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Study on the Relationship between Storage Conditions and Quality
Changes of High-quality Indica Rice

SHU Zaixi, CHEN Yifan, ZHANG Wei, WANG Pingping, DAI Huang

(College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: In order to explore the relationship between storage conditions and the quality changes of high-quality indica
rice, the high-quality indica rice “Fengyou 22” samples were stored at 4 storage temperatures (15, 20, 25 and 30 °C) and 3
moisture contents (13.5%, 14.5% and 15.5%) and 2 gas composition (modified atmosphere with nitrogen, non-modified
atmosphere) simulated storage for 360 d, and the yellow rice content, germination rate, electrical conductivity, a-amylase
activity, fatty acid value, gel consistency, straight chain starch content, rice soup solids, iodine blue value and rice hardness,
rice viscosity, rice balance, rice elasticity, appearance score, taste score, comprehensive score and other indicators were
regularly determined. The results showed that the higher the storage temperature and the higher the moisture content, the
more obvious the quality changed; under the same condition of storage temperature and moisture content, nitrogen storage
had the effect of delaying the quality change. The principal component analysis method was used to analyze the 16
indicators, and 5 principal component factors with a cumulative contribution rate of 81.055% were obtained through
dimensionality reduction. Representative quality indicators were chosen from the indicators with larger positive eigenvalues
in each principal component, which were germination rate, electrical conductivity, iodine blue value and amylose content.
The correlation analysis of the four characteristic indexes with storage temperature, moisture content and gas composition
showed that storage temperature had the greatest influence on the characteristic indexes of high-quality indica rice, followed
by moisture content then gas composition.

Key words: high-quality indica rice storage; high-quality indica rice quality; storage temperature; moisture content; gas

composition

WREEHA: 2022-01-18
HEEWAH: “+t=2"BRELHLTLTAE (2016YFD0401604 ) ; B T A A k& B E4em A A (CCS2020301) .
EERIN: 423 (1965-) , B, AL, 81445, B H @) R Fohn 5 4458 T42, E-mail: shuzaixi@163.com,


https://doi.org/10.13386/j.issn1002-0306.2022010155
https://doi.org/10.13386/j.issn1002-0306.2022010155
mailto:shuzaixi@163.com

-394 - B Tk B4 2022 4F 10 A
fEa BT E s EE AR BB, TR IH TR i | AL . A LN, VKR e brall, RERT

2 1.4 420N, FEFRERR E2e b A R E Y
HUAZ . FEASFEAE G R TP AT A E A TR AR U TS Bh,
SECHE R R BTSRRI, ARt b
AT LA SUHE LSRG AT il Joa 1) 95 AR S BE DY, ZE Atk 551
R KSR RS R A IR T,
TEARFRREE FR2m R 1 i 28 k. Ahmad 450 fiff
58 & BUEAIGHR T A R BT B4 =i R Y
FEK . A /K 2 M Lt s P i G R 2%,
. A ) F R A i R (] 19 BT, Sun 28U 1Y
T FE R S CO, VARG 1T LAYk 22 A8
S RHTRUIR] ) T4 AR

TR A g HA (] 1 &% BT T 2 R R LAk 5 B ANz
AR, TRAERES LS 5253 R
FabrARZ, HARPbRZ 8 28 HAE SIS . Zhao
SEE ST R, RS SR TERY S AR RO B
ARTTAT, Xu SE0 AR, B SRR S L (I ESE
VEM B RS B R TTA . RIS & A8 1k
VE I BRSSP R AL AR b, s ik T
A S BT 45 AR R EEN O S Ky TR R (1
TR A FEPE . 1 BCRIHRIE AT 520, IR K&
JH &b T S B0 45 AR, AR RORRBE AR T SE Ry 45 44 19 A8
AR SRR BT SR E PP A2 BERKR IR
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FFHAF 1 AEFERE 2 AEFXAS FREAS A AR
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ASSCARYEAS [RI g g il B . 7K 438 B AR e 5y
AE VT 21 FAE AR, s ARSI R A =
TRBRIAE R 16 TS B Fe AR, 3 32 s o ik xt
JITIFE BRI TRELE AL IR, FAS HAT AR S TR E
FEPR, IR MERE RS AR AT 3 P At g B1 358 Xl 5
ATAESCEST AT, AR S5 A % D SRR e BT 1
SZMA], BHAR S 0 ORI RS R BT AR A ) SRR IR R
SR A BTRIFE R BT it RIS A AR
1 MRERE
1.1 MRS5S

PEBRNFRE “E£48 227 P=Hbi b Ve B 5
RS (KR PE, BIAS 220 mm=330 mm=0.14 mm) .
SPEIEASGREEL PA, A% 220 mm=330 mmx<0.2 mm)

BT L e A BR A F] AU 4l 99.9%,

BT MR AARRHE A BRA F] 5 /K ZEE . 95% 2,

BhE AT A BR A E il Syprali, 14k k241
T kA Aefral, RV rAb e E iR A R TE
AT,

AL204 LR MR- ERI G (i)
B ] ISFM-1 AR E RS &R R
i k& R4S F]; THU358 224581 TMOSC KL 44
PTRHIR R A PR T; IXFM $EE XU F s
SEARIAN A BRZN F]; GZX-9070MBE S 35 XU T4
6. HHS BEHVEEARGE LIRS A BR A H]
BRSTiR#s) s SATAKE KUREIRIERE A SATAKE 2K
IRBEEEFEEETT  AETHIR R A RRA R DZQ45L/2
HAFTARAEENL i N RO A R AR
X ) s KBF115 fEIEE IR 3544 1% E BINDER;
JZDZ-1 It EdRZ s E SR E R B R
BIEIFFE AT T6 435656 EE T db Rt A A S A
BREUTAF]; DDS-11A BT IERYEY
1.2 KWHE
1.2.1 FESRALEE BFIKSEHE 13.5%. 14.5%. 15.5%
PP IBRIFERE 36 1 MBRALHANEE | g, A
VERETERE Sl R FH I AL R A 2R, 7348 1 kg AR
PRAF AR R AR e A s, 7348 1 kg, HHELES
FEARBBEHLITEA 99.9% RAIFMELE T, BT AN
LT R A 5 IR AR ARG R, % R A TR R D sh v
Fl+0.1 °C. ERSHUHE ] R AERE 7 d K Es 1 IRAEE
i, e A IR L R TR s AR 60 d AE 1 R
mh RO aE, I 5 IR ARIK AR g, SR H V)BT sl gt
Feita b il /K o3 S il ShE IS T 0.2%

#1555

Table 1 Experimental sample group processing and numbering
PRI E (°C)

I\ AL

Ko e T 20 25 30
(%)

E |2 I I | B N o I W | 2w

13.5 1 2 3 4 5 6 7
14.5 8 9 10 11 12 13 14
15.5 15 16 17 18 19 20 21

1.2.2 #FEPR S FrREka O BRI R AR S5y
ZHARFRRT, M AR oK B B2 TR a-TE
Bl B TRE . ICHHEE . B & 2. Kk
B4 . RS (B AT KR B | KRR BN | KRl
JE L ORPRERYE . ANIPESr . TERPESY | LR AT R
i, STEHAERK 360 d J&, PN A2 S 09 _aRFE bR .
1.2.2.1 BACKREE =% GB/T 5496-1985CHL £ .
THBHS 56 PR A RS OR AR B0 )T

1.2.2.2 KZFFR  Z% GB/T 5520-201 1 CHE MK
K 2RI,

1.2.2.3 HSR  REMLYEE 80 Hr JCHR 19 F5 4% I FR
&, e ASk/K vk 3 Wk, PR Sg K vk 3 Wk,
TR T KAy, TR 200 mL 4lidoK BN ss HEe
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WEH, 78 25 °C T 24 h, BA$E4) 2~3 ¥k, H)H
R SR M e IR ULV P 5228
1.2.2.4 a-JEBHGEIE =55 GB/T 5521-2008 KRk
5 5 R A o-TE RSO AE Bk )T
1.2.2.5 JEWIMRIE =% GB/T 20569-2006{TE 45t
TS E R Y R RF SR A D2 AR R (E™ .
1.2.2.6 JEHARE =% GB/T 22294-2008 CHL A 56
TOKMERREE B Y
1.22.7 HESEME&E =% GB/T 15683-2008(K
oK ELEETER B A YO
1.2.2.8 K7BETEYMELEE S EAEZREPY K
ZR AR e , EAARER B BR AN T

FREUHYS T 7.0 g T HH — AR A EFE B T4
2258, TERUK PP 5 3 DAYE 2 K00, P ZE KR
13k, BT 200 mL @& BUEERR P, i 50 °C 7848 /K vk
% 120 mL, 7 ¥ 7K 5% #1720 min( 100 °C FH 451t
B, B AR 2258 B REAF L EATA KT, FBepr
S RP STNAFSIESE=$/ =N

K EITEY): KoK 7 BE S 100 mL, B500 Jm B
10 mL T2 HEE /IR, JET, FREE . K[
TEW LIRS 5E T ORISRz h & A TR i 2 e 80k
TR

TR A B S Kz DR 4 B0 1.0 mL T
£ 50 mL ZE1 /K, N A 0.5 mol/L HCI %X 5 mL
A 0.2 g/100 mL i3] 1 mL, % 100 mL, 7435
SEEEH T K 600 nm 4k, FH 10 mm bt (6 ML 52

#2

GRS . RIZGMEAE G RN .
1.2.2.9 KURERGEFEPR  KRURAERE | KRORFHE .
KA B KPR L ANIPESY . TERPESY . 255
PO FIAA A THIEAE BR 2N LB A ARILE 1K R
HE . DUE FiEIE .
1.3 IR

SEEEHRAT H Excel 8tit, R SPSS 19.0 #fF
BEATARAEAL AL BE . FE 15353 #7 . pearson AH I 43
1o AEEPESHT 7K P<0.05., P<0.01, 85043
TR FHRAEE>1 $2H T AlS5 .
2 HBRESHh
2.1 RBRAFERERIEFREE R A

FHE 2 B, 1~21 dHEDROK & B AR 1.0%,
FFE E AR ECREAR ) RILE , HASRIZE ) 2 a2 5
AN, UhEHIZFEVR AN REL . I SLEG2H L 5258
NEWitRAE . IEFRRE | BEETER & e wIasE LT,
KR o-TEBBFE T . KRBT . (3]
THME T, FLP IR IRIE . & 2E% . KRz ETEY | il
WAEAS AR HE S o 38 A ) 2H 590 B g S 28 SR %
EAr AT R B, 66 A i g TR R 1 T v R K 43 B ) 3
K, BRI FRME R A8, 1 2H.(15 °C. 13.5%). 10
2H(20 °C . 14.5%). 12 ZH(25 °C . 14.5%). 21 ZH(30 °C
15.5%) FTERSIN 18% . 52% . 59% . 127%. 2521 £H
AR T2 39.5 mg KOH/100 g, #8iLHlFE “ H
170 L PEIATETREE 30 °C . K& 15.5% &10FF
PEBRIFE I AN BT 1 4R, RZFRI T ERE

AREZAF R OR BRI “ =00 227 AR BRAL & TG 251k

Table 2 Changes of physical and chemical quality of high-quality indica rice "Fengyou 22" before and after storage

under different conditions

2151 HRORS R RAR R a-?ﬁ—f*ﬁ%@@iﬁﬁ‘@ AN A HEREM SR OREBEEY WA
(%) (%) (ps/(cm-g)) (U(HL)) (mg KOH/100 g) (mm) (g/100 g) (mg/g) (Dgo0 )
0 0.24+0.0 9742 5.70+0.00 1.17+£0.06 17.4+1.0 90+3 12.9+0.6 63.0+£0.4 0.507+0.007
1 0.4+0.1 86+5 11.02+0.08 0.36+0.01 20.6+0.7 131+4 15.6+£0.4 60.7+0.7 0.342+0.006
2 0.2+0.0 87+4 10.32+0.08 0.14+0.01 19.4+0.8 141£1 14.9+0.6 60.2+1.1 0.324+0.006
3 0.4+0.0 88+3 9.39+0.08 0.21+0.01 21.3+0.9 136+3 16.6+0.3 51.6£0.4 0.220+0.011
4 0.2+0.0 866 11.25+0.06 0.30+0.01 23.2+0.9 128+2 16.4+0.4 39.9+0.8 0.222+0.010
5 0.4+0.1 80+£5 11.00£0.10 0.42+0.01 21.8+0.7 126+0 14.4+0.6 51.4+0.6 0.296+0.004
6 0.2+0.1 71+6 10.26+0.04 0.28+0.01 28.5+0.6 129+1 17.0+0.4 40.2+0.8 0.216+0.006
7 0.4+0.1 46+8 11.05+0.06 0.28+0.01 28.4+0.8 128+4 15.3+0.5 43.3+0.8 0.276+0.007
8 0.5+0.1 81+4 10.13+0.08 0.30+0.01 21.7+0.8 143+1 15.2+0.6 53.8+1.0 0.286+0.006
9 0.3+0.1 85+6 11.27+0.08 0.10+0.00 24.7+0.9 131+4 16.0+0.4 57.1x1.1 0.288+0.010
10 0.4+0.1 7545 9.68+0.03 0.28+0.01 26.5+0.7 12842 15.8+0.4 48.3+0.8 0.339+0.004
11 0.5+0.1 68+5 11.57+0.08 0.27+0.01 21.940.8 125+1 14.7+0.1 44.7+0.8 0.339+0.009
12 0.4+0.1 64+6 10.42+0.09 0.22+0.00 27.7+0.3 128+3 14.5+0.6 51.8+0.8 0.394+0.011
13 0.4+0.1 9+4 12.48+0.10 0.31+0.01 25.1+0.9 135+1 15.2+0.6 40.3+1.1 0.319+0.006
14 0.4+0.1 23+6 10.35+0.06 0.32+0.00 29.3+0.3 126+1 16.3+0.4 51.9+0.8 0.258+0.010
15 0.3+0.1 87+4 10.61+0.11 0.34+0.01 24.1+1.1 112+1 15.9+0.6 47.1+0.4 0.343+0.009
16 0.5+0.1 88+4 10.42+0.10 0.25+0.01 29.5+0.7 127£2 17.6+0.6 54.0+1.1 0.341+0.011
17 0.7+0.1 66+5 9.50+0.11 0.34+0.01 27.4+0.1 125+1 15.8+0.6 56.1+0.7 0.443+0.004
18 0.5+0.0 65+6 10.45+0.06 0.21+0.01 22.1+0.7 12443 15.3+0.5 47.6+1.0 0.312+0.008
19 0.5+0.1 72+6 9.64+0.04 0.12+0.01 25.0+1.1 12943 14.4+0.5 41.5+0.6 0.436+0.008
20 0.4+0.1 25+6 14.96+0.08 0.07+0.00 27.5+0.6 128+1 17.9+0.6 41.2+0.8 0.451+0.011
21 0.7+0.1 0+0 10.15+0.05 0.29+0.01 39.5+1.1 125+4 15.9+0.5 41.0+0.8 0.304+0.007

TE: AN HCAR B UL BRITE; 1~21 N AR R 2 T it #0360 dAYIE BoRliAs; 1. K31H.
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PRSI AFRAEEE, 1 2B, 10 ZH. 12 20, 21 2H FRERS)
B2 11%. 23%. 34%. 100%, %5 21 4H K 2P HRK[EE
0%, FEAAFRL A58 TG o[RBT &8, FEAgRRIERE . 7K
Sy o EARRIATE DU R, AL B AR R N TS
ST, VLI AU B SR 5 T AR AR o

KA1 BE CRAR R BE RS BE ) RESH A I ok
RFREBEFIRARAE B (AR AT L, 5 KR 1) BT 2% D) AH
Ko R 3 ATHI, Bl i R R ) TR K o B
AR RS, KU EE MY R REFEEIN, 1 2H(15 °CL 13.5%).
10 ZH(20 °C . 14.5%). 12 ZH(25 °C. . 14.5%).21 ZH(30 °C .
15.5%) F 243 5K 39%. 59%. 61%. 72%. 7E
360 d B N, AARSNLPESS . TP FLE-& 1
Sy ERIARE T 5, WA SRR s Ak o 5 i
FYHE R, 3 TP A (E A0 N BRI 0, 1 26 . 10 £H .
12 20, 21 HYNIPFSHY FREREN 16%. 21%. 30% .
38%, MBS FRFERI 23% . 30% . 36% . 42%,
LZEETVEST B R RER550 9%. 14%. 18%. 23%. 5
HRAL S BT, LA WA 2 22 B R i B AR LR 1Y
EF .

X} 21 HASFMH LSS T 00 BRI ARG AR S i 58
360 d J& el Y 16 DSHePRHEATAHHSCHE ST, 45 R
W3R 4 JFias o HORCK & & SN . Ml (E 2 W
EIEA R (P<0.05); KR SNRITTRIE . KRIREE .
AT L AN . RS . L5 TR AR
EHE(P<0.01), 5K ETEY) . KRURAEEE | K50
PR W EAEIE(P<0.05); HE SR8 SRR BERE 2 W 2
TAAH I (P<0.05) 5 Mg Wi IR 55 R W5 52 KRR 5

PRAE BE . ORARER R . KR T T A S R 3G
(P<0.01), S54FWIT5. FUEBGESY . 455105 B3
FHSE(P<0.05) 5 KR AE 25 55 K AR Pl B 24K B 2 ke
Fe(P<0.01), SAKRFHEE | ANRIESY . TUBGESr . 456
P35 035 A SE (P<0.05 ) s KRS BE 5 AR5 3
A IEAH G (P<0.01), 544y . FHEPES5.
LEETEO 5 B IEAASE(P<0.05) 5 AR5 3 5 40
A, BRI 4 . LR TR 2R W 2 OE A O
(P<0.01); KA BPE S AIPESY . THEPE 5L AR
K(P<0.05), SL5TFr B B EFH X (P<0.01); 4
WPV 53 55 FEV 43 . 27 6 PP 4 S A B 35 1F A oG
(P<0.01); MBIV 525574 2 35 IEAH ¢
(P<0.01),

FH AT UL, #5482 B0 S0 B &, HAHR
ma), SC FRARSEAY, LA GET oMY AR I RIME, A 2
SR ST Wi B 2 R R TR S DB LA
FEEFERR
2.2 HRMFERBIRRRER S 2

XTRTIAR Y 16 DFEFRIEAT RS 53HT, e
D ERE FE 43 I W 2 A FE AR T R A5 B i S R RS
Fro HIF2 51550, HERZRT 3 BRI J7 22 STkR 4 71
M 40.594%. 15.097% Fl1 10.935%, HLHE K, HE4L
B 5 19 A B DTRERER IS 3] 81.055%>80%, H 4%
AEAEII AT 1, I 16 D8RSR 5 DS
] Lz B JBORIRE S BT 0 1 A5 B o

MFZ 6 TIHL, XS —A Ty TTRRER K I e &
ZER L BRITTRAE . KA FETEY) . KU | RURELEE

P LR PR B A 5 (P<0.05), SAMNILIES .
EHEPES S0 2B T AH S (P<0.01) ; Kiz [FETEY) 5k

RATHIE . SEITS: . CURIESY | SR 4%, Jhrih,
SR A TE BT LR, KRS HE b RBE R A T g

3 ARG UBURIRE  F 00 227 ERUAT 5 A IR S B AE £

Table 3 Changes in the eating quality of high-quality indica rice "Fengyou 22" before and after storage under different conditions

4151 KRR (43 ) KIRBHIE () KA (O3) AAHE () SMUESY (43) HIEF4r () LZ504))
0 2.865+0.006 0.518+0.011 0.181+0.004 0.892+0.008 8.1+0.0 8.1£0.1 81.0+0.9
1 1.697+0.010 0.186+0.008 0.110+0.004 0.882+0.010 6.8+0.1 6.2+0.1 73.7+0.8
2 1.858+0.008 0.214+0.006 0.115+0.004 0.883+0.006 6.4+0.1 5.8+0.1 70.3+0.8
3 2.69340.008 0.162+0.009 0.060+0.003 0.882+0.010 6.7+0.0 6.0+0.3 73.8+1.1
4 2.377+0.010 0.166+0.008 0.070+0.003 0.888+0.008 6.2+0.1 5.9+0.1 70.2+1.0
5 1.997+0.009 0.162+0.008 0.081+0.004 0.865+0.007 6.0£0.1 5.6£0.1 69.5+0.5
6 2.598+0.011 0.157+0.007 0.061+0.002 0.858+0.009 5.8+0.1 5.4+0.2 68.0+0.4
7 2.304+0.004 0.136+0.011 0.059+0.006 0.862+0.006 5.5+0.1 5.2+0.1 65.1+1.0
8 1.573+0.010 0.172+0.009 0.109+0.007 0.880+0.011 6.7+0.1 6.2+0.0 72.6+0.8
9 1.828+0.008 0.163+0.011 0.089+0.006 0.893+0.008 7.3£0.1 6.6+0.2 77.3+0.9
10 1.620+0.011 0.120+0.007 0.075+0.005 0.882+0.008 6.4+0.1 5.7+0.1 69.8+0.9
11 2.080+0.013 0.108+0.010 0.052+0.006 0.885+0.006 6.0£0.0 5.5+0.2 68.6+0.7
12 2.122+0.010 0.148+0.008 0.070+0.004 0.880+0.011 5.7+0.1 5.240.1 66.2+1.1
13 2.494+0.006 0.108+0.010 0.043+0.004 0.842+0.008 5.6+0.1 5.240.1 59.5+0.7
14 2.3684+0.011 0.140+0.011 0.060+0.005 0.858+0.008 5.1£0.1 4.940.0 60.7+0.9
15 1.836+0.008 0.175+0.008 0.095+0.004 0.876+0.007 6.7+0.1 6.1£0.1 74.4+0.7
16 1.977+0.008 0.148+0.006 0.075+0.003 0.852+0.011 6.4+0.0 5.7£0.1 70.4+1.0
17 1.848+0.011 0.172+0.007 0.093+0.004 0.868+0.008 6.3+0.1 5.8+0.1 69.7+1.4
18 2.14240.009 0.125+0.004 0.059+0.002 0.882+0.010 6.0+0.1 5.3+0.1 68.7+0.9
19 2.615+0.007 0.133+0.009 0.051+0.004 0.865+0.005 6.5+0.1 6.0+0.3 71.1£1.1

20 2.645+0.006 0.098+0.010 0.037+0.004 0.887+0.008 6.1£0.1 5.6£0.1 70.1+1.2
21 2.590+0.009 0.133+0.003 0.051+0.001 0.866+0.006 5.0£0.1 4.7+0.2 62.2+1.1
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Table 4 Correlation coefficient matrix between “Fengyou 22” quality indicators
wROK  kKEH S WS ol BRI BB EEEE ko BUE O CRIR ORI ORIR RIS A LA
i # o WEEME BRE E o kEE EEY E W FE PE i s 1T T
HOROK S 1
KRR 0379 1
SR 0202 —0.398 1
oa-VEMEEE  0.159  -0.001 -0.273 1
RIFRIE  0.443° —0.663" —0.024 0.031 1
R EE —-0.158 0.093 —0.038 —0.272 —0.336 1
HEEER SR -0.130 —0.092 0298 -0.193 0337 -0.115 1
KGEEY 0010  0.506" —0.330 0.050 -0.395 0.299 —0.133 1
A 0.454" —0.122 0237 -0294 0.081 -0214 —0.144 0.081 1
KRIBERE  —0.010 —0.536" 0245 —0282 0385 —0.049 0280 —0.702" —0.144 1
KRB -0333 0.6247 —0.461" 0.187 -0379 0254 —0.117 0.6707 -0236 —0.458" 1
KUFAE  —0.188 0.647° —0.376 0241 —0451" 0240 -0.206 0.800" —0.033 —0.824™ 0.869™ 1
ARERE —0220 0450 0.103 -0.387 —0.435" 0.078 -0.035 0277 0.057 -0323 0214 0317 1
SMITS  —0.243  0.788" -0.104 -0.270 —0.625" 0202 0.050 0.503" 0.119 -0.513" 0.454" 0.579" 0.539" 1
FUEATSr 0289 0769 —0.074 —0.209 —0.625" 0219 0.033 0458 0071 —0.482" 0.502° 0.613" 0.519° 0977" 1
LAV 0241 08257 —0.117 —0.267 —0.543" 0.051 0.111 0.449° 0.073 —0.448" 0.483" 05557 0.654™ 0.939” 0921 |
e RIRTE0.057K T CBUI) b S 3 AH G T R ARTE0.01 /K- CRUIN ) = 1 25 AHC; 2%91F]
#5 FERUTFHEE L DT F6 WITHIE
Table 5 Principal component eigenvalues and contribution rate Table 6 Component matrix
PURTHER BT - 5y
1y sy T 2 o 2 1 2 3 4 5
TR (%) FURECG) T FRA(%) TR (%) ERCRERE(X)  —0333 0317 0720 —0.005  0.239
DO mmmomeES oo o om oms om
31750 10.935 66.626 1.750  10.935 66.626 R X) 0293 0.644 0040 —0.125 -0.209
4 1251 7818 74.444 1251 7.818 74.444 o-VEMEETE (X))  —0.057 -0.766 —0.126 0281  —0.356
5 1058  6.611 81.055 1.058  6.611 81.055 AR (X,) 0714 0154 0173 0345 0419
3 g:iii j:;?i 23:222 JEABE (X)) 0280 0050 —0322 —0.716  0.449
8 0535 3345 94.000 HEEEM E (X)) 0148 0430 -0.207 0599  0.493
9 0314 1963 95.963 KA EITEY (Xg) 0.726 -0331 0.18 —0.131 0322
:? o.?s? 1-808 97-71? TR (X,) ~0.036  0.195 0875 —0.129 —0.008
1 8:0;1 0222 32:507 RIRBERE(X,)  —0701 0372 —-0323 —0.011  0.117
13 0066 0412 99.819 HARFHEE (X)) 0.744  -0376 —0260 0.061 0212
14 0017  0.106 99.925 KPCPHRE (X ) 0.849 —0.402 0033  0.005  0.108
iz g:g:}i gggz 19(;)6?09040 AR (X ) 0570 0449  0.134  —0.042 —0.129
SIFA(X,,) 0882 0327 0132 0104  0.034
B4 BT T AR Y, BRI 52 X “ B e R 77, 454 HEITPI (X)) 0.879 0283 0067  0.092  0.001
HETH(X,) 0858 0354  0.123 0263  0.009

2% 7 AN, HI )RR

F,=—0.131X,+0.347X,-0.115X;5-0.022X ,—
0.280X+0.110X—0.058X,+0.285X,—0.014X
0.275X,,+0.292X,,+0.333X,,+0.224X ,;+0.346 X, ,+
0.345X,,+0.337X

B A S S R A TR AR AR i O, HL
SRR IS A AR Y SE B B | dmaE TR Rk R
FE SR SRR T, HRNEA TR A

F,=—0.204X,+0.008X,+0.414X,—0.493X ,—
0.099X+0.032X+0.277X,—0.213X+0.126X o+
0.240X,,-0.242X,,—0.259X,,+0.289X;+0.210X , ,+
0.182X,,+0.228X

55 = S h L (B 04 1 E 2R B R O, Al
{H SR FLVER S5 028 AR DCEH, PR HE
SRy SRR, R T AR A

F,=0.544X,-0.079X,+0.030X;—0.095X ,+
0.131X,-0.243X,~0.156X,+0.139X+0.662X,—
0.244X,,-0.196X,,+0.025X ,+0.101X,5+0.100X , ,+
0.050X,5+0.093X

S DU 32 o0 P BLEE DE Y 7 B RO 1 AT i i
K, FEPRMA RS A BB VER & B 022k, DRIk HoE
By S % PSR SN = sy 2 F
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F,=—0.004X,+0.174X,—0.112X,+0.251X ,+
0.309X,—0.640X+0.536X,~0.117X4—0.115Xy—
0.010X,,+0.055X,,+0.004X ,,—0.038X,,+0.093X , ,+
0.082X,,+0.235X

7 FRUFFHER &
Table 7 Eigenvectors of principal components

sy
1 2 3 4 5

E=La

BROKEE(X)  -0.131 0204 0544  —0.004  0.232

KEHHR(X,) 0347 0008 -0.079 0.174 —0.134
AL (X,) -0.115 0414 0030 -0.112 —0.204
a-TEMAE(X,) 0022 —0493 —0.095 0251  —0.346
RIFRIE (X) 0280 —0.099  0.131 0309  0.407
JEAHEE (X) 0.110 0032 0243 -0.640 0436

HEEER T, -0.058 0277  -0.156 0536  0.480
KiGEEY(X) 0285  —0213  0.139  —0.117 0313

MU A (X)) -0.014 0126 0662 —0.115 —0.008
KRR (X) -0275 0240 —0.244 —0.010 0.114

ARYFE (X)) 0292 -0242 —0.196 0.055  0.206
ARBCFBIEE(X,,) 0333 —0259 0025 0004  0.105
RARBRPE (X 5) 0224 0289  0.101 —0.038 —0.125
SIIT(X,,) 0346 0210 0100  0.093  0.033
BT (X, 5) 0345 0.182  0.050  0.082  0.001
ZAE (X ) 0337 0228  0.093 0235  0.009

S A TS R BB TR S R A IE AT TR
Fe R, R B B TE 2y B U, SO JRE S R ) K e

F,=0.232X,-0.134X,-0.204X,-0.346X ,+
0.407X4+0.436X,+0.480X,+0.313X;—0.008Xy+
0.11X,,+0.206X,,+0.105X,,—0.125X,;+0.033X ,+
0.001X,5+0.009X

LR F AR F Y 5 A5 (F L F,. Fs.
F . FOMYEIAT R :

F=0.501F ,+0.186F,+0.135F ,;+0.096F ,+0.082F

i PR, LA BT R5r F 54868 X Z A1
=S w3 (1

F=—0.001X,+0.170X,-0.004X,—0.120X ,—
0.078X4+0.002X (+0.092X,+0.136X3+0.094X y—
0.118X,,+0.097X,,+0.131X,+0.166X ,5+0.238X | ,+
0.221X,5+0.247X

INFR 8 ANFHH S T 21 dRE S 45 B 5
155 LA AHERA G5 T LA Y, HEZA BT — 2
o5 1 AR 2 4, IR . AR EREAER S
VE 43502 20 °C. 14.5% A, 15 €L 13.5%
FIEEAE, 20 °C . 13.5% FIE I HES A =952
21, 55 13 FIEE 14 4, filkERE | KIS e
S BIIE 30 °C. 15.5% FIEHESIH, 30 C. 14.5%
FESSIE, 30 °CL 14.5% FEESIH . 286155014
55 S B I 0 58— B, i R T R B v O T 45 AR R
PO A it g AT DAY 2% G BT 2 AR R EE OO, 5
BH 2 WA S WA S BT il 16 S8R E8 T 40
FRFRATF B, B Ry B ST M I B T o JBR AR AR B9 SR
PRV

LR b SCHY AR R AT I Fit AT P9 25 A R 25

FEV HS HOHE R R ORAAESEERS), A A S 245404

o 113 PN i e S ey S

PRIt s e SRS S SN N (S RN RG2S

e NSRS “ SO 227 B ah RIS bR
*8  EWN MEFETHEY

Table 8 Principal component score and comprehensive score ranking

5 ORI K4
) Eior a2 Ear3 o4 Ears LiETe aftrHES
1 3.679 —0.867 0.451 0.034 —0.123 1.735 2
2 3.746 —0.375 —1.099 -2.192 0.934 1.523 3
3 1.590 1.078 —1.732 0.111 1.106 0.864 6
4 0.671 1.098 —2.344 0.907 —1.006 0.230 10
5 0.704 —1.755 —0.301 —0.138 —1.672 —0.164 12
6 —1.450 0.115 —2.832 1.228 0.378 —0.938 17
7 —2.257 —0.596 —0.733 —0.260 —0.372 —1.395 18
8 3.235 —1.061 —0.020 —-1.311 0.728 1.353 4
9 3.747 2.084 0.118 0.187 0.790 2.363 1
10 0.702 —0.225 0.770 0.411 —0.368 0.423 8
11 —=0.777 0.642 0.981 —0.613 —1.871 —0.349 15
12 —0.680 —0.610 0.919 —1.036 —0.277 —0.453 16
13 —4.057 —0.178 —0.823 —1.839 —0.602 —2.402 20
14 -3.161 —1.704 —1.084 0.120 0.591 —1.987 19
15 2.055 —0.234 0.466 2.547 —1.664 1.158 5
16 0.165 —0.321 0.512 1.682 1.671 0.391 9
17 0.870 -1.970 2.634 0.708 0.865 0.563 7
18 —0.595 0.285 0.577 —0.251 —0.857 —0.261 14
19 —0.374 1.199 1.460 —0.889 —-0.179 0.133 11
20 —2.660 4.941 1.293 0.014 0.497 —0.196 13
21 —5.155 —1.546 0.787 0.580 1.432 —2.591 21
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Table 9 Correlation coefficient of quality characteristic index
and storage condition

i i BRI RS

et REHFR LR BUEE  EREER SR
BRI —0.754" 0.378 —0.101 0.096
Koy -0.307 0.071 0.644" 0.158
N % -0.016 —0.499" 0.117 -0.329

R 9 mIA, il it B 5 4 20 R S AN 3 TR
FK(P<0.01); /KI5 -5 A (A B 2 35 TEAH G (P<
0.01); A s 15 H S 3R 5L i 25 T AH 5€ (P<0.05) 6
filt R XL BRI it BTS2 R, 7K 438 B FEMR IR
=, SR R
3 g

FEASTF K 533 d DR BORIAR , TEAS [R) R RS
[ AR RS 2 AR 360 d, WISE TR S AR & 1Y
Hifl | AR BRI RS SR AR AR R, X ETIIFE bR
PEATAR SV AN 3 04, RS 2R bR
SRR Z A BIARSC R AL IR, AIRTEFRZ
() AR S A B S . HAHSEN | SC R LY FR4EfS 3|
09 4 DS EATACERYERY G SR IR T PR R 2 i
2R BE (AN AR VERY A, IX 4 D EEHESRAT LU
RO SSORIAE  JB 17 0 B AR 015 I8 i AR rh il
X SBRNAR it JBT SR R S, 7K 43 i IR 2, AU
AR RN o ASIFFEXH I A S AL BORI AR i o
ARG R ATIRER , HEGE RN IT A A TRl R (a5 it
FEARPEBEIAR YR, A AR - S b, 15675
JEFEIRAF AL A, HRIE /KA R A, PRI
it e A s TEATE AT ALV IS DL R, 38 A5 S B4
i RIS G ISR E A
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