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Abstract: To explore the impacts of different stabilization treatments on the flavor components of rice bran, this study
employed an electronic nose and comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry (GCxGC-
TOFMS), combined with partial least squares discriminant analysis (PLS-DA) and relative odor activity value (ROAV) evaluation
to systematically analyze the changes in volatile flavor compounds of rice bran. The results indicated that there were significant
differences in the effects of different stabilization methods on the flavor of rice bran. A total of 99 volatile aroma compounds were
detected, including 6 aldehydes, 10 ketones, 22 alkanes, 12 alcohols, 28 terpenes, 8 esters, and 13 other compounds. Among them,
infrared treatment had minimal impact on rice bran flavor, while high-pressure steam treatment effectively reduced the off-flavor
(indole) in rice bran. Variable Importance in Projection (VIP) identified 23 potential differential substances, with significant decreases
being found in the relative contents of potential differential substances such as geranylacetone and (-)-limonene in the rice bran after
four different stabilization treatments. The ROAV values revealed that the key flavor substances (ROAV>1) in rice bran decreased
after the stabilization treatments like baking, microwaving, and high-pressure steaming. Eight substances, including 2-n-pentylfuran,
methylheptenone, and citronellene, were identified as the key flavor compounds contributing to the differences in flavor among
the rice bran samples subjected to different stabilization methods. This study conducted a differential analysis of volatile flavor
substances in rice bran subjected to different stabilization methods, providing a theoretical basis for enhancing the added value and
quality of rice bran products.
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Fig.1 Electronic nose data PCA analysis of rice bran with
different processing methods
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Table 1 Volatile components of rice bran in different treatment methods
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* o
& o CETCMRE ARG i pebkn KR AGCKE BARAKNR
> Wﬁjﬁj’% 100-52-7 18.18 5.26 ND ND ND ND 533 £0.29°
A-3-F K -1-B5 10340-23-5  28.18 352 7.05%0.19° ND ND ND ND
2-T 3T 104-76-7 12.71 1.71 0.46 £0.70° ND ND ND ND
ETEE 111-27-3 12.71 3.00 1.25+0.26" ND ND 0.32+0.20° ND
EFE 111-87-5 2591 3.44 ND 1.62%0.05° ND ND ND
By 7 it 4 1502-05-2  35.11 3.56 ND 0.72+0.01° ND ND 1.63 £0.03°
* 2,7- =Wk 1-FB  15250-22-3 1831 1.87 ND ND 0.64 £0.03° ND ND
1-5 Hi-3- B2 3391-86-4  19.51 3.28 1.54+0.02° 1.73+0.03° 1.81+0.02° 147+0.04° 3.78+0.12°
2-THARFE 3913-02-8  30.98 221 0.52+0.03° 0.71+0.01° 1.26+0.02° 0.16+0.01° 0.26+0.02°
13-+ be-1-83 56554-77-9  38.85 296  0.46%0.01° ND ND 0.15£0.01°  0.14£0.01°
I-FARAKTEE  765-42-4 5.78 1.85 ND 0.50£0.01  0.74+0.02° ND 0.48 £0.01°
2-WHRF 1B 818-81-5 17.91 192 235%0.13° ND ND ND ND
33 111-71-7 14.58 3.15 0.56£0.03° 2.12+0.13° 1.58+0.02° 1.54+0.04° 3.84+0.02°
EaT:S 122-78-1 2391 5.98 ND 0.28 £0.02° ND 0.44£0.11° ND
. e 3 124-19-6 28.18 3.49 ND 1156 £0.12°  921+0.09° 9.48+0.04° 13.11%0.09°
* 3-HRES 498-60-2 9.91 3.87 ND ND ND ND 0.86 £ 0.03"
S 66-25-1 9.25 240  444%+0.03"  5.68+0.01"° 451005 537%0.03" 6.64%0.01°
i 98-01-1 10.85 428 ND ND ND ND 0.82 £0.03"
A B i BR 110-93-0 20.05 390 0.97%0.01° ND 0.57+0.02° 0.63+0.02° 1.15%0.01°
4-F3K-1-RH-3-B1 1606-47-9 8.05 2.39 ND ND ND ND 1.12 £0.04°
N'[4'5’%'JET’§£ 1 195194-80-0  58.05 1.81 ND 0.28+0.02°  0.35%0.01° ND ND
-2-9k v B
5,5-:;{%-@2(%)- 20019-64-1  17.91 6.16 ND ND ND ND 0.36 £0.01°
- 3’672: ’;‘ ;ﬁ{% 23438-77-9  24.98 433 ND ND ND ND 0.41+00.01°
3-9 K -2- & BR 2371-19-9  17.25 3.33 ND ND 0.32+0.01° ND ND
et K A R 3796-70-1  48.71 2.59 0.51+0.01° 0.11£0.01° ND ND 0.28 £0.02°
AL 502-69-2 58.98 1.77 ND ND ND ND 0.31+0.01°
2-3F His -4- ) 589-63-9 19.11 3.38 ND ND 15.31 +£0.05° ND ND
7.9- =T H-1-8%
FI(4,5) 5-6,9-=  82304-66-3  60.58 2.83 ND ND 0.18 £0.02° ND 0.27 £0.02°
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18] /min - B IE] /s
3-TH 24— F IR 1068-87-7 8.18 1.36 ND ND ND 10.72 £0.33" ND
+ ok 112-40-3 34.71 222 472+0.03° 233+0.03" 295+0.06" 3.84+0.07 ND
34-ZFK-Fh 15869-92-8  8.18 1.37 ND ND ND ND 2.14+0.01"
23-ZWHk - +—k  17312-77-5 2885 2.13 6.47+0.07° 277+0.02° 270+0.12° 470+0.02° 3.16+0.13
2,3,5,8-m9 F A K05 192823-15-7 2845 2.12 0.78 = 0.01° ND ND ND ND
34,5-ZF3-EHk 20278-89-1 8.18 1.33 ND 11.24£0.03°  4.30%0.08° ND ND
4-F R F I 2216-34-4  12.31 1.68 0.86 + 0.04° ND ND ND ND
124-Z W HRIROH  2234-75-5  11.65 1.73 ND ND ND 1.33+0.02° ND
RI-ER A 2511-91-3 2591 3.43 ND ND ND ND 3.65 % 0.05°
/ 25532-78-9  48.98 222 ND ND ND 0.88 £0.02° ND
f;n CHR-2-FIR-IRRH 3726-46-3 8.85 1.52 ND 572+0.02° 3.19%0.01° 534+0.02° 1.57+0.33"
;E RIL-2-AE-ERAK 41977-33-7  20.31 2.18 ND ND 2.14 = 0.05° ND ND
/ 511-59-1 48.98 2.30 0.41 £0.50° 0.75+0.03° 1.11 +0.07° ND 0.85+0.01°
3-LF AT 51655-64-2 1991 2.13 ND 2.56 +0.03" ND ND ND
XA ZALIR 541-05-9 26.85 0.84 ND 1.55 +0.03" ND 8.22+0.11° ND
34-—F AT 583-48-2 8.18 1.40 8.30 £ 0.02° ND ND ND ND
3-TH-Fh 5881-17-4  18.98 1.88 ND 9.45+0.17°  9.86+0.01° ND ND
3-THk-Tk 619-99-8 9.25 142 21.88+0.03° 16.69+0.26" 12.85+0.04° 1534+0.04° 8.18+0.03"
+k% 629-78-7 55.65 1.44 ND 2.28 +0.04° ND ND ND
+ Atz 629-92-5 48.71 170 439%0.12° 245%0.02° 6.69%0.01' 276%0.05" 1.64*0.05"
AN 630-02-4 55.65 1.47 ND ND ND ND 1.37 +0.02°
JRAR2-FH-IRAK  74663-91-5  20.31 2.12 ND 2.11 £0.06 ND 3.10£0.03°  2.67 £0.60°
M 124-11-8 32.85 3.58 ND 029+0.01° 0.18+0.02° ND ND
Ak 3387-41-5  19.25 2.69 ND ND ND 1.17 £0.02° ND
1-TH-RTH 1453-24-3 1271 221 1.09+0.05° 1.08+0.06° 0.89+0.01" 1.27+0.03" 0.68+0.03"
B-4-F W 14850-23-8  9.65 1.65 137+0.03°  1.76£0.05 0.70£0.02" 1.64+0.02" 0.53+0.02"
5-W A -4-THs 15918-07-7  17.51 1.99 ND 0.55 % 0.02° ND ND ND
. l-—+ =t 1599-67-3  52.98 1.54 1.75+0.02° ND ND ND 0.25+0.01°
I;ﬁ (B)-3-FA-2-EH  17003-99-5  19.91 2.15 ND ND 240+0.07° 445+0.04° 2.68+0.03"
* Ak -p-TRH 18172-67-3  19.25 2.73 137+001  0.71+0.01"°  0.84+0.02° ND ND
AKX, a-HhF MM 18252-46-5  48.05 2.06 ND ND 0.12+0.09°  0.26 +0.02" ND
e 19398-89-1  16.45 197  057+0.01° ND 0.88 = 0.02° ND ND
3- LA -4-Fh 19781-32-9  17.11 2.03 ND ND ND 0.64 +0.03" ND
IR -2-%Hs 20348-51-0  21.91 2.22 ND ND ND 0.50 +0.01° ND
3-F A3+ —M  23381-94-4  33.78 241 0.96+0.03° 038+0.02° 0.46+0.02° 0.84+0.02° 0.70+0.01°
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18] /min - B IE] /s
(E)-B- F #) i 3779-61-1 16.45 2.20 ND 0.83 +0.02° ND 127+0.07°  0.86+0.02"
o-Jk M 3856-25-5  45.65 2.44 0.25 +0.02° ND 0.20 =0.01° ND 0.19 =0.02°
(E)-5-F+w )t 41446-66-6  46.31 1.87 ND ND 0.22+0.01" 029+0.01" ND
355-ZWA-1-TH  4316-65-8  14.45 1.75 ND 0.41+0.01° ND 0.66 = 0.05" ND
37- =W 1-FH 4984014 16.45 1.93 ND 0.75 % 0.03" ND 120+0.01°  0.7+0.01°
34-ZF -1- 29 50871-03-9 1791 1.90 ND ND ND 3.40+0.19° 251 £0.21°
R =W 544-25-2 7.91 2.05 ND ND 0.53+0.05a  0.41%0.50° ND
‘ﬁg 2,4- =W 1-KH 55170-80-4  18.98 1.92 ND ND 2.37+0.03" ND 9.53+0.03b
i (B)2,2-=F 3 3-59%  55499-02-0  26.45 2.20 0.49 = 0.02° ND ND ND ND
() AT 5989-54-8  22.85 2.88 244+0.02° 0.64+0.03" 1.10+0.05 ND 1.43 +0.03¢
23,6- =W &-4-FH  63830-65-9  17.11 2.02 0.54+0.02° 035+0.01° 0.51+0.02° ND 0.39+0.01°
5-+ =% 7206-28-2  35.11 241 1.64+0.02°  0.06+0.01° ND 034+0.02b 0.23+0.02°
(E)-10-F A -4-+—M 74630-60-7  32.85 3.61 0.36+0.04° 027 +0.03" ND ND ND
7-FH-4-+—M  76441-79-7 1831 1.79 ND ND ND 0.40 + 0.49° ND
(2,4 &-4,6-=H  765-46-8 23.91 5.98 0.26£0.01°  0.69+0.51"° 0.27 +0.02° ND 2.09 +0.07°
&% S N 932-66-1 21.65 4.43 ND ND ND ND 2.50 +0.02°
P A BRI T Bg 106-18-3 61.65 1.84 0.53 +0.02° ND ND ND ND
* %ﬁij;ﬁg%fﬁg; 118-60-5 58.31 227 0.38+0.01" ND ND ND ND
AFARBR S 7 B 142-91-6 62.58 1.69 1.5740.03"  0.13£0.02° ND ND ND
@f BRER = LI TES 14858-73-2  18.98 1.94 7.41£0.01 ND ND ND ND
AR = TR B 5062-30-6  18.18 5.34 0.89£0.01" 0.68£0.01° 0.55%0.01° 0.95+0.04° ND
AR _FER T AIRTE  84-64-0 61.38 2.91 ND ND ND 0.41+0.01° ND
AR _FER—FTHE  84-69-5 59.51 2.83 2.16+0.03 ND 1.54+0.04° ND ND
AR W B =T By 84-74-2 59.51 281 0.93+0.03" 2.10+0.02° 0.77%0.01° ND 2.27+0.03
1+ 26186-00-5  46.98 245 ND ND ND ND 0.43 +0.02°
EF AR 629-89-0 50.58 2.10 ND ND ND ND 0.36+0.01°
1-+ vtk 765-10-6 46.98 2.42 ND 0.27 +0.02 ND ND ND
FAHELE 621-59-0 46.58 5.43 ND ND ND ND 0.33£0.01°
‘ifhzi)ié;;&? 22073-04-7  19.91 3.36 ND ND ND ND 0.63 +0.02°
% K 120-72-9 40.98 0.19 0.74£0.01°  0.13£0.01° 035£0.02° 0.51=0.01° ND
o 3,5-=FA-RE 108-68-9 16.58 3.24 ND ND ND ND 0.39 +0.02°
5-2H% %{' é;\‘? A 621-58-9 4231 5.90 ND ND ND ND 0.43 +0.02°
st TR RE 7786-61-0  42.18 6.03 ND ND ND ND 0.64 % 0.02°
HHE 275-51-4 33.38 5.99 ND ND ND 1.11£0.05°  1.38£0.02°
S 91-20-3 33.38 6.04 234+031° 1.12+0.06° 0.44+0.77° ND ND
225519 ¥k Arkeh 15045439 18.58 3.76 ND ND ND ND 2.11%0.07°
2-iE R IR K v 3777-69-3  20.31 291 1.95£0.03° 1.89+0.01" 1.67%0.02° 1.53%0.03" ND

E: ND RTAted, TR, RRDEFHERFAIEFRER (P<0.05), FF.
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Fig.3 The relative content and types of various substances in rice

bran with different treatment methods
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Fig.4 Least squares model verification chart
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Fig.6 Distribution diagram of VIP > 1 based on partial least

squares model analysis
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Fig.7 Cluster thermal map analysis of potential differential

substances of rice bran with different processing methods
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HEPT. mER 2 WAL, EARR R E AT VR R
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JAE BRI 5T, 3 L6 5T A g e KR ) DG B R
PE KR 5

SR B U 7R O A Kb B 2H 5 JEORE KR SRR R
PE R o 1) B & 1 L 5 AR DG, 2547 T UpSet AN
SZE T GnBE 8 B, WA 2- TF IR IR IR A2 I |
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Table 2 Thresh threshold and ROAYV value of rice bran-flavored compounds with different treatment methods

. L ROAV /&
feaihah  CAST BRRMGER) o RHRR KR ROLKR  HARAAM

"% 120-72-9 0.011 100 11.41 49.49 100 ND

2-1E R AR 3777-69-3 0.27 10.74 6.76 9.62 12.22 ND

W AR M R 110-93-0 0.05 28.84 ND 17.73 27.18 100
At K AR 3796-70-1 0.621 1.22 0.17 ND ND 1.96
. 124-11-8 0.002 8 ND 100 100 ND ND
(E)-5-Fmts  41446-66-6 0.06 ND ND 5.70 10.42 ND
(=) AT 5989-54-8 1.04 3.49 0.59 1.65 ND 5.98
AR _FEA—THS  84-74-2 0.26 5.32 7.80 461 ND 37.96
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different treatment methods
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