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Effect of Annealing on Physicochemical Properties of Rice Starch

LIU Huihui, LIAO Luyan®
(School of Food Science and Technology, Hunan Agricultural University, Changsha 410128, China)

Abstract: In order to provide a theoretical basis for the application of annealing treatment in the
modification of rice starch, Yuchi early indica rice was used as a raw material and annealed at
different temperature (50~70 ‘C) and moisture content (45% ~ 65%). Then the starch in the annealed
rice was extracted, and the unannealed rice starch was used as the control. The effects of annealing
treatment on the solubility, swelling power, gelatinization, digestion and freeze-thaw stability of rice
starch were studied. The results showed that compared with the control, the solubility and swelling
power of annealed rice starch decreased. The peak viscosity, final viscosity, valley viscosity,
retrogradation value and attenuation value decreased, while the gelatinization temperature increased.
The effect of annealing temperature on attenuation value was significant. The content of RDS (fast
digestible starch) in starch increased, the content of RS(resistant starch) decreased, and the content of
SDS (slowly digestible starch) varied with different annealing conditions, indicating that annealing
treatment improved the digestibility of rice starch. However, the annealing treatment decreased the
freeze-thaw stability of rice starch.
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Table 1 Effect of moisture mass fraction on the pasting properties of rice starch under annealing treatment

WAL | BRI/ (Pas) | BEIE/(Pass) | BECHE/ (Pacs) BRI/

R Ab P 2 937.68+63.44* 2 254.00+79.50° 4 155.30£127.40* 683.68+29.10" 1 901.33+57.33"  86.20+0.36"
Ky it 534 45% 2 615.10£110.83" 1 815.60+£132.90° 3 607.50£142.24° 799.50+46.53* 1 791.83£62.42°  88.31x1.20°
K3 it 5340 50% 2 610.84+88.00° 1 928.60+£95.93™ 3 507.00+£219.73° 682.18+17.75* 1 578.30£131.29! 87.01+0.42"
K3 it 5340 55% 2 615.68+50.64° 1 983.16£26.29" 3 841.16+£56.62"  632.50+51.23° 1 858.00+£32.79"  86.94+0.29"
K3 it 5340 60% 2 688.40+114.31" 2 032.50£156.27" 3 914.80£192.33" 650.66+47.04° 1 882.34+37.01"  86.51+0.97™
K3 it 5340 65% 2 690.83£56.71°  1977.00£103.41" 4 085.50+£115.23* 713.83+63.32" 2 108.50+42.45"  87.31x0.63"

TE ¢ Al — 0 R [R] 7 B 3R0R 28 52 8.3 (P<0.05) .

T2 ML AR R BT K K E M AL R Y S0

Table 2 Effect of temperature on the pasting properties of rice starch under annealing treatment

Ak B A WK 6 B2/ (Pa-s) | A H A/ (Pa-s

)

KAk 3 497.00+143.00* 2 851.00+100.97
50 C 3 282.66£72.11" 2 644.66+49.91°
55 C 3 292.50+£76.28" 2 763.34+50.85"
60 C 3211.84+82.47" 2 781.50+47.93*
65 C 2 940.00+£96.93° 2 545.18+87.03"
70 C 2 420.50+41.57* 2 036.00+£51.22¢

TE ¢ Al — 9 R [R] 7 B 3R0R 28 52 1.3 (P<0.05) .

4 561.33+£79.57*
4 325.83£79.97"
4 334.00+82.74"
4 405.50£176.32" 430.34+58.93° 1 624.00£156.09" 84.83+0.39"

4 301.00£132.64" 394.84+24.13° 1 755.84+51.33¢
3 624.00+164.34° 384.50+38.78° 1 588.00+131.93° 86.68+0.34*

WA B (Pas) 12 5/ (Pa-s) | WAL EE/C

646.00£46.27* 1 710.33+52.22*  84.28+0.05°
638.00£50.71* 1 681.10+74.48" 83.40+0.45"
529.18+81.07" 1 570.68+63.10°  83.59+0.34"

85.24+0.57"
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Table 3 Effect of moisture mass fraction on the solubility and swelling degree of rice starch under annealing treatment

%

Ak B A ; - : - ; . ; -
ik 2 iAlEW] TR ZIEW] i 2 2IE W] AR 2 J2 3 1
A Ak 1.3420.07" 3.74£0.09° 2.30+0.06* 7.61+0.18* 4.09+0.24" 11.03+0.23* 11.27+1.08* 19.82+0.57*
K43 BTt 53 E 45% 1.9320.14*  3.45£0.08" 2.63+0.16* 6.9320.24" 4.48x0.15* 9.78+0.15" 8.56+0.23" 15.84+0.58"
KO T4 50%  1.23+0.02°  3.67+0.18"  1.66+0.03° 6.30+0.09' 3.59+0.34° 9.70+0.15" 8.38+0.19" 15.32+0.65"
7K 53 B 4k 434 55% 1.23£0.11>  3.57£0.39* 1.83+0.15° 6.67+0.14> 3.19+0.10' 9.80+0.10" 8.53+0.41" 15.66+0.30
KA 4 60%  1.3320.13"  3.20£0.03"  1.81+0.13° 6.48+0.15 2.79+0.26° 8.64+0.36° 8.46+0.27" 15.59+0.61"
Ko AL 65%  1.19£0.06" 2.81+0.06° 1.77£0.17° 6.24+0.14" 3.10£0.02* 8.56+0.23° 8.81+0.55" 15.82+0.55"

Y 7 — 1] R [ 5 6 R 25 5 3 (P<0.05) .
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Table 4 Effect of temperature on the solubility and swelling degree of rice starch under annealing treatment

%

Ab 2R . o . - X " X .

R Ab PR 1.34+0.07>  3.74+0.09*  2.30+0.06° 7.61+0.18* 4.09+0.24*  11.03+0.23* 11.27+1.08* 19.82+0.57*
50 °C 1.93+0.14* 4.09+0.12° 2.63+0.16* 7.69+0.27% 4.48+0.15*  10.98+0.08* 8.56+0.23" 18.93+0.23*
55 C 1.23+0.02" 3.91+0.10" 1.66+0.03¢ 7.64+0.29* 3.59+0.34°  10.42+0.27" 8.38+0.19" 19.34+1.03*
60 C 1.23+0.11" 3.61+0.06¢ 1.83+0.15¢ 7.10+0.18" 3.19+0.10¢ 9.61+0.01¢"  8.53+0.41"> 17.63+0.67"
65 C 1.33+0.13" 3.08+0.09¢ 1.81+0.13¢  7.31+0.17*  2.79+0.26° 9.69+0.15¢ 8.46+0.27" 16.50+0.24¢
70 °C 1.19+0.06" 3.15+0.11¢ 1.77+0.17¢ 6.61+0.06°  3.10+0.02* 9.34+0.14" 8.81+0.55" 16.15+0.29¢
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SDS Jit i 435 9.47% B K E] T 4.60% 5 K43 it i
BN 45%0F ,SDS it i o3 EL L R AR AT T, SDS
JoT i 4 H A8 S R G 2F RDS Fl RS 192 7 &
B, U6 AR A B K 43 5 43 B 2R X SDS Ji i
O3B BRI RS i 43 B0 IR Je 38 s R AR
) FE K 53 BT i 50 R 55%0F RS J5t i 43 U i
o B T R

M2 6 A, PloAs Ak Ak B B B RDS i i
G HBE A I R T e S RS B 0 e B e

I sh AR BT S 70 CH, RDS Jii
O3 3 T HABRE B (P<0.05) , 1531 58.75%., FE
55 °CI,SDS Jit 43 BB T 5.67% , 7% 60 “CHY,
T 5] 11.88% ,SDS 19748 55 Z 50 135 23.59% , 1 W
PR E 1 el A8 X SDS J5it i o B i @ 3 . RS TR
It o O A A R v S S s e Y
#TE 50 CHE RS i 40 5505 35 A% T Jo A AR i (P<
0.05),4 32.82%, lWIFHEAK 7.40% ., H13R 5 .35 6 45
SR, 5 26490 Ak Ab B A S 0 AT EL 4k Ak B Y
JEHT RDS J5i i 3 80T i, RS Jt 40 BURRAIS . D P ]
FE A2 ) A A 3l SR K UE A9 AR 8 A% Tt A i Y T
DL 5 M i N B UE M 45 R b, DT T PR b K i UE
Ky, R KOK TE M S B AR AL B T Ak M A P
15, 3X 5 X0 UM AR 5T 46 0 — B0,
2.4 L AL IE XS KK E MR BLAS B MR BTG

TE BB VKR R ATV R R R U R O
rh ER 4 0 v (R o T & B TE R Bk A 2, T L
FERXTR Ay KB VE M BE ) B ) T HAHIK &Y | &
TV I JEE 220K, G 93 B 11 7K 43 D) 45 7R AR R VR 45 1l
UK RV R A TE R A R e TR T

R5 FIMLAIE Ak S FUE S B KK R #HE LRI R R

Table 5 Effect of moisture mass fraction on the digestion characteristics of rice starch under annealing treatment

ik 52 51%
ﬁ}@%fﬁ’: ULRIE <R (g .

R AL FR
Ky BT 5 K 45%
K53 A 53 5 50%
K53 Ak 235 55%
K Bk 53 5 60%
Ky BT 5 5 65%

50.35+5.53"
56.98+2.38"
57.32+0.43"
57.96+3.48"
58.79+2.18"
59.47+2.12¢

TE ¢ Al — 9 R [R] 7 B 3R0R 28 52 1.3 (P<0.05) .

9.43+0.57*
9.47+1.78
8.21+0.57*
4.60+0.51"
6.50+2.26™
7.42+4.48*

40.22+5.84
33.55£1.36"
34.47£0.32*
37.44+3.57*
34.71x0.14*
33.11£3.97"
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Table 6 Effect of temperature on the digestibility of rice starch under annealing treatment

RAL T 50.35+5.53"
50 C 57.62+0.23"
55C 58.08+2.58"
60 C 54.22+1.96*
65 C 55.54£2.67*
70 C 58.75+3.81*

Jo 2 435/ %

9.43+0.57* 40.22+5.84*
9.56+2.62" 32.82+2.82"
5.67+4.29" 36.25+3.03°
11.88+2.24° 33.90+4.19*
10.00£2.66* 34.46+0.26*
7.64+1.02* 33.61+4.23*

Y [ — B PR [ 5 B 525 2% 57 5% (P<0.05),
T TR] B ) DK Rl Ak K K ATE K 43 F BT R
JIL 1 DO 265 235 K v BT M D B i 6 SR Vi IR

IR T AT LA | Bl Ak Al 38K 43 5T 4 3 4
(3N, V€ KR A VR Tl Ao R v BT 7K B K UE
Ky BT AR 28.24% | T+ 5] 34.04% , 787K 43 i
I3 BN 65%1 , HT 7K 33k B fie K, A F TR FE BT K
FEFT 10.42%, YK B BGA B 50%)5 |, b
K G I A B, A K R ARk TR e, Ui
AL BT | 35 5] — 52 B K43 TR BUR |, Kok T

40
35t ab a

30

Brk/%

25

20 . . . )
45 50 55 60 65

KIS BT 53EU Y%
AN [ 5 BE 3R R 22 53 B 35 (P<0.05) .
B 1 #MEAE K RE S EX XK EM AR E RN
Fig. 1 Effect of moisture mass fraction on freeze —thaw

stability of rice starch under annealing treatment

H 2 FTA T A TR RE B W T TE R
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21.27% LT+ %) 30.25% , 1E 70 °CI, B {4k BGE #3 1)
PR L JERE & 6.73% , i A B AL TLEE 50 C
BF A AT K SRR T AR R AT K 3 B 50 CRI ik
i BT B RO JE b R Rl AR E AT LE T RURE A BT 4R
5, AT AE R PR A O Il BE AT, A Ak B R E Y
F 1)V A 7 2 R A e R P AT

K1 B2 8521 R 2040 Ak B DR OK VE B 1Y)

A 7K A0 T A b R JE R A AR B A Ak B A KR
KTEB BB K R T AR T ROKTE B B 5 il A
Mo A AT e 2 AE ) A0 Ak B R v, Ay A PR 4%
WA T AR, S UR 5 K 1 2 5 R D B 58
TE By DR IBOIR 45 1 B4 BE 0 AR, K 23 7 T4 5 DA
ek o i, ZE A IR 1 2 2R AT B A AL
HH BE 2% AF A5 7 0 A% P A IO X o 45 ) Y R T
ANTR], P R AR, 7K a3 T 3 0N S o ) O il
SE PRS2 R LU T

K /%

50 55 60 65 70
IJE/C
A [ 5 B3R R 22 57 i % (P<0.05) .
B2 #LAh3E s BER K OK R M R B AR RE 1 B0 #20
Fig. 2 Effect of temperature on the freeze—thaw stability

of rice starch under annealing treatment
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