R EmiB Modern Food Science and Technology 2016, Vol.32, No.11

5 RN SRR (B R T 5

Bx', RRRA, =, #W', SEF’, $FR’
(LT RFRBFIR, LHAG 214122) (L THKRFREAFEPARAARELZRE, THA4H 214122)

TE: AT T K AT KA TR, R SAM. DSC Ao E AT AR T AR L B 8 A 0 R 35 R ) bb
B RB B A RAL R ZACAE I, TFoAT TAERL F i3 A2 F £ 2t TAIAE. S REW: AP A 3405 RAL A A1 ) LS BT 1)
#IER MG A, TRE) L BT R A bR B R — R L AUR . R 2 d AR 3 d a9A KRR 112 49 Z L)
RENILEIBRRAE. BREF BROSMTRLEITn. Al MRS 0RE %K (£5F 0~4d, Biohy, Hétfe st
AR T7.26%. 4.08%F 73.18% T 43| 46.77%. 2.56%7F= 44.21% ) VABMAEA= - TAEEZ 693840 (L 3F 0~4 d, TRH4E
AN 0.98%38 /05 8.22% ) RAK FAILIELZ RAELMMELRE ., LIl KON F R TS0 L EAR R AT fe%h
RAF i E Ak R, BF—F FRIIE,

KEEA: AP, duBil; &M; DSC; BBt

NES: 1673-9078(2016)11-170-176

DOI: 10.13982/j.mfst.1673-9078.2016.11.026

Improved Shelf Life of Germinated Brown Rice Cakes

GE Yun', WU Feng-feng, LI Jing*, YANG Na', JIN Zheng-yu?, XU Xue-ming?
(1.School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)
(2.State Key Lab of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: The improved shelf life of germinated rice cakes was studied in this paper. The shelf-life properties of rice cakes prepared by
pure brown rice flours with different germination times, or mixed brown rice flours in different ratios were analyzed and compared using texture
profile analysis, differential scanning calorimetry (DSC), and sensory analysis, and the pattern changes in the main ingredients of brown rice
during germination were analyzed. The results showed that the shelf life of rice cakes was increased with prolonged germination time, and the
brown rice flours with different germination times, mixed in a specific blending ratio, could also further enhance this effect. The optimum shelf
life of rice cakes was observed when the 2 d and 3 d germinated brown rice flours were mixed in a ratio of 1:2. The main reasons accounting for
the improved shelf life of the rice cakes were the starch degradation. This resulted in the decrease of total starch, amylose and amylopectin
content (from day zero to four of germination, the content of total starch, amylose, and amylopectin decreased from 77.26%, 4.08%, and 73.18%
to 46.77%, 2.56%, and 44.21%, respectively), and the increase in content of dextrin and small-molecule sugar (from day zero to four of
germination, the reducing sugar content increased from 0.98% to 8.22%). Furthermore, the improved shelf life of the final products was also
influenced by changes in protein, fat and other components in the germination period and the interaction of these compounds.
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SEISRTIEE 2.00 mm/s, SEIGIEE 5.00 mm/s, SLIG R
(P34 % 5.00 mm/s, RAAIRFE 30%, Bf[alfalkE 10's, J&
AREL 2 IR, RITAE S 6 K.
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W, DS BN RS, 3ET DSC e, NIRRT
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Table 1 Sensory evaluation index and evaluation scale of rice cakes

G R HAE PR
BRE 25 BRJEIE P (15~25); AR RANEK(9~14); AR RIT4(0~8)
FbE 15 FOATAEE, FAET(9~15); A thtk, AH#5T(5~8); A KR T KA AEM(0~4)
Ak 15 AABRAARK M ER(9~15); HATR(5~8); RHARAR, A 4%K(0~4)
vk 15 HRIE F (9~15); #eRikaK, A EA(5-8); Ak, A ER(0~4)
H 10 eHAF AT E T, A% 20(10~8); cEoFAT AN K, A HH(E~T), "LFtEiEK(0~4)
LELRAM 10 B4, mIN(10~8); LMAHL, A EHMG-T);, SHRH9, FrE(0~4)
e 10 BREeEm, HEz(10~8); AERILG-T);, REKKE, RHHIES(0~4)

1.3.6 KRB ARSI
KA B 5E . 105 °CEE Y%, GB 5009.3-2010; AL
VER B A ELBEVE A B oK BBV A S HEE Ry ik

FEM5E, H¥E Concanavalin A(Con A)iEEATllE
YRR SR RIS B HEE R S B R
HAFRMNE: FrEdl IKERIE, GB 5009.5-2010;
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TR, B B ik 10 min LIAEI 2 ==,
4000 g 50> 10 min, HUE3EA, DI 5 AR 2.0
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i FH 1431 o A 2R 4
1.3.8 KRBT HHES N

AERFREL 1 g IR SFREKIM I 10 mL 125551
KR EDETERE 1 h, mE B OALEE 3 1K, BSOS HEUN:
24,0774 10000 r/min, 2500 E A 20 min, BUETER

F HPLC JEATHER AT IE . il ok . Ads:
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JiiE: 0.4 mL/min.
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Table 2 Changes in the TPA parameters of white rice, brown rice, and germinated brown rice cakes with the days of storage

KApEAP £ e R A%/d FEEIN e iy Vi FEIN PN = SAE
1 4.1240.82 0.9940.02 0.9620.02 3.7440.28 3.9240.22 0.38940.012
3 21.764.75 0.9840.01 0.7840.01 15.234.02 16.1040.58 0.39440.024
e 7 44.67+.01 0.8840.04 0.6940.02 32.11#4.23 27.1243.19 0.39140.036
AR 14 67.13+2.48 0.7540.01 0.5840.02 48.86+.64 29.37H4.57 0.37540.013
21 82.33%2.54 0.8940.02 0.6240.03 51.30%2.75 45.4343.18 0.32140.010
28 94.4243.12 0.8340.03 0.73#0.02 67.3842.87 57.2344.52 0.38840.015
1 2.4040.27 0.9840.01 0.9140.04 2.1640.14 2.1240.18 0.34340.006
3 8.4340.71 0.9240.01 0.7540.03 6.3840.27 5.9140.24 0.39240.020
AEARAE 7 39.030.82 0.8740.05 0.6840.04 26.93+.38 23.83143.17 0.35440.052
14 61.1940.34 0.7640.01 0.6340.01 38.18+.05 28.9940.54 0.35140.009
21 72.8934.53 0.8440.02 0.6040.01 43.4543.12 33.7743.73 0.28740.012
28 78.5243.44 0.9940.03 0.7140.02 53.0343.85 55.0543.62 0.31640.020
1 1.2540.11 0.9640.01 0.9640.02 1.1940.10 1.1540.09 0.25440.010
3 4.3640.86 0.9640.03 0.7240.01 3.1340.44 3.0040.52 0.28940.022
7 24.544.75 0.7940.03 0.6140.02 14.954.57 11.2742.01 0.27840.019

B 1dARRAL

14 43.76+.01 0.7140.02 0.5740.02 24.90+.33 17.68+.57 0.26940.018
21 55.9940.59 0.8240.04 0.6440.03 35.7442.19 33.6244.86 0.32540.052
28 60.26+2.48 0.9640.02 0.7540.03 42.8842.87 43.3244.49 0.34540.031
1 0.9740.17 0.9940.01 0.9040.04 0.8840.13 0.8740.14 0.21240.010
EF 2 dRERAL 3 2.9740.75 0.9940.01 0.7820.05 2.2840.43 2.2440.45 0.26740.015
7 17.2342.47 0.6840.10 0.630.05 10.8540.78 7.3040.66 0.32640.013
TR
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ELER
14 30.1940.59 0.7240.03 0.5440.01 16.5340.87 12.0040.54 0.24540.032
21 37.3843.21 0.8340.07 0.6440.08 31.404.02 27.12+87 0.40040.038
28 43.09+2.76 0.9140.02 0.7620.04 31.53%2.44 31.26+.89 0.03340.023
1 0.7340.12 0.9940.06 0.7340.06 0.5640.04 0.5440.02 0.13640.006
3 1.0440.39 0.9740.04 0.7240.08 0.7640.88 0.73#4.10 0.15540.007

K 3R 4.7240.11 0.9640.01 0.7140.03 0.9140.21 0.90#0.27 0.18040.040
14 10.3340.12 0.9540.07 0.6540.02 1.2040.70 1.1140.76 0.19340.017
21 14.2420.26 0.9740.03 0.7440.07 2.5740.32 2.5543.93 0.17040.005
28 17.494.14 0.9740.03 0.6740.06 10.57+.02 11.364.18 0.17940.011
1 - 0.9940.01 0.7840.03 - - 0.087490.001
3 0.4840.11 0.9940.01 0.8540.04 0.4040.07 0.4040.12 0.08249.006

KO AR 7 0.7740.14 0.9940.01 0.8240.03 0.5640).12 0.5620.20 0.10240.007
14 1.5240.23 0.8440.05 0.6640.05 0.8740.78 0.7340.25 0.15340.005
21 2.5540.59 0.8440.04 0.6440.03 1.8240.53 1.750.11 0.22640.029
28 3.034.07 0.9340.02 0.7740.02 2.3140.67 2.35#0.15 0.19840.021

3 RFRERKENTF28dFRIANF MR

Table 3 Thermodynamic properties of the germinated brown rice cakes after being stored for 28 d

K F RE Ty/°C Ty/°C TJ/°C AH/(J/g)
0 55.2440.47 66.2840.41 71.4340.31 3.7541.25
1 54.1040.19 64.7940.52 68.6840.97 2.9340.92°
2 55.7440.72 65.4040.52 69.2840.65 2.1140.33°
3 58.7340.09 68.8740.91 70.8740.82 1.3840.19°
4 57.5740.31 69.99-40.82 71.1340.76 0.7240.08"

4 TRIAFNEHERENREITLESER
Table 4 Sensory evaluation results of brown rice cakes at different germination stages

AEiE A PRI
0 1 2 3 4

R 25 10.75140.75 15.4340.81 16.4740.54 21.2340.65 19.7640.68
Rk 15 9.2940.42 10.2240.36 11.3440.23 12.1940.45 12.9740.59
P 15 9.7140.54 10.1440.57 13.4840.49 12.3440.21 10.5440.51
bt 15 8.6940.38 9.2740.30 11.2940.41 11.9840.93 10.2540.59
Vi 10 9.0240.76 8.8440.95 8.7240.82 8.514).76 7.8440.82
vE v 10 5.1240.28 8.9240.59 9.4240.74 8.4740.93 7.6240.84
AR LM 10 5.4840.22 7.8740.49 8.2440.77 8.9540.67 7.9140.58
B 100 58.0643.41 70.6943.07 78.96+2.97 83.6743.49 76.8943.17

M2 ATLLE Y, BEAETCAF A RRELS, KRR
B R PERINE R AEARAEANKE I, ST AN
(AR 72, T o kG SR AN R S AR AE — 52 Y BBl P9 30 o
KEEAEREAF PR AETE 2L, BEETER 7T 5
B, WILJE TR SR EREIR,  BRARTEAD BE - 1A AH
GARM, WESCPEATSREENIN, ROV REEAH
W R, SRITTRERRE 514 (R R, 1
FERUINHL BTG, U ITRERAE L REE A Sy [l A
FER IR B R XA S 250 B A 28 I 18] FO e 1T e

EIK, RUPR G AIEREG FANH RS A

MM 3 FTLAE tH: @ik SCREE ) 45 BT 1)
PIBAH R ZFI TR A KBk, BIR%E 0 d 1
3.75 Jg YA 4 d 19 0.72 Jg, A SCEETEN) B4
S, EPEIAEFRRERN . A B IR A AT 5
FEDRPIE, WK R IS TR, BT
ZALHIRE SItRLT

R 4 BEVPE S RATH, GRS AR
FERARRIIE S AR VI . EAAREK
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N T BIRE SRR AR AL,
HEANF AR B B RE A AL AN R LA 2 AT TR I il B
BEAKE, A7 28 d J5 IRRE FEAIHR D 22Re 1 20l WL
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5 FEIMEEAEILLFIREACR & R RIREREEREE /N
Table 5 Hardness of germinated brown rice cakes prepared
from the brown rice samples at different germination stages

with different blending ratios

11 1:2 2:1
O+@ 41.5624.50 36.1343.34 33.83%2.12
O+® 37.31+1.65 31.3043.42 33.2843.67
O+® 27.01+2.93 29.05+1.99 35.2022.10
0+® 29.3143.66 25.7343.36 41.91+2.04
0+® 31.3843.34 30.3643.12 39.9143.90
®+® 28.7433.78 24.6243.51 28.90+2.24

E: A (DQOD) RFRFAFITH (24, 48, 72.
96 hyeg#t AAy, TR LIREKFRR L LFHR24E
12; L2 RELFARK L E U3, LFkK2 & 213 21 RAL
FARALE 23, RFRK2E U3,

M5 TTLLE Y, TRECHE KA il B KR Rt 52
ECAH R B — R 2 R R FRRRE R RE ), 2 TR
iR S REAN LR A AR B A TR ECKRE A FE
ANTRAZ I IS 1AV S FRTRE KR 18] B A8 3 KT 186 K

[, [l R SR & He 2 [ e ] B A AR A
K2R 3d AR EF 4 d (R % 1:2 BRCHTS 6] sCE
28 d JEIRERE BN, R 2 d RUREF 3 d R A 14
1:2 S HICE 28 d fE IR 2 . (AR 2.1
ANRL A W B AR KL BB AR R A R AT N, &
ZEIFIERT 3 d APREARR BB R AR R B A 2 AL
7, HAWEWR, FHEGEHERERRS 2d K 3d
(1 1:2 SR FE L A 2
M 6 [FIFERT LA, ANF RSB B A itk
42 A [ HEAg VR 5 1 R RO £ D] A s A et ) A2 1
aHh SRR AR A AT AR — B0, 8% 3 d
MR 4d 12 08, KEF2dEZE3d I 124
E AR R A B d /N
/6 TEIMEEFEIELGIHERIR & EHIRERIEIE28 dRYEIELS
AH/ (J/g)
Table 6 AH (on day 28 of storage) of the germinated brown rice
cakes prepared from the brown rice samples at different
germination stages with different blending ratios

11 1:2 2:1
O+@  2.7530.30 2.4840.21 2.0240.33
O+@®  2.0620.29 1.3840.32 1.4740.27
O+@  0.8530.11 0.8740.29 1.2840.32
@+3  0.7810.24 0.6210.18 1.2640.20
@+@ 1044017 0.8620.35 1.1840.16
®+@  0.7520.23 0.3740.26 0.8540.18

2.3 RFRERIF KR L H AR

N T =B AR FRER R I HTE AR
IRICA R ZF IR AR KA 1% — € LLTRBC S R Y
EIRFFASTEACILRAIBLEE, AW TOR AR A 2 i 18]
REK B0 2 e AR AT T b, SRR 7.

K7 FEILSFHTEIRTRERIIEZER S (9, FH)
Table 7 Main composition of brown rice from different germination stages

AFRHM  RiHEE HARNEE HERDEASE MRS E  HENEE  LREASE
0 77.26+.47 4.0820.25 73.18+4.41° 11.540.06" 2.7840.25° 0.98:4.25"
1 72.4341.19° 3.7640.09° 68.67+1.52" 11.946.08° 2.5640.32° 2.9240.32°
2 65.74-1.72° 3.4340.13° 62.31-+.27° 11.640.07° 2.2840.13° 5.1940.13°
3 56.53+.49" 2.9440.17° 53.59+4).91° 12.340.07° 2.8140.09 6.7240.09°
4 46.774.31° 2.56:40.13% 44.2140.82° 12.640.14° 3.3140.01 8.2240.11°

E: AP RR O FERTHANIE £ R R F(p<0.05), FH.

MR T W LLEH, AR TR, Rk
TERY . ELBEVEN R SCREVE R B B 25 PRI (p<0.05),
SMUER M 77.26% FIEE] 46.77%, 1L R & &
M 0.98% L FH2 8.22%. & 15 HI& BAER A
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Fig.1 Effect of germination on the molecular weight of
brown-rice soluble starch
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Smits! V45 \F 7 4 B3 A5 R e 43 B 1) AN 224 b A 4
BIBIVEI GRS, 200, ZE2F =WEEZ 2R 0, Hop
2 hE 5 VRS E Sk [l AL XCR S, I EIRERCR
5295 Katsutal ™4 A B FE R B3/ 93T Rt a1 4
IR R A s 2228 —Wl>22 2> TR > ) > 2R
BESAHE . BESZETEN . /N7 R B A AL
B B TSNS Sl B R S R E R
TR A Ry Sk 2 IR A ], FECEAT
BRI E A G KA, I, Bk
R AL ] Y SN FCARIE O LD, Miyazakit™
SE NI HIRE T4 1 Ve AR 5T 8] R U8 A T
Jf, ML -

38 KIFRTHEARAPIEMYES BRIFN (ng/g)

Table 8 Effect of germination on the starch and sugar content of brown rice

AT/ RHE WA F A AFZHE RF0E A
0 5394037 35554278 1593124 1553007 273#.12 2074021
1 6.134048 56394454 20674263 1704013  2.86#.43  2.1040.33
2 894086 63974687 45084509  7.1740.83 350407  6.1640.69
3 10814107 34561386  117.00#1181 15454122 1339235  12.63#.25
4 12754123  29.73#4.76 130284980 1054154 14584195  18.36+.94
LR LR, REFRERGTEAAE I EZ R T hE 3 g

RAERZFIIRE Rk . A BRAAEN SR AL T — RS
1A, A AR EE R AR . RACE R
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