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Study on Rice Quality Evaluation Based on Multivariate Statistics

WU Yijie', MA Yinpeng', PAN Siyi"?, WANG Lufeng"*"

(1.College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Environment Correlative Dietology, Ministry of Education,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Objective: To clarify the key physical and chemical indexes affecting the quality of rice, explore the relationship
between sensory evaluation and physical and chemical test, and establish a simple and easy evaluation method of rice edible
quality. Methods: Nine groups of rice were obtained from three representative rice under three cooking processes. Through
cluster and correlation analysis, the key indexes affecting the edible quality of rice were selected, and then the
comprehensive score formula was obtained by principal component analysis. Results: The indexes affecting the edible
quality of rice were water, fat, hardness, adhesion, elasticity and recoverability. The comprehensive score formula was
7=0.42xwater+0.0532xfat—0.0597xhardness—0.447xadhesion+0.266 xelasticity+0.114xrecoverability. The validation exp-
eriment showed that the best cooking method of Kanghong 1 was IH atmospheric cooking, and the best cooking method of
Daohuaxiang and Jilin Xiaoting rice was direct heating atmospheric cooking. Conclusion: The principal component
comprehensive score ranking of each sample was basically consistent with the sensory score ranking, would have a high

matching degree, and could better predict the edible quality of rice.
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FRAEI T 5 A, (B TR R S BT PEAY 18 7 iR AN G
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Bk E. PR KK EEERS S8
15%~30% 2247, ¥ K I B AE TE My & 4L, — MG
F 2%, EEEUEAT IS i RS MR KRR 1Y 11 ER, BiE
H EHEETEN & RIS, SRR ORL B sy, B R R
™, EABE SRS IR E R R BE AR, A
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IR FH TR BT s RO, AR N RS ) R
HIKRFEAZNAAEER A, SCSRBORBIT
IR EFREAR, TEMTCIEFEAITL, FEIORIR B,
FARBN X KRR U A —, WX 22 B Rk,
PEURE PR Z MR R s, BEE PRI
HAL IR G 2 8] () e ZR AN BH, BALFEBRA oS ZR AR A,
SECT TR R I GE— PN EA —E RIMERE

FEk, S T FREUECE PR AN EAL RS BRI E R, i
BESCHEMEHIALFRPR, £ RIS 1T I RO B BT
N T7, A FE AT i A% 3 IR R IECKE,
Sy R 3 PR E I SEAT I L 25849 51 9 4Kk
i, R Z 7080 H i s IR R AU B8R
Z RIS R, G0t HY BE B UL PPN AR FH o Joi ) S e

B, FEEFH BT AT A B ST R R I S BN

Fito WFFTRT R & BT PR AR 51 19 4 R 58 355 BURAE
JH, BEEC- LTI KR ) £ FH A B o
1 M5
1.1 MRS

fLEFCKk BUALEE KERZE 1 5Kk CRlEkK,
7 AL ER R | IV BT SOK K, 7=
FI BRIV T o AT R OREK, 7= [ 245 M
), FrseAs S B DL BT ORI AR, ) AN
it 6 4~ H ;5 30~60 °C W R it . HRERER . A LA .
Fhig . TRl . SN, H3ELT . IR P Evet . g . I
FRIRAN . WA TRERSN . 3,5- NI/ AR . A pERR
HESL . 218, S, fl, UL . 204 . TRIREN . Tk
PR AR el EZGER LA TR AT

CFXB50YB7F-6 B E U WiV IRANR
ZZ YA PR 7] ; CFXB40HC12-120 B TH Fa 5,
Y% . SY-50FH805Q%Y TH HL R 748 WiTTImA/RSK
FR A PR T TALXT Plus PMEHTHY PEE SMS
INE; UV-120085550635 T AOE INSTRUMENTS;
SOX406 HINEHTMEIL  Manon; UDK 139 KU H 5
HERUY ERF] VELP 7],
1.2 EWHE
1.2.1 = IRCKZEE T HRAE EEE: R
I 500 g FORPE S, IZKVEYE, Bk, W4k, HE 3
¥R, BIEIFE T 3~5 mine ZEH IR N IIZKIZHE 30 min,
RN E N ORI 1.4 15, BEK Sy 1.3 5. A

PR HL IR AR 28 KR, 28 B TP AR T e 5
PR TT B TTIE, Ml 20 min, FIPRAIHEREE LTIk
W, 240K 528K 2 )5, 36 LA EEN 10 min.

FELBE N (THD) 5 2828 BRI 500 g ROKRAE S,
ok EYE, BERE, WiR 4K, BEE 3 ik, B a1 ¥ TE
3~5 min. AlICKAIZK & IOKI 1.4 4%, Bk 1.1
1%, RNEHL . i TH R RE IR Ge 28 B KR, 2880t
FRHAIGF T 4R 55, BB RE T 48 KR, AR REVRE 7 J0d il
15 min, BIA] 45,

TH JE 1253 : FREL 500 g KKFES,, sk i@ vE,
Wi, Wik, EE 3 IR, B[RS SFE 3~5 min. Al
KANZKE IR 1.4 7%, 8K 1.3 £, 129 15 min,
i TH R T B 258K IR, Z8 BB T A3 T
TG, WE R AR, BEEE T 50 kPa, 4K FEFR 0
#1 5 min, BIn] Hi4H .

1.2.2 Sy

1.2.2.1 SKRIRFBTAG RN 7 =088 w50 )
BT A 1 e KRR ) B | R RE | ORE SRR L BN
PE. B PE,

OGS TR YRBCE T — PR SRR L A, I 22 /iy
FH 500 g M EREHEKIRFRIE 10 s, LALRUESR 10738,
NEBERAARREE —20 . SRS IS EAE, R BTia {4k
B EUE TN . AU e 4 R R B A0 R Sk
T, R EE MR E. RS EIER 10 P17
FEIEA TN RE , Z5 3 52 (B A e B A/ IME, BCH S
BE.

JRA AR A P/36R Y[R AE 7Y R 4 R S, I3k
15530 TPA; S48 AT BE 5.00 mm/s, Wi 53 B
1.00 mm/s, M S EE 5. 00 mm/s, filt% J1{H 5.0 g, J&
4 b5 50.0%, PRIRIE4A [ElBaastE] 5.00 s,
1.2.2.2 K48 E . ARG . SRR BTk s 43
BB 24 FESbRME GB 5009.3-2016 . GB 5009.
6-2016., GB 5009.5-2016 £ i Hh ok 43 5 FngE (A
ot R RE o
1.2.2.3 AIEMERRRIRIN TR S EEE00) ! 2
TP 1R I e KA AT PR ) 5 de

FRfE LR A THIE: 7751 10 mL Eb @A, 4551
N AR ZGBEARAERL 0. 2. 4. 6. 8. 10 mL, & & &I
FHZEBKAMINZE 10 mL, 1R-EG395). SRG A2
FAERIEL 1 mL BT 25 mL XH A b @, [HIat
FHZERRVEZS RS, 45 LN 1 mL DNS(3,5-fiF
FIKIGIR) , IR SIS TEBR AR U INFA 5 min, BUH 557
BN W sk & H), SR 8 mL 28418 IK, 2] I 18
540 nm A2 FIRAES LRI R OGRE . LI pR
BE SRR AR L OB AR, 23 HlbrRvE i £

PR A A5 FRESGRT KR 5 g ORE#f 22 0.001 g)
F 50 mL LB, ich m, IZKERE] 25 mL, JE
40 °C /KB PIRITAIL 1 h, BEEBURAE 6000 r/min
FA % 38 S0 30 min ZEF T, B LTS 5 mL
F 10 mL 3R, =7 6 mol/L 1% &k 1R B ££ il
KW H KA 15 min, B & S7 BIRH K@ AN, A
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1 mL 2 mol/L E&AALEH AN, EZAZ 10 mL,

W5 e 48 1 mL &R EER T =
X 25 mL h@aE , R HZEEKRIES bFE. %10
BAEINA 1 mL DNS W5, {R5))a 728k /K iE Hom
5 min, BUB 7. BV sKEE], Il 8 mL ZEIE /K
AL, FE5))5, 7E 540 nm AL AERR 140 W G IREAH,
it A
XD

A MRS B (%) = x50 % 100

A
156.09m
1.2.2.4 HEEEH KN ik SHEMEeEFEK
FrvfE GB/T 15683-2008 HAEHEMN & ELagI e ik
SR R KA P BB GE R
1.2.2.5 WUEEORN 7k SHEENEYT Bk
T KA A R A

FREX 5.0 g B4 MF BRI 50 mL HL a4
dh, INZEMK 2 25 mL, 7€ 40 °C KIBHPIRIE 1 hOiR
160~180 r/min, ¥RME 3~5 cm), BUHEERE 50 mL,
B e aaE R IR Sl 5 IR (—A2k B —), ] HHEER
W& 3000 r/min T £5.0> 20 min, #EFAEEGE.C)E09
W 5 mL, FCAE] 50 mL 2 EIH T, 28K R
F2) 45 mL, A 0.5 mL 2 g/L BRI AT 0.5 mL
0.1 mol/L (WL, FHZER/KER B, #15 .
HE 15 min J5 FHZEE/KEZ M, FH 1 em 19 Lb£a L
T 620 nm ARSI G REAE, 122G RP R il H -
1.2.2.6 MZHCRIRIMN Tk ZURATFREL 50 g 5k}
K, HEA 250 mL A, A 100 mL 7K, dGHASH]
AR v, W) 50 g FKAVIATIAV, (mL)=V -
100, % E ZEARHEZR B SERUG , FHFREL 50 g KA, i
A 250mL =& N, TEA 100mL 7K, ~7. BIAG & v Y
FRIEZE V,, W] 50 g KARUAFLAV,(mL)=V,~100,
AV,
AV,

1.2.2.7 WOKAMKIM T AT FRICRE 5 50
BRI W, 76 AR T 2T ORI,

Rk % (%) = x 100 )]

PRBOKRIRE S W,
WK 2 (Yo) = gz x 100 A 3

1.2.2.8 K EIEY . pH BRI ik SEE L
SEUT BN K [ K% pHL.

KIRIZER: FREL 7 g FTOR ORI % 0.001 g), i
Shom, BFOAERMZES, FKIEDE S IR, 2810
JKBE 1 W, B 2258 5 T 200 mL B, ILA 50 °C
ZEMMIK 120 mL, A 2000 W HL & fin#, 37K 20 min
OK#ZIEF] 100 °C PR, BUB 2258, B T5e
AL ERFA KT T, BUE T i aI g Am %
#1 0 min,

Kz pH MXE: RRLEMR I kigd d E =05, F)
FH pH TH#EA TN E K 1 pH .

Az EIEYIMNRE: M pH JaBIKZ BT 100 mL
MBI, FHZERK B R 100 mL & %4F, &0

(1500 r/min, 5 min), 10 mL; &% T-I% 4155 3% L
A, JMETRRER, B3R LAT)S B EAR LA Ax.
Ax 100

1.2.2.9 BIEMMIKIN T SHEHEEEZRR
7 GB 5009.9-2016 £ /5 HH UE M 03 Iz U™ PR 7K fi i
I 5 KA S B E B B

1.2.2.10 KRBT SREMLEEZER
i GB/T 15682-2008 FRIH B A KRG A . FoRFEE
B FREE N Ik R iR O i — (SR A RSy
PO XA A TR E PR o BB PEE AERRUE IR
B SLE =V T, B A R T EH I T
B B S CRIREBRETERE LA 4 A J7 miik
A7: FMUL. FS MGEFISIR (LR 1), E53 100 43, H

E 1 OKRBUREEERE

Sensory appraisal standards of rice

X D

Table 1

— R AEbRoME SR E ELRERAE A M
BRI A,
T HAB: 18~204>
AR A,
KRG : 15~174%
BARIRRAR A,
FEAE: 12~1453
KARTCA IR, (BT SFR: 7~124%
KAAT F0R: 0~653
KARBE T 1 : 6~75)
B IEF : 4~54)
KRIRK B IR: 0~353
AW G 7~843
AT 6% SHr~64r
ToE: 0~441

KAREEH B, Ok e BT
4~5%)

KUK 45 H B 5 8 353
KARRLHH PR AE: 0~253
WAL, AR E, AR 8~104)
RGP, FAAKE T 6~757
B, R BOCRE: 0~54>
KA D 8~1043
KARFEHS: 6~74)
KRB . BB, SR 0~557
RAEIE T 8~104>
I B SR A 6~743
EAARTESARK: 0~553

WEL RIS, A e AR A 375 7 AT AR
22~25%%

RELVERER, A5 YRR 14 7 AR RN
18~214%
WELRR FsF, T3 LR R,
{HICFME: 16~1743

NEIGFRT , TE7% T kIR FIRIIR,
RA 5K 0~1550

LGN O T L N
A B 1 4~553

S50, REERE 22, R ARRE. 2~35)
HREE, Mg 22, fhifE: 0~153
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& 40 43, HiATI0 Y 20 4%, e i B mnis 2l i

HIEEEREN 20 2 PR 5B (PR 51 0 5B A te il
111, AFIRYEIBITZE 20~30 ) o PP BUAREVEE bRifE,
TEVRE 25 °C. 25 SIRJE 45% MRS T #4737 45
A SRR AR S 7 FHTE /KUK, JAE 10 min Y58
155, B e sRECFHIMEAS 2 R 20048
1.2.3 KRIRE IO RISy =R ROk S351 A
1.2.1 =R kzE8E e s, S EIUEE 153453, 7K
Sy HABWG . FHEE . EEEVER . SUERT . WKR | i
K% K7 pH. Kz BB RIS FER, BEFHEAR 2
I = ASEATRES, TSR B
1.2.3.1 EZ&4r#  F)FH SPSS Statistics 24.0 {4
X o A T RIS T, S e s A Al A
AU RE SC—PE S pRER, P AR DB RS T R S,
SreH o BAHSE R BRI FEbR A I, 15 H s M AL
FFEAIFEFR . FAIH SPSS Statistics 24.0 A4 X
BRI AR ST, S B AT AR S B
(N P
1.2.3.2 FE 4487 FIH SPSS Statistics 24.0 4K
XA IS E A BEA T E RS 53HT . BEHGIT 2~3 722
DTBRAREII R85, AR 53 et B, (AR
5 ATHEEA RS R AN B EL B A R, 75 32
A e /N W - = O B 1 W e S = /N W £ o
S IRE PR S A T ELEOIE
1.3 #HiELIE

SEERCYE SR Excel Fi1 SPSS 4 #E47 B 255>
BT FHSCPEST BT AN T A HT 45, P<0.05 ShARfk i
=, A BAEER S 3 RS, BRI R RS
— R EA R IR 2E (X£SD) . R E—51 (A7)
T EAHRIFOR C R EER, FEARFRRZER D
(P<0.05) 7K,
2 HBRESH
2.1 KRB HARBEEN X BIsFRaIHE

54T (cluster analysis, CA) J&=—FPARPEIF 5T
X FE PRI AR, S S AEXT R B EEZH Y
ES 1 I T NN £ & e a2 = R 2 DS 5 NS LS e
DA B NATHE I G A X 53 s SR AT 1<,
RIS I WIF IR HAE B 4T, L anfads st
FRITEERY SRR i RS B AR A 4 28
o ASWFGORE XTI R YR S BT 16 TR bRk
ATERIESTHT, WS A TR AR AR IR B 97 L5325,
T/ ING LI MTIN I R . AT & S an &l 1 s .

K1 YA ARAR R 16 TR L B P

G, A AL BRARER A TS bR a] R S . B B R ),

PR A TFE AR AR EE T, FE AR 2 18] 1) FE ARURR 52 R
ST [RIZE AR AR 2 AT R i eI AR R, D e R
B /N AT RIS, FERE RS R S HF AT IR AT
Horgiadt: | [mIE M BT . BTERY . KGR K EE

0 5 10 15 20 25
arEtEsE 4 : ' : : :
HEEER 7
KzpH 10
L 5 —

Pk 14 |
[ 42 P 16

EREIN 3 T ]

g 12 —_
JIg Wi 2

JTEN 6
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Fig.1 Family tree of cluster analysis of rice food quality
evaluation index

Y. B 7 WidebRE S —2S . iR . EAETE
5. Kz pH. BUEAE AT T —2%; i AT g
A —ZE; KA KR R IRPERT I —2%, _Likgh
-5 FR 4y SCRk R E B AR S5 1S, TR R A WE
Y AL (H 5 JOR ERETE M & A 5, HARTEm &
A, M R . B LAENT IS R B TOREK
EEEVEN iR, HOKY pH A T EBETERY & IR
PAPRICK:, T B DEA & i AR oK oK% pH B2 g
K)o Chemists Z£23 1 Elaine Z£P% #JF 3% A& ¥ /K
R R BT A b, KA G, 13X R PR S Rk
PR R AT R K GE Y R AL AT B A Rt 5 1 4
JH, i RARI L BEREAR, TRASRERS . SRAUK S5
HE T, FOKRTERYTEZE B R K AR 22, KRR 533 B
55K Z2A7 B S AHSG
2.2 KRB S BB TN IR M A

SR T AT KR PR AR S R SRR PR
(A BOCR, AW i e f3 2 10 D Ieahdtts
5 BT PEM FE RS 44T T AHSCPESHT, S5 SR
22 Pise

FHER 2 Al %1 K5 S0k Se 3 M 22 = i A
FHK(P<0.05), KRR 7K 43 & 1 i 5, PROBLSE 3 3 ik
2. BOE SR SRR N FRIE A 1 BE TR K 5
BOHAS B LSRRI, DA REATR IRORE 1) 5 4 B 2,
AT 5 FHZK A3 B B R R SE s BRGSOk A
FIEAHSE (P<0.05), X &R Ve -NE = G4 53
B, A NRITRAN—Le XY Tt . NI & bk
1, AR, PR AT e AR A QR A i
B S HAE AR5, R P SR AR A B S A T AH
HK(P<0.01), APt oA, Borl A5 BA; a1
HEIC, ZEPEAS SRR, U6 BH R B - 400k . B
ARAIKAR, PR AT A3 R e R AR AR A5y, K
PEACER R TEAS 535 AN, Bt 5 g A 05 W 35 1 e
F2(P<0.05), T KEZENAARIE SRR, 7T
LA ARy 142 M 55 KR PR R 2
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Table 2 Correlation analysis of rice physical indexes and sensory evaluation results
Bzt KAy i} AR SVER ;7] Y il i it B [l 4 1
kLR -0.757" 0.181 0.206 0.630 -0.129 0.170 0.191 -0.526 -0.070 0.238
Bt 0.640 —0.660 0.261 -0.553 0.209 0.31 -0.327 0.411 0.356 0.118
IRk -0.014 —0.494 0.27 -0.296 -0.270 0.167 0.253 0.382 -0.302 -0.409
BiiBvAES 0.366 -0.209 0.077 —0.486 0.587 -0.197 0.268 0.423 0.074 -0.011
Wiy 0.007 0.585 0.114 0.127 0.066 -0.524 0.166 0.042 0.391 0.260
Rk ~0.459 0.021 -0.353 0.617 -0.076 0.198 -0.314 -0.951" -0.281 0.413
WSS —0.154 0.211 0.126 0.276 0.094 0.081 0.001 -0.207 0.700" 0.282
TR 0.299 -0.202 -0.260 0.012 0.061 0.601 -0.838™ —0.360 0.151 0.383
AR A 0.444 -0.125 0.278 -0.527 0.532 0.002 -0.028 0.225 0.609 0.579
VSt 0.048 —0.154 0.338 0.065 0.140 0.126 -0.296 —-0.414 0.476 0.9217
U -0.367 0.793" -0.053 0.201 -0.207 —0.564 0.597 0.217 0.023 -0.425
Tz *FE0.05ZU (WU ), AHIGHE I 355 **7E0.0190 50 OB ) , AHOGTEN %
e . . . Xy = Xoin
FE I IEAHSE(P<0.01), KA a1 42 el 1 BH KD X = X X X (5

AR A PR S T AR R BE TR T, KRR I EFTE
PR G, RIE PPt s, v LA B 2 A ok
957

SR T B BRI E PRI S s bR =z 8] Y
FHIEE, XA OCHEPR AT T 3 (& 2) o KU
MHFRARIEALT &5 Z XN BB TS5 Horokh
HEHEPERE G, HIEELRNIE R RN
0.9032; /K G HEDUE RE R Bk, (Hdik
F T 0.6115, HEE RE R KT 0.6 I, [T LK
o X8I AL 1 P15 R R A vy, WL I A =2 ] W] T AR
ARE8, R, AT 6 TR R K5, BET | B
B LR T B DU 5 X R ECE T
WARST, VR FH &L BT B DG R E R o

(B IFHAE T BB PP FR AR AR HE 5 13X 7S T oG
P PEFE BRI, SRR BB €, SGIEE . 3 BE AR ]
A= SRR R 5 22 X R i ERAFE AR, X UEEH IS A LR
B A543 RE A RE I bb TN KA 9 B R, (RIS AN SN
o BCFPAREIN BRI ORI ML, 325
ma AT TR ARG — N EEEE . Bk, Rk
T B2 R R HADSZ M K AR B R 1 S PR AR
23 ETERSHTRKIRRRIFN A RIENL

== 43 43 #r 2= ( principal components analysis,
PCA) 0] LIXF ZAF8PR A TR SR ORI B4, 12
fi. HEI PCA B HE T L A . &
i BT TP SRR SR AR P70 AR SRR SR E P
AT 5318 BEAR DG PHEFR AR A T 53530, LARHIE
{HRTF 1 AbriE, SEEEET — 15, R e s
T Btk 3. fEifbERs, & X, K. X,
ST . X5 AR L X, SRR ML X ST L X
REE M. X ~Xe RHIER LR 4, BRI
S P S HEFE BRI e AN ], TEEC R A
a5, F R T TEER B TS AN R = A i ) #
FOASE RN, AEEAT B RGT53HT Z s 22 Se X A
A TARUEALAR B, A =0AnT .

Ko X— AR A X — T8 8 T i i
1H X o FEPREHE T BB

TEA W, 2R NSNS . JBTAE P~ Tr
THEHL 12 TFEFRATRIR BRI 2E1 oY, e
FE T KRR P AH S bR, AR B BRI TS B P
M2 T, RESE A M PR IR L3 G k. 36T
I, A2 X R bR T T RIS T

e 3 AT, 565 1 B TRk 33.787%,
22 FSTII T ZETTRREER 29.230%, 5% 3 ST
TIRRRN 23.865%, = BT 25 5TH%R N 86.882%,
ST 22 TR 80%, JL T & T 48 K HERAE
B, BB WA & AT AR E R . I, SEPERT
A TSI, A5 AR R TR A
TSR R, SRR

7,=0.91X,+0.717X,—0.605X,—0.563X,+0.016X s—
0.049X

Z,=0.184X,—0.366X,+0.625X;—0.772X ,+0.100X s+
0.768X,

7,=0.247X,—0.344X,+0.066X;—0.129X ,+0.973 X s—
0.534X,

FH2 3 WA, B — s Uy 2E DT EROR, 22
R R s, N 33.787%, Wit s — RS
i B B R LR BR AR AR S 1Y) 33.787 % dlad
LR R Z) A5 S ARAE [t 4 X S K Y SR K Sy
X,, HR BRI & & X, HAES4- 5128 0.910 F1 0.717,
Ui ARSI XT 56— A3 s i s, HaX i~
FRATES — AT HsEmR S IEAVE R o Rtk 55— 3o *T
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Fig.2 Correlation between sensory evaluation scores and physical indicators
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Table 3 Characteristic value, contribution rate and cumulative
contribution rate of each principal component
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Table 4 Principal component characteristic direction scale of
rice quality evaluation index

Gy FFAEAE 7 TR (%) R Ir 2Tk (%)
1 2.027 33.787 33.787
2 1.754 29.230 63.017
3 1.432 23.865 86.882
4 0.556 9.271 96.153
5 0.133 2.222 98.374
6 0.098 1.626 100.000
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Table 5 Analysis of variance of regression equation

R CFUrM HEdS B0y Pl Sig.
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Table 6 Summary of model parameters
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Table 7 Ranking of rice sensory score and principal component
comprehensive score
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