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Abstract: In order to the main influence factors of glutinous rice farinographical properties on freezing point temperature,
25 representative glutinous rice flours in practical applications were used as test materials, and the physical and chemical
properties of the glutinous rice flours were measured. Through correlation analysis and principal component analysis, the
influence of the raw material characteristics of glutinous rice flour on the freezing point temperature was discussed. The
results showed that the freezing point temperature of the 25 kinds of glutinous rice flour was between —1.35~-2.65 °C. The
fat content had a significant negative correlation with the freezing point temperature (P<0.05), while there was no obvious
dependence between protein, starch, ash and freezing point temperature. The thermal properties, water absorption,
solubility, gel consistency and average particle size of glutinous rice flour were all significantly negatively correlated with
the freezing point temperature (P<0.01). Principal component analysis results showed that the key factors affecting the
freezing point temperature of glutinous rice flour were mainly the average particle size of glutinous rice flour, the thermal
characteristics of glutinous rice flour (peak temperature, starting temperature, ending temperature), final viscosity, crude fat
content and solubility. The research results could provide a theoretical basis for the rational selection of raw materials for

the industrial production of glutinous rice flour with freezing point frozen glutinous rice balls. Within the scope of the
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experiment, Younuo 6211, pure black glutinous rice flour, and pre-gelatinized glutinous rice flour are more suitable for

making freezing point frozen tangyuan.

Key words: glutinous rice flour; composition; physical and chemical index; freezing point
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Table 1 Analysis of the basic components of different glutinous rice flour

FEM K53 (%) K5 (%) TERH (%) WARTER (%) HEER(%) e (%)
Keth25 11.2+0.11" 0.23+0.01™ 86.49+0.37' 3.52+0.01" 5.8940.08° 0.71+0.01™
fA6211 9.70+0.15" 0.16+0.00° 90.40-+0.11°¢ 4.24+0.03" 5.6240.06 0.61+0.03"
4iK%9714 10.50+0.141 0.21£0.01" 86.30+0.45' 3.82+0.05" 8.44+0.04° 1.2240.01¢
IMiLAF 10.10£0.13* 0.23+0.01™ 90.85+0.11% 5.22+0.01™ 6.54+0.06™ 2.65+0.05"
AR 16 10.30+0.15%* 0.330.01° 91.13+0.13% 5.62+0.01 8.23+0.05¢ 1.05+0.04"
e Bk 8.60£0.20" 0.23+0.00™ 88.29+0.11¢ 5.76+0.04¢ 9.150.06° 0.84+0.01*
REM16% 11.50£0.42° 0.17+0.01° 85.15+0.17 6.20+0.01° 8.73+0.06 0.7620.02"
IE 11.30+0.10%" 0.53+0.01¢ 83.46+0.41™ 6.06+0.03° 7.48+0.04¢ 0.68+£0.01™
FHEAE53 10.30+0.21% 0.17+0.01° 91.49+0.31° 4.91+0.04" 9.15+0.08" 0.73+0.06™
RS 9.50+0.09' 0.26+0.01' 86.59+0.21' 3.84+0.08" 7.24+0.06" 0.60+0.01"
FfE46 9.20+0.08™ 0.38+0.018 90.12+0.37% 5.36+0.04' 5.38+0.06° 0.82+0.05%
ARACKERR 11.600.01¢ 0.43+0.01° 91.65+0.20° 4.94+0.01" 6.20+0.03" 0.84+0.01*
TLVE R 11.20+0.02" 0.23+0.01™ 88.88+0.19" 5.74+0.02¢" 6.44+0.03™ 0.98+0.02'
GRIERR 10.50+0.019 0.31+0.01 86.62+0.66' 5.65+0.03" 6.57+0.08' 1.76+0.03¢
{5 BRI 10.90+0.01° 0.56+0.01¢ 87.40+0.17" 6.10+£0.03* 6.74+0.11% 0.84+0.02"
WAk 11.40+0.01%" 0.360.00" 83.31+0.31" 5.85+0.05" 7.74+0.02° 0.59+0.04"
20148 R K 12.40+0.02° 0.26+0.01" 84.77+0.314 4.53+0.02° 7.6120.04° 0.76+0.01'
ORI 12.10+0.03° 0.28+0.01" 91.49+0.13° 5.46+0.01" 7.01+0.10 1.27+0.08¢
R K RIRR K Y 11.90+0.01% 0.29+0.01" 88.40+0.07" 6.34+0.01" 7.17+0.06' 0.74+0.03™
BRI KRR 12.60+0.01 0.28+0.01" 85.47+0.10' 6.51+0.02° 7.3240.09" 1.54+0.06°
AT CABRE 2K S A 12.90+0.02° 0.58+0.01° 91.24+0.60" 6.13+0.03¢ 5.99+0.13° 1.33+0.01"
LR AR 11.70+0.03% 1.14+0.01° 89.54+0.54° 4.04+0.01" 8.67+0.06° 2.07+0.03¢
& i S 10.300.05™ 1.2240.02° 89.76+0.11¢ 4.10+0.01¢ 8.22:+0.04¢ 3.18+0.05"
AT IRR B EREK 11.60+0.08°" 0.34+0.01' 89.94:+0.38°% 5.69+0.04" 8.27+0.05¢ 0.92+0.01
TR AT AR 7.80+0.08° 0.22+0.01™ 84.56+0.28™ 3.9240.01° 5.65+0.107 1.72+0.02¢

T P A (BRK I3 BG83 TR A AN TR) /NG B3R 2253 1135 (P<0.05), 3R2~3R41A]
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Table 2 The physicochemical properties of glutinous rice flour

FE b (Dyy-D;)/Ds, Dav(um) K2 (%) B (%) A (mm) JEHKAE S (mL-g™")
KGth2% 1.58+0.01° 6.87+0.574 2.24+0.01¢" 0.77+0.03 142.20+0.48' 4.30+0.21"
flkk6211 1.46+0.01° 7.47+0.04° 2.1540.032* 1.2540.02¢ 162.20+0.27° 3.90+0.19"
AKE9714 1.57+0.02¢ 8.56+0.02™ 2.15+0.01 ¢ 1.15+0.01° 109.00+£0.11° 7.70+0.17°
1A% 1.69+0.03" 6.590.06° 2.26+0.02¢%" 0.51+0.04™ 129.40+0.61' 35.70£0.21°
mRfies 1.43+0.01° 8.26+0.03" 2.2140.021% 0.68+0.01/ 155.50+0.33¢ 17.30£0.46™
g BLI 1.43+0.01" 7.7740.01° 2.08+0.01% 0.55+0.00 116.40+0.20" 32.70+0.29°
RER16S 1.57+0.05¢ 7.92+0.11° 2.1440.02"* 0.27+0.02° 155.40+0.52° 34.00+£0.18¢
piN il 1.66+0.11° 9.60+0.12' 1.95+0.01" 0.38+0.01™ 85.00+0.49" 12.30+0.50°
FHRFES3 1.45+0.02° 8.86+0.03™ 2.09+0.01iM 0.41+0.00" 115.100.60° 4.90+0.050°
ERE 1.5240.03¢% 7.79+0.07° 2.22:40,02°%h 0.25+0.02° 146.00+0.45¢ 35.20+0.30
46 1.50+0.00° 8.26+0.03" 2.00£0.01" 0.41+0.01" 72.90+0.50° 11.70+0.20°
ARACKERE 1.70+0.01° 6.62+0.029 2.34+0.01%" 0.87+0.02" 108.60+0.38° 9.90+0.18¢
TLVEHIkR 1.28+0.01¢ 7.54+0.017 2.07+0.01% 0.52+0.04™ 119.30+0.11™ 19.90+0.06'
LR 1.82+0.02° 10.53+0.19 2.15+0.02g"* 0.56+0.01" 132.70+0.16F 35.50+0.04
{5 PERINKR 1.55+0.05% 8.44+0.27" 2.27+0.00e™" 0.85+0.02" 143.80+0.06" 20.40+0.22'
TR 1.29+0.06¢ 60.47+0.14° 2.44+0.01° 1.07£0.01¢ 155.60+0.29° 25.10+0.47¢
201478 ok 0.80+0.01* 45.79+0.06 2.35+0.00%" 1.65+0.00° 154.90+0.24¢ 27.70+0.04
H ARG 1.12+0.02" 55.46+0.42° 2.16+0.01 " 0.37+0.02° 142.80+0.26' 13.90+0.02"
W ri K AR KA 0.86+0.001 39.13+0.02¢ 2.22:40.04°eh 0.40+0.01n° 162.10+0.30° 19.10+0.17
BRI K AR AN 0.920.02' 38.61£0.04" 2.38+0.01% 0.67+0.014 151.40+0.45° 28.40£0.31°
TR K A 1.15£0.01" 57.67+0.22¢ 2.32+0.01%% 0.53+0.045™ 170.00+0.78* 25.50+0.21¢
B R ey P S i 1.12+0.00" 21.61+0.03 3.01+0.04° 1.67+0.03° 134.30+0.16' 7.80+0.11"
ey i SOy 1.4240.02° 23.53+0.20' 2.43+0.03¢ 2.17+0.01° 160.00+0.62¢ 9.70+0.159
AT ARk 0.89+0.011 78.11+£0.28° 2.60+0.01° 1.53+0.01¢ 89.40+0.459 18.30+0.45'
FUR AR A 1.30£0.01¢ 88.05+0.22° 6.8620.43" 2.260.02° 165.20+0.45" 21.50+0.11"
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Table 3 The pasting characteristics of the glutinous rice flour
FEH (RS E (mP-s) AHEHKGBE (mP-s) TEVHAE (mP-s) A BE (mP-s) [A A= {H (mP-s) HILTREE (°C)
i WAz 1242.00+2.80" 572.00+1.40° 670.00+1.40"* 741.004+5.70° 169.00+4.20 80.40+0.60°
eAR6211 1449.00£9.90¢" 768.00+0.00™ 681.00+9.90"* 952.00+4.20' 184.00+4.20 83.23+0.10°
AkR9714 616.00+7.10' 205.50+3.50° 410.50+3.50 297.00+4.207 91.50+0.70™ 71.88+0.00%%
1A% 1657.5046.40°% 666.00=0.00° 991.50+6.40°""" 836.00+2.80" 170.00:£2.80" 69.83+0.60%"
w6 1255.00+18.40" 570.50£14.80° 684.50+3.50"* 756.50+£19.10° 186.00:4.20/ 80.40+0.60°
e AT 1887.00+1.40%" 965.00+7.10" 922.00+5.70 1270.50+4.90" 305.50+2.10¢ 72.68+0.00°%
KA1 2198.50+6.40° 1016.50£0.70¢" 1182.00+7.10%" 1250.50+3.50" 234.00+4.20%" 69.85+0.60%"
IR 2143.00+25.50° 1335.00+1.40° 808.00+2408" 1798.50+3.50° 463.50+2.10° 72.60£0.00°%
FHEAES3 576.50+4.90 263.50+0.70° 313.00+5.70F 366.50+2.10° 103.00+1.40' 73.10+0.60%
AR 1844.00£19.80%" 856.00+4.20' 988.00+24.00°" 1092.00+4.20* 236.00+0.00= 70.25:0.00%"
k46 1573.50+0.70"" 855.00+33.90' 718.50+33.20"* 1243.00+32.50" 388.00+1.40° 73.50+1.30%
ARAUKERR 2238.00+1.40° 948.50+0.70% 1289.50+2.10%" 1133.50+7.80' 185.00+7.10 68.25+0.50¢"
VLPG I 1719.00:£9.90° 1000.00:£0.00" 719.00+9.90"* 1256.00+9.90" 256.00+9.90" 73.55+0.00%
LN 1713.00+5.70°% 715.00+7.10" 998.00:£12.70¢%" 912.50+2.10™ 197.50+4.90' 69.900.70%"
15 BEAIR 1693.50£26.20° 1108.00+15.60" 585.50+10.60" 1346.50+7.80¢ 238.50+7.80%" 81.18+0.50
W RIS 3458.00+8.50° 1651.00+4.20° 1807.00+4.20 1880.50+3.50¢ 229.50+0.70" 69.45+0.10%"
201418 g Rk 3233.00£0.00° 1811.00+5.70° 1422.00+5.70% 2083.50+7.80° 272.50+2.10° 70.6320.50%
MRS 1649.50+4.90°% 922.00+7.10 727.50+12.00"* 1127.00+12.70 205.00+5.70' 72.28+0.70°%
1R 7K B RRR KA 2215.50+19.10¢ 986.00+2.80" 1229.50+16.30%" 1242.50+4.90" 256.50+7.80" 71.85+1.10°%
2 EK AR 4019.00+28.30° 2302.50+2.10° 1716.50+26.20% 2606.50+9.20° 304.00+7.10° 70.18+0.00%"
bOElR 3N ) 2723.50+6.40° 1369.00+0.00° 1354.50::6.40°% 1612.50+3.50" 243.50+3.50¢ 66.075+0.00"
R RIS i S 1624.00+15.60°" 1037.00+£56.60¢ 587.00+41.00% 2213.00+£55.20° 1176.00+1.40° 91.70+0.60°
TRATAAIRY 573.00+7.10¢ 175.002.80° 398.00+4.20% 251.50+3.50" 76.50+£0.70" 71.025+0.00d°
TR B ERE K 2001.50+9.20% 933.50+6.40* 1068.00-2.80%"" 1208.50+3.50' 275.00+9.90° 68.10+0.60°°
TR LRE A Y 3096.50+862.00 565.00+5.70° 2531.50+867.60° 848.00+7.10" 283.00+1.40° 75.75+9.20¢
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TEFRPEZ AR A L R T DURSZ RS S, RNE iz, H
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PR 25 . 2Tk BRRKR Atk i Rl AR (B Rk, 353 T
1176.00 mP-s, F RS2 IR 141 A 463.50 mP:s,
SRSt Vg S VA Goa a S U N S AT R 2Y % S 2 v |
HAE A 76.5 mP-s, YRS 24k, FaE iz,
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Fig.1 Freezing point of part of glutinous rice flour DSC curve
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Table 4 The freezing point and thermal properties of glutinous rice flour
B b VKSR (C) EARTEAE(°C) UEAFTRLEE (°C) KIRREE(C) WHERSAH ¢ )
i WAz —2.10:£0.00" 74.40+0.28° 78.15+0.07° 83.75+0.21°¢ 3.35+0.00°
kw6211 —2.55+0.07" 74.60+0.14° 78.55+0.35° 82.65+0.64° 3.1240.07"
59714 —1.75+0.07° 60.25+0.07% 68.45+0.07" 73.65+0.214 1.94+0.07
1A% —1.85£0.07f2 65.00+0.28 66.75+0.35" 72.80£0.28"™ 1.690.00'
A6 —2.0520.07" 74.05+0.49° 78.35+0.64° 81.45+0.64° 1.52+0.02"
i Bk —2.30+0.00 64.90+0.42° 70.56+0.08% 75.90+£0.85%" 2.07+0.08i
REM165 —2.20+0.14j* 63.30+0.57° 68.35+0.64" 72.75+0.49'™ 1.8120.02*
piNilcs —1.50£0.14" 59.90+0.14' 65.95+0.64' 72.65+0.35™ 1.72+0.00'
FHEAES3 —1.35£0.07° 64.60+0.85¢ 70.350.64% 75.25+0.35" 2.63+0.01¢
AR —1.97+0.06%" 62.80+0.42° 68.20:£0.99% 73.30+0.574™ 2.4140.02¢
FAAE46 —1.68+0.05% 60.75+0.35" 67.35+0.21¢" 72.55+0.64™ 2.2140.102"
ARAUKERR ~1.40+0.14* 59.60+0.57¢ 66.90+0.42" 72.45+0.49™ 2.14+0.02"
VLPG I —2.05+0.07" 65.70+0.42¢ 71.30+0.28¢ 76.25+0.07" 1.53£0.07™
LN ~1.55+0.07 59.45+0.78¢ 65.75+0.78" 72.80+0.28"™ 2.3240.08"
15 BRI —2.100.14" 74.55+0.64" 80.00+£0.99" 84.95+0.49" 2.37+0.05°"
W RIS ~1.60+0.14%% 59.80+0.85f* 66.90+0.28" 72.00+0.85 2.50+0.09¢
201418 g Rk —2.00:£0.00" 62.40+0.28° 68.700.28" 74.60+0.28" 2.24+40.03¢
MR ~2.05+0.07" 62.65+0.21° 70.40:£0.28% 76.45+0.35" 2.18+0.03¢"
1P 7K B RRR KA ~2.05+0.07" 64.50+0.85¢ 70.15+0.64% 75.35+0.78¢" 2.50+0.01¢
FEKESRA Y ~1.65+0.07° 62.90+1.27° 69.90:£0.99° 73.90+0.42)% 0.780.00
bOElR i3IS ) —2.1540.07% 54.35+0.78" 64.10+0.85" 69.30+0.57° 1.93+0.06/
R RIS i S ~1.85+0.07® 60.50+0.42" 64.70+1.70% 68.95+0.21° 0.98+0.01°
TRATAAIRY —2.55+0.07' 62.40+0.42° 68.65+0.64" 75.55+0.49%" 1.4140.02"
TR SRR K —2.15+0.07% 72.35+0.64° 81.25+0.21° 86.10+0.85" 1.35+0.02"
TR LRE A Y —2.65+0.07' 72.65+0.78° 77.80+0.85° 84.30+0.57* 1.96+0.02)

5 KRR RURE S BRI R DGR 234
Table 5 Correlation analysis between the freezing point and
physicochemical properties of glutinous rice flour

Szt VK I Szt VKR
AR 0.12 911 S:pil 0.01
W5y -0.11 JBe A g —0.44"
g1 -0.30° U AN 0.05
TEA 0.09 BHERGE 0.22
WA T3 -0.50™ B0 AL -0.12
AR -0.52" R 0.21
2R -0.51" EEX(EN 0.08
bk -0.01 IR -0.25
7k % -0.41" Dav -0.31"
VSRR -0.50"

T FRIRAE0.0 K- LM ARG * R 1E0.057K 1 L 3 H

TEAT FIURLIE] ] FH 7K B BERARAI, TS 2 Es vK R YE, A
PR RARAR 7,

W 7K 2 | 75 R B 5 R Ti BE Eh  E AE G
(r=—0.41. »=—0.50, P<0.01), BN /K3 | FEMREDHAR,
URATIREERRAIR . IK 3R 50 B R oAy i, G
PIFRTERT 43 4 i X I ) S SR e 55, A shta &)
BRI, ST B K NG, WK RAR TR, I3
=, EASTTFNEBIIK STk 22, 437 8] A foKogtibg /b,
2385 I 5 e PRI K, O T S B oK s TR RE ARG DS, A IF
FEPSO g R B S B DE R AR A DG, HLAE AR

ARG, MR R, AR TR R . T
FH 3 5 450, I BT 55 vk oL TR B S h I S A A o
(r=—0.44, P<0.01), RPAFKA5 IS HR B R S, K A id 3
HRAR, 13X AT RBJE R TR A i i) B TE M A 4 2,
EEGERY SR, ITTE 0N A3 18] IR G5 A e B,
IK A3 Bh A2 B W BH B NS, URES ik i
BEEEA, VRS IRE RN W b S vk S i
B R ERAHEG=—0.31, P<0.01), BB SR RL
AT, W PR SR BRI . AN SRR WS R Bl
Ay SRR O RE B R I8 TE A3 TIUIE LVASERE /N A T Ay
B T AARIRE . TR KRR, Pods kAT ok
i FL st DRIk A oy A28 B el AR 45 2 kg TR
ME, VRS TR R

FHEE 5 AN, PR S I E R | R R TR |
2 1k i B I 2 A w3 A AH ¢ (7=—0.50., +=-0.52.
r=—0.51, P<0.01), WE(HIERE | IRTRAE | LR R
157, VKSR AR . A AR B SR SR U, Ak Y
PREVEVR S S e R Y RS L SR, DL A
BT astAa o, TERY U 2 (8] 23 BN, TR 254
BRI, RGO, WIPIALTT 22 ARl ey, WA I
B AR LR VRRE R 2k IR B o T Ay UL R 1
AN G B, R 5 LA s [A] IRPER 25 44 A7
1E, WK, R sk z, vkt 232 IFH.
i, VK AR B B S SR>3,
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Table 6 Principal component analysis of indicators that affect
the freezing point of glutinous rice flour

T H 1 2 3 4 5 6
FEIEAR 654 504 328 207 152 123
TR (%) 2723 2101 1366 863 634 512
FouikEE(%) 2723 4824 6190 7053 7687 81.99

e 6 AT, 6 D F o i R TH7 22 TTRk Sk 3
T 81.99%, RE=E 1 RERSHE R, RIATT 6 3oy
AEMSACTR T IEUURTERR A I3 AT 52 WPk KMy K iR 3
AYRIZR o
2% 7 MR AR R R 28 A E S e AT B s
G5 . RN T 1 B3R BRI Sk K A - Bk A
Dav E#fi, HXT UK e il BE S, 325 S ) 2k
KM AL EE XS DI RIRUBE B2 AT 2 B e B A
AR IR | BRI E | 2RI, T2 A ek
KMy PR X UK R B2 s PR 3 A R
PSR AEDRE 5 B oM, 8 S i 2R KAk
RS VIR IRLBE RS2 AT 4 B algnr B R SR i
KBTS« WA KI5 5 2R far B R AR I & i
TR T 6 Bafa ORI R BT & i . X 4%
FEPRILETTRRAS U 74347, 75 B SEMRPRE A UK R il R
FO B2 P PR P B4 Dav ., WE(IRIE | 2
AR | 2RI | ORI . WIKRES) . RUIRIT
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Table 7 The orthogonal rotation factor load of the index that
affects the freezing temperature

1 2 3 4 5 6  FLFE
Dav(pm) 098 005 009 006 008 001 0098
HEH (%) -0.06 0.00 —0.02 —-0.02 0.03 084 0.72
K5 (%) -0.00 —0.28 020 -0.43 0.66 021 0.79
DT (%) 0.06 -023 —0.24 001 084 020 086
FIER (%) -0.22 0.00 0.00 -0.09 0.00 —0.06 0.81

WK 2 (%) 0.54 031 -0.04 0.17 0.50 —031 0.84
TEAREE (%) 048 025 —0.02 -023 0.63 -0.01 0.73
MZAKEE I (mL-g')  0.04 —0.15 0.08 089 —-0.02 021 0.87
JE A EE (mm) 021 022 005 038 041 -0.14 059
WE(EREEE (mP-s) 053 —0.09 059 054 —0.09 —0.14 096
AEKEE(mP-s) 028 -0.18 0.80 033 -024 0.06 0095
FERWME(mPs) 063 001 025 060 009 —-029 090
BZHREE(mPs) 021 020 093 0.8 -0.08 008 099
BIAfE(mPs)  -0.07 -0.12 072 -027 035 0.08 091
WILIREE(C)  —035 051 039 -041 039 —0.16 091
EERAECC) 015 095 —0.12 -0.12 —0.11 -0.01 0.96
BIREAE(C) 003 097 -0.10 —0.07 0.00 -0.06 097
ZORRBE(C) 020 092 -020 —0.12 —0.08 —0.06 0.94
WIfLsEAH(T ™) 015 021 -028 —0.07 —042 —0.63 0.73
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