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hER B PERT , N 52 iR B i s T 2R 2 0
A RZEM ) R as A R A E W, b stk T
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12 NFEHEE

o ¥R B A (HHP-750) , A0 3k B & s IR AR
A PR T X =55 AT S (XRD-6000) , H A i
23] WOCRLEE 3 BT, 36 B DL 5e & PR IR R A IR
Al X=HT O F B IS X, 55 [ Kratos 23 A 5 2
BE-59XA, A O A g i i A BRA w5 g
FEHEAL (inVia) , 75 JE 44 5 5 A BN 7] 5 i B 21 4p
6L (FTIR-33) , 3% [ Nicolet 23 7 ; 22 4h 4306
BETE, 1 AR AR A BR A A 0 B R OF |, 9§
Z FITRL AL SR A R A ]
1.3 FREEH KUK ETENZE
1.3.1  R[EAFE] R A% 25.00 g A9 5545 25k b i
A 100.00 mL 2.00 mol/L £ 2 , %& ATif & e 5 &
J A UK 0.5,2,4,8,12,24 h, ik — 7K vk -4t
TS —i 100 H i, 15 2IFE 5 A A3 1 J5 5E B
R as xR
1.3.2  AFEESFEEM  25.00 g 19 D85 258 H
A 100.00 mL 2.00 mol/L 52 , %% AT i 15 5
A 4% ,0.1,100,200,300,400,500 MPa, 4
J£ 30 min, filt i /K PE—HE - -1 100 H i, 15
FIRE A AR A B R UE R R 2 LG IR

1.3.3  HHP [ 8K PRI K 7E 5.00 g [ 452
FER A 20.00 mL 2.00 mol/L (1) 3h B2 25 A fiit
FIERA AR K12 h 5K D BB
£ 400 MPa T4 KT 5 min, $F4E 6 J&J5 28174l
UE—K Vet T W —id 100 H i, S8R, 2=
FLAL R A SRR KA 12 h J& , AR #EAT HHP 4b 3,
2% 6 JRAE i o 0 B R R 28 IR F HHP Ab R
=TI

1.4 WK A%

141 8otk AL BT A ROE T
YR ESCRI B 56 5 18] 43 53] 2 632.8 nm 2 0O A% |
100 mW 20 ¥ A1 10's, FF7E 4 000~400 cm™ 194
5 0 T PN 0 £ A = i

1.42 X-HI46H FHEIE (X-ray photoelectron
spectroscopy, XPS) M504 . DL Al Ko 568
DGR, B RS S LR SR A I 5%
107 torr.1486.6 eV .15 kV K& 150 W, & FH Y4l
AT AE 20 BN 160 eV F1 40 eV, HE K5y
A 1eV F10.1eV,

143 JKfR
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P My B TE R BT A g Mo O i R TR i
JEFRARVER B BT, g0
144 WOCKESA 1E 5.00 mL /K L EE
JA 0.10 g M FERY , 835 10 min {5 32 #3 590K: 75 TG
KB 5), %3k 1800 r/min Z5 44
FE I 3K,
1.4.5 XRD 4081 50 45 1 . RRAE 5 2 Fn B0 g%
3 9h CuKo FIA7 85, A8 R FIHL 30 4000 K 40 kV
A1 30 mA , F 4 A9 3 1.5°/min, 2 58 0.05°, I &
() £ 52 315 Rl (20) Sk 4°~40°
1.4.6  FTIR 407 1250 25 - 0 2k i U2 B A
FNRAL BB A AEHEAE R oy 105 CFHET 4 h,
SR J5 K VE B S RTVRAL B R R LA 1:100 1Y EL T
O ES AR P A TS 10 min, % FLACEE FE R AL
A3 M EL4S (2 min) FNE (10 MPa) , 76 ML 414
PFF 3 min J5VIWr B 25 FIENE B RS TELL 4 cm™
RO R T AT A (4 000~400 em™), FFLH
FTIR,
1.4.7  WAEEWEE  FE SR 2 Bk 5 e
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DVRVERY T8I A b I KA T 201 0 b s
FELRAEECH 600 5 T WA EHE F IF i LT v
o3 JTURL 119 TV S50 R g D' 175 0L
1.4.8 WIS

1) FRHEL 2.00 g (4 KL, Ik I8 5w Fgs e, i
A 0.20 g By Rk F7 H 2 3 i /5 #% A 100.00 mL
ZE SR JE AT RS

2) PRI 50.00 mg JEH T 50.00 mL %5 5
JIA 10.00 mL 90% ) — /! 3 W7 AR% W T 60 CHY
KW H A3 HE 10 min S5 E A HHE 2

3) B 2.00 mL b — & ECEF % T 50.00
mL A, A ZE A A AT 4 5 R 25.00
A1 1.00 mL, & & -4 2)- 2.4 10 min,

4) ZWEFERIAIMATER, HAp LB, H
LHN N THE I K A 400~800 nm 44 .
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21 FAEAEZGETIREBEMHNLFRE

S [7) 15t 17 182 it b HHP A [ 15 A7 P 5] R it
BEJEM I FRETERL PR, AERPITAS
B S BE R 0 A 1 AR KA AT DU R 4y
T TR 2 B DR BlE R KA I R] 9 124K
IS BV Ry 4 B KA 2R 12 h B B /) Ui
LG RRAK f fEVE M o FHEWT R . Z 0B R (M
M), BRI T 1, d WA i 9 20 43R o — A s 0
VLA 7R 2 | o oA, DR ETEM Y
MJM, 75 12 h I e 23T 1, 0 B e IS fa] B i 6 v
SR T A R N S O
AT, YR TP FER K A, 400 MPa R 3R75 5
N SR B M, B M, 53 5 R 0.265x10% ku F
0.236x10% ku iz ik T R B2 K fi# 12 h, BP HHP
PRI K i W VE FRCR B 47, R ) R g 42 1E JE
() 7K i

1 AERBE®BERHHP AEENMEBEBSREEHNS FRE
Table 1 The molecular weight of potato starch was hydrolyzed by acid hydrolysis at different time

and HHP at different pressure

i A /h M/(10% ka)  M,/(10* ku) MJM, J& 71 /MPa MJ(10% ka)  M,/(10* ku) MJM,
JR I 829.750 1 370.829 1.653 TR Ay 829.750 1 370.829 1.653
0.5 13.135 15.576 1.443 0.1 15.576 13.135 1.443
4 5.425 10.317 1.902 100 1.556 2.256 1.443
12 1.628 2.361 1.120 400 0.236 0.265 1.123
24 5.204 5.690 1.33 500 2.832 3.086 1.088
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T AR C—C 25 1 36 A I sl At Bk e 2 5
& AT LR UGG W b o F B A 47 B, g
S E 55 U R URL | B U R R S VE R Y 45 X
KANAT SR B 1 2N [ B ] % i . HHP AN [R]
1V ) R f T B R b 2ok kR, Hop
1 458,1 378 em™ il 1 224 em™ 4b Y I 43 1) J& C—
H,,C-H iy %5 fih 9= 2h F1 45 45 B8 5 o0 M 8% b CH,—
OH HYAHC IR BN fy |8 1a 7] 1 1 378, 1 224
em™ A ) U Bl 5 K A B TB) B M kAR T 40 X
S TR LR SRR 2R R, B
W TE M3 0 B T 2L 58 R T 22 i EU8E . 1T HHP P[]
KT (B 1b) 480 em™ Ab B85 Sy byt BL T 3¢

3 B RRAE W I e | HE e 6 B T T R AE UE A Bl
WAOFAEITA, ZEXRENHLED, BEE T
FIdE K, A BN 480 em™ B2 I T B E 37
558 J3E 14 184 0 SE 38 5 /N, 7E 400 MPa ik 21 /)
IR B A P AR B R K, 2 910 em™ BT 1Y
Vg5 C—H X5 BR AU XS R h Ay OC , v F k3
IEVE Ky WURL ) SRR 3 A T B, #F 400 MPa B} %
AR W 5 35 11 R 2R I G 45 R R D AR S UE
RS TA R EERS N, HHP B[R] G % 48 hin v b 5
LA P ALREEE
2.3 XPS

2 Sk A [ s () i A S HHP K [R] R 77 B [)
PR TE R I XPS B, th T SRR E2 54 C.
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Fig.1 Raman spectra of potato starch acidolysis at different time and different pressure of HHP synergistic acidolysis
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Fig.2 XPS spectra of potato starch acidolysis at different time and different pressure of HHP synergistic acidolysis
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C—5, WHRBRME C—H XF R 1 i B E 7 e
Wi 5 TR ik ) 1] £ 385 DT 38 K, C—O X I 1 0 1 R
[ER A Gy AN TN OE: i NITTR: 4 NS = R R
E A TR FAR ST T S T L VE RN Y a1, 4 Rl T
s, AN TR R T R i S AL B YE R Y 0/C
H WA, 22 HHP BRI S C—H X o7 i i 1 B E 43

o3 K, 78 400 MPa £ 500 MPa I} K F 70% ,C-0

Xof L ) e T B ET A F ORI L X BH T AR TR E R
HHPTJ}IEJ@&%’:HH‘(X—I 4 F1, 6 HEWIR, fisT
IR/, X5 0 F AR e R R R B, i —
AR T R AR 3T TE R I K A

AL 3 A ol A4 s T3 AT DAl 2 Af - 3
KRR, L B (15 € A UKL (9 A 7 R AN

HREGMGR A, NI, 28

%8R PR A

12 h J& , #5428 6 JE R F % 714 400 MPa 5 min/d 5

¢ HHP Bp R 7K A e 20 3 oy 0 K it A A R 7
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Table 2 The O/C ratio of potato starch acidolysis at different time and different pressure of HHP synergistic acidolysis

B ) /h o/c 0=C-OH,0=C-OR/% 0-C-0,C=0/% C-0-C/% C-C, C-H/%
JR Ay 1.22 £ 0.02° 0.00 = 0.01° 6.10 £0.01" 26.18 £ 0.01* 67.72 £ 0.03'
0.5 1.44 £0.01" 0.00 + 0.00° 6.21 £ 0.04* 25.96 £ 0.01" 67.83 £ 0.01°
1.54 +0.02° 0.12 £ 0.01° 6.12 +0.03" 25.84 = 0.03° 67.92 +0.02¢

1.51 £ 0.04" 0.24 +0.02 5.99 +0.02" 25.49 +0.01¢ 68.27 + 0.04°

1.59 £ 0.03" 0.47 +0.04" 6.01 +0.01" 25.22 +0.04¢ 68.30 + 0.03°

12 1.59 £ 0.04* 0.10 £ 0.01¢ 6.00 £0.01" 24.46 £ 0.02 68.54 £ 0.02"
24 1.54 +0.01° 0.00 + 0.00° 6.14 £0.03" 24.43 £ 0.02 69.43 £ 0.01°
JE 71 /MPa o/c 0=C-OH,0=C-0OR/% 0-C-0,C=0/% C-0-C/% C-C, C-H/%
R Ay 1.22 £ 0.01° 0.00 = 0.00° 6.10 £ 0.01° 26.18 £ 0.01° 67.72 £ 0.01'
0.1 1.44 £ 0.02" 0.00 + 0.00° 6.21 £0.01° 25.96 + 0.03¢ 67.83 + 0.03°
100 1.54 +0.04° 0.10 £ 0.02° 6.14 £0.02" 25.84 £ 0.02" 67.92 £ 0.04¢
200 1.59 £0.01* 0.20 +0.01" 6.03 + 0.03" 24.68 = 0.01° 69.27 = 0.05°
300 1.62 +£0.01* 0.23 +£0.02 6.01 +0.03" 24.46 = 0.01° 69.30 = 0.01°
400 1.69 + 0.03" 0.21 £0.01" 6.06 + 0.01* 23.46 +0.01° 70.27 +0.03"
500 1.64 £ 0.05 0.14 + 0.00° 6.14 £ 0.05° 23.29 £ 0.04¢ 70.43 £ 0.01°

TE B R P B B bR 22 o [7]— 90 v AN ) B b b 7 BE 2R A7 A8 25 M 22 57 (P<0.05)

O] RIBE A I [A) A HE G, B A T T R A K iR R e
34 R 08/ B B G ELAE K % 12 h 9 I 3% 5

24 KR

P 3a Sy A [a] I 8] T P ik 36 oy ) K gk 3 ol (4]
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24 h RIS 7K e 58 LR/

&l 3b SRy ANIR] T3 T B i VE K B K A2 F (8]
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h13.16% , 5 15 T3 4k 2 1 K, oK ik F 0 Bl 25 T
(R HE R TMTZ W AR . 4% S AE K T8 400 MPa &

B TR % 7K A 30 min BF 4% K i (0 B 22 F HORR K i
12 h s, 16 BH I AT AR SE 38 43 7 K e, fife ke oK
fiff AE IR 7 i) R0 8 T A ) D R P A B R K
fift i) % 3 1 T A0 K i R 2 B T Ak B R TR
IK it 2 I R U D T R K A RBE R, ELARE o S
INE ()80 2% 2 i A R P I8 ) 23R 1 R 4R v

Bl 3c S HHP [a] 8% P [7] B2 7K i UE F 1) 7K i
R it 5 A B[R] A 2B K K fif R 28 1 K, A K fi
6 JE I Sh S S TE B K i M B 2 R 30.09% ., T
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Fig.3 The hydrolysis rate of potato starch by different time, different pressure
and HHP intermittent synergistic acid hydrolysis
25 HEST J3 3G SE IR 1, 7E 400 MPa I e/ R A2 /1N

] da kAN [R] HsF )T P iff 5 4% S5 0E B 1) R
o35, W e ANTRI I )2 fif A R ) HHP PR i
Th 4 BEYE W T Bk AR (D 1) B 7 kLA (D50)
A TR F AT T Y S M AURLTE R A 12 h B
RLARFIE 5 RLAR S5 /0N, T i ] 174 22 R A R
B OB (D>T70 pom ) 32 88/ RLAR /N RIORL (D< 10
pm ) 32 9 G0, 40 K G UKL (D<20 pum ) L 5]
M 23.11%38 %) 30.38% , X 156 B K Uk 28 i
B IR Sk /INFIURE , VE K3 U 28 B A0 R A

& 4b SR AN TR R J7 7 B8 i V€ K iR 43 A1 Bl
Pl AT 2 A 2 T E Ry SR 1 7 2R AE R 32.09
pm,D<10 wm I 3ER PR (5 5.09% ,400 MPa B i%
A% T Rl A BORE 5 o 6.83%, 4% 12 h 1 0.78%
X U B HHP 8 42 2 U8 0 44 K UKL T2 B, S48 5
FEMPRLAR K BURE (D>T0 wm) BT 5 A 4 FLBE &

WURL (D<10 pm) BT (5 A 43 LG 884 i, 7€ 400~500
MPa B e W3 5, Ul B &S 00 2 1 BORLAR K i A
L HoRE AR U/ | S BOR AR /N Bk 22 Th AL
TERYTE TR 7135 5] 400~500 MPa i D w#e/h, R
£ HHP Bip[a) 4b BN 23 £ 5 W15 B S AR R/
(1977 181484k . Shabana %562 % i Th 5% 253 by 2088 7
5 B TR K ik Ak B R A £ IR S /N TSR K i kb
PR S EE MRS

& 5a.5b.5c S HHP [a] &k 3 7] 2 fif o 85 25 3
AR B (D<1 pm) 1RL B 53 A L, AT LA S AH
o IR VE R, TERR AR 6 J5 B4 K GO 1) U F kL
BOH BEERN A 19.7%M9KRR T 7= ik
fi% 6 JAl 5K % 6 Ji (25 F) X B AT R 4
HETVEM PR AR, A 8 40 K G ) AR B 1
Z Al UL HHP 03 [R] R 7K fifk BE 08 {2 32 0 b S0k 44 oK
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Table 3 The relative crystallinity of potato starch hydrolyzed by different time,

different pressure and HHP intermittent synergistic acid hydrolysis

B 17 /h RC/% JE 71 /MPa RC/% HHP Bl /W RC/%
R A 17.60 + 0.02" R A 17.60 + 0.03" eac) 45.96 + 0.03°
0.5 21.36 + 0.02° 0.1 21.36 +0.02° 1 33.07 £ 0.1°
22.06 + 0.03° 100 23.06 + 0.04° 2 37.96 + 0.03
23.14 £ 0.01" 200 2554 +0.01° 3 42,55 £0.01°
24.79 £ 0.02* 300 27.79 +0.02" 4 46.21 +0.04°
12 25.42 +0.04* 400 29.42 +0.05* 5 48.05 + 0.04"
24 24.85 + 0.05° 500 28.75 +0.01" 6 52.10 +0.02*

TE B R VS b 25 TR — G0 R OR T 1 b R R R AR A 25 R (P<0.05) .
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Fig.7 FTIR of potato starch hydrolyzed by different time, different pressure and HHP intermittent synergistic

acid hydrolysis
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Table 4 ATR-FTIR characteristic peak ratio of potato starch hydrolyzed by different time,

different pressure and HHP intermittent synergistic acid hydrolysis

B )/ JE 1/ HHP #-F/
1 048/1 022 1 022/995 1.048/1 022 1 022/995 1 .048/1 022 1 022/995
h MPa )
REH 1.07+0.05  1.06+£0.03* | RiEH 1.08 +0.02° 1.09 £ 0.03* =8 1.06 £0.05> 1.01 £0.02°
0.5 1.08 £ 0.01°  1.05+0.02" 0.1 1..07 £0.01° 1.08 + 0.02° 1 1.00 £ 0.03°  1.11 +£001*
1.13+£0.03'  1.03 +0.05 100 1.09 + 0.04¢ 1.07 £0.01* 2 1.01 £0.04°  1.02 £0.03"
4 1.15 +£0.02¢ 1.02 = 0.04¢ 200 1.10 £ 0.01¢ 1.05 = 0.04¢ 3 1.03 £0.05¢ 1.00 £0.01°¢
1.23+£0.04*  0.97 £0.05° 300 1.24 £0.05" 1.02 = 0.05 4 1.05 £0.02* 1.00 £0.01°
12 1.27 £0.01*  0.88 +0.01° 400 1.36 + 0.03" 0.89 £ 0.01° 5 1.09 +£0.01>  1.00 + 0.03°
24 0.96 +0.03*  1.04 +0.05" 500 0.97 + 0.04 0.88 + 0.02f 6 1.14 £0.00*  1.00 = 0.02¢
T HOH S P S (B b 2 5 T — B PR [ ) 1 5 Bk R A7 1 25 M 22 52 (P<0.05).
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al. Ultrasound assisted acid hydrolyzed structuremod-

High Static Pressure Synergistic Acid Hydrolysis Promotes the Nanocrystallization

of Starch Granules
Li Jingjing, Zhang Tiantian, Tong Yue, Liu Peiling’
(School of Chemical Engineering, Inner Mongolia University of Technology, Hohhot 010000)

Abstract B-type potato starch was selected as the test object to promote the nanocrystallization of starch granules by
high static pressure combined with hydrochloric acid hydrolysis. Polarized light microscope, X-ray diffraction analyzer,
Fourier infrared spectrometer and other instruments were used to analyze the size, remote structure and proximal structure
of starch granules. The results showed that the optimal hydrolysis time of potato starch was 12 h, the hydrolysis rate
reached 10.47%, and the molecular mass was 1.628x10* ku. However, through HHP synergistic acid hydrolysis, the hy-
drolysis rate reached a maximum of 13.16% and the molecular mass dropped to 0.236x10* ku after treatment under the
optimal condition of 400 MPa for 30 minutes. This indicates that pressure-—assisted acid hydrolysis can greatly improve
the hydrolysis efficiency of starch. Intermittent HHP treatment (400 MPa, 5 min/d) for 6 weeks resulted in a maximum
hydrolysis rate of 30.09%, the large particles of potato starch were significantly reduced, the small particles were signifi-
cantly increased, and the number of nano—sized (D<1 wm) starch particles was significantly increased by 19.7%. RC
(Relative crystallinity) reached 52.10%, indicating that HHP synergistic acid hydrolysis could promote the nanocrystal-
lization of starch granules.

Keywords starch; high static pressure; acidolysis; structure; nanocrystalline



