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Abstract: In order to evaluate the quality changes of embryo rice during storage, the embryo rice with vacuum packaging of
two kinds of materials was stored at 25 and 4 “C for 300 d and the changes in the fatty acid value, taste, texture, and other
indexes were analyzed. A quality evaluation model was constructed based on principal component analysis and entropy
weight method. The volatile compounds were determined using headspace-solid phase microextraction-gas
chromatography-mass spectrometry (HS-SPME-GC-MS) to further explore the correlation between the indexes. The results
showed that with prolonged storage time, fatty acid value, hardness, and chewiness increased significantly (P<0.05),
springiness and taste value decreased significantly (P<0.05), and lipase and malondialdehyde (MDA) first increased and
then decreased. A quality evaluation model of embryo rice was established based on seven core indexes:
Y=0.0803xchewability+0.1170 xspringiness+0.1221xflavor+0.1182xtaste value comprehensive score+0.2215xmalondia-
ldehyde+0.2234xlipase activity+0.1175xfatty acid value. According to the comprehensive scores obtained by the model, the
quality of the embryo rice at different storage periods was classified as grade I after 0 d of storage, grade II after 60 d of
storage, grade III after 120 d of storage, and grade IV after 180 d of storage. A total of 53 volatile compounds were
detected, among which aldehydes, ketones, acids, and other compounds appeared in large quantities after 300 d of storage.
There was a significant negative correlation between 2,2,6-trimethyloctane and fatty acid value, lipase, malondialdehyde,
hardness, chewability, 5°, or AE (P<0.05) and a significant positive correlation between the taste value and quality
evaluation comprehensive score (P<0.05), followed by 2-n-propyl furan and 3-methylundecane. These results provide a
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theoretical basis for quality evaluation and storage method selection of embryo rice.
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Fig.1 Changes of fatty acids, lipase and malondialdehyde
during storage
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Table 2 Changes of textural properties of embryo rice in PP/PA/PE packaging
TR (C) et 0d 60d 120d 180d 240 d 300d

TR (N) 7.16+0.01% 18.80+1.017¢ 24.48+1.45% 29.57+0.63% 38.042£0.91 46.67+11.41%

25 ik (mm) 5.57+0.17" 4.44£0.32% 3.74+0.12%° 3.66+0.16"° 3.17+0.16d* 2.91£0.07*
NELAEA4: (m)) 34.25+1.30% 37.28+2.39 51.48+2.20" 62.22+1.34% 73.89:4.234 132.85+22.72

i EE(N) 7.16£0.01 16.69+1.117 22.15+0.76* 27.06+1.224% 34.71£5.41%° 45.67+9.65

4 ¢k (mm) 5.57+0.17%¢ 5.02+0.17% 4.5040.20% 3.9120.07"¢ 3.7420.12% 3.28+0.04%
NEAEA4: (m)) 34.25+1.30M 43.18+1.91% 53.57+5.11%¢ 88.51+0.45% 97.23+4.74%° 199.52+28.96™

T [ AT AN R RS - REAFARE I TR AS ) i 22 53 1.3 (P<0.05), ARNIRI/INE FRIARER IR — L EE AN [ i ] 22 57 i 2 (P<0.05), R3]

# 3 HMOKTE Opp/Cpp 124 F BRI RFAERYAZ 1k
Table 3 Changes of textural properties of embryo rice in Opp/Cpp packaging
HREE(C) fEhR 0d 60d 120 d 180 d 240d 300 d
fEE(N) 7.16£0.01% 16.04+0.10* 21.00+0.854¢ 24.99+1.474 28.08+8.254° 45.27+0.40%
25 Hfit: (mm) 5.57+0.174 4.71£0.11% 4.11£0.18% 3.84+0.05% 3.74+0.09* 2.68+0.06"°
MEIEPE (m]) 34.25+1.30* 43.62+1.15* 50.12+3.45% 54.69+2.94% 66.30+3.35* 94.76+3.30™
WERE(N) 7.16£0.014° 15.37£0.31% 20.34+0.39* 23.32+0.64 26.42+0.73° 38.27+2.314
4 it (mm) 5.57+0.174 5.14+0.05"° 4.93+0.06"° 4.71£0.115¢ 3.82+0.05"¢ 3.36+0.24""
NELIE4: (mJ) 34.25£1.30% 34.29+0.10% 51.35+3.421 58.7+1.73% 69.63+2.68"° 101.43+2.63%
(A)10 (B)10 ©10r
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Fig.3 Changes of color of embryo rice during storage
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Fig.2 Changes of food taste value of embryo rice during storage
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Table 4 Load matrix of two principal components

BRI EE MR TR

A AR RA R A s (a2 e AR DTRR A
Bl FRLi 54957, SRk 7 Wion . £ 615955 it
P 0 d Y 0.8825 F&ZE 300 d 1Y 0.1191, 526 P36 sk
FaA, EOULSZ BT B AR B fiff gl B [F) S, ol ST s

%(EO

2.7

T AR B K 2R SN Sr
Table 7 Comprehensive evaluation scores of embryo rice
in different storage period

Eitan F 51 FEi52
NRIDTRRH -0.945 0.057
Tz —0.926 —0.088
AE -0.924 0.144

b -0.842 0.136
[ -0.835 0.355
MEL R —0.74 -0.365
573 -0.58 0.709
a 0.864 0.143

P RES 0.909 -0.022
Sl 0.91 0.259
L 0.911 —0.144
g 0.918 0.118
SR 0.929 0.211
il 0.953 0.142
fiiile3 0.957 —0.146
BIRMEEE TS 0.96 0.156

x5OV

Table 5 Evaluation matrix

TiH 0d 60d 120d 180d 240d 300d

MELM 1 0.0803  0.0759 0.0660 0.0542 0.0454  0.0000
S 0.1170  0.0824 0.0588 0.0454 0.0261  0.0000
i 0.1221  0.0943 0.0894 0.0448 0.0234 0.0000
BIREGETEST 01182 0.1067 0.0866 0.0487  0.0249  0.0000
N 0.2215 0.1583 0.1067 0.0025 0.0000 0.0268
Reims 02234 0.0667 0.0158 0.0000 0.0262 0.0643
N E 0.0000 0.0326 0.0786 0.1047 0.0559 0.0279
ZAY 0.8825 0.6169 0.5020 0.3003 0.2020 0.1191

AR MR P - TWAELZE W JEWIERG  Beiime(l

[(d) (mJ) (mm) A1 (pmoL/g) (%) (mg/100 g)
0 3425 557 798 79.75 1.95 100.31 6.23
60 3959 483 7.13 77.07 2.50 137.87 14.20
120 51.63 432 698 7237 2.95 150.08 25.46
180 66.03 4.03 5.61 63.50 3.86 153.85 38.14
240 76.76 3.62 495 5794 3.89 147.58 50.08
300 132.14 3.06 4.24 52.10 3.65 138.44 56.94

o FI3FE 6 I, PN EFIHE s Tl 1 o)A R B s, Xof
o7 PR AR S5 A A B S v AR R, S BEHAE R4
AR O FE B, Xt B8 K 1) i BT AR A i fe Ry i 2
WELNER PR AN E e I, T T Rl A A Sk i b A A, A
SRR, BOPGERAC . EWRELE SV A SAGE
HR A, RBICHECE SR IIE AL, AR SRS P, £
A H AT LA S B E A . 38 R AGE T AP
FEAR BT MRTE B B 20 oAb, 45 & 500 9K 3l i AR
o UL, FHZ PR PR AR EIAE 2250 IR
PR g it B DAY . Y=0.0803 < NELIEME+0.1170x 5
PE+0.1221xF<+0.1182x L RIE LG PE43+0.2215x
N E+0.2234 < I8 BEHE +0. 1175 < I8 TR (.. A,
Y R REEEAE ST
F 6 TEMIEAREIAE AT LS

Table 6 Weight analysis and calculation results
of evaluation index

EiEtan e A AR WE
ML 0.8866 0.1134 0.0803
fiihen 0.8348 0.1652 0.1170

HFR 0.8276 0.1724 0.1221
BWELEA TS 0.8331 0.1669 0.1182
[ 0.6872 0.3128 0.2215
[Silifie3eg 0.6846 0.3154 0.2234

RE TR H 0.8340 0.1660 0.1175

T LR G557, S ARMASES [ 7
GB/T 20569-2006 K FFE A i A7 it 53 F1] 5 FLIU] Yl 2 o
B 5T R, X B KA PR IE LA TR 0] 53R
T SRR, AN 8 Uras. ik 0 d & 1 2%, B KA
JoE BT, PRt sy, SR R, BLAE; it 60 d 9k
I 2%, BA IAK S SR AT, (003 L AR IE R, 388 BLAT
it 120 d Ry M2, B8 S TR 22, (i g, “<UR
W% 2%, 45 B8 AN EUAEs it 180 d =2 ) IV LR, B IR K ™
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LEFE b T M R BT e A R AL T —
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Table 8 Storage quality classification of embryo rice
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Fig.4 Changes of volatile compounds in embryo rice before
and after storage
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YA MERERRETS, REHEE R MG HE
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Table 9 Relative contents of volatile compounds in embryo rice before and after storage
AT (%)
e gk st CASS RE iiTn) 0d PP/PA/PE  PP/PA/PE  Opp/CPP  Opp/Cpp

25 %C 4C 25 C 4C
1 2-23-1-TBE 97-95-0 1310 6.09 2.37 - 0.47 - -
2 13 4f-3- Pt 3391-86-4 1450 21.62 - - 428 1.50 11.92
3 K R 100-51-6 1267 31.19 - 1.08 1.34 0.77 3.29
4 B 74-93-1 - 374 - 0.10 0.08 0.02 0.12
5 R B 1066-42-8 1153  26.09 - 0.99 0.91 65.70 2.03
6 4-Z - 2- P S R T} 7786-61-0 1409 37.19 9.55 1.06 - 0.18 1.10
7 W% FN) 108-95-2 1324 33.67 - 0.47 0.46 0.19 0.68
8 BRI 90-05-1 1494 40.58 - - 0.05 - 0.05
9 P 100-52-7 1520 23.43 - 8.06 7.93 3.37 14.16
10 3-CHEAEHEE 7525-62-4 1424 20.91 5.11 0.34 0.33 - -
11 . PR 111-71-7 1184 1426 - 1.91 223 0.57 1.54
12 WEC 66-25-1 844 11.52 - 31.40 27.04 4.19 19.94
13 R 124-19-6 1021 19.81 - 7.31 11.04 5.59 8.53
14 1B 124-13-0 961 16.92 - 1.88 1.95 0.61 1.62
15 ik AR 7782-79-8 1213 3.35 - - 9.37 5.12 8.72
16 H A ST 19500-95-9 973 19.62 - - 0.03 - 0.07
17 1-(1- AT H-1-28)-1- 79 1655-03-4 1620 25.07 0.59 - 0.83 0.29 -
18 2- B 110-43-0 1182 14.33 0.54 438 - - -
19 7-F J-5-2F I -4 32064-78-1 923 15.09 1.07 0.04 - - -
20 . TR 67-64-1 819  4.89 0.63 - 1.44 - 1.19

[iEES N

21 ZORHER 119-61-9 984  18.04 1.03 - 0.11 - -
22 1-(2-F J-2- R ehfi-1- 55 ) - 2. T 1767-84-6 870  12.68 1.09 - - 0.02 0.45
23 EA 98-86-2 921  14.99 - - 0.02 0.02 0.12
24 2-(F kA3 ) - 1- K 5 2 T 55153-12-3 - 2726 6.48 - - - 0.21
25 PIMRR IE IR 2998-23-4 1165 21.62 1.18 - 0.04 - -
26 Pk LR R 109-60-4 1085 22.90 - - 0.03 - 0.07
27 LR iR 79-20-9 828  10.29 - 0.07 0.07 0.02 -
28 S -2- TR - B e 76588-98-2 - 264 12.29 - - - 0.39
29 R b 124-18-5 1000 9.14 - 1.05 - 0.31 -
30 ke 112-40-3 1200 13.98 - 2.19 - 0.49 1.94




il it OPLS-DA ik VIP>1 k&4, N B Ik
KA A B E I R e &Y. Hi, 4 24 FgEL
A& VIP>1 H P<0.05, 7EI& 5A H LA (AR
0. & 5B A 24 B EEEE R LG S REALTE
BN S BRLE A A AR ST o 2,2,6- = H 3
SAEWTERAE . NSV . DY . REEE | nHIEE . 2R
AE 5 i E AR (P<0.05), SErmR A, A B 25 15 AR
F(P<0.05) . BEPAHR . 2-1E PSRRI I 3-H 31—kt
SR EWAN, REEAL G S EWRE R AAEC, 2-1E
PIREIRIR R 3-H ke 5 5 A AR kAR U R B
PERG e eI < (S | o 1 [ = D3 S X E SR a7
Ji B AR R AR i S A = AR B I TR, B3O XU AR 22 |
FEAETR LR, ELBR kg 57835, SR 5
JoT RPN 3R SR I F A 2k 2 IR I 2SR 2 A &5 )
LigWing . BB Wit EAE G, R B i Ak
JE A, HAA RN R, 2 I SR e
Py RE N2 SRR KR AR B = A R, R
2R EAG Y S IR . BB . DY RS EAE
K, SRR . LTEE RGO SE, B1an - e HAT VR
R, B3t — MR IAT IR, P AR ] BESE AR DT | Ak
fi SOAH AR i =3 2SR D - f sl o g i
1 1 22 sk, 3% e A= pl Rt 39 0, S ER S 3 O AH oG
(P<0.05). SuklEet, Rl s LB 2, PN f-1+
e AR AR R 2E R 22 AR B B i 2 EAE DG (P<

%474 5 2 W) Tt , 55 BEIVORAEEGN PR, PRV K L S R AL B WA D - 383 -
k9
AR B (%)
Fe o EY CASS RI (;;) 0d PP/PA/PE  PP/PA/PE  Opp/CPP  Opp/Cpp
25 C 4 25 C 4C

31 2,2, 5-=HIECLE 3522-94-9 1068 22.07 0.97 0.36 - 0.02 -
32 2,4-—HIFEC e 589-43-5 - 47 1.73 - - 0.97 -
33 33-HISEE b 563-16-6 941 15.98 0.18 - 1.14 - -
34 1E=ELE 111-65-9 800  4.69 - 0.93 0.98 - -
35 2,2,6-=HIHEhE 62016-28-8 - 2153 4.85 0.20 - - -
36 2,3,6- = HI B HE 62016-33-5 - 2086 0.92 - - - 0.68
37 3,4,5,6-VU F B kg 62185-21-1 28.25 1.29 - - 0.10 0.47
38 RN 100-42-5 1261 15.93 0.62 1.59 1.89 0.36 2.55
39 kA ]38 RE R 100-83-4 - 5048 0.95 - - - 0.08
40 FRHAR 98-82-8 - 1883 0.20 - - - 1.76
41 1-2.3E-4-2 ) 3454-07-7 - 2490 417 - - - 0.38
2 CHH 100-41-4 869 12.61 - 0.94 121 0.27 0.76
43 2-1E S HEnk 3777-69-3 1231 15.06 8.50 11.74 11.84 227 8.83
44 2-TE N ALK 4229-91-8 1026 22.70 0.77 0.63 - 0.15 -
45 e 91-20-3 1201 2828 31.15 1.06 0.90 0.30 3.37
46 R 95-47-6 1186 12,97 - 1.49 2.09 0.47 1.41
47 X R 106-42-3 1138 12.81 - 0.64 0.93 0.21 0.64
48 Em) 7440-37-1 897 13.88 - 1.68 1.44 0.13 -
49 AR 124-38-9 734 742 - 14.50 1.00 - -
50 i —E A 10024-97-2 729  7.26 - 0.24 0.23 5.46 -
51 2-1F R HLEm} 4861-58-9 - 2518 0.81 - - 0.09 -
52 Tk 62-56-6 744 777 - 0.76 - - 0.97
53 R O T 1002-43-3  13.28 884 0.96 0.90 - - -
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Fig.5 Correlation analysis of main volatile compounds

with basic indexes and comprehensive scores
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