRRT / IRIHIRE G &%
Tk BB WIS . WU . BT
Mgk . KA B L2002) o R B T R — AR TR
BEVIEMHZEARE, WKy EE. RN
WEEE . nEEFIE] ., Tk BRI ERANE . TER
KR, HEEWER SR, HEEREMBAEE P,
FEE A 393-04] | EhERBEL0S] Nz L92)  oRFF 4T
B EEY T E AR ZE, (HEHE RS,
TERT A I HGE 370, Photinam 45 (46 [ A5 N []
HEIATR (HIBFi . ZEAETH AR ) Xt & A TE by -
B IS/ G W R B2 A W RS2 R & B, (o P 25 46 i
HEETEN - IRIRE SN E 8N 51.29%, B
F e TOREM A Fm b EE (& 31)
52 FEMEEMERSMIAEAILNA#E
HHEEREREE, THEERLRNARESZ
VEM FIRE B A EORIE, AR IR T
A AE S AR TR (R 2) o REHFR
TN KT A RS AT LU 2 1 FRT £ v LA
PERIEELA A S EAVESRME, A 8T A
B HAT, & & RS AN 5T il = 24
FRTERERE (35% ) | T (25% ) FNRE KR T (20% )

®2 BERMEMERRAMIPHER
Table 2 Application of banana RS in food processing

ik Har aem RIS X7 R %5k
Application Plant organ Production type MMM acoeptable Impact on product quality Reference
proportion of RS (%)
TR FHEHR I T B 5 £, 10 WAL, LS. B RIS B AT A T (105 ]
Replacement of flour e 7526 g1 oy gy it 20 o T AL B T84 A [106]
183 15 FPRSIAE RS . KU . oI A5 T BTS2 0 [107]
TeEk A 28 R TE AL, $RATE L RS Bt (3.49% ) [97]
AR T 10 R AR 128 T £ L 25 B A7 O B P IR (98]
T A AR [liga) 50 BT TN 52% [108]
FHRAEL AR i £, 40 R I (109 ]
Jr T 10 TR & [110]
i 30 E T AN A R (4.8% ) [110]
HHEHRAR i 10 BEBITTT ZREIE . POBRVE . BCBEVESE, BRICIRMI SR, BE (1]
WS I A 5
KRGS FHRBARRY 8t 0.5 R AL RE [102]
Natural antioxidant — oaampe mp gy WAFG 2 BT R T, RO LT A, AT AL [101]
A 2 HERAS PIHB Y], AR AR B s [99]
KREREA  RAFESR  Fhg 20 P HORRIE , BRI , SR A (103 ]
Natural food additives
F 3 R 2F 4 KT IR UKL 2 ERRAKI T A, SR BE . BEAr R [112]
Dietary fibers
W= LREFES Wyl AR 25 /DB 209%0~40% [113]
Replace fat BEFHLH 8 4 100 MK PERE, ARSI KUk [100]




SFHAED I e AR AT AR, AR NEL
BEYS | /INAZ ik ORI AR JTAN i 27 165 vz i 40 ) D) RE A
HORE, T AN FITH 2 AR AR IR oK 78
A RR B RIRPU R, K5 HIARS A e 5
7 it R DU AR B A A I R e s, A
ROER i T2 1) o K AR RS BRI I
mEE . B, MUEEE R E R
BN BT YR A RS B B AR
FiFreo-ond AR TE R AT DR L KA
BRI BRI MR b, PR
JEMIERIR L, SN L B L RAS S AR 2
SERE s RSN, R AE R BUA TR
TR ITRE G E R, AR RS Uifetk
BRI — D IFFE R 0

6 REE

TERI2E T B Ml S K R 3 [ e R 45
A E S R oy B AP A o ke, R
ENOREE S INUW illi3E 2NV RTE 51 B NI
FEHE BB PR g LT L o 000 1L 5 S5 i £ A
KAB MR R R H B, e AR R
ELLTAEREA G AR 1A i) A A i i B A i 2R
W, RS SRS ARG R B AL A B R A
/NI EIRE BT 4, SIER R BRI SE
U R OR DGR, LA R B T A A
RN — o] R RS At B R 2
—, I RS WA R A A BEAE AL R ()
T ARAERAN S a1, HRIR AR R
FAAE, 32U AR RS i & ol R PR A7 7 R IR IRIE
IR HETTE A 8 RS UKL SRR IE . R RRF RS
RGO EF L 58 Tk S i I T A A4
FHAET7 HHAHRCR R, (B 5K SR L,
TEW B 5 H2 RS 5 O IZ I . SRS E I
Or T A RRAETT T O SIR A R, mA AL 2
ANTT T RRABIIE o
6.1 FAZFHRMBMITEE RS BREH., X
RERFINEEREZBIFEMSE

MBI . S5 AP 580K, b
AL RS WURIE LS | 70 T45H . Al | S5
W S e 7 QL AR SR R, 5 3
Wt EVEEY . A RAEY R E ORI A AR
RS S EAT S . EVERE ST, A s
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B, fEpr sz m . R SEAZE . EH5%
122 8] ) 28 EL R4 I 2 5 /) 2 9 R AR R 4% RS
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