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Abstract: To explore the extraction and purification process of ferulic acid from corn bran, ferulic acid from corn husks
was extracted by ultrasound-assisted alkali alcohol method. The best extraction conditions were obtained by using the
content of ferulic acid in the crude extract of corn husk as the index through single factor tests and response surface

optimization test. Further purification of corn ferulic acid was used macroporous adsorption resin method, and suitable resin
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was selected by static adsorption method. Determined the optimal sample loading amount in the dynamic adsorption

method, and obtained the optimal purification process conditions using recovery rate as an indicator through single factor

experiments and response surface optimization experiment. Results showed that, the best extraction conditions of ferulic

acid from corn bran were obtained as follows: Solid-liquid ratio 1:12 g/mL, mass concentration of lye was 4%, alkali-

alcohol ratio was 2: 1, ultrasound time 30 min, ultrasonic thermometer 59 °C, ultrasonic power 229 W, and the amount of

ferulic acid extracted could reached 22.31 mg/g under these conditions. The purification of ferulic acid was performed using

HPD-100 macroporous adsorption resin. The optimal loading volume was 6 times the bed volume. The optimal purification

process conditions are as follows: Sample loading concentration 0.3 mg/mL, loading flow rate 3 mL/min, mass

concentration of ethanol 75%, elution flow rate 1 mL/min. Under these conditions, the recovery rate of ferulic acid from

corn peel was up to 95.17%, and the purity of ferulic acid was 81.56%. This experiment increased the added value of corn

brans, and would provide the theoretical basis and data support for the further processing of corn brans and the development

of ferulic acid.

Key words: corn bran; ferulic acid; ultrasound-assisted alkali-alcohol method; macroporous adsorption resin method;

process optimization
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Table 2 Response surface factor level table
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Fig.1 Influence of solid-liquid ratio on ferulic acid extraction
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Fig.2 Influence of lye mass concentration on ferulic acid
extraction
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Fig.3 Influence of alkali-alcohol ratio on ferulic acid extraction
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Fig.4 Influence of ultrasonic time on ferulic acid extraction
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Fig.5 Influence of ultrasonic temperature on ferulic acid
extraction
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Fig.6 Influence of ultrasonic power on ferulic acid extraction
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12 0 0 0 0 22.6
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18 0 0 -1 -1 18.5
19 -1 -1 0 0 18.42
20 1 0 0 1 19.06
21 0 0 1 1 19.8
22 0 -1 0 -1 18.83
23 0 -1 0 1 18.69
24 -1 0 -1 0 18.72
25 0 1 1 0 20.81
26 -1 0 1 0 18.92
27 0 0 -1 1 19.18
28 0 -1 -1 0 19.75
29 0 0 0 0 22.41

2% 4 SR 7 T RS R 25508 . T ARl
AU . 35 (P<0.0001), 17 [B1 )5 Jr B IS UL P AE N
0.2691>0.05, K& h A W3, R IZA R REAL IR 4y
LK S IO B S b S e HH >t R 1) FRERA G
TR SR 5 X5 5 A B H BT B 1 B BRGUEA T T 4y
Mro HJF2E5yFraRmT A, I3 AL B, C Hl D X 2K
Bz v ER B BRI R 1) B B A (i 25 (P<0.0001 ) 521,
B PRI ZR T K i B BRT R 1) P B 5 i IO A
YR R LY > 77 1 5> D R o e A 3> 7 )%

PR &L 7 AT, mi 7 T 4 i TR S, S R 3R
Z ) AH B A e R S 2 S B A
JER2T 0 AC 2 H. AN AD 32 T AR AR w3 A A 3
PESZI, H BC 32 5.5 BD 3¢ & iy 25 iy #2 BE AR 45
B 3 B K. £ Design Expert 8.06 11k & 2K JZ
PR BRI B IR T 20 S B T R 4.16% . ik
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Table 4 Variance analysis and significance test table

PV PR HBEE ¥ P P BENM

sl 52.41 14 374  166.58 <0.0001  **

ABERTTRRE  0.81 1 0.81 3587 <0.0001 **
SR 1.24 1 124 5525 <0.0001  **
CHl I 1.08 1 1.08  48.06 <0.0001  **
DB IR 0.53 1 0.53 2336 0.0003  **

AB 3.03E-03 1  3.03E-03 0.13 0.7192

AC 0.16 1 0.16 7.2 0.0184  *
AD 0.19 1 0.19 862 00109  *
BC 2.54 1 254 11321 <0.0001  **
BD 0.52 1 052 23.07 0.0003  **
CD 0.024 1 0.024 1.07 03187

A’ 21.92 1 21.92 97547 <0.0001  **
B’ 15.78 1 1578 702.08 <0.0001  **
C? 13.58 1 13.58  604.44 <0.0001  **
D? 19.21 1 1921 85476 <0.0001  **
B2z 0.31 14 0.022
PR 0.26 10 0.026  1.97 0.2691
BRIZEI 0.053 4 0.013

SRR 5272 28

TE: #*ERB A, P<0.01; *2253 35, P<0.05; 36l

PEHUE (mg/g)

R (mg/g)

BT (mg/g)

BELL 2.15:1 g/mL., #75 IRE 58.92 C. #7H oh%
228.75 W A& T Bl 25 1% %) $ HCdak TR0 A ) 5
22.47 mg/g. MHIEIREEE R BT, 25 RS T ik
VERTA T, AL 22 HC R L 1:12 g/mL . Bl
SRR S 4%. BEIELL 2:1 g/mL, #A5B[E] 30 min,
M 59 °C, EFE IR 229 W, X 3 it
A7 50k, 45 51 B] 27 198 £ B o 22.31 mg/g(iR 2=
0.71%), WEBHEAL I T2 S 8844 vER

2.2 KFLIRPIHIAE AL (L P ERER S IR 45 R

2.2.1 KRALGRA HEH SR B S TSt sasi R K
& 8 AI LA H, =i AR AL B g X T K B) 2 R
U A W o 2R /IR Sl - HPD-100>D101>AB-8;
fi# AT 2RI/ NMIF 4 : HPD-100>AB-8>D101, HPD-
100 Y R FL W B Hig 3k FH T R AR 7= ) (R TR | i
2. MRS ) IR ELSr P, H i, ¥ HPD-
100 AL AR A TSR .

2.2.2  RFLEBH ALl FOK BT RRAR I 025 S
2221 EAEEMAEGE BB 9 R, IRIEBUE T
6 BV B, B _ARRE ARG, FERAR I B O .

feHu

1.0

0.5

1.0 05 0.0 0.5 1.0
A TR e

Je it

D: Hp IR

-0 05 00 0.5 1.0
A BRI TR B



o443 5 223

SRTSPY, A5 FOK B PR A R IR S B S AL IR AL T2 e

PR (mg/g)

-1.0 —0.5 0.0 0.5 1.0
B: il H

7 A5 DRI A AR PG BT AR i Bk 14 i ), T 1] 26 g 2k 1]

Fig.7 Response surface and contour plots of the interaction of factors on ferulic acid extraction
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Fig.9 Ferulic acid leakage curve of corn

e, Befd: BREESY 6 fFIRIAFH.
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WIS R bR e BE 3, 28 E A0
0.3 mg/mL F &, fg IR AT, X AT BEJEH T
R BRI AR AU AL B B RG, W Rt T
e A R RE AT B S G IIORY BE AT 5 e AR i 1 W R e
IR0 N, RS SR, Al DR EE N
0.3 mg/mL.

2.2.2.3  bAEmEXS EMCRRSZN A 11 A, [l
WS FARR BRI, S2ESETHS, 7€ 3 mL/min
B e, S SR A RTRRIE H TR it
IR BRI AT [a], SO FLA iR 22 S B 2E, i
T A AL ST ICF LA RS AR i 3 flst 1) it de, feife
i AN RETE R FLAR BB 2R 18 FE 43I (), S0t & =18,
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P10 ANTA] B e BT TSR A 20
Fig.10 Influence of different loading concentration on
recovery rate
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Fig.11 Influence of different loading velocity on recovery rate

PRGN, H I, ISR T, Befd BAR
4 3 mL/min.
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) 2 IS S B R AR S AN A i —S i e ok, &
EENRCRFTTRREARC, H U, IS, i
FEC BT R 75% .

2.2.2.5 PRMEFEE R sz HIE 13w, [
WAL R B 25 100 8 O o B N S B ST T H I, #E 1 mL/min
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LA S A T R RS ] AR LA g v 43 Bl 0k



-8 - £ Tl B4

2023 4F 11 H

72 L L J
35 55 75 95

ZEEFTHRIE (%)
B2 AN[R] o e B X (DSOS )
Fig.12 Influence of different concentration of ethanol on
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Fig.13 Influence of different elution velocity on recovery rate
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i#id Design Expert 8.0 314X} 5 Z¥miF 14k
B, A55] —RZ I ET )72 Y=95.41+0.47A+0.55B—
0.15C+0.53D+0.14AB+0.075AC+0.038 AD+0.07BC—
0.25BD+0.56CD—1.55A%—2.16B*~1.91C*—2.19D?

2% 6 A 7 T [FIFAS AL Iy 255 HT . nl AR
A A AN B 2 (P<0.01), 1 =] T Jy B2 S LI P AE N
0.5137>0.05, K I gh A ik 2, WA A GEAE AR 4y
HIKs SEIS A ELS Y S e Sk, FERI A I EE 7 AR B
X 56 S B s X 5 oK BT 2R R 1) £l A 1 A5 TR0 AN 43 AT o
5 220 r R nl 24, 2R AL B, C FI D %f K K Bz ]
BRER A (BN A A {2 35 (P<0.01) R, 45 RIZE N oK
B BB 14y [T A ZR TP AR YR Ay AR I 3> P o 7 >
AR > BT

& 14 7150, AB 22 H., BD 22 B CD 32 5.
T2 R B S Ak, B AB 32 525 i #2BE K T BD
55 CD, 5EIEF R 225045 —3. 48 Design
Expert 8.06 1tk T A Bz BT 2R IR 0% [ ISR T2 S84
FREHE 0.32 mg/mL, EFEFEE 3.13 mL/min, ZF%
SRS 74.6%, VRN 1.06 mL/min. ME5HF T
KBz BATERIR 0 T SR FMIME T 35 95.52% . “AEIE

F 5 WAL T B B BT BRI [T iR

Table 5 Response surface design and ferulic acid recovery rate

SRS A B C D Y: FICR (%)
1 0 0 0 0 95.33
2 0 0 0 0 9531
3 0 1 -1 0 91.96
4 0 -1 0 -1 89.77
5 0 -1 -1 0 91.04
6 0 0 0 0 95.44
7 0 -1 1 0 90.54
8 1 1 0 0 93.00
9 -1 1 0 0 91.66
10 0 0 0 0 95.45
11 1 0 1 0 92.35
12 0 0 1 1 92.37
13 0 0 0 0 95.55
14 1 -1 0 0 91.58
15 0 -1 0 1 91.20
16 -1 0 1 0 91.27
17 0 1 1 0 91.74
18 0 -1 0 92.47
19 -1 0 0 -1 90.76
20 1 0 0 1 92.62
21 0 1 0 -1 91.39
22 0 0 1 -1 90.05
23 0 0 -1 1 91.57
24 0 0 -1 -1 91.46
25 1 0 0 -1 91.50
26 -1 0 -1 0 91.68
27 -1 -1 0 0 90.79
28 0 0 1 91.83
29 -1 0 0 1 91.74

*o T B EIRR R

Table 6 Variance analysis and significance test table

P 3 R A ¥y FE PlEH  WEN
LAY 76.7 14 548 54279 <0.0001  **
A: LR 2.64 264 26125 <0.0001  **
B: FFEH 3.7 37 366.22 <0.0001  **
C: LIRS 0.29 029 2842 0.0001  **
D: YR 3.41 3.41  337.87 <0.0001  **

1

1

1

1
AB 0.076 1 0.076 749  0.016 *
AC 0.022 1 0.022 223 0.1576
AD 5.63E-03 1  5.63E-03 0.56 04677
BC 0.02 1 0.02 197  0.1824
BD 0.24 1 024 2388 0.0002  **
CD 1.23 1 123 12222 <0.0001  **
Al 15.49 1 1549 1534.88 <0.0001  **
B 30.22 1 3022 2993.94 <0.0001  **
c? 23.62 1 23.62  2340.39 <0.0001  **
D2 31.06 1 31.06 3077.54 <0.0001  **
B 2% 0.14 14 0.01
AU 0.1 10 0.01 1.08  0.5137
TR 0.038 4 9.55E-03
AR 76.84 28

I el R, B RS S E T AT, ik T2
SO FAERE 0.3 mg/mL, FAEFEE 3 mL/min, 2.
Pt JoT VR B 75%, YR 1| mL/min, A 3 ik
AT I UE, 1538 F oK B2 BT R AR (1 A2k 95.17%
(IR2Z 0.37%), UERIDRAL Y T 22 S8 B A et
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Fig.14 Response surface and contour plots of the interaction of factors on ferulic acid recovery rate
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Fig.15 HPLC of ferulic acid after purification
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