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Effect of Auricularia auricular-judae Powder on the Physicochemical Properties
and Sructure of Black Rice Gel
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Abstract: In order to improve the processing performance of black rice, black rice flour was used as raw
material and different amounts of black fungus powder (5.0%, 10.0%, 15.0%, 20%) were added to
investigate its effect on the gelatinization and thermodynamic properties of black rice flour. The influence of
rheological properties, textural properties and microstructure on its corresponding black rice gel was also

studied. Adding Auricularia auricular-judae powder can significantly improve the viscosity of black rice and
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promote the gelation of black rice during cooling, among which adding 20% Auricularia auricular-judae

powder had the best effect. The addition of Auricularia auricular-judae powder can inhibit the flow of water

in black rice gel, and increase the hardness and elasticity of black rice gel significantly. The gelatinization

enthalpy of black rice gel increased from 3.01 J/g to 5.94 J/g, and the hydroxyl stretching vibration peak of

black rice gel decreased from 3 390 cm ' to 3 374 cm . The stability of black rice gel structure was improved

by adding Auricularia auricular-judae powder. The SEM results showed that the pores of black rice gel

supplemented with Auricularia auricular-judae powder were significantly smaller than that of pure black rice

gel, and the matrix layer around the pores was thicker, which further explained the mechanism of Auricularia

auricular-judae powder on improving the structure of black rice gel. In conclusion, the effect of Auricularia

auricular-judae powder on the physicochemical properties and structure of black rice gel was significant.

Key words: black rice; Auricularia auricular-judae powder; physicochemical properties; gel structure
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Tablel Effect of Auricularia auricular-judae powder on pasting properties of black rice powder

BRAE RN/ % W25 13 /cP A (B F B cP AT /P R #AE /P 5] A= {E /P
0 1090.67+1.12¢ 386.67+10.37° 942.33+24.90° 704.00+11.86° 555.67+16.05¢
5 1 616.67+5.48¢ 556.67+2.64¢ 1 117.00+2.00¢ 1 060.67+5.17¢ 560.00+5.19¢
10 1 866.00+30.85¢ 650.33+17.02° 1425.67+12.71¢ 1215.67+14.50¢ 775.33+18.76°
15 2249.67+17.90° 798.67+19.77° 1766.67+13.48° 1451.00+14.52° 968.00+19.85°
20 2 687.3349.91° 1 104.00+4.04° 2393.33+14.62° 1 583.33+14.90° 1289.33+17.45°

T RPN FRELR w2, F—Sh AR PR BEME2ER (P<0.05), a fUREKRME, WH 3 YerFsE, .
Note: The values in the table are the means + standard deviation. Different letters in the same column indicate significant differences
(P<0.05). Letter a represents the maximum value. All tests were performed at three replicates. Same as below.

60 A

1 1 1
10% 15% 20%

MU %
T A: IRIE]; B: ZIRISEUTE A .

0% 5%

Note: A: relaxation time; B: multiple exponent inversion spectrum.
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Fig.1 Effect of Auricularia auricular-judae powder on multiple exponent inversion parameters of black rice gels
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Table2 Effect of Auricularia auricular-judae powder on multiple exponent inversion parameters of black rice gels

. o T,/ms A%
EAREM BRI/ %
T21 T22 T23 AZI AZZ A23
0 7.0620.00° 114.98+0.00° 3 274.55+0.00° 2.47+0.03¢ 96.26+0.03° 1.27+0.03°
5 6.14+0.00* 75.65+0.00" 1 873.82+0.00° 3.00+0.00° 95.87+0.07° 1.13+0.07*
10 4.64+0.00° 65.79+0.00° 932.60+0.00° 4.3340.03" 94.64+0.03° 1.03+0.03°
15 4.0440.00° 57.22+0.00" 615.59+0.00° 4.53+0.09" 94.63+0.09° 0.84+0.06°
20 3.51+0.00° 43.29+0.00" 305.38+0.00° 4.93+0.28° 94.56+0.27° 0.51+0.03¢

23 EAREMEXRBIEFENRm
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B BATHBEIEN 0%HME] 20%HE, ]
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W Z AR, BRI fE T o 2 e . U
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2.4 BAREHXE KRB 200

M2 4 nf 0L, SRR EoR i KT Rk
BERCHIRERE . M 99232 ¢ B3 FFHE 306091 g,
I PR R AR BE R T A R, BEOR EHORy 5 1 7K
G RESI N BENE , BRAS T SEORBERS T ) A K,
[Fi] B SRR L 22l 5 PROK VE R AH B AR FHHG 5 T BE I
P25 2540, DT foff DEOR R J B P 1 K . IR 2R IA
HIMABARE R B2 5UEM a4k, SRR
T, M R RIS R R A B A A s
P T B SRS R S Ty e R, [ e S 2
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Table 3 Effect of Auricularia auricular-judae powder on gelatinization temperature and
gelatinization enthalpy of black rice powder

195.66 g.s B E LR 109.38 g.s (P<0.05),

BARE BN/ % To/°C Ty/°C AHg/(J/g)

0 58.60+0.21° 63.40+0.27° 68.33+0.12° 3.01+0.04¢

5 59.80+0.13¢ 64.90+0.06" 70.70+0.11¢ 3.55+0.15¢

10 61.30+0.26° 65.93+0.15° 71.80+0.10° 4.49+0.12°

15 62.40+0.25° 66.40+0.20° 74.30£0.15° 5.35+0.09°

20 63.90+0.10° 67.56+0.15" 76.23+0.09° 5.94+0.16

F 4 BAREHIEKRER RN
Table4 Effect of Auricularia auricular-judae powder on TPA of black rice gels

PEARE BN/ % /g Hitk/(g.s) WL P4 W& S
0 992.32+52.13° 195.66+11.29° 468.87+£12.57° 0.63+0.06° 0.75+0.03¢
5 1 081.65+13.44¢ 158.28+12.61° 578.25+20.17¢ 0.66+0.02" 0.81+0.01°
10 1 155.59+21.75° 132.30£19.40° 709.76+21.79° 0.74+0.00% 0.83+0.00®
15 1210.13+58.73° 121.46+28.97¢ 786.71+37.74° 0.77+£0.02% 0.84+0.01"
20 1 699.69+42.37° 109.38+37.26° 1170.77+41.32° 0.84+0.03° 0.87+0.01°




RoflLT

.
WAL
e e s

325 2024 F F28H

I T SEAE A 1 SR 1 454 R T K
BN R . 4R L. TPA SIILE RS ML
FEHEAUR A B S B, R ACH T L
B K VEI B HERE
25 BAREMIEKBRRTISE T

B TR ROV P 2A B, Mt B
AT LLBCIL A R B . AT R 00 B R
(G') WD, HEE—ER N, Gl |}
SKEIRAE, BRAEA ST B R e 200
{25 B B Xiao SFFIT % B, T A A
G BT L T SRRV B UL 47 PP 45
WORRK NG, St 1), BOLRA SR S
S, (ERHER ARSI D) AR L i
T W BRI VE R ORI WERR . T IR 22 1 A
BB ATTFEAR G SR ERB 75 Sk S 1L
I R BRI BRI K RERSWSE K A
BEVERY M AIPE IRV SRS B I L 3 K B
BIBELIEVE R ORI — SR, P A T B A

5000 % A
4500F ——5%
e 10%
4000 | 15%
£3500F ——20%
H%gﬂsooo
#2500
2
152000
1500
1000
500
055035 40 45 30 35060 65 70 75 80 85 90 95 100
LB/ C
3000 - _—— c
2750 [ 2738,
v 15%
2500 | —e—20%
<
g 2250 -
g 2000
E 1750
—
1500 |
1250
1000 . . .
0 3600 7200 10800
VA

e A JHEERE: B: BERERE; C: mREEH

LM GHER ., BEEBRARE RN R, Gy
(B T HH BRI HE A | 3k 5 Re RS R — 3
BE R R R A TR AR WA 2B iR .G E—THE
B Bt 0T B S e — B R, 7R AR — S IR
EiE, GHiE LA, HfE—EREZE G LG
RBWTZ ., MERAHBEMEE L, 6’1k
FHEBAER, X 5B RS R~ Xl
R RARH-ZHEA B AR, STEEBh 53
¥y o3 F RAESSHRAVE R, TR A SR I 5 58 g D 4% 245
L, I HBRAERES TR MITER, SEFE
AR GHEK

FEAE MBS JNRE RIS |, 25 CHRMFT
R A B4 3 h A SRR R AR L 2C BF
AN e v NIER A 1 =ei - NITTRZ S 32 ) | B 2
— BRI RS T RE . RN 2 HEEER
P I AR P ALK 2 A el g, BN
b AR e SRR BE R SR EE S K] 2D S 25 CA& M AR
) GRS E (G") MM MR AL LR,

2250 -
—— 0% B
2000 ——3% o
——10%
1750 ——15%
; ——20%
£1500
2
1250
2
4
glooo‘
750 ;‘/’/’r
500
250 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10095 90 85 80 75 70 65 60 55 50 45 40 35 30 25
R/ C
3000 - D
5 2500 W
© 2000 WW*.H—*—'——*—*—"—‘*
‘IM_‘_‘_‘_‘PH_A—A———A———"——"_“—‘

—0%G"
, —©-5%G”
——10% G’r, —2—10% G"
—4—15%G’, ——15%G"
—-20% G, ——20%G"

10

6
FIRR (rad/s)

D: BRI,

Note: A: heating process; B: cooling process; C: time scanning; D: frequency scanning.

B2 BAEMIBRERNREFENHZM

Fig.2 Effect of Auricularia auricular-judae powder on rheological properties of black rice gels
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Fig.3 FTIR spectra of black rice gels with different amounts
of Auricularia auricular-judae powder
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Fig.4 XRD patterns of black rice gels with different amounts
of Auricularia auricular-judae powder
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Fig.5 Effect of Auricularia auricular-judae powder on microstructure of black rice gels
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