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Abstract: Feruloylated arabinoxylan (F-AX) was extracted from black wheat bran by either of two methods: ultrasonic-
assisted enzymatic extraction or alkaline extraction as control. The content and linkage of bound ferulic acid in the extract
were investigated, and its antioxidant and in vitro digestive properties were studied. Our results showed that the enzymatic
extract possessed lower relative molecular mass in a wider range when compared with the alkaline extract. They differed in
monosaccharide composition and glycosidic linkage. The amount of ferulic acid in the enzymatic extract, (13.11 + 0.19) pg/mg,
was significantly higher than that of the alkaline extract, (0.05 + 0.01) ug/mg. During the in vitro digestion of the
enzymatic extract, the release of ferulic acid was very low at various digestion stages (oral: (0.06 £+ 0.01) pg/mg, gastric:
(0.60 + 0.02) pg/mg, intestinal: (0.14 £ 0.01) pg/mg). In addition, the enzymatic extract possessed higher antioxidant activity
than the alkaline extract. Our results provide a theoretical basis to fully preserve ferulic acid and its bioactivity during F-AX
extraction from wheat bran, to explore its physiological effects, and to unleash the nutritional value of grain resources.
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Fig. 1  Flow chart for the extraction, identification and in vitro
digestion of F-AX
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Fig.2  Fluorescence images of black wheat bran and F-AX samples
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Table1  Contents of ferulic acid in black wheat bran and F-AX samples
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Fig.3 HPLC chromatograms of F-AX samples

23 F-AXH AT

iy 2 AL F- AX 0 B A 2 dr 45 R k2w, H
S B BN 11 R EREAT A, e IER T F-AX
EEAFIET-linked Araf. 1,3-linked Araf. 1,5-linked Araf
T-linked Xylp. 1,4-linked Xylp. 1,3,4-linked Xylp.
1,2,4-linked Xylp. 1,2,3,4-linked Xylp. 1,4-linked Galp-
T-linked Glup LA J2 1,2-linked Glup 11 Pkt EEL5E 4. B
BRI AR I\ g 3 2 75 41 L B ) 7 411 A SROB  _ Bo) r A1T i 7
Foshr B, EEHRF-AXH1#12,3-Me,-1,4,5-Ac;-Arabinitol
T2 TWARF-AX, Ul B Bk 12 B 2 5 B0% $2 145 5 b7
EBEFRFE OS5 L BT SRR B 2%, 2 FhF- AXHHE 11 8
T-linked Araff 4 5 1) & 53 2R 2t T~ HeAth S8 L R Bz A
WEAR AL, UL R /& 0 Ry A B ke 2 R O 5 v B8 4 B 2
FRFTEAR . F-AXE8E FAETESE RIUR. B HCAATICHAR
FIARBE R EE, T-linked Xylp— BBl AR A RIE L 8ERE
SRR AT IR F-AX,  BFRF-AX B AR 5
EE A5 B S AR, X W] R A DR DA A R SR B g 42 B F - A X
T8 FORERS-1,4- 5 E B IR o A8 FH B2 A A 4 L
A3 B F-AXAEREH BEA SR FRBUE , AN [R5
RT3 BE IR K220

#£2  F-AXFEM WL Brah 1t

Table2  Methylation analysis results of F-AX samples
ELS
e L T v

2,3,5-Me;-1,4-Ac,-Arabinitol T-linked Araf 3234 53.23
2,5-Me;-1,3,4-Ac;-Arabinitol 1,3-linked Araf 532 10.57
2,3-Me,-1,4,5-Ac;-Arabinitol 1,5-linked Araf 1.05 727
2,3,4-Me;-1,5-Ac,-Xylitol T-linked Xylp 245 1.61
2,3-Me,-1,4,5-Acy-Xylitol 1,4-linked Xylp 2549 7.82
2-Me-1,3,4,5-Ac,-Xylitol 1,3,4-linked Xylp 10.21 2.64
3-Me-1,2,4,5-Ac,-Xylitol 1,2,4-linked Xylp 332 0.75
1,2,3,4,5-Acs-Xylitol 1,2,3,4-linked Xylp 6.01 233
2,3,6-Me;-1,4,5-Acs-Galactitol 1,4-linked Galp 2.12 1.68
2,3,4,6-Me,-1,5-Ac,-Glucitol T-linked Glup 6.92 8.94
34.6-Me-1,2.5-Ac:-Glucitol 1,2-linked Glup 4.77 3.16
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Fig.4 'H NMR spectra of F-AX samples
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Fig. 5 Infrared spectra of F-AX samples
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Table3  Monosaccharide compositions of F-AX samples
B YR 1) B2 B0 %
g HEF-AX TRIRF-AX
HEEpE 2.89+0.16 0.30+0.01
RILH E B 0.6540.01 0.0840.03
[ 0.37+0.01 0.10£0.01
Sy 0.80+0.02 0.32+0.01
] B TR 1.0440.02 0.84+0.02
- FLHE R TR 0.93+0.01 0.33£0.01
AR 0.31£0.01 /
HERE 9.20+0.37 8.68+0.22
Sk 6.56+0.43 3.4140.07
N 36.5640.31 41.3540.73
(TER(SE] 40.39+0.52 44.60+0.49
R 0.3040.01 /
A/X 1.10 1.08
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Fig. 6  Molecular mass distribution of F-AX samples
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Fig.8  Ferulic acid release during in vitro digestion of enzymatically

extracted F-AX samples
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