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 E:. HF#F (Musaspp.) RERMEERKNKEZ —, WHIREEHH, ERFEEW 252, HaARUaR
AN T, HEFNAZIES 90%LL LAPIEER, AR &2 T AOPUrE ek T DL 38 46w & A Ao =k B
fHo AL, FHFELERMBGT R T 5 7 A R ARk R, 1 e SR A ™ E TR 2 o AW S SR 5 FAAL B X AN 5] 5 b
FAEPHUEVEN (resistant starch, RS) JHALPERERZ M, SEICRIRTT KA . My R GTAE M IRokE, 4 R AL BT ) 1) 75 &
AR R R B . ShACHUR . P AR BN . 22 R R I A AR G 2T A . XS4k
i F B, M WAL SHMANEN X R, S5REW. 2RALIEE, FHFES DI D & & h
91.50%~93.33% (RS2 & ) FREZE 39.17%~44.63% (RS3 A ), HAFEEELS R TR, 5 F AN B0 52 20 L i i
oKL FRIEMRE , BRI —, TR, EHEEEM T EE 23.3%~283%MME 32.7%~37.0%; T &AM e
PEFIEE SN 35 TR (P<0.05 ), WE(E 6 B R A (B T v, KA BE RIS o 8 IR MV B S 75 i FE M T 4 15 B IS5 b,
FHXT 4 b 28.98%~32.56% F IR ZE 20.66%~22.26%, Zeid R IRAY T F M 5 KT FEMAM L, K= EHmik
RPN EREH], JEREA T Rigarion 1 1.031~1.166 R ZE 1.016~1.122, s REN, RELSEHUEHE RS &
A, {HHTPETER i RS2 #5254 RS3, RWAZd w AL B S YUk ie b AR e M W 32T o i o vl e e i it
PEVE R B 2 B SR G, A BT IR EEM R &, M EMEFEF P =87 s RAEEE X,

KR HAEAR; EHH; Ptk ; Rk
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Abstract: Banana (Musa spp.) is one of the most popular fruits in the world and is widely loved for its sweet taste and
nutritious value, it is usually eaten after ripened. Bananas are rich in more than 90% resistant starch before they are un-
ripe, and the effective use of resistant starch in green bananas can significantly increase the added value of the banana
planting industry. In addition, green bananas are prone to producing a large number of defective fruits during the har-
vesting process, resulting in a serious waste of starch resources. In order to study the effect of autoclaving treatment on
the digestion and structure properties of flour, three different banana cultivars: Dajiao, Fenjiao, and Gongjiao were cho-
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sen. By using scanning electron microscopy, dynamic light scattering, rapid paste viscometer, differential scanning
calorimetry, Fourier transform near infrared spectroscopy, and X-ray diffraction analysis. To investigate the relationship
between the structural changes and digestion properties of the three green banana flours before and after an autoclaving
treatment was applied to them. The content of resistant starch in green banana flour decreased from 91.50%-93.33%
(RS2 type) to 39.17%—-44.63% (RS3 type) after autoclaving treatment. The scanning electron microscope results showed
that powder granules were completely pasted and disintegrated, with variable particle size distribution and irregular
shape. The amylose starch content increased from 23.3%-28.3% to 32.7%-37.0%, so that the thermal stability and gel
enthalpy of green banana flour were significantly decreased (P<0.05) while the peak viscosity and breakdown was in-
creased. The relative crystallinity of the green banana flour decreased from 28.98%-32.56% to 20.66%—-22.26% after the
autoclaving treatment. Despite this, the B-type crystalline structure was still preserved after the treatment. The new
chemical bonds or functional groups were not found after the autoclaving treatment compared with green banana flour,
and the short-range order Ry47/1020 Was decreased from 1.031-1.166 to 1.016—1.122. The findings revealed that although
the content of the resistant starch was reduced after autoclaving treatment, the type of resistant starch was changed from
RS2 to RS3. This suggests that the stability of the resistant starch is greatly enhanced after autoclaving treatment. This
research could offer a theoretical foundation for the production of heat-stable banana resistant starch, support the de-
velopment of naturally starch-based materials, and is crucial for resolving the disparity between banana industry pro-

duction and sales.
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R EE D E & REEN, THSAKX
H RS2 BIFiEVER (resistant starch, RS ), {HF
R AP LR IR BRAR R SRSL . H O R TR
Pat g Z MU, fEE A AR S R E
TR At SRA A — B 15%~20%
BRIl LA A i A RS e s, AT LR
R RIRVERT IRV, T ERER IR AR . &
FERDEHER . B, FHARANMETRS
ERYFER, e REEEN TS, &
Ik 80% LA L, TEHH 70% L I BIATIE TE R 1Y
9 RS2 RIFLPETEM s s M e M B 2 A AR 1Y
KA Ja BT BRI R R /N o0, B ST
PEE R ) T B R

BUPEE M 2 F5 e Aa RS AN o LB T A
MITERT, VEN—FhRRR IS 4T 4, HA MK
PR . FRARMLIE . B R S R U
A P P AR T o 1 ok TR R L A e
H TR 84 AT 5 2608, (1) RS,
VIO ER, FEOR A AT AR
- S GRS, X IPU M vE M 2L I SO T
PRSI O, W 5 % 28 R By IH AR TE By 5 (2 )RS2,
PrHEVEMm R, RIETFA LG | BiOMEFE,
Hga 2, IE% N TR S a8 H AR 25 1
MR ZPiEEfRYE s (3) RS3, F&SMbTthieks,
T8I0 5 P2 ) SRR e R ™= A B EE 4G
VERr, HARCEMRLE, &k, Zaett

If; (4) RS4, fbFeliPEVERy, I SCHRTERD |
Pia Ak ek FBERR AL TE K , 1X Fh e by PG e M R4
Bfl R, R ATRE; (5) RSS, 48
TEMEE SR . FERIERNE G, TR
Ko REMEKFEEY D, $daetEos BxfELL
HWHE G . KRH FEM Dbt g T
RS2 MIPV Pt m AR E RS, IERE
(AR N e, TG A A 3 1787 N e i
SRR T 2 T A, AR PTEVER 5 TR

HAEp, X5 &R E2E TS H &
TE M ) 0 85 S FLBEAL . 45 R R T R M T I
ZHANG %R JIANG %105y 5o 15 50 5 & fEVE b3
TP X8 I BHAY R0 25 74 % 5 i 4T R AIE . TASLIMAD
i DR ] 3 7% SRS 2 B HS %) 3 98 ) I =2
1 B 7 R ) £ A RS3 BU BT TE A o B B AE M P
BAREA F & NPT R , (A5 BTk T 2 AE 2
REFI, AFFEA 7 Lbr . HIEAE & LS
A LR R AR SR iy, R AR A 4

PRIt , AR5 40K FH e Fe A BT AS ) it ol 4) 75
AT, SR ZE P (differential
scanning calorimeter, DSC ). ‘R Zh & 4 #r 1%
(rapid viscosity analysis, RVA ), X-HFZ AT 5%
( X-ray diffraction, XRD ) Fll 5 ik 4 5 S { HEL -2
1k 21 41 St ik ( attenuated total reflection-fourier
transformed infrared, ATR-FTIR ) 45 F B4R 58 Lk
AP S T A A S AL R AR L, AR
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1 #MR5FZE

1.1 ##E

.11 MHE5XEAN FEHEE: KE. mELR
£, T M A T T iE LT . BUrETE R
R S AR R o-3E Ry G (B 100 000 U/g ), %
JR = Megazyme 23 F)AE 7 HA 20 B ™= 55
Mréti

112 EEMEESE GI54DW B A 35 E 2K
KR JE TSN AR A PR F] 5 Phenom ProX
E X B IAETE— 1AL . 17 2% Phenom 23 A ; Q2000
Rl P EPAL . 2E TA AH]; TechMaster
RUPRH RE B A A . KRE Perten /8 F] ;
Nicolet6700 Y 5 ik 4> Jiz 5 {8 BL i A2 48 3w 2140l
7% : JE[E Thermo A H]; LXJ-IIB BB [ifg
LRSS Scientz-18ND BIA 4T HRAL .
TUWHZ EURH R A BRAF; SHZ-C Bk
TR G 7« LI S A PR A R BT R4
Bluepard Y B VIE R 5 KT . il —EFRL 2
IXESEBR A ] ; HH-SI2CD  #U% 8 i s bk
B WO I8 EHALER TS UT; HX-PB908 %Y
ZUJREEHAL . bl g AT PR A F

12 Ak

12,1 E#HAEZFEEHeHE HEERRE
Ve L VIR 57818k 0L 1 34T B 350.0 ¢
BT, 7 121 °C, EEALFE 15 min, ¥
TR B B I BORN 25 FEAL 5 V8 F1 Y F A A
T 4 CUKFE 24 h, FEBARRTHEEUHED 100 H
i, 1RRIEEER, WA RS TS
122 @R SNFHRTEDG L, ¥
i B T L R B AR, I T
W5t e B s A AT AL, SRS R R B
FEF L T WS, B R 10 kV, 7E 3000
T TR

123 HFHEEmEZE>HA I SEEUTYL
( mastersizer 3000, malvern instruments 1td., UK )
KB TR RAT o040 o TEARBE SR T 0E
KRR SL Sk (0.01% mV) IRA . Zr B0 FkE
i AT B R B 1.33 il 1.53, EEESEEE N
1%~2%, Ffic5% D(10). D(50)Fl D(90), 4r%5I5E
VAN /i T AL =S W VA e PN | B |
10%. 50%. 90%HT Ur X Bi ke K/ (pm ), 3°

A H AR D3, 2] FIR B B A% D4, 3].
124 HA#rHLSEMNE K GB/T 15683—
2008, HX 100.0 mg #4100 mL #EHIEHHH, I
A 1.0 mL B, PORFERRE L riie ol T, InA
9.0 mL 1 mol/L NaOH &%, #%2J)5 7K1 10 min,
AHBEREHEBE 100 mL AT ESR. B
B 5.0 mL AT 55— 100 mL 2858, Il A 50 mL
afidgrsK , A 1.0 mL 0.1 mol/L Z BRI A 2.0 mL
BURF, EAIF B 10 min, F LG R0 E
HEEEVEM IS i

125 FHEEHREEHASETNE MY
E A I A SR R PR TE R I £, H IR AOAC
2012.02 By 7 IE o

1.2.6 ZXBRHZHAMNSH HLU3.00 mg Hm T
R, A 6.0 uL ZEIK, KR EH, =
BTV 24h, H— 12N EERNSE, L
15.0 mL/min ZSA/E NS, 7E 30~120 Ci
FEIN, LA 10 C/min B3R B SEA T4 4, 10 ST il
2o ICEMLRIBIEIE (To, C ). WILIEEEE
(Tp, C )WL Z R IR ( Te, 'C))FKILAS ( AH,
Jg)s

1.2.7  #fedsr B 3.0 g FERIMASSE, A
25.0 mL ZEIB/K ST 10 s H 3 960 r/min 7 HUEE i
AR B0 1) T A T[] S AR HF A 160 r/min. FER
50 C A 1 min J&, LA 6 “C/min I 95 °C, {4
£5 5 min, LI 6 C/min 21 E 50 C, f#£F 2 min,
IO RIE(EZS B ( peak viscosity, PV, cP ), A {EZHE
( trough viscosity, TV, cP ). HAf#{E ( breakdown,
BD, cP). HZ%hE (final viscosity, FV, cP ), [f
H:{H ( setback, SB, cP ). MifLiR J&F ( pasting
temperature, PT, ‘C ) FllIE(E B} 5] ( peak time, min ).
1.2.8 #EEAHAFE HEMSKLL 1100 B HG]
TRAFE S A KBr By AR HE Tk, & T BB ek
WS TR 50 o RS 4 (R IR A5 0 R AU 1 T s
hEZS, ZEREET, BUBHERHER, BARE
e L S e N RV E FAW S VS E S E T
PR 4cem’', A 64 W, L KBr MY, 7E
1200~800 cm ™" 7 [l P {8 LI 1 5 AR, 2 04 58
19 cm ™' BRI T 1.9, 31445 1047 em ™' 1 1022 em!
ARG 22 L

129 X-HEATHNH  Fil TR XG4
AT S AS A3 00 0 5 A U Y R 28 i M . Cu-Ka
L (40kV, 20 mA ), FAHEHEE 15 °/min, HHE
il 5~30°, 2K 0.02 °,
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HASLEEE 3 K, KA SPSS 19.0 #{4:X+
BAEAT8 M1, R Origin 8.5 R {4F4

2 HER55H
21 EHRAEIEEEMRR R0
KIRTE T FE R 5 R HAL B A 7 A A 93 2 1
LA IE 1 iR, WE 1IA~E 1IC AT LIEH, 3
FhRIR T B A& KR TEM R, KRER (A)
IVE R R 2 B BRI, MR (B) MIIEkH B
W2 R, TTER (C) MiER PRS2 8
Btk o 3 R B AR I T A R 1 S R G
AU S A R R A, S A R

5 ) Sopm, PR

A~C: RIRFHHER (x3000); D~F: L RHAHNEEHER (

R D)o GIEIHAEEE, 3 R ARG R TE R
KL E R, T 24, REm R B Nt
W, BRI B A BRI AR, TTERR
RS, A VR AR

HRIRE HEMMAL, 205 10E &R
VERYURLCL 5 A WAL AR i, G2 SR RL (1]
ID~E] 1F ). kSRR A AR R e R, AR
ML d R P E A TER, SR B RoRn g Ab
HUSPUPETE Ry B BORLIE SR 52 BEAS KL R E5 44
X ] BESEAE P R He A PR BE R oK ik, v T fie
PEFEBPBURIIZAK , T EEA BRI, e 58 W)
o W Ak BIUR—Bh R4 1 e Ry sl P ik

: 30 pm

x2500); A, D: K#EH; B. E: MEM; C. F: 5Tk,

A-C: Nature banana powders; D-F: Green Banana powders after autoclaving treatment; A, D: Canna powder; B, E: Banana powder;
C, F: Gongjiao powder.
1 3HERAEEEMMEALEFHNEAMEER

Fig. 1

22 EALENEEEMAZES BRI

3 BRI SR B R 4 TR AL B R AR 43
AT PR EE S0 AT 4146 1 7R . D(10) . D(50)F1 D (90)
IR EAE/NT 10% . 50%F1 90% A4 ik R ~F
Kit. D[3, 21H1 D[4, 3153 5l &R A1 A
HROEY EAR . RIRE HER T D[3, 21F1 D[4, 3]
{3514 12.32~16.14 pm., 53.16~58.79 pm, K
By . By RN DA A Z R T B 25 5. AR
REN 2P, R BHE S TE M RIAR (1 6

Scanning electron micrographs of three natural green banana powders before and after autoclaving treatment

BERR, 3 MG FERE T AR, Pk
Tz WEERSIIIRE, WA DA B
KRR AR5 AT YE R Ry 28.57~ 44.88 um, fiKT 3 Ff
ARSI, X AT REAE A EATRY 3E R ok
VL FREPR B AN BE R R A [

JEHAE B 07 AR Y D3, 211 D[4, 31{A
I3 47.09~51.24 pum Fl 119.72~144.55 um, 3
MRS EERNRAERAREES (P<
0.05), CAHMFREY, EMRARMNK/INE—EFE
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JE E SR 2 VEA ORI R O AR D3, 2]

HRFm T REM STTER, ATRER Uk

ERh o THSVECY gAY, FEORAREIR
253 AL S 975 B AR B) D[4, 3]-D[3, 2]

B FSR Y 38.45~49.47 pm 3N 84.49~93.31 um,
ERIRE BN L ER N (P<0.05), K
P IS 0T A AR BORLAR 43 A1 A — 3, TEARAS R0,
SRR 25 R —2

Rl FERMEEENESELEMEHESTEL

Tab. 1 Changes in particle size distribution of different varieties of green banana flour before and after autoclaving treatment

B i Sample D(10)/um D(50)/um D(90)/um D[3, 2]/um D[4,3)/um D[4, 3]-D[3, 2]/um
KER 13.80+0.14¢ 34.42+0.46° 112.37+4.14° 16.14+0.55¢ 54.79+0.83¢ 38.65+0.28°
R 10.41+0.06" 25.99+0.19° 159.98+4.76° 12.3240.06° 58.79+1.55¢ 49.47+1.49¢
TR 11.30+0.07° 33.82+0.25¢ 166.85+6.01° 14.71+0.48¢ 53.16+1.55¢ 38.45+1.07°
RPN Y ) 26.44+0.19° 114.12+1.92° 335.95+3.29° 47.09+0.03° 139.24+1.72° 92.15+1.68°
Rk AR 25.49£0.23° 106.76+2.46° 323.95+9.09° 51.24+1.34° 144.55+3.41° 93.31+2.06°
e T A 18.15+0.50¢ 85.95+2.50° 270.42+8.04° 35.23+1.24° 119.72+3.17° 84.49+2.14°

T WS A /NG 5 B m A B 22 52 2% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

23 E#LENBSEEMEREMNS =N

3 Bl R SRR R B BLS T A AR A B ELREE K
THINER 2 Fon. 45RERM, RAFTEERE
HETEM O RN 23.3%~28.3%, X TFEe EVHRIE R
HEALAEEN SR, TIEEH THEHFENMF
FEHL A VB AN, SO A A I LR
By o /IR TR

MEE RN AN T RN R
32.7%~37.0%, KA 55188 i HEETER &
TR EETHAER (P<0.05), 5KAREFHEKM
e, Bt e BT AR B S T KRT HER T
HEEVER B i (P<0.05 ),

K2 TRERMEEENEALEMEHERENSE
Tab. 2 Amylose content of different varieties of green
banana flour before and after autoclaving treatment

R KARF B He#huak 3
Sample Nature banana powder/% After autoclaving treatment/%
KEH 25.4%1.1° 35.120.7°
gy 23.3+1.3° 32.740.7¢
TURERY 28.3£1.2° 37.0+1.4°

T« [R5V B 5 AN ) /NG SRR 7R A 3] 22 57 Wi 2#( P<0.05 ),
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

24 EHALEXMBFTEEMIMEENSENZI

* 3 WoR T RIS E A AR PUEL
€KY (rapidly digestion starch, RDS ), & /HLIE
( slowly digestion starch, SDS ) It 4 i€ #)
( resistant starch, RS ) & &84k . 3 Fp KRG &
¥ RDS % &h 2.83%~4.33%, SDS &N
3.97%~5.67%, RS 4 91.50%~93.33%, K]

KIRFHFEhHEES SRR, KR
RS2 M, KEEMH RS HEEES THAERSITAE
Hr (P<0.05), BB A [7] it Fofr ) L5 U 3 ki
iR e, I EUTRORGE ,, R AT RS
TENTALIEER, TTaeH &AL TR . 4
Y 5 HA B T B T BB AE T, BELAS T )
RO, FERS HEMER.

RIS, HHEM I RDS. SDS 1 RS
B &R0 42.57%~46.34% . 12.79%~14.76%
F139.17%~44.63%, KEH LTTHEKR RS Fi
ER THER (P<0.05), &JEHIAHE 1 F
EMSRATHEERMEL, WEAHESGTEN
SDS ML & &1 RS, RS #4kly SDS #l RDS,
X B 55 B B 28 A LS 1 VE B A T BE IR A0 1 1

N, ST AR

x3 EALEWNARERMHEETEMRELESN. BHL
IE # R HTEIE TR
Tab. 3  Effect of autoclaving treatment on rapidly digesti-
ble starch, slowly digestible starch and resistant starch of
different varieties of green banana flour

Hh SEEtATE) 18 AL TE B BUPETE R
Sample RDS/% SDS/% RS/%
KAEN 4.33+0.65¢ 4.3340.65° 93.33+0.71°
R 2.83+0.25¢ 5.67+0.90° 91.50+0.66"
Y- 2.96+0.62¢ 3.97+0.24° 93.07+0.40%

FE-KEH  42.57+1.66° 12.79+1.22° 44.63+0.95°
FE-MEM  46.3420.94° 14.49+1.89° 39.17+0.95°
FE-TT#ENY  41.43£0.76° 14.76+1.18° 43.81+1.61°

T R SVEE 5 A TRl/ING S 3E 3R b 381 R) 22 5 1 25 P<0.05 ),
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).
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25 EHRAENEFEFEMMSEAOE I WA 50.60~51.24 °C, 57.39~60.13 °C, 65.55~

M3k 4 Pron, KIREFHHERB M0 56 5
(To, C ). WIfLIEMEIREE (Tp, C). WIfLZ LR
JE (Te, 'C) FMIMLLS (AH, Jg) BITEHES50 K
75.21~76.94 ‘C, 80.67~81.91 C, 86.09~87.97 C
M 12.13~15.11 J/g, DTEEMT To. Te fim, AJRE
2T oAk R LR, R ST AR
MEERE RS (AH ) S W T 3 A JBURE 1) i (R 25 # 3
NoEEE, TWEE LR E DIBOR BRS . &%
AL S H F MM To, Tp. Tc. AH HIFEE >

70.06 ‘CHI 6.01~7.51 J/g, KEKN AH 5. &5 T
Hofth 2 B H AR o

SRR FEMAT, 2w R ) &
BN To. Tp. Tc BAK, "THEZ H TR R B A o
FEEM AR A, AR TR A T8 B AR A 254
ATERE, BURBELEAIDLMEIR o [RIS, AH BEAK, i
AH HE A4 BRI T T A9 AR A 308 ) UM e 235 449 B
I P, JER R A RS AR TR
RZS, FEEE SR

IAN)

R4 FERMEEENESELEAMEASENEWL

Tab. 4 Changes in thermal properties of different varieties of green banana flour before and after autoclaving treatment

FE i Sample WAL 6 I B2 To/C B VA R B2 Tp/C I 28 11l Te/C Witk AH/(J-¢7)
KER 75.210.26° 81.91+0.26° 87.78+0.8° 13.78+0.78"
W ER 76.17+1.07 80.67+1.07 86.09+0.16" 12.13+1.07°
RN 76.94+0.23 80.74+0.23° 87.97+0.4° 15.1140.57"
o KA 50.60+0.27° 57.39+0.27° 65.55+0.61° 7.51+0.32°
R R 51.24+0.49° 58.23+0.49° 66.9£0.62¢ 6.01+0.13°
I E-TTEER 51.17+0.40° 60.13+0.40° 70.06+0.7° 6.89+0.01¢

T WS A /NG S R m A B 22 52 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

2.6 [ERLEXEEFEMMALS R0

2oyt e R T 7T A AR 28 DU AL 2 T AX
(RVA) M5EMZRUNE 5 Pros . KR &R
MU ELREE . AIMR(E . TR AE 2000 D 2418.37~
3020.33 cP.314.04~547.77 cP .955.48~1120.11 cP,
KA B WA R B e, A B eI, SR iy
— IR TR I, W R B2 Y 2 S T i T R
R P ELBE E M A AUOR RN 22 57, T B
iR A e K SR ik e AT g e
Z R IE B A AL TE R A (R (D 7914 P,

R, BRI T IEmEERE L, SRS AR T
HEEN LR A R R . ZIEPUE
Je T A AR B (B R L | A (R [ A A 50
3821.56~4144.78 cP . 1508.33~1722.78 cP .
735.67~1109.33 cP. 25 ()R AER A IGAE ZH T
J f B A IR A B TR R . ST
(P<0.05), FWIHCPEE RN BB T FRE R,
BB G et A, B . 5 RRE FEH
FHEL, 20 A B 7 i A 0 A 06 (1 286 1 0 fit
(ERTAE25 3 o =R I 02 o = | A 2t T A

TABTEER, ATRESE RN RES, P S A A | 74

®5 FAREBEEEMETELEREOMLEYE

Tab. 5 Changes in pasting characteristics of different varieties of green banana flour before and after autoclaving treatment

(P<0.05 ),

B, WA (B R B2 BEFNE i AR [n] £ {H WA (i B 1] WAk il
Sample . Pegk _Troggh Breakdown/cP . Fin.al .Setb.a ck .Peak_ .Setb_a Ckf,
viscosity/cP viscosity/cP viscosity/cP viscosity/cP time/min viscosity/C

KEH 3020.33+20.63% 2472.56+6.24" 547.77£14.39° 3592.67+16.12° 1120.11+9.88" 5.04+0.04° 86.17+0.25"
MER 2418.37+20.08" 2104.33+7.57° 314.04+12.51° 3167.00+9.85°  1062.67+2.28" 5.31+0.05° 84.70+0.28°
TTEM 2623.77+£8.54°  2267.52+9.17° 356.25+0.63¢  3223.00+20.22°  955.48+11.05° 6.53+0.08° 85.45+0.15°
FE-—RKEEN  4144.78+16.09° 2422.00+10.54*  1722.78+5.55"  3531.33+26.63* 1109.33+16.09" 4.07+0.05° 50.10+0.09"
FE-M AR 3821.56£12.49° 2290.00+10.54°  1531.56+£1.95°  3025.67+28.29¢  735.67+17.35¢ 4.44+0.10° 60.55+0.43¢
FE-TTAEN 3918.67+15.14° 2410.33+11.59*  1508.33+£3.55°  3174.33+15.95¢  764.00+4.36° 4.63+0.12¢ 61.21+0.21¢

T WS A /NG S R m A B 22 52 2% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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27 ERLEXNEFEMEIINEILEE RSN

mE 2A PR, RS EHRAHEE ) F A
¥y BRI A KA, U R A B R & A Ak
AN, WA TEVERY 4> F R4 T Z 18] 7= AR B
14 B e A kA 22 4

BERITE 1200~800 cm ' b 2= F15 21K 2B,
Rioa71022 B 2 N TG TE M ) R A e,
HF MR, M TERA PR . KRR
FHEMTE 1047 cm ' 1 1022 em ' AR GEE H(E
(Rioazi022 ), W 6 Fian, ME BRI h o1 #E
Ky (1.166), KR (1.043), ¥k (1.031),
SHEWA BEEZES (P<0.05), M LI %2
il , Riarno SIEMERIE R BEEMKE, 5AK
WFIE ORI AR I B — B0, R B 75 A A
WA i ) 25 B BE I AE Ryoari000 (HYIH BT R,
PO 28 5 TR A PR 75 A A 1R S R TP R AR
28 EHAEXNEFEMRESHHZIE

FIRTT T FEN AT AL B 175 7 AE R Y X -
SPEATHE L AEXT S AN 3 R 6 FR . K
IRTTE ML 5.8°, 15.1°, 17°H1 23°(20)ik HAT
SRAT SIS, S LR B 45K, 5 FAISANT 45121

W KEHR

W%ﬁ%

W FOEER
RE-RER

W%_%ﬁ
EE-TRAEN

L 1 1 1 1 1 1 ]
4000 3500 3000 2500 2000 1500 1000 500
W% Wave number/cm™!

B

/WM\/»V AR
TR

RE-KER
mE-RER
1 1 1 1 1 1 1 ] %E_ﬁ%%
1200 1150 1100 1050 1000 950 900 850 800
% Wave number/cm™

B2 RASEENEEALESEEEEMNEEHT
BASMFIEE (A) FIEERLINEER (B)
Fig. 2 Fourier transform infrared spectra (A) and decon-

voluted infrared spectra (B) of natural green banana powder
before and after autoclaving treatment

x6 EREAEEEEENERAFERENERE
Tab. 6 Short-range orderliness and relative crystallinity of
green banana flour before and after autoclaving treatment

B A 78 AH X4 i B
Sample Rivsrozz Crystalline Relative crystallinity/%
KEH 1.043+0.009° B 30.75+0.86"
R 1.031£0.010° B 28.98+0.54°
pivet i) 1.166+0.002* B 32.56+0.78"
FE-KEER  1.016£0.011° B 21.32+0.30¢
I E-REAY 1.011£0.008° B 20.66+0.23¢
FE-TTAEH  1.122+0.010° B 22.26+0.55°

H: Rigarnone A 1047 e ' Al 1022 em ' AEWOCEEEZ L, A
[Fl/NE FhEF R A B 25 5 2 (P<0.05) o

Note: Rjgs71022 is the ratio of absorbance values at 1047 cm™
and 1022 cm™'. Different lowercase letters indicate significant
difference among treatments (P<0.05).

20/°

3 RABEEMEEHRLEREEENN
X-SH T 5 B
Fig. 3 X-ray diffraction patterns of natural green banana
flour before and after autoclaving treatment

Fl UTRILLA Z5P2tirge o 5 —8, &R 3
JG, 5.8°F1 174 R FFRAT I, 15.1°, 23°4b
FOAT S04 PO 55, A B AR AR . AR 4
R, FREHAD B 25 11 55 K SR T A ALY 110 it L 45
R, A i ey Uk 1 e B X, ELRG IR HL 4%
Al X o

FIRTE T BB A AR &5 A B A 3 B IS4 VK Ry
TUREM (32.56% ). KER (30.75% ). HHEH
(28.98% ), —HHHBEMZS (P<0.05), 5
T B4 U8 B 7 LRI OT 45 SR A — 3, BT >
KEEH > Bk . APOSTOLIDIS 252yl 58 R
FH, EHEVER O S AT A R A IE AR
LR VE M 2R T ST A UE B 1 EEHETE 4G R A A

3 iFig
FHRAED TS S RKE RS2 APikeky, X
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Pt iE M e E M2, IEH ZEIRE T S lix 3
PU K PORL 45 44 18 B MEIR o 1 R B4 B ) ik
AMUEF 5 FER N EEFA, EIERT M
AR T YU R BOR ZE R s, RIS RCLT
(T A 1 o AR 6 1 R #0016 A BEOAS [R) o
WEEE, HS5EFERDX I S5H L E
HAR1E

3 FhRARTT & FEH RS &8N 91.50%~93.33%,
RIS, RS T EFBEINE 39.17%~44.63%,
Horpr, REMMTTERD RS &8 DERTHE
¥y (P<0.05), KRB RS S&=EM, H
HEAIH RS2 #7484 RS3 A,

OIE SR S5 SRR, LRI BLS Y 3 Ff
T AR VE R ORI B IR, A A 5T A Ky
RIEECNEI, MR IR, R
I, FTRMEES, SBOERMTTERT
RS & m TR AN JTEHUE B 19T & ki
WERM, RESAA—, ARAHN, S5EiH
RIS R — 3, TTRE o R A B R rp i A
3 H B A ORI K S R, S e b R % 1
R, ST HFEN PR R TR . SR,
AHMES Z:PYF] F R TR AE 600 MPa (1 4144 T 4b
PEARCSEVE Y, 45 WoRTE MR A RRAR, vHE
Sk R 0 2 ) 55 U R ) R S A R T B . O IS
TR B ELEETE Ry B B B TR AU R
(P<0.05), AIREEREBUL RS i mmA .
X2 R ST F B, FE R R X B T Y
a-1,6 W EE BT RS SR E A B, S5
a-1,6 WETTEE L BIREAS, SSUMMER MR E 2R
o-1,6 M EEGE DI, ELBEVE RS O Y LB BT
SR, MOORTHY % [ 3 4y i 4728 < 1 4k
B, REREHEER SR TR, SAMRER
A o AT REJEARF A Hh AR 4K B B AR T 3 A Ok,
A5, AT B SR o T T s e R
FEFUN HEETER T B . S R
¥ AH B35 5 TR AR TN, RWHE
{18 RS BE AT E AR IR 7] A= 1 3k 2 v bl B TE TR ok 1) 45
SREE H R, AL R EE S 26 RT3 i g )
T AF 5% T 30 T K B A B 2 BRI P A B A
VEAT, H Tp #aE, [RIEPEIAR IR R E AR,
AH TR, SARREGZER—3. RVA e 45 R
R, SRS T A AR A (R 2 S R A
ETE, WA B R, TR R
TIERF AR VE M BE 2 88 T R, B T 3E

¥ 5K PR AR, TR A (AR, FREE
B, WAL IR B RS, TTREJE B T UE R kL
FHEAEF %55, TRy Uk o5 U Ry B A = R A B
VR G A RS S o v e T PN DS o)
BRAS, S TE R AL B 7R BRI D, X S AT
TR PR R LS R — 3, TR A PR P
1) e 5 T2 Ak PER X L5 30 S A BT A 4 T3 A s R
SERRER R B K VE R B AR Bl A e BA
I [R] (4 38 hnm 2 S, SAS SO R A R 3
2P RIS ) AR B I ST 20 A ' i 1] 3 B RRAE 1 A
1, AR ES RS B R YA L, Motk
HIJE AU TE K3 4358 1) 2 41 B0 B% () B 1 A2 4k
SUN 2BV i B3 20 AMGIE B ST T AN A Ak
B SO T S AR e, SRR
A B S )5EH EHUETE R B R A, 5
AHFEE R —3 . R IEEF ARSI
FEBUEEIAE Rigaznon HIXA T, 1IRERENE
W TE A Bt B, R - REHES O XSz 3
SR, WKL N BLEE VE I 1T, D — 7 T Ay T
2 PN 1 e 52 ) S 2 B ) FE B HE 91 AT ) Ak 254
B, X5 RVA AR, GUO %LPYHIH
=R A B R (HPH ) X 5% 13 by A7 el
R ILEAN HPH AL 38 231 YR 7 JE My i 2544, ffi A
TERY ORI BURE A PEREAR, RS & RiEwb, 5
WIS R B — B RIS X527 4t
IR SRAT S 0 — B, akspSCPHE I, TR R
e Ry Ok il S F2H A (W] A UKL Hh 1 B Ty
RS, HISS T IRUEM S At . 2 ik
PRIS, T & R X 45 SRR S 20.66%~
22.26%, TUAEMBUAEXTSS G B E T RER S
LAY (P<0.05), RUITTAEMTER A A i 2 v
W Z W2 dh, AR TIEAERNE S, SA0
FEPHETE R A R R fm TEEE
H A A A ES REIR T RAEEER, RWE
B Es f AR . T E R A LS R, UK
ST AEE IV 3EAJE Ry kL, 155 A A
T ey B NG UG 7 N 5 2 S DB TRl AR A i
WeR, FEARIR 0] A 3 72 vh o 785 i S HEAS an R AR
TER AR TE S, BT AN 4 A B BRI

RS 0T AL IR AR, 1SR
A2 R TR REE, JRRBE AT RS E i M
HIYJREFREE, A AR W i B 4. AP
45 S AT Ay R A BT U oy 45 ) 1 S il B AL ) A
R AMBEIES%
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