o> o6
ﬁ IRHEaahH%
BT cu 5531% 2023 F 525

DOI: 10.16210/j.cnki.1007-7561.2023.02.014

ROY, A, T, S ORERSSER SRR TR R L IEBUR T A RERTIE[T]. BB R, 2023, 31(2): 106-115.
JINF F,NIU LY, ZENG Z C, et al. Research on physicochemical properties and molecular structure of black rice flour mixed with different
starches[J]. Science and Technology of Cereals, Oils and Foods, 2023, 31(2): 106-115.

A Il R R 0y S5 ARy SEC AR 2 1)
BAEPE BRI 531 S i by PEE

YR, FmE, T8, & ¥, RAA, HAEN

(ZHEREXRF Rttty TRFR, I8 &g 330045)

W OE: A THREZRDOBRKRAE, 2k gakh. DHERHFERENDSE ZAHITE
B, A H BLAR £ 09 AL M BB IR T M A AT R, ST ARG AR R R AT, Rt R
LS A X SHEATH R —F ST AR Z o TR SR 2 AR IRE I,
- Z R AR ZOE R R Y, ML R AR Rk, ZeRkh LA EENT
FRRTARKZAFARAFGEAS, BAEEHRFEREHDIEZRKRT ARAKZRGEMRE, =
FE I T RS Bk R ML LM R, RERIRG R, QIERIRGRE | B
CHOF M B, SO, ARSI T SRR R AR 0 S A EAE R, AR T B A9 K
P, B TIRAG Y TRBEMA Pt E., ERFTEN, ZAARBATAREZ L
BROSBE, L2k EXREE,

KEIE: Ty EAE; BLARE; RS 2 FTEM

FESES: TS213 XEAFRIRED: A XEHES: 1007-7561(2023)02-0106-10

Resear ch on Physicochemical Propertiesand Molecular Sructure of
Black Rice Flour Mixed with Different Starches
JIN Feng-fang, NIU Li-ya, ZENG Zi-cong, TU Jin, YU Li-li, XIAO Jian-huilP<
(School of Food Science and Engineering, Jiangxi Agricultural University, Nanchang, Jiangxi 330045, China)

Abstract: In order to improve the gel properties of black rice, mung bean starch, potato starch and corn
starch were mixed with black rice flour. The pasting properties and texture properties of compounded system,
and the molecular structure characteristics of the complex system were tested, and further analyzed by
low-field NMR analyzer, Fourier transform infrared spectroscopy and X-ray diffraction. The results showed
that with the increase of starch concentration, the pasting viscosity of the starch-black rice flour complex
system increased significantly, while the pasting time and temperature were reduced. Mung bean starch and

potato starch significantly enhanced the water holding capacity and swelling capacity of the compound
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system, while potato starch and corn starch significantly reduced the solubility. All three starches promoted

the formation of the gel network structure and improved the texture properties of the gel, including the

hardness, elasticity, chewiness and resilience of the gel. In addition, the three starches enhanced the

hydrogen bond interaction between the starch chains of the compound system, reduced the water holding

capacity of the gel, and enhanced the molecular short-range structure order and relative crystallinity of the

system. The above research showed that three kinds of starch improved the quality of black rice gel, and

mung bean starch had the best improvement effect.

Key words: starch; black rice flour; pasting property; texture; molecular structure characteristic
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T =
peprive, AR S IR RV
TRARTEY = FErEE x100 (2)
WAL 5 B TE Y o

i g/ g = x100 (3)

[RF 0 5 B < 100 —
1.3.4  BEWRC A RPN

JH 100 mL Z& 487K i B e 5 16% (wiv)
MR RO ZLIR, KA PR IR 20 min J5 73 4 7E BB
BIE (HE M2 em, A1 cm) 1, 1E4 CHK
PF AT 24 ho BEFHECA P/5S0 43K 1 A4 43 BT
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Tablel Pasting propertiesof compound powderswith different starches and black rice floures

FE i WG WE{EREEE/ (mPa-s) FIHH/(mPa-s) ] £ {E/(mPa-s) B4k 1 [8] /min WA /°C

TR HKH 0:1 744.00+12.00' 209.00+2.65°" 1 076.67+10.50° 5.82+0.10% 91.68+0.28"
3:10 888.33+11.93" 219.67+4.51%" 928.33+15.04° 5.910.03 90.57+0.24°

BT 1:1 1 183.33+70.878 229.00+13.53%f 772.67+35.08° 5.78+0.04° 83.43+0.55¢
A 10:3 1250.00+16.09" 238.00+9.00%" 490.67+11.68" 5.3340.00° 76.60+0.44°
1:0 1357.33£11.72° 185.33+13.05° 604.33+11.59¢ 5.05+0.11° 76.48+0.14°

3:10 1237.33+21.83" 258.67+11.24%F 1 324.33+£24.03° 5.93+0.07° 73.60+0.43"

TR 1:1 2 062.33+44.46° 399.67+35.22° 950.67+9.24° 5.64+0.2% 69.33+0.03¢
B 10:3 3317.67+17.50° 1 342.67+3.06° 438.67+10.69' 4.78+0.04¢ 68.35+0.00"
1:0 7 656.33£19.14° 5 443.67+168.29" 352.33+17.47% 3.09+0.03" 67.27+0.45'

3:10 910.00+16.82" 174.33+8.50" 846.33+34.67¢ 5.89+0.08% 91.58+0.66"

ERTER 1:1 1247.33+4.04" 178.00+8.66" 660.00+31.18" 5.78+0.08" 90.45+0.09"
JEOK 10:3 1 328.00£10.15° 281.67+7.64% 383.00+12.17% 5.62+0.08¢ 85.83+0.11°
1:0 1 550.67+22.03¢ 307.67+5.69¢ 405.67+30.73" 5.60+0.00¢ 83.38+0.21¢

T R F A ER 2, WIAER = F—FI8UER R R/NG 7 EACR B A REEZE S (P<0.05),

Note: The data in the table were mean + standard deviation, and the test was repeated three times. Different letters in the same column

indicated significant differences (P<0.05).
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Fig.1 Changes of water-holding (A), solubility (B) and swelling power (C) of different starch-black rice flour mixtures
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RETE W HL A [ T A BRI, DRI AN RE X LB o R 2 0TS, X TLiTERT S, SRR
TR R EEHE T . AT AR O P TEREIERIREIERCR, 732048 g, HUCET

R B A, ok h g B R R o ORTERI(2127.62 g), feJr 2 AR ETERI( 1 576.15
AR, T EE R RS Z hamEyE g R, S =REEk S RO KR BN L &2
TS HE N AS I . TR (ST BB Kby PO, DEA—RROR S E A 25 1) 5 s 2 #) Z A RL
HRETER SR, SRR Y, Wy AT S RS, BERCRE R A IS .
VERR BN, V- R R Ry . UL, SR OIS RL S U T A AL
B LA R 6] 4 A 4 7 30 B ﬁ%%tﬁ YRR, PR TR IS R AR T A TR TS A
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Table2 Gel texture properties of different starches and black rice flour combinations

FE A T L1 fifi i /g G MEL ng-H: [l 42 e
VER Kk 0:1 N.D. N.D. N.D. N.D.
3:10 187.71+8.95¢8 0.59+0.04¢ 38.43+2.83" 0.05+0.00'
B R 1:1 522.42+32.73f 0.60+0.01¢ 104.30+3.41° 0.06+0.01
RPN ) 10:3 1323.32+7.88¢ 0.65+0.02° 160.98+5.00° 0.06+0.00"
1:0 7 320.48+466.54" 0.90+0.02* 5014.01£329.57° 0.53+0.01*
3:10 243.19+19.178 0.69+0.03¢ 72.49+1.69" 0.13+0.01¢
LA BEYER ¢ 1:1 927.20+55.34° 0.77+0.01¢ 333.29+12.52% 0.20+0.01°
A 10:3 1 028.10+15.60° 0.84+0.03" 451.00+42.61¢ 0.23+0.02%
1:0 1576.15+193.56° 0.88+0.01° 997.82+106.44° 0.45+0.04°
3:10 173.98+0.968 0.79+0.01¢ 58.32+2.75" 0.09+0.00"
TORTER 1:1 378.32+20.32' 0.82+0.00" 173.96+7.45° 0.20+0.017
BEPN i) 10:3 992.20+32.21¢ 0.79+0.02¢ 425.41+41.23¢ 0.26+0.03¢
1:0 2127.62+32.61° 0.91+0.02° 1201.43+30.44° 0.41+0.04°

T RPEERF ALz, WRERZ = FW—S8ER B NS R BEA #2555 (P<0.05), N.D. %
RS Rl RS 8

Note: The data in the table were mean + standard deviation, and the test was repeated three times. Different letters in the same column
indicated significant differences (P<0.05). N.D. represents that data were not detected.
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IR ZR I Too (A I AE G S T (A A2 1L
— B, XULIIASINTE R 233 KR BE A 1A R Y
KAk, i H % W 5 A5 G oK T s Tk T R
Me o SMACSRR,, ST A AR BE T ARG e by i ]
SR EAE R, BRARIER Sk Z E 5177,
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Table 3

Moisture distribution characteristics of gels mixed with different starches and black rice floures

S T4 6] /ms

43 B it # +f [6] /ms

FE i 5 E L

T, T Ta T

TEM B 0:1 66.79+2.42 8.03£0.929" 120.41+6.32%" N.D.

3:10 70.10+1.14M 7.52+0.20" 122.2043.23%" N.D.

SRR 1:1 79.23+2.83¢ 8.51+0.00¢ 142.51%0.00" N.D.

FEK 10:3 110.12+1.05¢ 8.38+0.22° 179.55+0.00¢ N.D.
1:0 49.18+1.79° 2.48+0.13¢ 74.630.00' 1 754.89+47.17°

3:10 69.76+2.04" 7.41£0.34° 116.68+3.09" N.D.

TR BEERS 1:1 89.61+1.67" 11.44+1.26° 161.24+4.27° N.D.

KA 10:3 144.77+0.73 11.94+0.32% 248.11+0.00° N.D.

1:0 244.98+7.92° 12.70+0.34° 425.77+23.06° N.D.

3:10 66.83+0.47" 7.41£0.00° 111.41+2.95" N.D.

FRTER 1:1 74.46+1.15" 11.23+0.00° 131.98+3.551 N.D.

KA 10:3 102.56+1.20° 9.93+0.27° 174.14+4.68° N.D.

1:0 128.01+2.81° 8.38+0.22¢ 212.75+5.63° N.D.

T RPER A TER 2, WIKEE =K. WP 8RR LA R/NG FEAARREEA BF 2SR (P<0.05), N.D. %

R isalEIECE 8

Note: The data in the table were mean + standard deviation, and the test was repeated three times. Different letters in the same column
indicated significant differences (P<0.05). N.D. represents that data were not detected.

25 EH-BAMBEKRNEREERFEN

Kl 2 Mk 4 P BELAMIETE RO 45 Rk
i T WFFEAN[RITE A 55 PRI BUBE IR I 1Y) 731 18]
BN o A LUWEER], Brf SRR i &

T 368 52 1 21 71 3% B A M TR AR AE , 5 H 3 000~
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SRS G R AT, AN R B RO R A A 1 i,
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Fig.2 Fourier transform infrared spectra of MBS-BRF (A), PS-BRF (B) and CS-BRF (C) gels
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Table4 Theratio of 1 045/1 022cm™ of different
starch-black rice flour compound gels

B SREEM-EORE DEETER IR FORTER -

0:1 1.17£0.05¢ 1.17£0.05° 1.17+0.05¢
3:10 1.38+0.03" 1.22+0.02" 1.20£0.01¢¢
1:1 1.41£0.03* 1.22+0.02" 1.22+0.02¢
10:3 1.45+0.04° 1.31+0.02° 1.28+0.01°
1:0 1.46+0.02° 1.63+0.10° 1.34+0.01°

e BB 2, WX ER =k, F—75
BUEE AR F/NG ARACEREUE A B g 227 (P<0.05 ),

Note: The data in the table were mean + standard deviation,
and the test was repeated three times. Different letters in the same
column indicated significant differences (P<0.05).
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F1 22.96°; ELESETEM AT I I E AT 5,80,
14.78°, 17.04°, 19.52°, 21.96°H1 24.12°; Ek
FERY IO AT SRR AE IS FE 15.1°, 17.08°, 17.88°,
20.14°, 22.98°F1 26.34°, X BB E Y i BUERAE 5
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g T A BLRIAZEH, B EEMIE T B BRIk
ghtly, SE MR T C RS,
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A EAE, B OKOR B S R — o A G ) i R s
B AN e, M RVRI B R T I
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Pt R AR O , VER S BRI 4 43 =2 ) K 2B AH
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Fig.3 X-ray diffraction pattern of raw starch (A), MBS-BRF (B), PS-BRF (C), CS-BRF (D) compound gels,
and RC isrelative crystallinity
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