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Structural Analysis of Cassava Starch Modified by Different Enzymes
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Abstract: Cassava starch was modified using enzymes of different types at various amounts and at different ratios. The structures of the modified
cassava starch were investigated using scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR),
polarizing microscopy (PLM), and differential scanning calorimetry (DSC). The results show that with a larger enzyme dosage, a higher glucoamylase
ratio, and the addition of protease, the particle size of starch decreases and particle surface erodes over a large area to form pits. The crystalline region of
starch is also hydrolyzed by enzymes to form a hollow structure. The cross extinction of starch granules was weakened or even disappeared. Different
enzyme dosages and ratios, as well as the addition of protease, did not cause starch molecules to form new functional groups. The 26 diffraction angle of
natural cassava starch exhibited diffraction peaks at 5.6 °, 15 ©,17.2 ©,22 °, and 24 °, indicating the formation of B crystals. The starch modified by
enzymes demonstrated the A crystal patterns with diffraction peaks at 15 ©, 17.1 °, 18 ©°, and 23 °. Enzyme modification increased the gelatinization
temperature of cassava starch from 65.43 “C to 69.11 “C. The results suggest that different enzyme dosages, ratios and types will cause different structural
changes by hydrolyzing the surface and inside of cassava starch particles. The findings help to reveal the mechanism of enzyme modification on cassava
starch, providing a theoretical basis for further research on the application of cassava starch.
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N 12 hJ&, 0N 10 mL 4% (FiEn#0 A E
WL . ARG B OB A T3, 2588 K
e 3~4 R, BURTIN 50 CHAEH T4 12 h, Bt
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Table 1 Modified starch sample formula

e B%E  REEE/M REBE/SC pH/E Bt & BRE(RENS) /% Bkt
JiEgy (CS) - ;
fe 1 (CS1) 12 50 5.0 o= B, ABACEE 2 13
Btz 2 (CS2) 12 50 5.0 a-EANTE . ABALEE 1 1:4
fe 3 (CS3) 12 50 5.0 o= B, ABACEE 2 1:4
Bt 4 (CS4) 12 50 5.0 a-EANTE . ABALEE 4 1:4
Bt 5 (CS5) 12 50 5.0 -, ABAL 2 1:5.5
Bt 6 (CS6) 12 50 5.0 a-EANTE. ABALEE 8 1.7
Bz 7 (CS7) 12 50 50  EOB. o-mABE. ABLEE 8.3 0.3:1:7
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HETRHEATIRR . FEH SPSS Giit/rHri it g 56
TR R IR B T

1.5 ZAEHT

K H Origin 2018 |, SPSS 26 K Z4Hr, W5
25U = NS, B xts FoR.

2 ZR5E

2.1 BRI ST

E1 A HE’&)ﬂgYﬁFﬁT”m*ﬁE’J SEM [&|
Fig.1 SEM of starch by different enzymes content
E: (a. e)CS, (b. HDCS2, (cv g)CS3, (d. h)CS4.

50

E2 & nﬁﬁttﬁM'ﬁFﬁTm&*ﬁE’] SEM IEI
Fig.2 SEM of starch bydifferent enzymes proportions

E: (a. e)CS, (b-

fCSI, (c. g)CS3, (d. h)CSS.

E3 A& FJEEW?H’EFHT/E#}E’J SEM I§|
Fig.3 SEM of starch bydifferent types of enzymes

E: (a. d)CS, (b. €)CS6, (c. NCST.
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C

& 4 NEEAEER TEMERILE (400 X)
Fig.4 Polarizing micrographs of starch by different enzymes

content (400x)
iE: (a. e)CS, (b HCS2, (c. g)CS3, (d- h)CS4.

a s b

& 5 TNEESLLGIER TEMEYRILE (400 X)
Fig.5 Polarizing micrographs of starch by different enzymes
proportions (400x)

: (a. €)CS, (b. DCSI, (c. g)CS3, (d. h)CSS.
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S

& 6 T EEGFAAER TR E IR (400 X)
Fig.6 Polarizing micrographs of starch by with different types

of enzymes
7Z: (a. d)CS, (b. e)CS6, (c. NCST.
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Fig.7 FT-IR spectra of the treated cassava starch with different

enzymes content
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Fig.8 X-ray diffraction pattern of nativecassava starch and

enzyme modified cassava starch
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Fig.9 Gelatinization curves of nativecassava starch and enzyme
modified cassava starch
R 2 RAARZTEM TR RZ TN AY DSC Hii

Table 2 DSC data of nativecassava starch and enzyme modified

cassava starch
B ths  ERRERE T/C  Eakd AH/(/g)
CS 66.07+0.56° 4.04+0.35
CS1 69.05+0.19% 4.05+£0.25
CS2 68.94+0.37" 3.7440.14°
CS3 69.14+0.78% 3.7440.08"
CS4 68.58+0.27% 3.76£0.13*
CS5 69.23+£0.24 4.14£0.18°
CS6 68.29+0.30° 4.0620.64*
CS7 68.73+0.36™ 3.69+0.20*

Er HAER KNP EE, AR SR —
EMFALFFH AR FHEATEFRE (P<0.05).
TERgELE (1:4) A, BERHE (1% 2% 4%)
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374 )/g 414 V/g. BEERGLLEIRIE R, Bkt i
T, 7, T, WNESCHERT I 66.07 CFEE] 69.23 C. 4
REYIEBE LGN, Bt ek 45 fhE M 37.58%
S F 39.84%. VEM KA E SRR, X5
fit 5P Fu 4k R TERE R (2% ) AR, B LR (1:3
1:4, 1:5.5) AFEIZAFTKMEGER, CS5 19 T,45 CSI.
CS3 HREZEF. CS1. CS3. CSS5 ) AH 5 RARGEH
TR 7% . MEVECEE SR, 456X/
TosE RS X PERHIR, S5 SR EERm, WS (A FE e F oty
K, {H DSC £5 R o )6 T0 W2 22 7 o VER g
JE SR ENG N, (ARSI A T RS, AR
REEAL, SEMMLRETEEZER, XRSUSRIZ
B

TEMGE (8%) FANgLLE] (1:7) AHE, BEFPEA
A (EEEAN. a-TERMEE. WL o-TEXDIE . BEILER)
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7] 68.29. 68.73 THI14.06. 3.69 J/g. &h5H Lot K
MR SCERGECEL, e i T, 71 AH #R3E K.
WINEABG T8k, AH LEEZR. CS6 1 AH
BRIRVEM TCRZE AL, BT 5 5200 2145 i X 3
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