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Influence between characteristic volatile components and precursors of

brown rice after Sitophilus oryzae infection under 10°C
TIAN Xue-Mei' > HAO JiaRong' ZHOU Guo—Xin' LIU Xing-Quan'~ ZHANG Tao' > (1. College of
Food and Health Zhejiang Agriculture and Forestry University Hangzhou 311300 China; 2. Academy of

s

National Food and Strategic Reserves Administration Beijing 100037 China)

Abstract: Sitophilus oryzae is one of the main stored grain pests in China which can cause serious harm to
a variety of cereals and their processed products. In order to investigate the effects of precursor fatty acids
and amino acids on characteristic volatile components of brown rice after S. oryzae infection at 10°C  the
fatty acids of brown rice were analyzed by Gas chromatography-mass spectrometry ( GS-MS)  amino acids
of brown rice were analyzed by High performance liquid chromatography ( HPLC) volatile compounds of
brown rice were extracted and identified by Headspace solid phase microextraction-gas chromatography—

mass spectrometry ( HS-SPME-GC-MS) . The results showed that lipid oxidation and protein hydrolysis
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. 10%C

continued with infection time and 8 amino acids and 11 fatty acids were significantly different in brown
rice. The volatile components of brown rice were significantly influenced by S. oryzae at different infection
times. Eighteen characteristic volatile components were selected by Partial least squares discrimination

analysis ( PLS-DA) . Dihydro-5-tetradecyl2 ( 3H)

correlated with storage time and heptanol content was negatively correlated. The correlation analysis based

Huranone and heptanal content were positively
on the content of fatty acids amino acids and characteristic volatile components showed that heptanol and
diisobutyl phthalate were correlated with changes in oleic acid linoleic acid alanine and leucine content.
The results indicated that S. oryzae still had slow life activities at 10°C which promoted the oxidative
degradation of amino acids and fatty acids in brown rice and then had a significant impact on the formation
of volatile components.

Key words: Sitophilus oryzae; brown rice; volatile components; precursors
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Table 1 Amino acids elution procedure

( min) Time A (%) B (%)
0 92 8
2 92 8
10 90 10
12 81 19
19 74 26
21 65 35
31 54 46
33 0 100
36 0 100
38 92 8
45 92 8
1.3.3
(2017)
2.50 ¢ 50 mL 25 mL
60 ~ 90°C 42°C. 300 W
37 min 4 000 r/min 10 min
50°C 1 mL
20 puL. 1 mg/mL ( )
0.5 mol/LL. KOH-CH,OH
2 mL 30 s 70C 20 min
0.5 mol/L H,S0,-CH,OH 4 ml 30 s
70°C 10 min 0.2 g NaCl
2 mL N
RXISMS (30 m x0.25 mm
0.25 pm) ; ; 1.0 ml./min
: 501, 1 uL; ;
100°C . 10°C /min 170°C
1 min; 3°C /min 230°C 12 min.
200C 250°C
70 eV 3 min
1 666 amu/s 45 ~500 amu,
1.3.4
(2015)
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8 g 20 mL 10 ul
(2- 0.1 mg/mL) 70°C
30 min 70 min 250°C o o
3 min, SIMCA 14. 1 -
RXI-SMS (30 mx0.25 mm  ( PLS-DA) ( Variable
0.25 pm) ; 1.0 mL/min importance for the projection VIP) 1
; 45°C o SPSS 22.0
5 min 5°C /min 250°C 250°C Pearson TB tools
5 mino 200°C 250C o
70 eV 2 min
1 666 amu/s 50 ~550 amu. 2
1.4
3 + 2.1 N
NISTO8  NISTO08s 17
( 2) 8
-
2 (mg/g)

Table 2 Change of amino acids of brown rice after Sitophilus oryzae infestation during different infestation times

( Week) Infection time

Amino acids 1 ) 3 4 3
Aspartate 6.54£0.52 a 5.93 £0.51 ab 5.52+0.55 ab 5.35+0.78 b 5.62 +0.23 ab
Glutamate 12.60 £1. 09 a 10.93 +0. 99 ab 10.58 +1. 13 ab 10. 14 £1.40 b 10.36 £0.57 b
Serine 3.57+0.40 a 3.37+0.39 a 3.16 £0.29 a 3.04 £0.45 a 3.21 £0.09 a
Glycine 3.36 £0.29 a 3.39+£0.45 a 3.15+£0.33 a 3.20+£0.37 a 3.33+£0.13 a
Histidine 1.79 £0. 14 a 1.80+0.22 a 1.66 £0. 17 a 1.55+0.33 a 1.77 £0.03 a
Arginine 4.39+0.39 a 3.72 +0.39 ab 3.54+0.33 b 3.28+0.52 b 3.64 £0.16 b
Threonine 3.07 £0.19 a 2.85+0.26 ab 2.90 £0.21 a 2.39+0.35b 2.79 £0.12 ab
Alanine 2.97 £0.40 b 5.96 £0.69 a 3.26+0.19 b 5.99+0.72 a 5.68 £0.33 a
Proline 6.67 £0.38 a 4.07 £0.38 b 6.21 £0.67 a 3.27+0.45 b 4.00 £0.40 b
Tyrosine 2.80+£0.29 a 2.70 £0.54 a 2.4+0.22 a 2.85+0.48 a 2.71 £0.07 a
Valine 4.02£0.27 a 4.23 +£0.42 a 3.86 £0.36 a 3.92£0.47 a 3.77£0.17 a
Methionine 2.06 £0.14 a 2.08 £0.20 a 1.94+0.15 a 1.97 £0.19 a 1.97 £0.07 a
Cysteine 1.34£0.05 b 1.64 £0.10 a 1.48 £0.05 b 1.44 £0.08 b 1.45+0.01 b
Isoleucine 3.03+£0.22 a 3.16 £0.33 a 2.90£0.28 a 3.00+£0.31 a 2.85+0.12 a
Leucine 4.61 £0.37 b 5.67 £0.58 a 5.21 £0.61 ab 5.28 +0.70 ab 5.18 £0.23 ab
Phenylalanine 3. 67 +0.28 a 3.52+0.33 a 3.22+£0.18 a 3.33+£0.41 a 3.34+£0. 14 a
Lysine 2.96 £0.27 a 3.29+0.42 a 2.88+0.28 a 2.99 +£0.30 a 2.83+0.07 a
(P <0.05); ND ; o Note: Different letters in the same line showed

significant difference ( P <0.05) ; ND meant not detected; The same as below.
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Table 3 Change of fatty acids of brown rice after Sitophilus oryzae infestation during different infestation times

( Week) Infection time

Fatty acids 1 2 3 4 5
Myristic acid 6.85+0.71 b 10.16 +1.46 a 7.87+0.12 b 6.73+0.64 b 7.24£0.94 b
Palmitoleic acid 2.49+0.24 ¢ 5.00£0.55 a 3.43+0.06 b 2.50£0.21 ¢ 2.90 £0.54 be

Palmitic acid 581.56 £45.13 b 806. 81 £93.20 a 576.10 £14.28 b 521.30 £42.73 b 546.04 £72.64 b
Heptadecanoic acid ND 2.21 +£0.61 a 1.50 £0.02 ab 1.97 £0. 69 ab 1.24+0.19 b

Linoleic acid
Oleic acid

Stearic acid

1328.14+116.94 b

1179.72+95.44 b 1

1917.59 +203.83 a

1353.73+29.85b 1177.37+100.54 b 1 255.35+185.56 b

708.4 £201.45a 1203.07+28.72b 1106.29 £115.72b 1 146.90 £163.79 b

47.67 +4.69 b 75.59 £7.51 a 52.16 £1.01 b 52.45+6.73 b 52.21 +4.79 b
Lignoceric acid ND 27.52 £4.26 a 6.39+1.83 ¢ ND 14.59 £2.86 b
Arachidonic acid 16.92+2.01 b 32.04+2.97 a 21.12+0.82 b 17.33 +2.74 b 18.24 +3.26 b
Arachidic acid 17.00+1.89 b 27.12+3.30 a 20.16 £0.35 b 17.58 +2.52 b 18.11 +2.80 b
Sorbic acid 8.65+1.43 b 17.49 £2.23 a 11.57 £0.95 b 9.44+0.84 b 9.92+1.73 b
2.2 o
. (E E) 2 4- . (E) 2- . 2-
( LOOH)
56 ( Mathure et al. 2014)
( 4 29 5 1- S5-
2 (3H) -
( Choi et al. 2019)
(Son et al. 2020) 10C
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Table 4 The change of volatile compounds of brown rice after Sitophilus oryzae infestation during different infestation times

( Week) Infection time

Compounds name

No. 1 2 3 4
Aldehyde
1 Hexanal ND 1.52+£0.54 a 2.34£0.39 a 2.36£1.07 a
2 Heptanal ND ND ND ND
3 E2- ( E) 2-Octenal 2.36£0.91 a 2.36+£0.33 a 2.87+0.61 a 3.12+1.26 a
4 Nonanal 10.07 £2.83a 10.20+1.38a 11.19x1.89a 11.71 x4.33 a
5 Decanal 1.27 £0.41 a 1.49£0.17 a 1.47 £0. 16 a 1.70 £0. 65 a
6 (E E)=2 4- (E E) 2 4-Nonadienal 0.31+0.07 b 0.37+£0.07 ab  0.39+0.11 ab 0.52+0.13 a
7 (E)2- ( E) 2-Decenal 1.49£0.38 b 1.75+0.28 ab  2.24 +0.48 ab 2.65+0.87 a
8 Undecanal 0.39+0.15 a 0.30£0.12 a 0.38+0.04 a 0.32+0.02 a
9 2- 2-Undecanonal 0.89+0.21 b 1.29 +0. 11 ab  1.53 £0.45 ab 1.81 £0.68 a
10 Dodecanal 0.40 +0.01 a 0.23 £0.01 ¢ 0.27 £0.08 be  0.36 +£0.08 ab
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4 Continued table 4
( Week) Infection time
Compounds name
No. 1 2 3 4
Alcohols
11 1- 1-Pentanol ND ND ND ND
12 1- 1-Hexanol 62.02£11.98a 43.78+2.68b 11.40+2.01 ¢ 19.69x1.84 ¢
13 Heptanol 5.9+1.72 a 5.01 £0.45 a 4.78 £0.69 a 4.93+£1.61 a
14 1- 3 l-octene3 ol 3.00+£0.87 a 2.28+0.35 a 2.42+0.34 a 2.64+0.71 a
15 1- 1-Octanol 7.79+2.23 a 7.71 £1.01 a 7.79 £0.96 a 8.27+2.23 a
a- —a-4- 3-
16  a—Methyl-a— 4-methyl3-pentenyl 0.54 +£0.20 a 0.27£0.05 b 0.27 £0.05 b 0.22+0.04 b
ethylene oxide methanol
7 T 1.23+0.31 a 1.34+0.20 a 1.38+0.28 a 1.43 +£0.48 a
a—Butyl cyclopropane methanol
18 1- 1-Nonanol 1.90 £0.48 ab  2.28 £0.21 ab 2.32+0.23 a 2.51+0.57 a
19 1- 1-Undecanol ND ND ND ND
20 2- - 2-Hexyld -decanol ND 0.44 £0.03 a 0.58 £0.08 a 0.60 +0.21 a
Ketones
6-  S5- 2-
21 3.29+0.92 a 2.98+0.50 a 3.06 +0.54 a 2.70+1.45 a
6-Methyl-5-hepten2-one
22 3 5- 2- 3 5-Octadiene2-one 0.44 +0.22 ab 0.38+0.09 b 0.53 +0.13 ab 0.75+0.29 a
4 6- 2-
23 0.25+0.05 a 0.32+0.02 a 0.41 £0.04 a 0.51 £0.28 a
4 6-Dimethyl2-heptanone
26 6- 2- 4 4-
24 0.34+0.11 a 0.31+0.01 a 0.22£0.02 a 0.27 £0.11 a
2 6 6-Trimethyl2-eyclohexend 4-dione
(RS)s- -6- 3E-  2-
25 1.44 £0.37 a 1.24£0. 14 a 1.25+0.22 a 1.38+0.33 a
(R S) —5-Ethyl-6-methyl 3E-heptene-2-one
6 10- 2-
26 0.97£0.15 a 0.75+0.06 a 0.77 0. 14 a 0.86 +£0.28 a
6 10-Dimethyl2-undecanone
27 Geranyl acetone 1.25 +£0.57 a 0.99£0.05 a 1.00 £0. 16 a 1.12+0.32 a
28 Phytoketone 1.18 £0.58 a 0.74 £0.16 a 0.74 £0.23 a 1.03£0.20 a
S5- 2(3H) -
29 ND ND ND ND
Dihydro-5-etradecyl2 ( 3H) Hfuranone
Esters
30 Heptanoic acid ethyl ester 3.63 +£0.67 a 3.92+0.23 a 3.75+0.79 a 4.14 +0.87 a
31 Octanoic acid ethyl ester 5.89+1.31b 7.59 +£0.40 ab 8.28+1.72 a 9.65+1.13 a
32 Nonanoic acid ethyl ester 5.90+1.07 ¢ 7.07 £0. 37 be 8.02+1.45b 9.69 +0.54 a
33 Decanoic acid ethyl ester 0.94+0.12 b 0.96 £0.02 b 0.93+£0.17 b 1.21 £0.06 a
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4 Continued table 4
( Week) Infection time
Compounds name
No. 1 2 3 4
34 ND 0.39+£0.07 a 0.27 £0.03 a 0.44 £0.26 a
Cetyl pentafluoropropionate
35 Dodecanoic acid ethyl ester 0.77 £0.10 b 0.95+0.12 ab 1.04 0. 17 ab 1.31+£0.23 a
36 1.26 £0.43 ¢ 1.70 £0. 13 be 2.06£0.21 b 2.67+0.15 a
Tetradecanoic acid ethyl ester
37 Diisobutyl phthalate 1.15+0.61 a ND 0.38+0.04 b 0.26+0.12 b
38 ND ND ND 0.35+0.04 a
Pentadecanoic acid methyl ester
9—
39 ND ND 0.19+0.03 a 0.19£0.05 a
9-Hexadecenoate ethyl ester
40 Palmitic acid ethyl ester 5.25+2.70 b 4.12+£0.25 b 5.66+1.48 b 8.90+1.03 a
9 12- (Z 7)-
41 0.48 +0.01 ¢ 0.73£0.23 ¢ 2.92+1.89b 12.42£1.72 a
9 12-Octadecadienoic acid (Z Z) -methyl ester
10-
42 0.54 +0.07 b 1.10£0.26 b 0.86+0.75 b 18.12+2.39 a
10-Octadecaenoic acid methyl ester
43 Linoleic acid ethyl ester 0.65+0.37 b 0.53+0.10 b 0.86+0.36 b 1.41 £0.22 a
44 Elaidic acid ethyl ester 1.04 £0.23 ¢ 1.09 £0.19 ¢ 1.88 £0.68 b 2.63+0.24 a
Hydrocarbons
45 13- 1 3-Dichlorobenzene ND 0.48 £0.22 a ND 0.39 +0.06 a
46 6-  3- 6-Methyl-3-octyne 4.18+1.25 a 3.33£0.42 a 4.79+0.71 a 5.32£2.59 a
47  5- 4- 5-Methyl- -undecylene 0.46 £0.10 a 0.50 £0. 10 a 0.57 £0.13 a 0.59 +£0.15 a
48 Tridecane 0.29£0.04 a 0.33+0.04 a 0.29+0.03 a 0.31+0.11 a
2 6 10- -
49 0.25+0.07 a 0.23+0.01 a 0.20+0.03 a 0.25+0.08 a
2 6 10-Trimethyl-dodecane
50 Phytane 1.63 +0.48 a 0.91+£0.05 b 0.83+0.17 b 0.90 +0.26 b
51 Hexadecane ND 0.27 £0.01 a 0.29 £0.06 a 0.36 £0.26 a
2 6 10- -
52 ND ND 0.23+0.01 b 0.22+0.04 b
2 6 10-Trimethyl-pentadecane
2 6 10 14- -
53 ND 0.25+0.02 a 0.24 +0.03 a 0.19+0.04 a
2 6 10 14-Tetramethyl-pentadecane
54 Heptadecane ND 0.18 £0.04 ¢ 0.22 +0.06 ¢ 0.34 +£0.09 b
Others
55 2- 2-Pentylfuran 11.76 £3. 14 a  12.05+0.96a 13.18+2.03a 12.55+3.29 a
56 Allyl octyl ether 1.27+0.33 a 1.13 £0.13 a 1.13+£0.14 a 1.25+0.34 a
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Fig. 1 PLS-DA scores of volatile components of brown rice after Sitophilus oryzae infestation at different storage times ( a)

and Hotelling T* distribution diagram ( b)
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Fig.2  Correlation analysis of characteristic volatile components with fatty acids (a) and amino acids (b) contents in brown rice
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