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Applications of Spectrum Analysis in Banana Starch and Resistant
Starch

FU Jinfeng'?, WANG Juan'*"

(1.School of Food Science and Engineering, South China University of Technology, Guangzhou 510641, China;
2.Engineering Research Center of Deep Processing and Comprehensive Utilization on Banana of
Guangdong Province, Guangzhou 510641, China)

Abstract: Starch, a natural polymer compound, is formed by glucose molecules. The structure of starch from different
sources is not same. Spectral technology has been widely used in the researches of starch structure because of its high
sensitivity and accuracy, strong characteristic and non-destructive properties. Currently, the reviews on structure and
properties of resistant starch (RS) by spectrum analysis are rarely reported. Therefore, the objective of this review is to
summarize the applications of ultraviolet-visible absorption spectra, infrared absorption spectra, nuclear magnetic
resonance, mass spectrometry and X-ray diffraction in banana resistant starch (BRS). Firstly, the principles and
characteristics of each spectrum analysis technique are outlined. Then, their applications in the researches of amylose
content, molecular structure, crystal type and crystallinity of banana starch and resistant starch are described. It is hoped that
this review will provide a reference for the applications of spectrum analysis in the investigations of starch and resistant
starch.
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A IR AN BT, H AT A BT VE R 43 SR 5 A2 Y
(& Do RBAMETEETEHRETER, R
SRBTCIEAF I TE R BRI R & A2 TP UE K (Banana resistant
starch, BRS), J& T° RS, BIHiHIEMT. FAEHCIETE
B SAEAESRN . EUE T AN T A A
oI R, B R LA PRI Re RS 1A R AT
BN AR E R AT R B s A ) LSy, AE
BT EA R AN AR S™,

EH T WO ES (Ultraviolet-visible absorption
spectra, UV/Vis) , 8 B I £7 /A #5'¢3%  (Fourier
transform infrared , FTIR ) . £ % 3L J& (Nuclear
magnetic resonance , NMR ) . X-5 e i 5 ( X-ray
diffraction , XRD ). Jfiiif (Mass spectrometry, MS)
X LE PR AT R AR AE T FETEM STt TE R 1 T 45
o) X ) PR A Ty T N oz . Hop
UV/Vis FZHT 5 HT0EM MPUrEiess vh BEEEiem &
EARE; FTIR FZE A T A8 Mt vEms 45 &
X . TCETE X | 5 FEE 5 DL R b= 8 A8 1k
NMR FEZH T AR IE R M Ptk vEw i E TR a T 45
FARZAE A DL T S8R U R 14 7K 43T 3 1245 XRD 3
T THRTER NP TrEEm a5 A MS 256
I TS UE 93 TP T Ay B ol R v i A
Py LA K B Re ST

FREVEN R bt vE N B B R v 1 a4
43, B B AT RS 53 Hr AR B A TEA S e
ZER R BT S5 TN T S - JCLi e, PR AR SOt
AT BRSO | A 2T AR RO LTS | A G dL
P . X-SFERATTSHT . BT A RO o TR TEAS R R
REVER M PUTETER RSy . G548 R AR 43 #r U7 1T
PN FHAIBF SR TR, LAA A & RETE M BT TER
L5KE | REME R D RRAE Ty TH i AH G SR AR LS 25 A f
S [FIRE, A SCH AT DAAVE Sy HAAR P TE Ay Mo vE Ry
MRNZS5% .
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Table 1 Types, food sources and affecting factors of resistant starch®”
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Table 2 The range of electromagnetic wave wavelength™!

Py P A I FIEB SR
XLk 0.1~10 nm P2 LT ERTE X5k
£hh 200~400 nm HNZERTERT i
AL, 400~800 nm HhZE L FERGE i
AN 0.8~1000 pum PR3 S hIRIT LA
Tl 0.1~100 cm HEHEGT . A BERAT TR | A% AR
TR HLIE 1~1000 m 1% B BEERAE MR IRS
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RE WG TR . W5 TAELTAM G IRGT TF 25
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o B SR LR AT RO B G, BDAST By X SR JE
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RIS B B o AR S R AN TR T 2 2B A8k, ST i)
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EST N
3 RiESTRARETEEM EIEEM P
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3.1 EIN-RIIRAIE SRR A

TE— 2 S50 T DM L2 e A 455 S i A A
Fits U285, RIRIERERIZE-E 055 BT AN TR A %
R, PRIt S8 A= DL RO G A — 2 R
SN T GERY RO RSB RRAE . B RTE ST EAE R
PRI e e Y2 M I SRS O G R R P, il
L AE UE B 45 A e AR R R 0 B RO i g o B
600~640 nm Z [a], Bl 5 SZEEEM LS &7 A 504 (i
W W H R TE 520~560 nm =2 [A] B3, AT i £2 4]~
T DL P P e WAL 1 W AL 0 1) 9 BT 1)
AR FEAS RIS IR . AS R RGEAEE LA AN T 7
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A JFARL Y EUAE AR R ) B A K 431 A (BRI (033
ZEAERAIAT WO ERED T S 5 — Ty TR SEAS K fif SN
e, i ] R R R T AS AR AT DA SR I e Ay
AR AR T, R thl DM I A 7 A9 2455 1R 7K A
FRRRH AT i B S DX, A s R,
JRAAIR, PRAE AT SR o RS BE AR, X FAE 44X
WSS CIEFRRL ) B AN RE TE e S e 45, TR 2 5
R 2
3.1.1  $RAM-T DG A I A A A DE A S iy T
NI Lemos S50 Fl ALK i Ze S PPl AN [R]>k
PR (R AL | ORI SRS 40 B ek
RIS TERY 508 7 0 B3R, Al Xt i lb A i) B4
TE YN SZ A GE R v fty IR TR A YR A T 403 R i
A A DR AN S AE DER B ZH 2B X EL, FRIHAR R
YR B BETE R G RE(E (0.525~0.764) K TF S0 4%



. 428 - é’uﬁ&TWﬂ*ﬁ

20224 1 A

B EE(E (0.068~0.168 ) H I Sh4% 28 i P HR ) BT 4%
TER B SR TER IR G RO T T B AR T,
PP 2= ST FIER 4B i, HiR s SR B0
FEEFITHERIA 5. PRI AT 3 1 24 - T UL IS 63
SRVFAN M TERS HH 53-8 BELAE AN B A T 12 A7 A5 o
ELHP-AT WO GIEH AR AL E B 0EM & 57 1H Y
R BRIz, A S35 A E AN [R5 O
BTy FRAL) B RETE M TER S =Y
A8k, Bi &8 B XA T AR AR plantain 257
FRE(GER 4] ABB) IOTF9E & LA £E FE S8 A 4 (0, (5
— BB A BLAE VEM & e f e, BUCAEAN TR
I BEANSE R B AL Y AR TE R S LR
ARAE, AT EE - T B I AL I B TEAD o
BALG, i HpTtrets S 2 R RS, A
0T O ) — P ] — BB i B AE PR TE U
A AR S, Izidoro 4501 A5 R W] 55 XL
TR AL GERIAE L, £ iS5 T AR P AL BRI
T RETER 00 ELEEVERY O s AP TE RS S s U
B#AIG. Reddy S50 FH y SHERXTERETEM U THR FRER
PEFRXT T2t FNER AR MR T 2R AE e I 4w R
{HTER T I EBETE R WY, %8 RS B 2L TE M P I BT
TR S BRI H 2 — R EmA e R . Li 851 ilad g
B A AR IR R TER, KR TEH (586.5 nm)
A R IR ISR A i TR P UE 3 (584.5 nm), SRR
W SETENT &7 (21.3%) B R AR TR 2 (25.7%) -
3.1.2  2RHh-A] OGS A A AL L A 2 5 T T 9 b
TR 24 5 plantain SR FREFER SR
PUNTE RECAL s oo i eIl =1 = L S R PN N o
Hb-A] DGR 5B IA P HE EL RS VE R P o M e A A
fFf. Coulibaly 2511 BEEVAIAY plantain 2% Orishele
mn AP AL CRERIZH AAB)VE Xt BE, SR 5 AU~ 14
FRELAS P (CRBP 14(GEFZH KA, CRBP 39(3
K40 AAAB), FHIA 17(3E K 40 AAAA) Fl FHIA

21(GEHEH AAAB)) R MU MBI T Eh A, #2HH
2375 CRBP 14, CRBP 39 #l1 FHIA 21 5 Orishele
oA, JE T plantain 25, Wang &1 3@ i FE R
MFEZFRE LN AAA) . REGEHNY] ABB) | #i2E
(FLH4H ABB) F1 75 A5 (S 4H AA) S P e ER U
FHFREPUIETE A A BB TR 2L S PP 0 B AP T VE Iy
DA EREGEN R 32, WA 2R A AL A B Aok
VEAY ASCEEVERY M 3, P IUA A SR T E R
FERAAF, BT U T AR E MR,
3.2 ZIOMRUIER N A

EAIC ) oy L R S E B R A Kb VA7 e A VA NSO S
£ 1300~800 cm™' X 35 PN A T& 7 4 fiF Wz ig 04,
1047 em™" JH] [l WIROIE S DE R 45 )2 BT PR S5 A4 R
AIE, TR VERY RAER S TS5 M T 0 S A )7 45445
1022 cm™" J&| Bl A9 W2 A IR TE My A B 4 A 2 I 25 A 4
fiE, FoRTEM SR AITCETE X ; 994 ecm ™ & [FBIA9K
WAL DU 6 7R G MY 43T R L T T B ) Uk el iy, SR
i C-OH a5 ihHR a5 A28, AS[R] 8 3 3 W IR I4s i
JE L EAE S S, (1047/1022)ecm™ F1(1022/994)cm™
W WAL 568 52 11A) U B3 DA Ay 2 ) D0 Aoy kA 7 A
HIA RAE R, (1047/1022)cm™ 2 37 AE 5 R FEl Y Y
25 R, RV ZORTEM TR R N o 28 M b i A
JFLER TG ETE LER Y UG R, HRAE R SR I T
Ko TR 235 o FE R 2T ARG A i AR BAT
REUE S R S3PT EE P JCRAS I DL R 53T
RREPE R A R0

AR IE AR GERY RILT A N C SRRk dn
2% 3 FR, St s T =R R A ) S A R s
X A REGE A R (1) 53T L5 R AR — R AR

FH AT LRSS H LT A MIIBO CTSFE B AL VE By A2t
PEIER T T A N AR AR LU R LA T a2
FARAEUEFER BTT: SetETe e de Mt e 1k
2l 3 A W) 7 19 B SR A R G5 AR R B E JBT A

F 3 AR AETER LB LA R AR

Table 3 Characteristic peaks for infrared spectra of banana starch and resistant starch from different sources

T AEHUPETEN KR VLSS REAIE IR S LK E X XikS%
Morado i b E “j;j;’;};ﬁi’;cﬁ OV B SRS Hig 4 [51]
Nanicafh PR T M, AT 1630 cm™ Vo U TR I TE M BURL ) S5 A0 TE AR [52]

Kluai Namwa/it, Ff - A (RS, ) 3282 cm '(-OH) BUMETE RS BB, A X I [22]
Nendrangif, it R (POCL, )+ Ak 2 1150 cm™'(-P=0) RUHE B A 1) A B M R R Bt /N [53]

-1 —
Nendranii F AR (RS 5 sem SOk R LR A R 23]
. 1566 cm™'(COAXHFRFV A - . N
PlantainZ$%J; DH ) T b - i o VT plantainZ R AN F AL RO S5 A
HIFHIA 214 PARSEBAMGATECEE ). 1738 e (AR ™ it 5 m 0 T AL 7 K [54]
g - TERPRL L2 R G 1A PR AR B ] 1
Moradofifi AR (1047/1022)en” TN, 55 L LSRR AT o [55]
b i e A SR A Hh 5 B A (1047/1022)cm’™ TEA UKL 2R R P PR B [56]
TRoFRE . KA WA Al NGRS (1047/1022)cm™ YA b R A B M e A AT AR TR 1 B R [49]
. S, N B FE 5T S IR E N 43 T Ja AR A P AR X
PUTTHE N [ A (1-3-5-7 )00 ) (1045/1022)cm’™ TR Q;g%g%%?%ﬁ% [57]
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VEMPIASE £, 2T /NI CIE XTI T A5 . IR TiE
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3.3 X-HEITET

H AT XS it R 2 AR rie f ek Y
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T FEVER MU DER 10 53 BS B ICEE AR JeF X4
LRATT A B AE TR AT v B0 B FHR 10 T 3
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Table 4 Crystal types of banana starch and resistant starch from different sources

TEHL: A psiiyiEay 4himk E1709S8-8"8 paie =1
1 1 11 SC o " B UHGE FETER R AR, 5, FTRESE i T UEk A7
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EfJ . Karpuravalli, Poovan,
SevvazhaifiThenvarmaifhl (7% e by B BRI A B A 4 [65.67]
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. N - TE1 ~ 2BUABYBE, 45 i SRR AIR, HR e Lot
IR . o S [R) R (1~4 20 pin Y L o
JARIRE: Cavendishfiff - AFIHAE -4 B CHEER) 1L I VBB T [68]
J.E L3 Cooking bananaf T B AL LSS T 5 AT [69]
, HheR BTG IX R G X P T A
B[ JE PH I Collagi Fh A B AT HEAIKI) ﬁ%ﬁf}&; pslap NBERBERRLELTE [70]
FHE& F: Dominico Harton, —— [ Dominico HartonFIFHIA20/F 1945 5 & 15 F Gros
FHIA20. Gros Michel i AREREH cH Michelf i, Al i SEET HALHE VRS 25 BT X (71
7 \nﬂrl» e 5 Iy DY o N N .
[ 7%: Nanicao RIS IORRO o 43 8 BT 1 K T (721
——— e gy TR ARG R, oK RRE i b

BRI SRRV, S 3 W J e He il (73]
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