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Abstract: This study explored the effects of millet bran pretreatment methods and fresh level on the extraction rate of millet
bran oil. The ultrasonic assist technology was used, and the optimal extraction solvent was selected. The extraction process
of millet bran oil was optimized through single-factor experiments and response surface analysis. The main physical and
chemical properties of millet bran oil were determined, and the fatty acid composition was analyzed. The results showed
that fresh millet bran need be selected and treated with infrared heating at 121 “C for 15 min. Anhydrous ethanol could be
used as the best extraction solvent. The optimized extraction conditions were the extraction time 2 h, the material to solvent
ratio 1:6.5 g/mL, and the extraction temperature 56 “C. Under this condition, the extraction rate of millet bran oil was
78.57%. The order of various factors on the extraction rate of millet bran oil was: Material to solvent ratio>extraction
temperature>extraction time. The acid value and peroxide value of millet bran oil extracted under this conditions were in
line with the National Food Safety Standard (GB2716-2018) indicators for rice bran oil. The main fatty acid components of
millet bran oil contained palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic acid. The content of unsaturated
fatty acid accounted for 90.58% of the total fatty acid content, of which the linoleic acid content was as high as 72.31%. The
ultrasonic-assisted extraction process of millet bran oil with anhydrous ethanol proposed in this study was feasible and
could provide important theoretical support for the further development and utilization of millet bran.
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Table 1 Factor and levels coding of Box-Behnken Design from
millet bran oil by ultrasonic assisted extraction method
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Table 2  Effects of different pretreatment methods on extraction
rate of millet bran oil
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TR A 63.27+0.64 °
(el IE7 62.19+0.92°
K21 HTAb B (AR 62.10+£0.47

TE: WA RN FEERORTE0.05 K T 225 B

2.2 RIS X/ VKR AR R BN RS20
FHIE 1 A] %, A 2o Ah B8 A% g fief /N K 5B 7 T 7L
37 °C A4 BOAEPRE AT TR Xoh /N A2 b il i 3R g 5
ni dl 5 (P<0.05) o TEAHIRRTURETHA, /N KRR g H2
B 62.10%, BEAE R Al 380, /IR A HRTh
AR WA, /N KRASHRAE 37 °C T IRAHRL 14 d
J&, IR RIM PR BCR T BRI A O, 25 B3
(P<0.05), % 28 d JiT, /INRAHEIIBRECE N 54.91%,
BehE A AT R RE T 11.58%,, X Al B R &S RiTAk
HA) /AR A R E At g ot R v PRI D I 4 e T S



CHEVE SRR ] B &S AR AR HER L2 - 189 -

70 -
a
uh.____h_ab b
60t — ¢
S d
%
2
50t
40 1 1 1 1 1 J
70 7 14 21 28 35
el (d)

BE1 S [EIGERER ADoK A HOAR A5
Fig.1 Effects of different storage time on extraction
rate of millet bran oil

T AF/NG FRERIRAE 0.05 KT 225 0355
P 2~[21 5 [A]

FOL A BB ARIITRIE LT, 53 5353t , /oK
FHEMIRBCR PR, ik, ZEk MG RR 7 d LA
PRI EE /N KA B TR A FE L, DA = 1915
THIF
2.3 RBUATIHERE

FH I 2 w10, Ak . SN B IO K S =T
HILIE F7) 4 70N oK 45 R T 09 32 3R 43 51 ol 83.27%.
78.95% FN 76.77%, A7 M1 Fik o 7IN 2K A5 M58 vl 42 B F e
151, SENBEFNTCK BN/ IR AR PR IBCR T . 35 25
5(P>0.05) o A== bRy FH AT I /N KA 1)
PEBOR T I0K S, AR i A — 2 19 85
P, BG4 Rk By, R T HAE T
M AR PR TEAK CBERT/ INKR AR H B
AT 5 s, (B TR, oK B U KA
A YEZR B B e TR IR, A 4E R RN OKR AR
W EZ ARG TERSY, AT LA SR SR . SRS
25 LR B 4 it BT AN R O R 14 e AP . AR 5 IRl
SENER, oK OBEA BRI U, ARUFoEit
Peoptn | LA MASAIREE . IR (8 . YR S BT AT

90
80}
S
2
=0+
77
// ]
o ,-"/
60 s )
S
IR

K2 AR N R AT IR 52 1R
Fig.2 Effect of different organic solvents on extraction
rate of millet bran oil

TooK R AR IO 7 o

24 BRERSWER

2.4.1 EHEEHEXE R BCR s HIE 3
I, SGEEECTE] A 1 h B, 2N R AT PR BCR A%
A 67.88%, B B IAIZEA, /N AT P AR T
T 2MIZHEETE] A 2 h B, R EE BRI B R
76.94%, 1 h BFEE T 13.37%; RS 2E K aE], /)
KA BRI B8 22 7 (P>0.05), /A
PTG, X2 R A BEE IR R BRI A3 0, A AW HE
MK 3 Y153 Iok 2B, ANIFFIE 190
K Z B EARME R 2 h B ErimEAR s, s TE
To7K 25 B O SR A E BTG, B 232 A Ta)
S 2 h BRI RA R T AR E T OK ZEE P T RGE R
BHHRBIPTAR . 2SS ARSEIE TR, /N KA R B
SRILALRFFAAS, (AR FTREAIG, 18 n] GBS H2 A [A]
KA, TooK CEEAE RIS B s e R i e, 1542
BCR T, B, FFEescie i $Emfalikss 2 h e,

85 -
a
b ab b

= 75+ e
8 c
&
m
T 65tk

55 1 1 1 1 1 J

1 2 3 4 5 6
B4 (h)

B3 NTR]R B 0 /R AR T B IBCR A 5]
Fig.3 Effect of different extracting time on extraction
rate of millet bran oil

2.4.2 BHR LXK AS MR IBCRAYSE . 1 4
AL, BN LE S 1:3 g/mL B, /NSRS RETH $ R
AN 50.16%; BEE R Lz sy, BIJo/K 2 B4
BUASWIE AR, /IR A PR .35 T 5 (P<0.05),

85
a a a
75F
b
9
< c
B 65
=
el
551
d
45 1 1 1 )
1:3 1:5 1:7 1:9
BHB L (/mL)

4 RIREHE HEAT /N R A BT SRR 1) 520
Fig.4 Effect of different material to solvent ratio on
extraction rate of millet bran oil



- 190 - £ Tl B4

2021 4 4 A

HIH B, 3&E RS /RS R Pl
TC/K R BE 22 HE R, TR TETC/K Z b i ™
HSGHE A AH N 2 5, TR AR AN TG 7K 2 s finh 1T AL
WO, WA B P/ INR SRR ORI T . B R
R L i — 2 us /), B JE/K 2 B RR it 36— 2 188 i,
NSRRI NG 12 H AN TR IR, 2 b
IRE 1:6 g/mL B, /N K AR H BRIk B 5 KN
76.94%, ZJEAkELsE/ INERR L, BigRseighn ook 2,
B AR BN, /N KR A AR P BRI A B E2E 5
(P>0.05), XS KA EE VAR FE TG /K 2R 18 HI0H
EILAASFREIRES, B TO/K CEAARF R, 7
NEAETC/K B BOUT S M IS TRl 23380, PRIt/ Nk
PRI AP ECRT S AN, RIS 25 FEEI B B 71 1
i3 U IR A YR 2R AN RIS RIXE, IO 2252586 PR
JHERE LR 1:6 g/mL SH'HL.
2.4.3 BRI R ERECR s HE S
AT, $EHUREE N 40 °C B, /KA BUR AR
A 64.41%; FEEIZPEIEEE T, TR PRECR i 2 R
(P<0.05); 247E IR 55 °C W, /NS BEHIZIECR
IRFNEL N 76.94%, Lt 40 °C 454 N IMAEHEHBCR Y
ST 19.45%; &N B =PRI ) T, g
THyPGs SR, HAEJC/K ZEEd A P BoE R0
Mo Bl IR LS TS, THMARERICRIAT W22
(P>0.05), HEZW FREFaSE, IR 65 °C B, /I
SKAHENIRIBGR g 74.88%, Ui KA FIE T 2.75%,
A HER P R PRI B o i S EE i R R R, 1
R FEIG S, s T AR FEJC/K LB i P HioH
R, R KRR PR BSCR AR, [RIE i i B iy T
=5, B 2 AR, BERZ R 1 S A B, SN
TR ERIXESE . R, SR80 T M PRI SRR
55 °C "N'H

85

751+

FEHR (%)

65 |

55 1 1 1 J
40 50 60 70

BHEE (C)
Bl 5 RRRAE IR XS N R A MR R 1) 51

Fig.5 Effect of different extracting temperature on

extraction rate of millet bran oil
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Table 3 Results of Box-Behnken Design from millet bran oil

4% AR BEWEIL  CIREEEE  HHRE(%)
1 -1 -1 0 68.42
2 1 -1 0 69.17
3 -1 1 0 75.07
4 1 1 0 75.01
5 -1 0 -1 63.85
6 1 0 -1 68.36
7 -1 0 1 75.25
8 1 0 1 75.71
9 0 -1 -1 61.48
10 0 1 -1 71.83
11 0 -1 1 68.19
12 0 1 1 76.52
13 0 0 0 76.40
14 0 0 0 77.62
15 0 0 0 78.54
16 0 0 0 76.87
17 0 0 0 78.20
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Table 4 Analysis variance of factors and regression equation
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TR 418.63 9 4651 19.13  0.0004 o
AR 4.00 1 4.00 1.65  0.2402
B-FHE Lt 121.45 1 12145  49.94  0.0002 **
C-RILRIE  113.63 1 113.63  46.73  0.0002 o
AB 0.16 1 0.16  0.067 0.8026
AC 4.10 1 4.10 1.69  0.2352
BC 1.02 1 1.02 042 0.5378
A? 19.65 1 1965  8.08  0.0249 *
B’ 50.06 1 50.06 2059  0.0027 o
c 88.05 1 88.05 3621  0.0005 o
B2 17.02 7 243

AL 13.83 3 4.61 578  0.0616
alifgs 3.19 4 0.80

vl 435.65 16

R 0.9609

T *FR 225 3, P<0.05; **FoR 2R 3, P<0.01,
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Fig.6 Effect of the interaction between extracting time and material to solvent ratio on the extraction rate of millet bran oil

= 170
58 Sg e = — ’v'_,'i6/0 6.5
C- e 54 &"“‘w-.h_f""fs'-—s . m\\)
Ry 52 50 7L ¢
Wy 5050 ot

FEHER (%)

C: 2AHE (C)

5.0 5.5 6.0 6.5 7.0
B: BH& L (g/mL)

Bl 7 RRA LU AR S il 2 ) 5SS HA FR /R A SR BCR 1 520

Fig.7 Effect of the interaction between material to solvent ratio and extracting temperature on the extraction rate of millet bran oil
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Fig.8 Effect of the interaction between extracting time and extracting temperature on the extraction rate of millet bran oil
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Fig.9 The gas chromatogram of millet bran oil
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