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Fig.1 The simple device for freeze—thaw cycles
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Table 1 The sensory evaluation standard scale of rice cakes
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Fig.2 The solubility (a) and swelling potential (b) of recombinant rice flour with different rice bran additions
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Table 2 The thermal properties of recombinant rice flour

R0 % #2452 (Ty)/C AR (Ty)/°C %Ok 5 B (T.)/C YA (AH)/(Jg)
0 66.10 = 0.14° 80.95 +0.21" 86.25 £ 0.35° 9.19 £ 0.61°
3 66.85 +0.21" 81.40 £ 0.28" 86.15 £ 0.07* 9.78 £ 0.70°
6 66.85 £ 0.07 81.50 + 0.42¢ 86.25 + 0.49° 9.33 +0.00°
9 67.00 £ 0.00" 81.25+0.07* 86.50 £ 0.20° 9.25 £0.41°
12 67.35+0.07* 81.70 £ 0.14* 86.20 + 0.44° 9.10 £ 0.05°
15 67.70 £ 0.28" 81.43 £0.21° 86.43 +0.31° 8.98 +0.07°

TE R PR R R (bl 22 90 PO [R) 5 R R R AL ) B A S 35 22 5 (P<0.05) , R IAL
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FfAE (BV ) (B 3 o 2 RR AR, 2 BH RO 04 8 i il 1
B 3k B b AR UE Ry UKL A ER B K Y BE D TR
i B 1) 1 K R 1 A s | T BY DD i 4 e
[l A= {f (SV) #1416 IR (PT) A 8 3% T = (P<
0.05) , 3 Al B85 5 410 W0 1A 3 rp e B BB 1 27 4

R FZIRNEE G5 MA R, fEdt 7R
[l A A TE A 5 KA T AR B R BE R - B
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Table 3 The gelatinization properties of recombinant rice flour

AR 36 (PV)
I Z /%

KB 26 B (TV)

A AL (BV)

KARFEE (FV) = A5 (SV) AL B JZ (PT)

0 3814.50 £ 17.69* 1999.25 £ 50.64* 1815.25 £50.31* 3471.00 + 67.44> 1471.75 +24.72¢
3 3355.50 + 81.22" 1871.00 + 63.48" 1484.50 +27.01" 3448.75 +54.14 1577.75 + 14.03"
6 315525 +£42.58° 1711.75£38.71° 1443.50 £57.91" 3376.75 +36.32°
9 3098.75 +28.46 1786.50 £28.17 1312.25 +52.54° 3521.25+£20.93" 1734.75 +21.50"
12 3047.50 £9.33' 1802.50 +46.72" 1245.00 +51.28' 3608.75+19.19* 1806.25 +41.29"
15 2767.25+29.42° 172425 +46.44%* 1043.00 £ 18.40° 3392.00 +20.99* 1 667.75 +49.18°

83.80 £ 0.43"
85.18 £ 0.85*
85.60 + 0.09°
85.58 £ 0.05°
85.59 £ 0.10°
85.58 £ 0.05*

1 665.00 = 5.48°

24 mETHH

il JBE 41 0 60 4 T3 B B R 3L B B 2 A
r , THl B B i RERE i (G) R FERE i (G7) i
2R AR Al R A S B R T RO B A i A A 2R
PER AR B0 5 T R B Be B 67 A G it e i A8 1k
A ST TR R JETE I R AR AR e P A 7
B

H1 1 3a 1 3b AT, 75 THE T 46 B B, 1R &R 1Y
G' MR B (Y T w28 3, B AR
— R G Z IR IS I Ik b T B
JERI T, G Ak SEHE N ik B W {E 5 SOT o Pid
W o TEREIRE AR P, G Rl A R JEE A AR 3L i T
o FEARY G R R AR EE G LA,
WA AN [ B9 2 A Il o AR P G 3 R A



226 hoE g

T

2024 4E55 11 )

VG, A AN FRBEAS I L 49 ) 4Lk G A
GMEAE AR 28 5, HLGAR HE B )47 BT s
¥, Horh 129K BEUS T 9 410y G A G f
R, T 6% KARA N K H ALK G' R G (E /N

i 3¢ 3d Fl 3e AT, AR REGL Y G G A
BFEA IEY] (tand, G"/G" ) il 35 471 41 0 5 1) 3 K

HR, WINE RZRZAME , EHMM G &
T, EL Bt 25 KA A o % 488 i T 14 0, 26 R T 2K
FOKKERAS IR A G AR R A st . H 5 KRHER
A GRS G, R R
R e 7E — 2 B 3 i F AR IR R G 3
PE; BT A A5 1Y tand Y9/ T 0.35(0.1~10 Hz N ),

—— W2
— 0% it 350 - R 1 100
2500 -
300 |
2000 - sl
- : J &
80 éé " 80 3
<1500 F ] i =
£ ®Z S M5
© E g N E=lo)
1000 F & g
160 & 100 160 S
500 -
50
0 P . i - .
0 20 40 “ 0 20 40 0
it ] Ly
Time/min Tlme/mm .,
()L FI3 G (b) I EEATH G
350 - 100 -
= 0%
- R o WE . 0% :
MW * &5 o wl 3% 3
. ?;;/ iV " “ Hn D4
50 | ’ sy 7 - L v 9% Dl
250 15% ’::,v A%o 70 . 1% .:‘,-
o 9 A e o $ Y LI
£ 200 I sh" i § 15% 1YL,
B < v
:\ "333" A‘éz. L] &50- .:‘o.'
O v " . s 3 Y Ao .
o ; D d1ivc -
150 ¢ ¢ ¢ . " 40 P A0 S
- " -x i : . o L
. 30t ¢ 12 e
. 14,08
100 | .t 1oz
ane " 0Fs 225"
:
5 1 1 1 1
00.1 1 10 ]00.1 1 10
Frequency/Hz Frequency/Hz
(e)IZEFH ¢ (d)BRAH 67
= 0%
035F . 30
6%
v 9%
0.30 - v 12%
15% i
P
«< 0.25 CA H
E 0t s
- ¢
0.20
0a5f: ;o f
P
1 1
0.1 1 10
Frequency/Hz
(e) B 474K tand

3 EAKRMBRERGE

Fig.3 Rheological properties of recombinant rice flour
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Fig4 The freeze—thaw stability of recombinant rice

powder gel
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Table 4 Effects of rice bran additions on the quality of rice cake

KA An B/ B .
: o/ (ml/g)
% CRESD N W 2&s1% AR/ R 5 =R-YP N B l5
0 7.5 £0.3° 6.5+ 0.4" 6.2 +0.2% 7.5+0.4° 8.0 +0.2° 35703 1.81£0.06"
7.1+£02% 7.4+0.2° 6.2 +0.2: 7.5 +0.4° 73+0.1° 355+02° 2.07+£0.01°
6.7 +0.1" 75+0.1° 6.4 + 0.3 7.3 £0.2° 7.1£0.1° 35.0+£02°  2.10 £0.03°
6.5+0.2 7.6 £0.2° 6.2 +£0.1% 6.7 £0.2° 55+0.1° 325+0.1" 2.14£0.03*
12 55+0.1° 7.7 £0.2¢ 5.7 £0.2% — — 209020 2.19£0.04"
15 5.4+0.2° 7.6 +0.2° 5.6+0.2" — — 20.6+0.3°  2.29+0.01°

T " R B ML 5 TR 9 A ) 57 B 3 7m 28 5 SR 24 8 L(P<0.05)



HE

228

=

]
215]

2
&

Bl

2024 4E55 11 )

15% KA S i EL 451 1) K & K6 TG 3% Wi R 1 U 0 3K
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2e5%, VLA TE LI I EG AP K KR I J 3 A
o 9%k i 2% 28 KM VR N EL 3] 1) oK R R B SR JER BT
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TR K B ARE AR L, AR T R 25 28 KM 1Y)
KARAEREREE FhPE SRME RN RS IH R |

PRI A 3 A [ it JEE LR AR, D58 L RO A 8 T 28
Ak BRAT Bl T oK KR SR il B B B, X T BE 5 AR
AWK TRIMESGEN, BRE T ORTER IR
8 TS 1 T 3 o3 18] 9 AR HL A T 0 A e,
FOrP R R AR B MR, X5 A R R P 4

FRAF, IR 40k BEIE A0 B vk Rk, A
JE BCFEE LG RE R AR K A TR R A A
FEZ LA IR 5, B KR AR I B A9 PR 38 K T 26
Pk RN R T R A, R WK A RE 4 4 23 Bt o K
REES T EC A B 38 0 AR AT AR BT 5y LR, KRB
I EE B T 9% I Y K A Kk BAT 5 R R KR AR L
(3 SR IR ZORBEER I T, AR TH BE S £
R — 7 BRI P 2 S5 R 0 B BRI &, TR 28K
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MR
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Table 5 The texture properties of different rice cakes

g g Fl/ges B Fr R fisc b M i3 Mg
%%
0 441.01 +£15.79* 3227 +2.14* 0.90 £ 0.04* 0.80 £0.02* 352.26 £3.03* 317.21 +12.70*  0.43 £0.03*
3 309.44 + 16.60" 1.23 £0.46" 0.88 £0.04* 0.77 £0.01* 240.34 £ 14.05> 213.03 £19.17"°  0.41 £0.01*
6 290.40 + 10.50" 0.29 £0.24° 0.86+0.03* 0.77 £0.01* 220.28 +6.12*  190.56 + 5.05*  0.39 £ 0.01"
9 315.83 + 15.94" 0.57+0.21°  0.81 £0.03" 0.75+0.00" 218.64 +30.56* 176.66 +29.30°  0.38 + 0.00°
12 302.38 +27.30 0.14 £0.16° 0.64 +0.03" 0.65+0.02¢ 197.54 + 14.85° 132.20 + 13.45¢  0.30 = 0.01°
15 238.06 = 16.76° 0.44 £0.31° 0.76 £0.04° 0.70 £0.01° 167.49 +12.24*  128.73 = 7.63" 0.34 £0.01¢

2.8 KREBELIERME

7 i B DA B 2 AR 5 7 i i S AR AR R A A O
P DRLIH K6 P 18 48 4 A0 T A0 Dby 134 KK i SR 4
RN Z o B 4 0 R R R 2 R K L 1
IG5 AN RS i L 51 f) A KR £
TP, o P AL R RIS IR 1 oK AR LB K
ELART S TS b A7 A2 o B, 2 B R I 7
T2 I R TP R B BRI I 4 R RE 5, R R AR Y
SRR MOR B FLBREE A . IR B K &
FEASL B30 2 /NI 57, B ORBE A9 5
GBI T BRI W 25 S AR BB, ol R TR AR Y AU
Tk KA R AL WETTE B 51 1) /LI, BF5E 3R B
AT BE B 5 TR AL R URE T, X AT g
5 R R B R E £2 T EA S

6 N H T % ARSI L 5] 14 K kA S

FEEIE AR S50, ad C—Cell EIG HT 10K & KL 1)
N TET 45 K A TR AL s, A 00 Ml A B AN [
S REVIN T 25 A6 [R) 19 22 Sk o DA R B T 0, v i
TORMRE K R RE B AR I, L (0 B 2 KR R
SR . 0% KBTI oK & RE S AL R
(331.33£19.04) , IS I 1 28 28 KB 1 K & R 1 <
LA 0 2 1, SB35 3] (428.75+53.91) 3|
(515.00+30.89) 7t [l , 1 J&£ fb 25 B A1, R/ 40 <AL L
REA, FL TR L 38 o o B 5 28 25 KRR i
3G T, oK & AE I AL B S 1 i ek b | L/ 2
SALHEI ETHER, JUHE 12%F1 15% KM
TG 8 oK R B 22 R AL TSR I
B FTREAG . MK A 1 S RS A A T TR 7
BRI N — 22 Eb X 0K & AR 1 S0 0t o LA
B E R UCEE .



24 511

R A KRS R R R R KA S R R 229

0% 3% 6%

9% 12% 15%

(a) S 40 D) i 1]

(b)fLER S 4 14
5 AERZRBEHERR

Fig.5 The slices images of different rice cakes
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Table 6 The texture characteristics of rice cake added to rice bran by atmospheric pressure cooking

KA B . ey, LAAZ/ A/ 4m
5 ALEE LaR/% #0FL AR AR # A2 /mm? J& K /mm
% 1% mm mm 5L
0 166.30 = 331.33+  49.00 £ 4.77 + 20.71 = 0.44 + 16.15 £ 53288.17 = 921.33 =
5.09 19.04¢ 1.34 0.18 2.50® 0.20° 2.61° 1388.70" 18.27%
3 16195+ 42875+ 4948+ 3.98 + 1691 0.26 £ 14.70 £ 54 671.50 + 914.25 =
3.73* 53.91° 0.47° 0.16" 1.42° 0.10* 1.55¢ 1747.16" 13.65"
6 15625+ 44925 + 49.80 £ 3.98 = 18.68 = 0.35 + 17.37 £ 57 039.75 + 927.00 =
3.01* 33.35" 0.65* 0.05" 1.07® 0.04 3.86" 3 870.99* 29.02%
9 14498 + 48233+ 4945+ 3.75 16.50 + 0.34 + 16.48 + 58 852.50 = 935.00 =
5.01" 6.43" 0.83° 0.26 2.81° 0.15° 3.06° 1 062.04* 10.80®
12 144.10 = 515.00 = 50.35 + 3.86 = 21.77 + 0.42 + 21.82 + 58 144.00 = 946.25 +
3.62" 30.89° 0.53* 0.07" 3.11* 0.19* 4.87* 1999.89* 16.68°
15 13528 + 48550 50.45 £ 3.87 + 20.00 £ 0.44 + 22.66 £ 55426.00 + 919.25 =
4.04¢ 41.65* 1.01° 0.12" 2,72 0.05* 1.53¢ 1510.18* 16.76
3 #Hit FTHy,  [F] A s 28 280 A0 A KO AR BRI B
KBS (0% 3% ,6%,9% ,12% ,15%)  TALRI A1,
4B 2% 28 LA SO MR I 35 508 T 2 OKOB I A
AR K AR Y it BTt A AR S e AR S z % X ™

K B0 KAy S R, B TR 2 K Y
R TEVS R WK B HARe I AR AR R
PR R e M L kR O, LR K AR
FH i 50 20408 5 Fe A R 1Y) PR RN A8 M 5 L UL
SRS, WoR M ESEN, AT KRR
I, R 28 B R B A 800 2 ROKTE 8
AT BRI R

N Iy 25 28 KR 10 T 20K A0 T 4 10 oK
FEAMIE A A R LB 45 4 45 )y T LA AU
(RS2 ), KA VS IR 7E 9% LA N, L i Bl 3 9%
Bz, R ELURN N T A &R 7 T
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(‘Academy of National Food and Strategic Reserves Administration, Beijing 100037)
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Abstract The rice bran (0%, 3%, 6%, 9%, 12% and 15%) treated by atmospheric pressure cooking were added into
indica rice flour, and the effects of rice bran addition on the properties of indica rice flour and the quality of rice cake
was investigated. The results showed that atmospheric pressure cooking of rice bran could increase the solubility of recon-
stituted powder, and the solubility increased with the increase of rice bran addition amount. When the rice bran addition
was 15%, the solubility of reconstituted powder increased by 70.7% compared with the control group. The swelling po-
tential of reconstituted powder was reduced by atmospheric pressure cooked rice bran. In addition, the fluidity of the re-
constituted paste was weakened, the shear resistance was improved, and the gelling property was enhanced. The elasticity
and viscosity of the recombinant powder gel system were enhanced, and the freeze—thaw water extraction rate was re-
duced, which indicated that rice bran with atmospheric pressure cooking treatment could effectively regulate the gel
properties of rice starch based food. The index test results of rice cake also showed that the specific volume of rice cake
was significantly increased by the addition of atmospheric pressure cooked rice bran, and the specific volume of rice
cake increased with the increase of rice bran addition amount. The specific volume of rice cake containing 15% rice
bran increased by 26.5% compared with white rice cake. The texture characteristics and pore structure of rice cake were
also significantly improved by the addition of atmospheric pressure cooked rice bran. When the addition amount of rice
bran was less than 9%, the sense of rice cake could be accepted by consumers. The results indicated that rice bran
prepared from atmospheric pressure cooking treatment could improve the quality of rice cake and was a potential food
raw material.

Keywords rice bran treated by atmospheric pressure cooking; properties of reconstituted rice flour; rice cake; quality

characteristics



