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Flavor Characteristics and Formation Mechanism of Flavored Rice Bran Oil
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Abstract: In this study, the flavor profiles of rice bran oil products prepared by heating fresh and extruded bran
extracts with rice bran oil were evaluated and the formation mechanism of key flavor compounds was
investigated. The results showed that rice bran oil prepared from fresh bran had more pronounced caramel
sweetness and higher sensory quality score. Headspace solid-phase microextraction-gas chromatography and the
flavor analysis based on relative odor activity values (ROAV) revealed that typical Maillard reaction products
such as 4-hydroxy-2, 5-dimethyl-3- (2H)furanone, 2, 3-dihydro-3, 5-dihydroxy-6-methyl-4(H) -pyran-4-one,
3-methyl-butyraldehyde, phenylacetaldehyde, and maltol were the key flavor compounds in the oil samples
prepared from fresh bran. There was no significant difference in the consumption of amino acids in the extract
before and after reaction. However, the consumption of reducing sugar in fresh bran extract (5 514.26 mg/kg) was
higher (4 715.69 mg/kg) than that in extruded bran extract. When reducing sugars were added to the extract of
extruded bran, the product showed increased content of key aromatic compounds, with the sensory profile aligned
with that of the product prepared from fresh bran. These findings suggest that flavor compounds of flavored rice
bran oil were primarily produced by Maillard reaction and the flavor differences between the oil products
prepared from extruded and fresh rice bran oil were due to the lower reducing sugar content in extruded bran.

This study provides a theoretical basis for developing flavored rice bran oil.
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Fig. 1 Descriptive analysis results of flavored rice bran oil

prepared from different materials
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Table 1 ~ Volatile flavor compounds and mass fraction in flavored rice bran oil prepared from different materials

&5 4/ (mg/kg)
ES 75 RI R M AR AL A1)

i g A A

1 887 3-HIE TS 3.68+0.14 0.37+0.03

2 1290 (E)-2-FE I s 2.37+0.22 15.2+0.85

3 1379 TR 2.83+0.27 3.84+0.25

4 1416 CE)-2-°F I e 0.32+0.02 0.74+0.01

5 1452 (E,E)-2,4-JF — I 0.42+0.02 2.19+0.01

6 1460 CUg 2.32+0.07 4.92+0.49

fite 2k 7 1 496 (E)-2-F fis 0.23+0.02 0.47+0.01
8 1511 oK i 0.44+0.04 0.41+0.01

9 1621 X 1.84+0.05 0.61+0.03

10 1626 CE)-2-Z8 )i 0.36+0.01 1.64+0.03

11 1 682 (E,E)-2,4-F )& 0.75+0.01 2.87+0.03

12 1691 4-7 KR 0.37+0.04 0.23+0.02

13 1761 (E,E)-2,4-% Il 0.61£0.01 1.75+0.03

14 966 3% M -2- 1.23+0.06 2.2140.11

15 1283 5L T 0.64+0.02 0.31+0.01

LTES 16 1313 2,33 i 0.32+0.08 0.870.09
17 1375 2-T- 0.08+0.06 0.15+0.02
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43 1 634 UL 4.46+0.33 1.66+0.01
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Table 2 ROAV of volatile flavor compounds in flavored rice bran oil prepared from different materials

e 5 2 P KAL) it Rk ROAY

(mg/kg) BERR R
1 4-F k-2, 5- 7 B3 (2H) Wk IH T 0.03 O AR B L ok T 100.00  17.68
2 2,3-T5-3,5 TR -6- 1 K -4 CHD - 16 -4- i 0.25 Ed i 98.03 5.71
3 3-F AR TR 0.08 EH R 64.97  6.49
4 CUE 0.08 A B R R 40.95  86.87
5 xR LT 0.08 5 R ZN KA A MR RE I A K R A R 3130 10.28
6 I W% 0.15 A R EN IR 7 O 26.65  36.17
7 VAV E Y S Iow N 0.20 AR Ak 25.77 15.04
8 A 2 0.21 [iRER VS 2398  3.41
9 1= 0 -3- 1 0.03 THEEE SR ES 8.13  13.42
10 2- ¥ i 2 1.42 BR ORI AUk 4.45 1.65
11 2- 13 e Wk i 0.10 BHEE RERLEE X RAH &%k 410  7.94
12 (E,E)-2,4-T )& 2.50 SHZ I 07 R AL A 0.42 1.62
13 e 15.16 WACF BT AR S UK 029 036
14 2- 2T 5 it g 58.59 5 TH B R 0.11 0.01
15 S -2-3 I 4.20 7 R W T R 0.11 0.25
16 N 99.00 LA (¥ <k 0.07  0.07
17 Fr s M 14.70 Fr g Uk 0.04  0.05
18 2- £ T 5 19k g 15.03 I A A AR ek 0.03  0.02
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SEBRMUAMERES
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& O R U5 A 23 H 4y 0l 8 0.64% F10.57%
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Table 3 Content of basic nutrients in the extracts of fresh and extruded rice bran
e KB R HL AU KAy i R I i I3 J5i £ Y 5 Ho A 2 B
" 4 50% 5 ¥/% 4 80% 53 ¥/% 3 %/% 95 $0/% 5 50%
fisf b 2 BV 1.50+0.10 0.64+0.03 0.24+0.02 0.11+0.01 0.11+0.03 0.06+0.01 0.18+0.01
A0 R R R 0.97+0.08 0.57£0.07 0.2340.03 0.14+0.02 0.13+0.03 0.08+0.03 0.18+0.02
RAEMERNERERN A REIRY 2 —, BRI 0 P4 Rk 4 PR, i 5
EMAE R S E5R R P TSN R AR KD 52 B0 RS /ﬁ? BEERTE SN 141,14
BN, W BRAR U B R O 2 A B K mg/kg, W REE N 238.07 mg/kg, B W R & LR
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Table 4 Free amino acid content in rice bran extracts before and after reaction
B {7 :mg/kg
FF i KA TR IR 2 7R BHAR HER W R HA R HAR  RRER
JSE I B R B 94.5243.42 66.44+0.85 0.91+0.01 235.27+16.47 66.45+4.39 209.53£9.00 63.41+4.31 23.67+2.12 23.27+1.94
SR I R SR O 82.70+£5.22 58.71x1.27  0.00£0.00 204.41£16.08 52.60+3.38 157.56£12.17 45.94+£0.51 15.54£0.31 21.75+0.88
e i IR Y R 11.82+1.79  7.73+0.43  0.91+0.01  30.86+0.40 13.85+1.01 51.97+3.17 17.47+3.80 8.13£1.82 1.52+1.06
SRS HTR AL BRER IR 118.9246.70 26.19+0.64  4.63+0.44 113.34+1.30  31.00£1.76  72.85+6.11  20.02+0.93 14.11+0.15 2.92+0.25
SR G AL BESR U 112.70£5.94 23.92+41.37  4.27+0.15  81.63+7.85  19.36+0.64 30.90+0.60  5.00+0.47 3.36+0.26 2.30+0.18
AL R BRI AE R 6.22£0.76  2.26+0.73  0.37+0.29  31.71£6.55  11.64+1.12  41.95£5.50 15.02£0.46 10.76£0.11  0.62+0.07
FE i SR MER ANAER R R HE R kN it = R SNy
SR T A A i O 45.29+1.59 72.34+£0.93 31.98+1.92 105.12+£3.28 41.82+1.35  6.23£0.45 37.38+2.55 17.51+0.91
SR I RS B 33.54+0.05 44.13+£3.15 22.43+2.03  84.25+4.35  29.03+1.35  0.46+0.04 34.34+£3.40 15.68+1.14
i A B2 RO FE 11.751.54 28.21+2.22  9.55+0.11  20.87+1.07  12.79+0.01 5.77+0.41 3.04£0.84  1.83+0.23
SR ET AR PRI 13.28£1.00 46.69+1.18  8.17+0.11  71.27£0.30  11.72£0.46  11.06£0.03  11.08+£0.74  7.65+0.00
NG ARG 1.2840.07 23.96+2.17  4.80+0.25 45.31+3.06  8.04+£0.56  0.94+0.01  9.71+0.40 4.33+0.42
AL BRI FER 12.00£0.93 22.73+0.99 3.38+0.14 25.96+2.76  3.68+0.11  10.12+0.01 1.37£0.33  3.32+0.42

AN AN A N LSRN R VN T
F2 WU T IR S i B A R T & 4 BN 462.03 mg/
kg, T4 ¥ & N 203.11 mg/kg, F EH MR LR T
WA AR B RN 2 RS . X E 2%
JEOR R B0, HG 2 R ) Y R 15 YO0 2 AL, T B o A
2 A4 3 2 BOU Vi B8 2 R R AN 2 7 AR KUK 22 e 1)

B SR AE R 36 Al S R R B R 22—, e g
A K AN ik R o7 B A5 AT 2 B e 36 B4 S B )
B, 38 I 2T )RR PR R OB 2 P
MFE IR R R AL & 0 1 85 R B R BUR &
fR) 0 R 2 R T 2 (20.18% ) AT IR 2% (38.32%)
T 2% 38 54k & W AH X820 (4.63%) , H I LA 2-
LML ) ROAV=0.10, 5 B $2 BUR AR = 2
PR BT Rk 0 A P TR S AR A, R 2R Ak A A 3 B
TE 2 Fr FB AT 1 s B 72 A, % B B 3 R DL IS R 1

S B AR Ol 20 A R R A R S B I T A
PERE 73 B 45 5 W3R 5, I T B R R A0 bR 2 BOAE
TR AT T R T & 4 H gy il 11 271.89 mg/kg
F110229.74 mg/kg. X L A RS A4 R $2 U R
Al P AR B R L, B T R R B T
A8, 20 5 N 6 814.34 mg/kg A1 1 626.07 mg/kg,
FEERKAS S ERE PR ER T
FI) B RT v MR R, R A B LB L R R B L
OB 0 LW 25 9 38 TR B 3K L8 W LE G R £ O
(1 I = 4y B e, e TR 1Y 60.67% 5 T B AL B 4
HO AR 2 B R B, 3 AT I I R B T A B
T 10.00% . 357 48 A DL A Bk 3 R0 A2 14k
YN E I R KRR B R O T A 3
i B A B R I FE B 2 R IR T AT A
BT FE B 22 FIROK . IXTT RE A BT AR U R R
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Table 5 Soluble sugar mass fraction in rice bran extracts before and after reaction

B fiL:mg/kg

FE 5 FEWE % v P F N N - 7L bE FLbE
SN AT EEREIR I 4 432.44£917.32 2 143.75+476.72 1 532.57£163.72 1454.67£177.02 843.56=335.81 543.57£120.31 321.33£104.64
SR JE EERERR BB 3 132.362496.49  190.05+27.79 431.55+120.98  196.14+125.15 85.44+22.53  262.35+111.09 159.66+5.96
EERER ORI FE R 1300.08+£420.83 1 953.70+448.93 1 101.02442.74 1258.53+51.87  758.12+£313.28 281.22+9.22  161.67+£98.68

RN HTI AL BER OB 9 223.324641.27  142.45+60.41

SN ARSI 8 395.82+£642.51 2.76+0.94 34.56+4.37
ISR BURHFE & 827.50+8.75 139.69+59.46 308.88+6.40

343.44+10.77

175.78+£32.21  287.97+5.43 32.2345.95 24.55+6.90
75.63+8.89 45.34+6.25 24.57+6.27 24.36+2.88
100.15+23.32  242.63+1.18 7.67+£5.32 0.19+4.02
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Fig.3 Sensory evaluation of flavored rice bran oil

prepared from different materials

B 206812024 F 11 A | RRS5EYHEARFER

PEA W4 a5 R RS K B XU B A 5 SR A
ABL, i B e ¥ 0 3 T RE RT DL R4 i T A R 1 Ay
TIEJ& PR o OnF B AL s B AR B H R R XU R AT G
BRRAL G ERES T &S RIWE 4. BA
SR AR ZR )5 Bl 0GB KUK A & P O il ol 4- 5
-2,5-ZHIE-3C2HD BRI AR .2, 3- T &(-3,5 R gk
-6- 1 -4 CHD - M PR -4- i L 3- FFJE T 18 L OR 2 1% A
FAEm, K& B A N BRI, 5 %R E
Gy B AR — B0, 3R BRI A0 O ) & 0 oK
HRCBR 2 S LR G0 R OB R B £ B TR
) o 55 HLAE S B g — AN B 2R B R W B
EREFEESEER KRS EA AN A bR
i K 46 & . A R N- & ORE R R, B s & 0
Amadori 5 HE Jx N AE AR 1-2 2 - 1- B 4 -2- i B, b
B BpE e B B O E EMAE . BT LR
72 B I Ak Ak PR BE (130 °C) R #5 4 ib J57 K Rk
AT 3 Al R BRCAE BE AL OB, 5 B A0 R B X
T HR O TR TR B ) B L R AR IOV, 1 I 5 A
JiT £ 43 BB R B AL T AR R B 3 R A S B
JEE A, i) % HA R R K XU B A

! 000 846.50 AR w SOARIEE S

748.74
179.42
75.09 79.37 e
: 6032
A clm 22l 2.23'_'
R b & & &
/ @ N, A %
v, RO G
£ e v
; VxS
¥ &é&
KEEE R AR S

B4 RE SR K AEAE R M RCR LA R AT

Fig. 4 Semi-quantitative analysis of key volatile flavor

compounds of different samples
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