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Abstract: The variations in taste and quality of different varieties of indica brown rice in South China remain poorly
understood. To address this knowledge gap, the appearance, physicochemical, cooking, pasting, thermodynamic, and texture
properties of 14 indica rice varieties in South China were analyzed. The entropy method and cluster analysis were used for
comprehensive evaluation and classification. The results showed that for brown rice, skin thickness had a substantial impact on water
absorption (correlation coefficient —0.605), amylose content had a substantial impact on the expansion rate (correlation coefficient
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—0.434), and protein content had a substantial impact on the disintegration value (correlation coefficient —0.573), fat content,

and rice soup dry matter (correlation coefficient 0.600). Soluble and insoluble dietary fiber substantially affected the enthalpy of

gelatinization of brown rice (correlation coefficients were 0.501 and 0.425, respectively). Entropy analysis revealed that the varieties

Meixiangzhan 2 and 19xiang exhibited the highest comprehensive scores of 0.105 and 0.105, respectively. Moreover, 16 core indices

were identified that could represent the taste quality of brown rice. Fourteen varieties were divided into three categories by cluster

analysis, consisting of 2, 9, and 3 varieties, respectively. In summary, this study elucidates the differences among 14 indica brown

rice varieties in South China, identifies two varieties suitable for consumption as staple foods, and provides a theoretical basis for

indica brown rice screening.
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Fig.1 Appearance image of different varieties of brown rice grain
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Table 1 Appearance quality of different varieties of brown rice
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JIMSM

X

19X YHSM YNSM

So At X & /mm % & /mm S A HE G5 %’j‘;%lm/%/? ﬂg%ﬁ%ﬁ@ﬁ K%f//f\m% #)
£&FE2% 655005 205005 330%0.00° 39.10£0.50° 21.50+£0.30° 28.00+3.24° 19.95+221° 23.98+2.72"
FA S 7.05+0.05° 2.05+0.05° 3.48+0.08% 4475+045' 17.75+045 31.66+1.17" 27.34+0.62"  29.5+0.53*"
R b 6.75+0.05° 220+0.00% 3.05+0.05° 43.93+0.15 1835+0.05° 3027+1.80° 27.67+1.70" 28.97+1.52%
A 7200000 225+£0.05"  3.24+0.03% 4295+ 1.05° 19.10+0.60 31.17+1.46° 25.66+0.75° 28.42+1.04
FH4£ 1002 7.10+0.00° 2.35+0.05% 3.04+0.04" 48.15+0.05° 15.60+0.00° 27.45+1.19° 24.55+124" 26.00+1.18°
J- 84k 7.60 £0.00° 2.10+0.10°  3.65+0.15" 4625+0.75" 16.30+0.50" 34.27+1.70" 2229+250° 28.28+2.107
AAE308  6.45+0.05° 220£0.00° 2.93+0.02° 46.55+0.05 1630=0.10° 37.02+1.91' 23.19+276"  30.11%1.96"
aF b 6.80 £0.00°  1.90 £0.00° 3.54%0.04° 46.10+0.30" 16.75+0.15" 27.77+1.10° 23.80£0.57"  25.79 +0.69™
N 6.45+0.05" 2.00£0.00 3.20=0.00° 42.70+0.30 18.95+0.15" 33.07+243° 21.63+1.12"° 27.35+0.76°
HR & 6.60£0.00° 2.10+0.00° 3.12+0.02° 42.70+0.50° 18.85+0.15 30.86%0.53% 21.24+0.37°  26.05%0.44°
SREY  6.60+0.00° 1.90%0.00° 3.44+0.03" 45.10%0.40" 17.65+0.25 3239+0.70% 23.18+2.15" 27.78+0.72"*
19 % 8.00+0.00" 1.85+0.05° 427+0.17 4575+0.457 17.05+025% 24.6+0.54" 22.17+2.15  2338+1.20°
LRu¥  6.60£0.00° 2.10£0.00° 3.17+0.03 4323+0.10 19.10£0.10" 26.8+0.59° 23.71 £0.48"  2525%0.26"
YR#%  685+0.05 2.05+0.05 3.40%0.00° 42.10%0.30° 19.50+0.20" 27.97+1.42° 2324+248" 256+191™
R 6.45~8 1.85~2.35 2.93~427  39.1~48.15  15.6~21.5  24.6~37.02  19.95~27.67  23.38~30.11
AvESD 6.9+045  2.08+0.14 335+034 4424+232 18.05+1.59 3024%335  23.54+22 26.89 +2.05
V% 6.59 6.79 10.1 5.24 8.8 11.08 9.33 7.62

A LBEMNTELZR, AFHME £ kM ERT; 2. RIAELARRFEREAFRNFELSEMEZRF (P<0.05); 3. R
ABATEE; AvESD AP A + iR £; CVARF R THR.
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(K7 TP i & & (19.50 mg/g) AL AE (0.141)
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KT 9.30 cm.

®2 FEMMEXRHNEEZRSIEE (%)

Table 2 Physicochemical properties of different varieties of brown rice (%)

S At Koybg HLE € HLIE pS-£73 ER 340 TIEMERA Y RTIEERS %
£4L2%  11.61£0.002°  7.68+0.08" 3.01 0.05% 76.22+1.44°  16.68 +0.08™ 1.87 +0.02° 5.49 +0.03"
o 1128 +0.003"  871+0.10°  3.15£0.05" 7279 +1.22"%*  1830+0.14° 1.67+0.01¢ 5.15+0.07®
S 11.82+0.006  8.49 +0.07* 297+0.01™  71.52+1.11"  17.33£0.15 1.34+0.01% 4.66+0.16"
AU 11.79 £0.002™  8.38 £0.08° 3314001 69.91 043"  18.45+0.00° 1.19 £0.06" 3.89 +0.03"
FH4£ 1002 14.18£0.001"  8.86+0.16"  328+0.09"  71.64+148°  2043+0.73  1.41+0.08°  4.14%0.09"
S84k 12.46 £0.000°  8.62+0.16" 3.03£0.07°°  74.16+0.69°  16.01+0.21"  1.62+0.23" 4.56+0.11°
AAE 308 12.41 £0.001°  9.47+0.14° 296+0.01"  7238+2.09™  18.16+0.00°  1.62+0.02° 528+0.1%"
SF & 11.68+0.001°  10.01=0.13" 3.69£0.04"  7324+1.94™°  1597+027°  1.50+0.08"™ 5.60 = 0.07
SEE 12.25 £0.000°  10.06+0.04"  3.44+0.15""  6734+1.83"  16.17=0.08"  1.43+0.19™ 3.91+0.13"
R E 11.61 £0.000°  9.45 +0.05° 3.50£0.14® 7297 +£0.68™*  18.19+0.12°  1.39£0.00™ 4.89 +0.00°
R4 G 11.56 £0.001"  7.90 £0.01° 359020 7531+1.32%°  20.95+0.49° 1.88 +0.04° 425+0.05™
19 & 12.64+0.000°  9.01 +0.06' 291£0.03"  73.66+2.25  16.86+0.12  1.65£0.02°  5.37+0.09*"
BRLY  1230+0.002°°  8.05+0.03" 2.58+0.01° 7407221 18.04%0.02° 133£0.03"  4.77+0.18"
BREY  12.06%0.001°  9.25+0.08 2.69£0.04"  76.05+£0.60°  16.85+0.00°  1.44£0.09™  4.51+0.08"
R 11.28~14.18 7.68~10.06 2.58~3.69 67.34~76.22 15.97~20.95 1.19~1.88 3.89~5.6
AvSD 12.12+0.72 8.85+0.74 3.15+0.33 72.95+2.39 17.74+1.53 152402 475+0.57
CVI% 5.92 8.33 10.53 3.27 8.6 13.28 12.09
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Table 3 Cooking properties of 14 varieties of brown rice
st okgm pigEs NTIREE S amy o mmmen  REESHI

£24L2%  343.09+266° 257.13+£120° 17.86+0.74"  0.084+0.00° 6.71£0.01°  10.65+0.49% 2433 +1.53"
ek 288.19£3.41°  19337+1.70° 16.51+0.35°  0.136+0.01°  6.81+0.01" 10.75+0.07" 27.67+0.58"
ML 29591 £2.04% 213.06+2.72°  13.83+0.74  0.129+0.01° 6.73+0.01°  11.20+0.28°  27.25+1.50"
At 202.60+3.48™  190.18+821°  16.86%1.76"  0.104+0.01™ 6.75£0.00°  930+0.28  32.33+0.58
EH4£ 1002 303.37£031°° 216.67+0.01™  19.11+1.07%  0.109+0.01" 6.84+0.03*  11.15+0.07°  34.670.58
I8k 308.08+0.16° 24326+1.56° 18.80%0.61%  0.127£0.00°  6.67+0.02"  11.40+0.42" 33.33+0.58"
A 308 264.25+1.48  184.16+0.83"  16.57+0.95°  0.101+0.01""  6.69£0.02" 11.05+£0.35'  39.33+0.58*
o 32685+ 154" 291.66+833"  19.54+1.74%  0.138+£0.01° 6.85+0.01*" 11.05+0.35"  24.00 = 1.00°
AF B 30174517 22897+1.38° 20.02+127°  0.121+0.01"  6.76+£0.00°  9.85+0.35°  30.33+0.58°
ARG 329.65+0.19"  265.15+1.51°  20.62+0.81°  0200+0.07  6.94%0.01' 10.10£0.28™ 29.33 +0.58"
BREY 300.86+2.09™° 217.17+0.50°  1526%0.97°  0.054+0.00° 6.70+0.01°  11.30+0.42° 2933 +1.15%
19 & 32948 131"  267.50+0.83° 19.50+0.10®  0.141£0.02° 6.87+0.02"  9.90+0.14°  23.33+0.58"
BR#E 29821 +10.69" 191.88+4.99"  10.69+0.51°  0.093+0.01™  6.72+0.02° 10.75+0.35° 27.67 +0.58"
BR#Y  31299+653°  190.86+£7.53"  13.49+045  0.116+0.01™"  6.67+0.02" 10.15£0.07 27.33+153
R 264.25~343.09 184.16~291.66  10.69~20.62 0.054~0.2 6.67~6.94 9.3~11.4 23.33~39.33

Av=SD 306.81£20.42 225.07 +34.71 17.05+2.9 0.12%0.03 6.77 = 0.08 10.61 0.65 29.3£4.45

CVI% 6.65 15.42 16.98 28.42 1.24 6.09 15.2

2.4 M

R 4 From, 14 POkt K8 (081 40 R M A7 AE 35
F e VEME RN L5 A fE RN B 2 22 9 i f e, 0 A
AR, KBRS [F] i FhoRE K 1 0 (8 S RN
31.53%, BSHECEREER, 1 WA () it Aofofis K A P S ft
FEZEREUR . AR SMER B 2 2 AR AEAE, [
AEBROR, KRR IS E A 5 A, 1 RAR 2
AN [R] it AfORE K [ AR 4B AR S R AN 20.2%, Ui W RE
KR (5126 5 1 & R 22 K. S IR T R I
AN [EDRIFE & Al 2 22 —ARAH b, ASHT S R 14 Floks K
FE) i fRAE (521.33~1 699.67 cp) BEARMRAL, [mlZE(H
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Table 4 Pasting properties of different varieties of brown rice

i AL fep BABHEE Iep W A8 /cp R Icp =) £ 4l /cp SEAB B ] op LR/ C
£& & 2% 2998.67+27.43% 1299.00+19.00° 1699.67+33.08" 2078.33+23.80° 779.33+5.86" 5.36%0.14° 74.75%0.05°
Fdelh  242833+6577° 1349.67+43.50" 1078.67+28.92 242233+69.82° 1072.67+26.76™ 5.71+0.04™ 70.13 +0.40"
RE L 2679.33+118.04° 1586.00%70.15% 1093.33+48.95 2763.67+98.02° 1177.67+28.01° 5.93+0.00% 71.53 +0.45°
ALY 2743.00+£30.41° 195833+57.73°  784.67+81.68° 309333 %1443 1135.00%56.56 6.27+0.13" 7230 +0.05"
+ 3451002 287133 £38.07° 2191.00 +40.34°  680.33 £32.65° 370033 +36.77" 1509.33+4.62° 5.80+0.07" 78.65 % 0.00
]84k 2707.00 £2.83" 1792.50 +14.85' 91450+ 12.02° 3247.00+25.46' 1454.50%10.61* 5.57+0.05" 82.28 +0.60"
A 308 2678.00 £26.06° 2069.67*12.34" 60833+ 15.18°  3707.67+36.61" 1638.00=27.00" 5.84+0.04° 82.75+0.00'
HFE 2656.67+101.29° 1762.67+91.74°  894.00 £53.67' 2989.00  132.03* 1226.33 £43.92° 6.00 £0.12° 75.58 £0.04"
4HF LB 252200£5533"  1525.00+1.00° 997.00 +54.34°  2657.67£7.50° 1132.67+7.02" 5.73£0.07° 79.50 =0.07
HER & 2726.67+19.86° 220533 +32.75° 521.33+50.54" 3481.67+89.75° 1276.33+90.09" 620+0.12" 78.18 £0.49"
AREY 2679.00£20.07° 1601.67 1332 1077.33 +33.02" 2424.00+14.80° 82233321 5.93+0.07° 76.30 =0.05
19 & 246033 £70.55" 1345.00+11.53° 111533 +61.81" 2381.00+11.27° 1036.00+4.58° 5.73+0.07° 74.73 £0.03°
BRLY  309433+44.06° 1637.67+60.86° 1456.67+30.86° 2729.67+79.50° 1092.00+20.22" 5.78 £0.04 70.70 +0.00°
YR#E  2907.00+48.59° 1743.67+28.54° 1163.33+46.01" 2904.33+23.46" 1160.67+14.22° 5.87+0.13° 71.50 +0.05°
R 242833~3094.33  1299~220533  521.33~1699.67 2 078.33~3707.67  779.33~1638  5.36~627  70.13~82.75
AvESD 272512+ 191.52 1719.08 £300.75 1006.04 £317.21 2898.57+504.02 1179.49+23828 5.84+023 75.63+4.18
CVI% 7.03 17.49 31.53 17.39 20.2 3.99 5.53
2.5 M J RGN E v, R RERIORG FE S oM AR E AR R BT

TER I AR VE 2 SRR VE R I Ay T AR TE R A
BN R 45 K R R 5, Peng MR BLAAG R
I IR ARL ¥ 24 22 Rl RE R B 38 s A A B, A
T e ESE (DP 6-10) LLBIEHU%, WidsE (DP
13-24) LBl m . At g5 mE R W, B
THEH BTN SENZ AKX, AR E
AR 22 A B VE R A BRI AL S R 3 s T A
Fro QI 5 o, 14 FhORS KM AL iR R 4R IR B2 Y [
63.9~71.33 °C, WA IVEH 76.6~87.47 °C, %1k
BFERNEE] 70.2~79.13 'C, IERITEH 6.67~8.27 J/g.
R OB B K, REK A B AR i & 2
RREMEZ . £ 14 DR MFT, S&RZWIEZ
B R 827 Vg, WFERKTHRMMEEK, Wit «
B A A FHER 1002 S AR E A EAR, 25N
6.67. 6.72. 6.781/g, MILFTHRERE D,

JA 5 e
14 ASREA S TR RFPE IR 6 i AERIR

2.6

REAE (¥ B3 FE B ARC . REAR . BRI 22
KR IREE 73508 5 731.28. 5 628.00. 574422 g, i
Emm T HALGRF . T8 RFIFER i 2 SR BN
330.59. 367.86 g, w3 E T HALMM. T8 HAR
308 Al 19 A K s R, FEAR . Tufl 308, 19 &
i PEL GG 1Ak 25 o

BB RN

miE 2 fos, £EE 2 919 FREETEN S
NI, BT HAR AR, AR A MK
T 700 BEKMEZ AFTE S MOR AR E S8 I Fh PP e
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Table 5 Thermal properties of 14 varieties of brown rice

A W /(1/g) FHIBE AR 314
(25525 7.37£0.02° 70.87 +0.23" 82.87 +0.30° 76.53 +0.11°
Fie s 7.26 +0.06% 64.57 +0.06" 76.73 £0.15% 70.37 +0.06°
R b 7.74+0.11° 64.87 +0.15° 77.13+0.15° 70.53 +0.38°
AEey 6.67 £0.06° 64.65+0.21° 76.60 £ 0.14° 70.25 £0.35°
% 4L 1002 6.78 +£0.02" 68.33 £0.23" 83.67 £0.40° 76.93 £0.21°
X 7.02 % 0.06°¢ 71.33 +0.40" 85.80+0.17" 79.13 £0.15°
A4 308 7.55+0.49° 66.00 = 0.95° 87.47 £0.25° 79.13 +0.55
SF b 7.76 £0.05° 66.95+0.21% 79.00 £ 0.00° 72.70 £0.14°
o 7.13 £0.14%¢ 66.90 £0.10% 78.77 £0.15° 72.77 0.06"
BRE 6.72 +0.08" 63.90 +0.28" 77.05 +0.35" 70.20 +0.00°
R 8.27+0.07" 70.13 £ 0.45° 82.97 +0.15° 76.50 +0.30°
19 & 7.95+0.14° 66.40 = 0.20° 78.83 £0.30° 72.300.10°
B RuY 7.05 % 0.06™¢ 67.20 = 0.30° 79.07 £ 0.40° 72.77 £0.29°
LR 7.03 £0.09"¢ 65.20 £0.10" 76.90 £ 0.10" 70.63 £0.11°
R 6.67~8.27 63.9~71.33 76.6~87.47 70.2~79.13
AvESD 7.31+0.49 66.95 +2.41 80.2 +3.65 73.62+3.33
CVI% 6.66 3.6 455 453
% 6 AE SRR
Table 6 Textural properties of 14 varieties of brown rice
i /g BB /Y% HhbE /g MR = 5 v /g
E245L2% 4724437174 6721500 -330.59 +73.76" 12.09 +0.52° 4.13+0.06° 382.80 17.76"
Fe b 5102.34 £128.00"  65.90+17.58™¢  -10527+41.29*  13.46+0.52" 473+036"  453.75+126.68"¢
R b 4869.29 £ 113.35% 4891 +2.11"  -271.03+19.58"  14.58 +1.12" 5.19+0.51" 34737 +33.63"
ALY 475056+89.85  56.77+14.45™  -167.08 £51.18""  16.23£0.97™ 639 £0.41™"  441.59 +125.27"
EH4£ 1002 4373.07+14234°  60.63 £2.60™"  -101.57 £24.08* 19.50 + 1.48° 7.72 %0.59° 516.26 + 38.58°*
]84k 3704.19 £185.20"  76.78 £4.35  -367.86 £30.09°  15.98 = 1.43" 4.19 £0.50° 452.85 £35.67™
FAK 308 4222.10%237° 80.59+2.16°  -110.32+39.78®  17.93+0.22% 7.10 £0.10% 610.05 + 8.38"
SF b 372658 £1.71° 48.54+751°  -157.13+£17.52*"  18.41£0.57" 6.27+0.15™  334.63+61.85"
St & 493475 £134.13"" 5049+ 11.06"  -92.65 +11.83" 15.34 1.69™ 575+ 156  372.01 +31.52"
HER & 573128 +29.63%  69.76 +9.39™ -35.48 +3.94* 16.67 £ 1.95° 6.64 +0.73° 656.19 + 8.13°
ARET 446240+ 102.97 39.15+0.83" -179.24 +532°"  13.93 £0.29™ 5.11+0.18™ 24332 +4.78"
19 % 5246.19 £130.41°  78.70+3.49%  -14536+18.85"  14.71 £0.87" 5.73 £0.45" 605.96 +9.53%
YR#Y 562800+ 187.43%  47.72+1.06" 24846+ 19.12""  14.49 +0.02" 5.43 +0.09" 389.13 +3.63"
YRuW  574422+8890°  63.71+£3.09™"  -203.26+31.27°°  14.39 £0.82" 5.56+£0.58"" 52547 +12.90°°
R 3704.19~5 74422  39.15~80.59 -367.86~-35.48 12.09~19.5 4.13~7.72 243.32~656.19
AvESD 4801.39+665.02  61.06=12.94 -179.66 +95.47 15.55 +2.05 5.71+1.04 45224 £118.78
CVI% 13.85 21.19 -53.14 13.16 18.25 26.27
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Fig.3 Comparison of two entropy analyses
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Table 7 Correlations

wuar maRr Arss TEEP EAR nes wan SENE TTER sang

R K B —0.605%* -0.471* -0.098 -0.369 -0.029 0.141 0.418* 0.222 0.313 0.552%*
SRR -0.333 —0.497%** -0.068 —0.434%* 0.266 0.443* 0.169 0.24 0.438* 0.387*

* KHTFMR 0.089 -0.349* 0.119 -0.171 0.477%* 0.600** -0.275 0.147 0.081 -0.069

f:‘; A —0.045 -0.075 -0.062 -0.267 0.486** 0.132 -0.179 -0.304 0.178 0.116

3 pH -0.361* -0.137 0.094 0.116 0.386* 0.457* -0.179 -0.195 0.198 0.069
TRAR 0.08 0.13 0.04 0.172 -0.195 -0.015 0.258 0.354 0.227 -0.417*
FAERANE]  0.655%* 0.16 0.409%* 0.379* 0.134 0.029 -0.305* -0.147 -0.419* —0.849%**
55?/?{ -0.346* 0.058 -0.197 0.044 -0.022 -0.379* 0.054 -0.245 -0.084 0.431*

ok 0.023 -0.316 0.202 -0.254 0.106 -0.341 -0.041 0.183 0.344 -0.22

g FhiE -0.041 0.014 0.168 -0.400* 0.55 9** 0.409* —0.457%* -0.213 -0.067 -0.141
;;fi 7 R 0.061 -0.023 0.561** 0.201 0.505%* 0.392%* -0.390* -0.346 -0.095 —0.573%**
[25-Y2 -0.119 0.002 0.510%* 0.402%* 0.449%* 0.276 -0.424* -0.428* -0.135 -0.422*

wfl i -0.124 -0.245 0.346* -0.033 0.348%* -0.233 -0.224 -0.109 0.195 -0.239
”‘éfﬁﬁ/ﬁ{ -0.285 -0.175 0.115 0.143 -0.451%=* -0.427* 0.358%* -0.163 -0.117 -0.136
AR 0.239 -0.019 0.352% 0.403** 0.311 0.212 -0.182 —0.455%* -0.327 —0.735%*

# AR fRAR —0.403** -0.091 -0.257 -0.293 -0.573*%*  -0.453* 0.395%* 0.323 0.232 0.619**
jé AN 0.3 0.001 0.458%** 0.302 0.413%* 0.097 -0.241 -0.437* -0.241 —0.828**
3 ©) A {4 0.334* 0.026 0.524%** 0.125 0.489%** -0.066 -0.281 -0.34 -0.091 —0.821%**
& {H A 8] 0.114 0.289 -0.158 0.239 0.299 0.313 -0.28 —(0.585%* -0.31 -0.116
FUid-Yid 0.473%* —0.425%* 0.321 -0.007 0.374* 0.204 -0.196 0.224 0.017 —0.591%**

-;F;’i-l-ﬂ't‘}f’g‘ 0.007 -0.005 -0.225 0.024 -0.079 0.093 0.214 0.501** 0.425%* 0.243

P ALAILIR E 0.054 -0.303 0.153 -0.055 -0.411%* 0.045 0.336* 0.518%** -0.016 -0.119
ﬁ WEAH I8 0.402* -0.24 0.356* 0.16 -0.103 -0.037 0.145 0.458* 0.119 —0.559%*%*
EII9:4 0.375* -0.236 0.363* 0.134 -0.14 -0.011 0.173 0.487%* 0.07 —0.529%%*

Fi“'ﬁ'ﬁ'ﬂl‘ -0.342 -0.166 -0.629*%*  -0.461%* -0.186 -0.021 0.228 0.172 0.306 1
E: R R 0.05 AR (RE), EMIE; = £ 0.01 &R (RE), AAEHIE,
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analysis methods
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