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Preparation of Acetylated Acid-hydrolysis Modified Starch with High
Degree of Substitution and Its Nanoparticles

ZHAI Qinglin, WANG Ruobing, TENG Jialu, HUA Shuxian, CHEN Jiawen, HONG Yan"

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: In order to improve the application of acetylated starch in biomedicine and targeted drug delivery system,
ordinary corn starch was selected as the material, acid hydrolysis in alcohol medium before the acetylation was introduced
in the preparation of the acetylated acid-hydrolysis modified starch with high degree of substitution. The effects of acid-
hydrolysis conditions on physicochemical properties of the modified starches were investigated by means of FT-IR, XRD,
contact angle measurement, pasting curve and scanning electron microscope. Subsequently, anti-solvent precipitation was
introduced in the preparation of the starch nanoparticles, and the size range was determined. Based on the results, under the
condition of 70% ethanol (v/v), 12 mol/L hydrochloric acid and 65 °C, the substitution degree of acetylated starch increased
from 0.84 to 1.33, the hydrophobicity significantly (P<0.05) improved and the particle size was reduced. Starch

nanoparticles with a particle size of about 200 nm could be obtained through anti-solvent precipitation.

Key words: acid hydrolysis; acetylation; high degree of substitution; anti-solvent precipitation; nanoparticles
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1.2 SLWHE

1.2.1 BRFAFTEMNIHIAE  FREL 75 g TR KIEN 57
S e BE 1) LB, BEH s 25% (w/v) IGE
BrEL, DA 3 mL —E MR EAYERER, B TEIEK IS
R, fE— IR T 1 h )5, IA—E = 1 mol/L
Y Na,CO, ¥ 2 pH=7, K ILJZ I, vk 5 min,
V&, SR 50%(v/v) I8 CBEEDRETTIE 3 1K, 40 °C iR
T, ByiEat 100 H i, 152 RRITER o

1.2.2  RIFIERfE AT TR B R A JBR A2 i

1.2.2.1 B BEEXTIR R DERPE BT Ao hiR vk
JE R 12 mol/L, BRFFIRIE N 65 °C, ZEEHTE N 50%.
70% . 90%, AN[A] LEEAREE ST AR 2N As Ao Aggo
1.2.2.2  FRR R BT R i e M P BT (R S ) T i Uit
BER 65 °C, L FEMREE R 70%, ThR M E N 6. 9,
12 mol/L, AR[FIFRERMRE 5356545 A By By, B o
1.2.2.3 BRAGIREEXT IR VER PE BTS2 L BEH
FBE R 70%, Eh R BEE N 12 mol/L, W& i ia Bl 55,
65. 75 C, ANEIBRAIREE 53 AR 440 Css. Cgss Coso
1.2.3 PR LAk bE Ry & FRER 1.2.1 HhAE S
10 g, il A 30 mL Z.F2F1 20 mL Z BREFHEFEE 5] s
FRE BRI, SZ12 WA 2 mL WL IRIE 1L
. 70 °C TRV 60 min, IG5 9 )E, B VAR Z
BIAVKAK H AT UL, Fhug, F 253 oKk
ZIK, 40 °C 3BT, By e 05 21 R it £ ik T i
e e B 1.2.1 PR TERUETT LBk EE (D),
25 TSRS B RS S = 19 2H 1] A5oB1,CesD, LA
IRy FET s A SRk [17—19], YE4% =20 5 LR s 5
P TRIT, 1598 \ IR L ALTERY, FES5ldr24ah
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1.2.5 (HBEHASLTANFTIR) 28T SR KBr JEA
P08 121 5 122 R SRR LL 1:60(w/w)
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V& E 4o @, I A 25 mL 0.5 mol/L A NaOH,
iR RSP 1 h 5, A 0.2 mol/L HCI i xE =41
ol 2%, ISR THFEER R AR, IR, MaaFnlas (FaEse,
TOSIETHFEER RN, ARSI A — 40P T, Fe T
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i I THOUTE S, TORAEE 5353128 1000 1 8000,
1.2.11 Zeta EBAZINE B 1.2.3 WpRES, HEE T
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Fig.1 FTIR spectrum of acid-hydrolyzed starch, acid-thinned
acetylated starch and native acetylated starch
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THAL B B2 AR TE R I EE S 0.84, AR ik
BER (12 mol/L) M BARIR I (55~65 °C) 1Y B Tiidb
AT, SBHMEIER BRI rdd e . o,
ERR U I AR X 2 TAVE Ry B EE )55 il e g i
#H(P<0.05) , A EL R W 6 mol/L ¥ in & 12
mol/L, BUCHEEH 0.62 ¥4 inZ 1.33, iX &l T ek E
FRIRRENSHE = DEAT I IR AR LR, DT 22 28 s 2 B G
o7 1280 5 55 R g AF T AU HRIE SR — B0, TR E
TR I —ERRIETRE S I, #E 75 °C MR+
T, A3 21 LA TE By B BE B 42 BB VERMIR,
A1 0.73, 33X T] BESE H T IR EE = T RE R R A TR
ST ST, LA AT S IER B
AP BHAS T IR o S R A

R RFIRRA AR AFAL B RR A £ IR AL TE M A CRE
Table 1 Degree of substitution of acid-thinned acetylated
starch treated by different acidolysis conditions

P BACEE
B HALTER 0.84+0.02°
AsoB,CesD 0.86+0.05°
AqoB,CesD 1.33+0.09°
AgB,CgsD 1.1420.01¢
Az0BeCsD 0.6240.05°
A70BoCesD 0.69£0.04°
AzoB,CssD 1.1420.06°
AqB,CosD 0.73+0.01°

T A =B AR AR/ INE B m BoliE =22 8] 22 53 18 3 (P<0.05) ;
F2~F5[H
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21°4b A B 5 HY, 33X 2 PR SR IR it aod Bk R XU i
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HHE, JTERCE Z 0 ALY 585 EIXAREL, JoE
TE X Z5kaimirs, BAREEENE, A im s mt, A
T SN KAL) i) 25 o
2.4 FEMAOH

FE A AT DA BUARE S (9 B 2R BE , 22 finh 7 1B R
DUARE S B AR PRI EY . PR i D Ay R R DAy 12 K AR
SR, JOIEI i HR il o AR 25 AL TE Ry
MZK Rl N R 3 TR, Lk iERy il AR o 500~
60°, 4553 2 RISk 3 I, FERR % £ I AL iE iy B
BE RGN, $2 b A AN WS O, BlsR K PEdE s . X P EE
J& K AR ATE R I S TETERY 73T T LA K Pk
W1 Lk, (AR SR R A A B IR, JEMTR 1 Sl
VP, el JHC2 fid £ it B RRE 10 15 DR e s B4 n s
Feo HTTASCHT IR LI AAE B RS &, s K P
AH U GE R B, S AT ] P2 e A R VAR PN R T
SR, LR N TERY AR IBTRE

K3 R[FIRIE LT ATE R Y A £
Table 3 Contact angle of different acetylated acid hydrolysis
modified starch

2 RFERRIGVER AL T
Table 2 Crystallinity of different acid-hydrolyzed starches

FEf A (%)
JELE R 21.18+0.38"
AgB,Cys 22.51+0.24°
A50B,Cqs 25.25+0.10°
AgoB1,Cs 21.82+0.13°
A70BeCes 27.85+0.65¢
Az0BoCes 25.15+0.57"
Az0B12Css 24.90+0.11%
AzB1,Cys 24.35+0.13¢

FEf Hefuhfa (°)
JEVE R -
R FHTER -
HIECHALTER 50.9+0.03"
AyoB,CesD 51.1£0.71°
Az0B1,CesD 60.1+0.28¢
AgyB,CqsD 53.7+1.06°
A;0B4CysD 49.0+0.71°
A7oBoCgsD 50.5+0.49™
AqB,CssD 53.4+1.13¢
AB,CrsD 49.0+0.71°

2.5 HL4FEE

PR AL B AT L REATCTE MY 432, AT 52 M) G A3 1Y)
MIERRIE(ED S, A TER BKHERGR, FEKIE R
22, MELLME IR E . AS[RIBR A DER 19
FIACAFNEME AN 22 4 i, FRALFR AT DI B R IERT 19
WAL EEE B2 R (P<0.05) , X 1] et T rEk L
TRIEAK A A FETCERIX, BRI TCERI X, 7K
AP AR R, [ TRy R g A ek 55, RRH 7 A ik
RERK, IR RRARVERT LB ST 2 TER S
fERE 28, AN AIZ O e e ok ih £ . Bl 2B
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A Z2 TR, A5 53 BH , REAR R/ INFRARL, R4 R 24k
60~260 pm. 45453 5 AIA, FRARTE B EROR, TE B
L TR JE P R A B S BT 4101, 3 R 3 S i i
VEMY R EISE G WA TRATE R 22 Lk 55
B RIASIG ST ASFLITE AR, RAE TG FEIZ9°4 10~50 pum,
HLBEAE B R =, VEAIURL I ksl )y HRIAR 53 A1
ARAE, [T BT SRBLAR o 3 AT RS R S GE Ay ks
e EERINELRE T E Y, AR T R A TR R
. BEEBCEEMHE S, TER IR ILE sk 4
PR AR, SrF Al SV /b, Bk 4G Re g B
ZEE AR BT, S S LIE B TEAS R %
F O XT A, SR B iE s AH L, H
JRERPELS HIEBIRIAER I N5
2.7 EMYRERIRR

SNSRI R T RISEF W REME S A
IR I 50 422 it o) 32 381) ¥ 5% A JFH 1) 8 0 K 0L %)
AN [RI U ) Z B TE My AN AR AR 3 A1

K4 NIRIRRSGFEA B AL RIE (L

Table 4 Gelatinization characteristic values of different acid-hydrolyzed starches

B LI (C) W {E )% (mPa-s) e fikZH % (mPa-s) %% (mPa-s) HARR{E (mPa-s) [fil A {f (mPa-s)
JRGER 74.6£0.35° 1892.5+16.26" 1349.5+2.12¢ 2388.0+29.70° 543.0+18.388 1038.5+31.82°
AsoB,Cos 73.5+0.14° 550.5+0.71° 177.0411.31° 274.5+6.36" 373.5+12.02° 97.5+4.95
A0B12Cs 73.7+0.28™ 335.0+6.00° 93.044.24° 173.042.83° 242.0+4.24° 80.0+1.41°
AgoB12Coss 74.2+0.14% 212.540.71° 59.5+0.71° 99.5+0.71° 153.00.00° 40.0£0.00°
Az0BCos 73.220.07° 520.0+8.49° 122.0+4.24° 249.5+0.71¢ 398.0+4.24 127.543.54°
Az0BoCys 74.0£0.07 461.0+5.66° 123.0+0.00° 252.5+2.83¢ 333.0+5.66° 130.0+2.83¢
AzoB1,Css 72.5+0.28" 1115.0+4.24¢ 533.5£20.51" 888.5+4.95° 582.0+11.31" 357.5+12.02¢
AzoB1,Crs 73.5+0.14° 56.0+1.41° 17.0+0.00" 34.0+£1.41° 39.00+1.41° 17.0£1.41°
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Fig.3 SEM of starch granule morphology under different conditions
T Ar AgoBCys(1000%) FRAFVERT; B: AgoB,,Ces(10005) FRAFTERT; C: AgoB ,Cos(1000%) FRAFTEHS; D: A;B¢CysD(8000x ) FRAH £ It
fEVERD, DS=0.62; E: A(B,,CesD(8000%) FififE £ BEALTEH, DS=0.86; F: A5 B,,CysD(8000x) i £ BEfLIE K, DS=1.33.
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Table 5 Particle diameter distributions of acetylated starch
nanoparticles with different degree of substitution

B KAz (nm)
HHOTRALTER 364.27+26.98°
A74BCosD 271.43+10.43¢
AsoB,CosD 191.14+3.80°
AgoB1,CqsD 121.56+0.47°

e 5 s &5 SrEBUREE 0.69. 0.86. 1.33 119
Wi it ZIBEALTE RS S U CRE 0.84 1Y B 3% LAk pyim
oo S R A BB AN K R AR A T . RS
2T Ak 99 2K BE B3 147 2k 4% B S U0, 4y 5 R
271.43. 189.25. 121.56 nm, H R, LA
S ST PR LB SUTY YA IR s R e 0 B N )N AW AR SN
it O TRALTE RS HRA B PR o RIS BRI AR 1
K (K%, 49.52599+3.20600 um) , S A B A =,
WOASFEAT 53T

rh 2 5 AT, A EE B 2 AR TE RS S I BE R
ARITORE, TR 2 IR AL AN KT 43 118 - 4P A5 B ol Uk
ZIN, XU 19 At AR B AT DA o B B R B 0 T
TR TEN 53T 2R AN PRI — L@ Pk, BRI TE
B PIARIRLRAR, 3X 5245441 (9 HiE —2 . [HIAT,
W 7% L BEA R T 58 B QB X 9 K ey R AR ™ A2 T
ERN, 45528 5 BB A3 BT T 6, HOPRRE T
AL AR OB R A B /)N, 3 AT BB PR B RS i
1 F) T4 8 2R T A 70 B3 70 DR RV 18 43
PEN, DA Il A RS B /NP TE R AR KR . S5 5 AT
FRAB 3401, FRTHAL T AT LASE i R TE M 40 FE i
P it S IRALTER LA QRE, BAIR 2 IEA L MK TR UKL
FRRIAR o
3 #ig

AR SCHRIT T AN [F) B it TIA BRAR A X E M £ Ak
U LU R K IO A K/ NS o AN ) 2514
P4 R e AR O R AT RPN BB S , K BR DA 2, B
70% . TRFRUCEE 12 mol/L., I&JE 65 °C FYIRMH A5 T
Kb ¥R 2 Ak TE A A B A 42 ff e, SR I 1.33,
AR A2 AL TE RS 21 W S i v, D2 I R i
AL B EEAE I R 2 AR R EE, DI /K P4 5 o
HEAR, Xobah S S5 Ao S5 4 43 AT 22 W, BR i Xt i
A FM LR )2 IR BEAS S B SE M FE O b5 15
B GER IR AR — N . T DTTE T il A5 1k
BRIFFAEHRAR, gk Bk A iR T ik 121.56, 4
X B 2 A E R W IR (P<0.05) o £ AT, 1
> 5 B 114 T i P AL PR A A RS TN GE B 1 £ Ak
PERREE, Y/ NERT AN AR R A . FEAR SCAET,
AR FE 70%. ERMEMCEE 12 mol/L. 1 EF 65 °C 1Y
122 it S5 AL AL BHA R T Sk P A 2 i e W A, (P it
FERE 5 2 AL RLRE I R L AR S, Horp O H LA
A2 IR RTHE . AR SCHIIFTE S B TE I
9 K 2R AR A A Y 1Bs 2 A5 AN 10 17 FH B3R T B
LA
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