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Abstract: The study investigated the effect of different high pressure treatments on the crystal particle morphology and physicochemical
properties of tapioca starch with different moisture contents by -high hydrostatic (HHP) treatment. The granule shape of the starch changed
obviously after HHP treatment. Tapioca starch formed gelatin and lost its birefringence after HHP treatment under 600 MPa, while no
significant effect on tapioca starch was observed below the critical pressure, such as 300 MPa or 450 MPa. Light transmittance of tapioca
starch decreased after HHP treatment, and 50% of tapioca starch showed the fastest decrease rate in the first 24 hours, which dropped
from 6.90 T to 3.02 T. When the temperature raised from 50 C to 90 °C, solubility and turgidity were respectively reduced from 0.029
g/g and 0.041 m/K to 0.005 g/g and 0.0035 m/K, which showed the property of restricted swelling. Bleeding rate of HHP modified
tapioca starch increased from 0.037 to 0.183, while the freeze-thaw stability and viscoelastic was decreased. In addition, the
agglomeration tendency increased. HHP treated tapioca starch was more easily to aging. Experiments showed that high hydrostatic
denatured tapioca starch has a potential to become a new high value-added food stabilizer, and can improve characteristics of dairy
products, meat.and fish product§ and baby food.
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morphology
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Table 1 Pasting viscosity parameters of native and HHP-treated tapioca starch at different pressures

Starch PV/P TV/P BD/P EV/P SB/P PT/min GT/'C
Tapioca  50.33+0.11°  21.20£0.52° 29.11+0.407  2831£040° 7.10£0.00" 3.50+0.00  67.12+0.11¢
300 MPa  26.72£0.23° 15.63+£0.00° 11.10£0.91°%  23.22+051% 7.60+0.00° 3.50£0.00°  67.21+0.50°
450 MPa  26.84+0.51° 1540£0.11¢ 11.42+0.71° 23.01£0.40% . 7.71+040° 3.50+021¢  67.12+0.51¢
600 MPa  19.92+030° 16.01+0.20°  4.02+0.11°  26.50£0.00° 10.50+0.11" 4.90£0.00°  68.71=0.10°
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Table 2 Transmittance change with storage time after different

concentrations of tapioca starch by high pressure treatment

A e AR Y
/h JRIEAY 30 40 50
0 17.01x0.11° 7.30£0.23° 6.90+0.12*  6.90+0.13"
24 16.82+0.13° 6.11£0.12° 5.81£043°  3.01%0.12°
48 17.01£0.12° 5.12+023° 4.61£0.11°  2.72+0.17
72 17.112031°  4.93£0.12° 4.61+021° 221+0.23"
96  17.10£0.32% 4.51£0.14° 3.90+0.13°  2.10+0.14°
120 16.12+0.11¢  4.41+022° 3.82£023°  2.000.13°

TERRIR AN ARIERE. EAEEm &8, |
BB/ SCRETERTLL], LARIERTIIAL I B R AR IR
FRIE R RVRL S AR B AT AT e A 58 R AT A R
PRARBSCER O R (A2 W P 7 A R SE AT AL )

153



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.3

I3 F E TS B4 AR RE RIRERS M e R B 3
K, FUERMRIEN K 5 A0 Reie se A, B
R T AR EMBES S, WA, (EREIR
LA TR AT B SE R RN AL 5 FIT T R R
B, vEma e Em®, R, TEmhIRE &
A IR RS R Uk X BB R AR SE AL T A A
R AR, &Il

B3R 2 FIA, SRS A i A 5 RS
JERY,  HLIF U AR ek 7] A ZE K T PR, 50%
(1) e 7 R AR P (R AR S SRR IR FE A AT 3R — R R %
Rk, HM 6.90 T FE|3.01 T, HHEk
R A SN R0 W 5 5 A S e 11903 W P A
&, EWE FEAEMHE, HIemREs, &
BH R o DR AC S e K TP I B BV A 20 IR T N
G BEERA SRR, JeBE R, WIS T
JHIE R, (FEFEUE N SRR, Jem
R TEE X S 5K R A KGR, R JE/KAr e
FEVER NSRRI II4E X, SRS X TER W
WRTELE IR, BRI T MR A, B
o FAE IR RN TR G A e, T B e &
RS e, TERERE TR, Ak, K
B A A B, RAK B K R s
2T GE R IR IR B 45 S S5 A VT 2, iz
TERYRERI RS R]) . FARBEAR, R IITENT 2T HMELL
MEEA, NETERAFH: RS 5, i
O FAHE BRI SR 2, 308 T IE M AR,
B R, X AR 1 A 50960 i 54
PERIAZETER (135 B 5 T PREIFE A K o 3B HH AN,
BRI R B S AR g,k i S 2 7 i ]
Bzt o TCAM LN AT RS, AT TR

k%%%%ﬁ%%%ﬁ%t?i;ﬁﬁ%%%ﬁﬁ%o
24 %‘@é@f&xﬁ: i N AL B Bk S
A

H RV

VAR R S e T Sk SR P s i X 5 3R
SERIX Z A EIR R, X BRI 75K
Sy S A B AR ST VSRR N
RIS BT &R, BB SRR H R R A
FFE B IR S R A 2o 0 2 it X L I 5 55
Je A3 B X SR 4012 T AR EL A e A st o),
4 FE 5 53R JEAREE R J i R AR T E B 4y il A
50 C. 60 ‘C. 70 C. 80 ‘C. 90 ‘CHAM T HIVEARE
FRZRK P R A A Lo

154

007 r=fsisely
&= 30% 1 i HE A BT
0.06 |- mm 40%¥) £ 5 [ A ST kR
s 50% 1 i A S R

5

0 60 70 80 90
AE s °C

B 4 REIRENSEFEIERBAGSASEN ARETIL
Fig.4 Solubility change of different concentrations of tapioca

starch in amorphous particulate by high static.pressure
treatment

i EARKENBE, s\.i
Mmoo
= 30% 1 i A Wik
0.12 | mm 40%]) i A B
o.10 | 2B S0%II Rl HACH ik}

0.08

0.06

Mk EE 7 (m/K)

0.04 -
0.02

8

0 90

HHE /T

5 FRIRENSFHEIFRBNSAE RN HMEEL
Fig.5 Turgidity changes of different concentrations of tapioca

starch in amorphous particulate by high static pressure

treatment

i BREREAERmE,

M AP E P RATRT IR, ARE SR e Az
T e AR MRS Ry 1) A PR PR AT PR 350 I T P 184
FE TS R e AR PR A A S Ry )V e 2 A
B2 AE A U R R G TR by S N, TR A
80 CHY, JFUEk MIE M EEFIEZAK EE 7359 0.0577 g/g
A10.1139 nVK, 1T ey it LS AR A e K (VA Ak B A
K23 AR 0.03 g/g F110.03 /K 247, R =
e s P R AR I PR e TS IR B2 PR s e e AR
TERFEARNRE N R I A R A . KN
40% AR BT MR LRI LA 30% 1 50%3 EE )
ARZER i, SR AT REAS R BT 40% HIRE & 7K Bl
1, £ 600 MPa =i /B T IEH 2T Re 78 0 oK
AR, AEvERy e S et iiig, BRI, R Rh
ZORBER . B TERY T 5K TS SRR A B B
KNG TIVERIREA 50%I KD, KT 50ER
A R D, TS B A K



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.3

FERRRTAR. TIVERIREE N 30%I /KM%, Btk
A1 SRR, AEFINLEARR D, Bt A A TR
BONKCANTE AR ARIEAZ TR IR FITERZ AR A%E 0, 7]
DL SN B4 25 BT, RSB R 7FIFE 18
TR PR A N O, SEBILR TR 2L,
It RA- 20 R 7 b 2 A AR A

2.5 KA EX M R R AC R B R

VRRASE VME R Ve AL VR S5 VA A e TR RE R
RERE, FIVRRAR E TR T O AR RE . RN
T E I ER R R > T, BIS5HE
B SRR, EREC IBEIRG AR 5 T
W, Hret. B, EEEEm S ElE, B5T
A, R a2

TEMAER BT, SCEER AN BB 21 10
B2 BIR0,  BICREER-IEI-Y),  RURIEs H 52 B
o BONREEARAL, ME1GUEN 05 5K 7l i S

MG HEHZINH], R T 5K S E R
K, BESBUETER R 7K B b e, RORLA
WRERRERK, KA a5, <
025
021 1 JsLiE d
I 2.30%[1 T i A Sk
3. 40%I[) i i LA T b
w 015 4.50% ) s R ACEE B
%
= oaf }
005+ == :
0 . . .
1 2 3 4
TR E

& 6 TEIRENSFEIFRBAISAZE TR EE T
Fig.6 Freeze-thaw stability ch of different concentrations
of tapioca starch in amorpm‘ticulate by high static
pressure treatment

IR 6 s, ARG R A R A
LN, FA 0,037 FEiEE] 0.183, PIMLRRIEREE
BURTER W RS, BEAh, RBIER I 30%
EE] 50%KT, FHTKZFM 0.183 ] 0.043 KLk
EVERIREER TR, AREVER I R R AR e s
B DDA [FIVR BEVE R 2 T S M s B AR T 70 7
SER) T ANFIREEERIBIR, A E VR 5 R R
(I E R/ IMKIRA 30%>40%>50% . [RIL, SERniRIE
ARG, RROESE MRS . R R NN RS, {5
TRURRE S HFEEIR NS, SRR Z R HIBEIRBUK R,
RBIEm B RS E MR . bAh, R Bl
A2 R R R R AR E 1, A SRR

SR I VR ARG SE 1 55 TR 28 T [ R R A AT
b, HARRDONIES.

2.6 KA EXARE R BT 8 F E

BRI A, s cEte (mlk) o kit
UURIR/INSOBR T 3N 5K A BE SIS . SEMER
AR NAER AT T IR, ELBETE A A BEIR
SRR o AR RIEAL, BT DL BB & Bk
w, SRS, BTG, R, SCHEER SR
Mz, BT, 2 TR A28 7 BOK)
BH7o PR R R U SERRIRIR L, AR
VNI B AR S8 R SN By IR G 5 T
PR R,

301

A
— LIS Er

—— 2.30%I1 e i5F s A VE A
25 — 3.40%I1 i A S E KD
— 4.50% 1 i i Hs A S
20+
=
15 1
&S 2
10 -
3
51 4
0 L L L 1 L L 1
2 4 6 8 10 18 24 26

I / h

B 7 PRIRENSHEIFRTAZSAEEMEETIAREN

Fig.7 Retrogradation volume changes of different
concentrations of tapioca starch in amorphous particulate by

high static pressure

E: BEARKERBE.

P 7 AN RIAR L R vt A B e A R R A AN
B I (] (AR oL, AT DAERR, Zad i
FEAC PR A E R AR R 2 h S5 R BUATRA 73 N
25.00 mL, 1 24 h J5 2L mf S AL LA 50%HIARZEE
I BAARN 6.27 mL, TMERVER 24 h J5 VR A
BN 14.00 mL. PRItZesd i e A B R Bheh 5
TER TR VAR AR G i &L N TR T ok, JF A
203 e R AL B IS A B R B TR AR B I [ 28
TG KR RICR BN B S X B e e L AR PR A ey
BEDUABLE SN, fHie k& R AR s s .
Ry AL PR 1 Ve R ORORLZE R, InekifL
I, VERT BRI IR 32 BIHAT, BRI BORA
I H T EBEER 0 TR, SRR 7 T4k E
BN, ASHIR, BUETERH AR R
TEmRTRITR A, RIAEE JPERT, MRk A At
PG, N 7 BATHR AT LS AR kLA
FABAR (IR, HIREEA 30%H01 50% A E
B BB LG B BN 40% A jkn IR TR AR I 1

155



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.3

IR . PPAR R AT RE A BT AR e ik L
9 40%HT, 7E R R AR N UER 73T RE 8 7 IRKIEIK
fEVEN 45 B RINARAR, JBORLA K, TR T — R4k
HEiks, AR 2 T 5K TS SRR IA B i
Ko VEB ORI TR AR B AR b, DRI H A
MEARAIEEURR . R, BN 30%- 50%H A%
TER BRI K . BETMESR, RO R RE SR
K5y, RISk, TR, WA, KR,
[FRF, 72 ke e AN IS, BRI R 2 %
ITER DT o

3 Zig

KR S 7E600 MPalld B FE L0 FE 5 T i 2
f B, 3 FR B, TS IG FUE S
B, 41300 MPa, 450 MPaffJHHPALFEXGHER A 1 2
. KAV TE e T AL EE UL S B 5 1
PR TE B R AL R R AR Ak

AR AV 138 W P A s VAR AR
MKRERAE, eIl PRI LRI RO s Rt e e
G EEUTPEINOR. 00R A R T SRR R
RGERIR AL, T A E IR AR e 7 4 22
k..

KA B B B TR AR S T e T LA
R, SRR, B, SR R
FERAR, VRAESSETERSAF: I L 40% il A
BRI B NOBETTRE, LW BT,

v PR, A A SR O MR R
TERHIAS L, HIN BUKEER T B 0 B
fRE, B 1 AR P R R AR T
V7, B LT o, AL e
S PR BT N\

4 E%(

R RE P AT R IR A LR
T IR At b o PECUIR RS I6 Hh BAT PR QRS REATIR
N

[1] Farr D. High Pressure Technology in the Food Industry [J].
Trends Food Sci Technol, 1990, 1: 14-17

[2] Mertens B, Knorr D. Development of Non-Thermal Processes
for Food Preservation [J]. Food Technology, 1992, 46(5): 124-
133

3] #EW, ik ARE kR L2l e st

156

(8]

9

[10]

[11]

[12]

4, 2008,24(12):1250-1253

WEI Ai li, ZHANG Xue wu. Optimization of Enzymatic
Hydrolysis of Cassava Starch through Quadratic Orthogonal
Rotation Combination Design [J]. Modern Food Science and
Technology, 2008, 24(12): 1250-1253

Ahmed J, Ramaswamy H S, Ayad A, et al. Effect of high
pressure treatment on rheological, thermal and structural
changes in Basmati rice Hour slurry [J]. Journal of Cereal
Science, 2007, 46: 148-156

Liu Y, Selomulyo V O, Zhou W. Effect of high pressure on
some physicochemical propetties of several native starches [J].
Journal of Food Engineering, 2008, 88: 126-136

MARCHAL L M, JONKERS J, FRANKE G T, et al. The
Effect of Process Coﬂtions on the a-Nlolytic Hydrolysis
of Amylopectin Potato Starch An Experimental Design
Approach [J]. Biotechnol Bioeng, 1999, 62(3): 348-357

KIEE 3 R SECUE Ry M A S B o AR O 25 4 AR
16 B ERATF 7S D] o Al K 27,2012

LIU Pei-ling. Architecture Reconstruction Mechanism of
Starches Gelatinization and Retrogradation Induced by High
Hydrostatic Pressure [D]. China Agricultural University, 2012
TRaE A, B, A T R I W R R AR [T,
& S 59 K ,2011,32(3):34-37

LI Xin, ZHAO Yan, LIAO Bin. Preliminary Research on
Clarity and Retrogradation of Sweet Potato Starch Paste [J].
Food Research And Development, 2011, 32(3): 34-37

T B, B T 2 GV S5 WU P S A 2 VE b 5 B
FER A [T].0 F8E LR 241,2006,6(3):427-430

HUANG Zu-giang, HU Hua-yu, TONG Zhang-fa, et al. Effect
of Mechanical Activation on the Transparency of Cassava
Starch Paste [J]. The Chinese Journal of Process Engineering.
20006, 6(3) :427-430

Kudta E, Tomasik P. The Modification of Starch by High
Pressure. Part N: Air- and Oven-Dried Potato Starch [J].
Starch/ Starke, 1992, 44(5): 167-173

KR B /ANRA LA voi i X0 b 285 4 SO A T I ) 5
[T, = R B 22 4,2010,24(6):472-480

LIU Pei-ling, HU Xiao-song, SHEN Qun. Effect of High
Hydrostatic Pressure on Starch Structure and Gelatinization [J].
Chinese Journal of High Pressure Physics, 2010, 24(6): 472-
480

Mishra S, Rai T. Morphology and functional properties of corn,
potato and tapioca starches [J]. Food Hydrocolloids, 2006, 20,
557-566



