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Multi-scale Structure and Digestive Characteristics of Propionylated Starches
WANG Fen—fen, YAO Xuan, WANG Jing, ZHOU Zhong—kai”
(School of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457,
China)

Abstract: Tapioca starches were used as the raw material and propionic anhydride was used as esterification
agent to prepare propionylated starches with degrees of substitution (DS) of 0.81, 1.53 and 2.67. The physicoc—
hemical properties of propionylated starches were characterized by Fourier transform infrared spectroscopy
(FTIR), nuclear magnetic resonance hydrogen spectrum ('HNMR ), scanning electron microscopy (SEM ),
X-ray diffraction (XRD) techniques, etc. The presence of propionyl group was confirmed by the presence of
ester carbonyl group (C=0) at 1 740 em™ in the FTIR profile of propionylated tapioca starches, and the presence
of new proton peaks at 1.0 ppm and 2.2 ppm in the 'HNMR profile further verified the occurrence of
propionylation. After propionylation, the propionyl groups gradually replaced the hydroxyl groups on the starch
anhydrous glucose units, resulting in the reduction of the inter— or intra—molecular hydrogen bond interaction,
which improved the thermal stability and hydrophobicity of starch molecules. The results were consistent with
thermogravimetric analysis (TGA ) and contact angle determination. The results of XRD showed that with the
increase of DS, the A—type crystal structure of tapioca starches was gradually destroyed, and the corresponding
relative crystallinity decreased from 47.34% to 22.28%. The results of SEM showed that the destruction degree
of propionylated starch particles increased with the increase of DS. In addition, the in vitro digestion test showed
that with the increase of DS, the content of resistant starch in tapioca starches increased from 13.25% to 82.31%
after modification.
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15 mL 0.02 mol/L. NaOH .25 mL. CH;COOH-CH;COONa
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1.3.9 Bk
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Table 1 The propionyl contents and degree of substitution of

propionylated starch
R TREE/C PIBEEE & /% Wt
PTS-1 90 22.36+0.15° 0.81+0.02°
PTS-2 100 34.96+0.18" 1.53£0.03"
PTS-3 120 48.88+0.28" 2.67+0.03"

VE < VAR )N R 7 2 5 1L (p<0.05) .

W 1 PR, PR SE 5 RTG530 2 1) T
TR A, PR 25 I 2236939 111 3 48.88% , LAY,
JEM 0.81 H4M% 2,67 %2y T il ik T IEH 7+
SN EF R WO A (E 3 A0 BT R AR T 5 TN
FRIFE, G, FEORC R R, AEN B R Ve kb
AT LY 3 AR RS, RS 1R
fRBEF KRB A 300, Ha T 3 iy g SR L i S 7 i AN
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Fig.1 Scanning electron microscope of native and propionylated

starches
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Fig.2 Fourier Infrared spectroscopy of native and propionylated

starch
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SR S3F O-H 25 MRS, 5 RIRTER A LE
PIRALTERS7E 2 984 .1 740 em™ H T A W Wi , 43 531)
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S B A O EE 3, DR TR LR TE DA P it ARG R
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232 fIRGER ST
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Fig.3 X-ray diffraction patterns of native and propionylated

starches
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T RIRVE R AT T 485 A A5 R, 33 DR R o I B 1) 5
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Bl YR T AE A 20 VI FE (6°~8° ) P H B 4 177 5 0
W) B AR B2 S 2.67 1149 TN kA0 T K3 A3 3 114 b AR 2354
PR I Xu U IFFTSS SR — 2 Filippo P AIFST
AR B Ib S S & A R AR 2 X, SR e ks kB
TESS b BEAEE  XH
233 BHEILIREGE T

FARVERY BRI TE A A IR U 1] LI 4
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Fig4 Nuclear magnetic resonance hydrogen spectrum of native

and propionylated starches

KA EE AL C5.C, FT Co BIFEFE T, 5.10 ppm
3.3 ppm~3.8 ppm &b L2415 5 /& C,.Co~Co W T T
W o T TN T AL D8 By D 3% b, IO 2 Sy 0.81 I, 7R
3.29 ppm~3.65 ppm W E N AIMES BoR , T HA 5
FEREZ 5 TG AT RE WL 5E 29 4 Bl 07K BTG Y Ay
fiE, 7E 5.44 ppm .4.58 ppm B, B2 ILHY i L 5 K AR v
BRIl DS Sy 1.53 1 2.67 i, Jo/K A A e e 5k
AE TR, BT AL 2 BRI 5 R IR TE KD 5 4 AN ) 5
N BEALFE R FE 2.2 ppm AT 1.0 ppm A& HEE T 587 09 5
WSO, 43 ) S T 5 | A TSI YRR R RS i B S Tt A
JERIIH, I ELRf A B B, FY I A R X
WA )t FEE SN

24 IHAEERE T

FRIRTERY SN EALTERS T AR L3R 2.
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Table 2 Digestion characteristics of native and propionylated

starches
B RDS/% SDS/% RS/%
NTS 70.37+0.93¢ 16.38+1.31¢ 13.25+1.24°
PTS-1 60.03+3.41" 22.66+0.90° 17.32+0.65¢
PTS-2 48.27+1.91° 19.30+3.58" 32.43+2.04
PTS-3 15.42+1.10° 2.28+1.20" 82.311.11°

U < ORIV 467 2 5 1 8 (p<0.05).

1 & 2 AT, RARVE R I RDS SDS (RS 7% 5531l
} 70.37% .16.38% .13.25% ., 645 B CJE A8 i, v e
FETERI Y RDS & 5B WAL, RS & B W n, 5K
SRYEMAHLL, RS & ilde & 1 4.07%(PTS-1) .
19.18%(PTS-2) .69.06%( PTS-3 ) , & W 72 B A CE Fry 7
ARTE 3 X A BT B A, 3 P RE S PO N A 5 A
TS R BB , AR TS VR o T R A,
2.5 PEGENES T

RIRVENS SN TEALTE Ry AT AT R LI S

100 &
80}
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40t

20t

300 400 500 600
REEIC

100 200

R/ (%/C)

100 200 300 400 500 600
E/C
A B 43I I LAY AR T o3 ik
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Fig.5 Thermogravimetric analysis of native and propionylated

starches
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WA SR FEE RN o AT BEALDE 3 Eb R SR e A AR e P B
X A ELE P R N ORI 5 T A 0 R S i T /2
2.6 HiKHES T

FERVENS BN TOEAL T Ry 1) 2 ik £ 000 F2 L DL T 6,

22 fil A 2 000 S YR A AE M R R TR ) B S
e, B 6 T, YK IR R SR VE N R R R R
ST WK R K A IAS 42 fil R 5.33°, BEEBH AR vE
W SR AR SR . SRR 0.83 .1.54 A1 2.73 1, Ak
FRTERY B3Rl £ 43 5Ih 75.97° . 81.67°F1 65.53°, 45441
A TG LS S AT, 2RI AE I Ak B L B 7K P R
. SHIPUNICAWE TS IS E S TRUCE 2 ok ) e A N
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Fig.6 Contact angle of native and propionylated starches
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