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Abstract

In this study, ferulated arabinoxylans (FAXs) were extracted from maize bran by optimizing alkaline
extraction method and explored their purification, identification and antioxidant potential. The
current results showed that FAXs yield ranged from 14.7 to 18.9 % from maize bran. It was found
that the FAXs were mainly composed neutral sugars including xylose (21-44%), arabinose (12-30%),
galactose (2.7-7.4%) and glucose (4.6-9.4%), with an A/X ratio of 0.68-0.74. In addition, FAXs extracts
showed significantly (p < 0.05) high content of ferulic acid in bound form as compared to free form.
Furthermore, biopolymers FAXs possess powerful radical scavenging properties due to their
polyphenolic content and structural characteristics. FTIR spectra of maize bran extracted FAXs
exhibited the presence of polysaccharide compounds. The corresponding bands were related to
glycosidic linkage, which is assigned to the C-OH bend vibration in FAX. In functional characteristics,
FAXs showed high water holding capacity, emulsion properties and emulsion stability in all
treatments. In current research, FAXs have been comprehensively characterized, and several
promising applications across the food, pharmaceutical, and agricultural industries can be explored
based on these findings.

Keywords: ferulated arabinoxylans; ferulic acid; maize bran; alkaline extraction; arabinose; xylose;
glycosidic linkage; polymers; water absorption; structural properties; industrial applications

1. Introduction

Lignocellulosic materials represent the largest biomass resource worldwide. Cereal waste is
predominantly lignocellulosic and consists mainly of lignin, cellulose, and hemicellulose, making it
suitable for producing food and bioenergy, which is of great importance since there are limited
agricultural areas and fossil fuels are expected to become scarcer in the future (Mujtaba et al., 2022).
In recent years, cereal wastes have involved many studies for their biotechnological utilization, since
a majority of their current usage is animal feed (Akin et al., 2025; Kendi et al., 2020).

In the world, maize bran is one of the most abundantly produced, inexpensive lignocellulosic
materials. It contains mainly testa, pericarp, aleurone layer, and residual sclerenchyma. In the starch
industry, maize bran is an abundant by-product that is either fed to animals or discarded.
Nevertheless, maize bran is rich in dietary fibers and phenolic compounds (Lugo-Arias et al., 2024;
Saeed et al., 2021). There are complex carbohydrate polymers in maize bran, including cellulose
(20%), hemicellulose (30%), starch (92%—-23%), protein (10%)-13%), crude oil (2%-3%), and phenolic
acids (4%) (Liu, et al., 2024; Mule et al., 2024). As far as carbohydrate content is concerned, the
different layers are dominated by polysaccharides, such as cellulose, hemicellulose, and lignin. Maize
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bran contains greater quantities of arabinoxylan (AX), the main hemicellulose in the grain than other
cereal grains (Raza et al., 2023). As a major source of dietary fiber, arabinoxylans are a subject of
interest because of their perceived health benefits. (Zannini et al., 2022). They resist digestion in the
small intestine and undergo partial or complete fermentation in the large intestine by microbiota. In
addition to its prebiotic activity, dietary fiber also improves lipid and fat metabolism and reduces the
risk of various diseases. As a result of arabinoxylan consumption, chronic cardiovascular disease,
intestinal cancer, type II diabetes and rheumatoid arthritis risk is reduced and pathogenic bacteria
are prevented from overgrowing (Liu et al., 2024; Weng et al., 2022).

Cateigner-Boutin & Saulnier (2022) illustrated that ferulic acid dimers and trimers (ester-linked
to the O-5 position of hydroxycinnamic acids), p-coumaric acid dimers, and dimers of ferulic acid.
Recent studies have shown that phenolic compounds, particularly ferulic acid, are associated with
arabinoxylans. However, the structure of Ferulated Arabinoxylans or Feraxans of the cell wall has
not been clarified (Marquez-Escalante et al; 2023; Zhang et al., 2022; Valério et al, 2021).
Polysaccharides are usually extracted from natural sources using conventional extraction methods.
There are three types of extraction methods: aqueous extraction, enzyme extraction, and chemical
solvent extraction. In chemical solvent extraction, alkali and acid solutions are used (AlYammahi, et
al 2023).

The chemical solvent extraction methods achieved more arabinoxylans yield as compared to
enzymatic and aqueous extraction methods. There is evidence that a small portion of cereal bran
polysaccharides will degrade into some low molecular weight components when extensive acid
hydrolysis occurs (Jiang et al., 2019). Most structural studies of Feraxans have extracted matrix
polysaccharides with alkaline solutions (Munk et al., 2020). Alkaline extraction of ferulated
arabinoxylans (FAXs) in which bran cell wall phenolic acids are attached to arabinoxylans (Weng et
al., 2023) is used to extract FAXs. Previous literature showed that maize bran contains high content
of biopolymers FAXs as compared to other cereal bran. Therefore, a comprehensive study of maize
bran is very important for the extraction of FAXs.

Currently, biopolymers FAXs are extracted and purified using an economical and
environmentally friendly process. The process involved hydrolysis of alkaline extraction under
different solvent concentrations, time, and temperature conditions. Biochemical interactions were
studied by analyzing purified material by chromatography, spectroscopy and chemical
characterization. In addition, the current study investigated the antioxidant activity and functional
properties of biopolymers FAXs.

2. Materials and Methods

The current research work was conducted at the Whistler Center for Carbohydrate Research,
Department of Food Science, Purdue University, West Lafayette, IN 47907, USA. Maize bran was
provided by Rafhan Maize Product Co Ltd. Faisalabad, Pakistan. Maize bran was commercially
micronized (particle size <250 um) by using the milling process. Chemicals were procured from
Fischer chemical by Thermo Fischer Scientific USA.

2.1. Chemical Analysis

Maize bran sample was analyzed to determine moisture, fat, protein, fiber, and ash content.
Methods of American Association of Cereal Chemists (2000) were used to determine moisture content
(AACC method 44-15), Ash (AACC method 08-01), protein (AACC method 46-10), fat (AACC
method 30-10), fiber (AACC method 32-10), while total carbohydrates were obtained as follows: total
carbohydrates = 100% — (%moisture + %protein + %ash + %fat + %crude fiber). Insoluble dietary fiber,
soluble dietary fibers were determined using heat-stable Enzyme kit Megazyme (K-TDFR-100A)
based on the (AACC 2000, method 32-07).
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2.2. Extraction of Ferulated Arabinoxylans

FAXs extracted from maize bran using different concentrations of potassium hydroxide, time,
and temperature modes (Table 1). 50g sample was dried by using hot air oven and defatted the
sample using hexane (1:5 w/v). The sample was boiled in deionized water for 1 hour to starch
gelatinization, protein denaturation and enzymes inactivation. According to the previous method of
Herrera-Balandrano et al. (2020) with some modification, supernatant was discarded and then the
sample was dried for 12 hours at 60°C. For hydrolysis, sample suspended in alkaline solution (5, 6
and 7%), stirred at 150 rpm for different time periods (4, 5 and 6 hours), at temperatures (25, 30 and
35°C). The slurry cooled down at room temperature for 1 hour. Then, centrifuge the material at 5000
rpm for 20 minutes at 4°C. Supernatant was collected and precipitated in 70% v/v ethanol for
overnight. The precipitated material was recovered by solvent exchange method (80% v/v acetone)
and obtained crude extracted material. For purification, crude extracted dissolved to obtain a
homogeneous aqueous solution (1 % W/V) and precipitated by sequential method (30 and 60% v/v)
ethanol induced precipitation. The precipitates were again recovered by solvent exchange method
and dried the sample using freeze drier and obtain purified FAXs. The dried extract was blended and
converted into powder form for further characterization.

Table 1. Extraction of ferulated arabinoxylans from maize bran at different KOH concentrations, time and

temperatures.
Samples Factors Purified Yield of Coding of Selected
Run KOH Conc. Time Temperature FAX Samples
(%) (hours) %S (%)
1 5 4 25 14.50+0.04g FAX1
2 5 4 30 14.50+0.04g -
3 5 4 35 14.55+0.05g -
4 5 5 25 18.90+0.05a FAX2
5 5 5 30 18.90+0.04a -
6 5 5 35 18.90+0.04a -
7 5 6 25 16.20+0.04c FAX3
8 5 6 30 16.20+0.04c -
9 5 6 35 16.20+0.04c -
10 6 4 25 15.20+0.04e FAX4
11 6 4 30 15.20+0.04e -
12 6 4 35 15.20+0.04e -
13 6 5 25 16.10+0.02d FAX5
14 6 5 30 16.10+0.03d -
15 6 5 35 16.10+0.04d -
16 6 6 25 14.70+0.02f FAX6
17 6 6 30 14.70+0.04f -
18 6 6 35 14.70+0.04f -
19 7 4 25 15.80+0.05e FAX7
20 7 4 30 15.80+0.04e -
21 7 4 35 15.80+0.04e -
22 7 5 25 16.30+0.04b FAX8
23 7 5 30 16.30+0.04b -
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24 7 5 35 16.30+0.04b -
25 7 6 25 16.10+0.04d FAX9
26 7 6 30 16.10+0.04d -
27 7 6 35 16.10+0.04d -

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, Different
letters (a-g) within the column indicated the interaction of treatments are significantly different (p < 0.05). Same lettering

showed non-significant difference from each other. Results are expressed as the mean value + standard deviation (n=2).

1.2. Yield
The yield of FAXs was calculated from the following Eq. (1):
Yield (%) = W1/Wox100 (1)

Where W1 is the weight of dried AX (g), Wo is the weight of dry bran (g).

1.3. Monosaccharaides Analysis

FAXs extracted from maize bran were analyzed for neutral sugars. Monosaccharides in the FAXs
extracts were determined by hydrolyzing (1 M H2504, 100°C, 90 min) and converting them into alditol
acetates following Pettolino et al. (2012). We used GC-MS (Agilent 6890) coupled with Agilent5973
Mass Selective Detector to quantify arabinose, xylose, galactose and glucose. The determination of
arabinose, xylose, galactose, and glucose was done using gas chromatography—mass spectrometry
(GC-MS) using an Agilent5890 and 5973 Mass Selective Detector. We used a 30 m long DB-5 fused
silica capillary column with a film thickness of 1.0 mm and an inner diameter of 0.25 mm with methyl
polysiloxane polymer phase. In this experiment, nitrogen was used as a carrier gas at a flow rate of
approximately 1.5 mL/min. In order to quantify individual sugars, a 2-liter splitless sample of sugar
was injected through the GC-MS in the electron impact mode with an ionization energy of 70 eV. For
accuracy, monosaccharide experiments were repeated three times.

1.4. Arabinose to Xylose Ratio

Arabinose to xylose ratio was estimated by following formula:

Concentration of Arabinose

(II) Ratio =

Concentration of Xylose

1.5. Protein Content

The protein contents of FAXs samples were determined by ThermoScientific Flashsmart
Elemental Analyzer N/Protein instrument. For sample preparation, the sample is dried and pressed
into small tins to be weighed and inserted into the auto-sampler.

1.6. Total Phenolic Content

The total phenolic content was determined according to the method of Kulathunga and Simsek
(2024) with some modifications. The Folin-Ciocalteau procedure was performed. The sample (30 ul)
was added along with the Folin-Ciocalteu reagent (150 ul), and 7.5% Na2CO3 (120 ul) was added to
a flat bottom 96-well plate. The plate was incubated at room temperature for thirty minutes in the
dark. The absorbance was measured at 750 nm in a spectrophotometer. Ferulic acid was used to
prepare the standard curve, and the results were expressed as ferulic acid equivalents.
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1.7. Quantification of Ferulic Acid Content

We used the method of Barberousse, et al. 2009, with some modifications. Ferulic acid was
quantified by HPLC analysis. Samples were filtered through 0.45 um nylon syringe filters before
injection (10 ul) onto an Agilent 1260 Infinity Il HPLC system with a diode array detector (Agilent
Technologies Santa Clara, CA, USA). Separation was carried out on a Zorbax 300SB-C18 column (150
mmx4.6mmi.d., 3.5 pm, 300 A, Agilent Technologies, Santa Clara, CA, USA). Elution and detection
parameters were conducted according to the method of Barberousse et al. (2009).

1.8. Antioxidant Activity

ABTS

The reaction was initiated by mixing ABTS (7 mM) with potassium persulfate (2.45 mM),
allowing the mixture to stand in the dark for 12 hours at room temperature. Mixing ABTS reagent (1
mL) with absolute ethanol (75 mL) was carried out the next day. Following this, absolute ethanol was
added to the radical solution to dilute it to an absorbance of 0.7 at 750 nm. In the following step, the
phenolic extract (20 pL) was mixed with the ABTS (230 pL) solution and allowed to stand for five
minutes under darkness.

FRAP

In this study, the FRAP assay was used to measure the reducing power of polyphenolic extracts.
Briefly, TPTZ (2,4,6- tripyridyl-s-triazine) and FeCls.6H20 (iron (III) chloride hexahydrate) were
dissolved in hydrochloric acid and deionized water prior to analysis. The FRAP working solution is
prepared fresh each time and kept out of the light. After mixing the extract with the FRAP reagent
(280 mL), it was allowed to stand for 30 minutes in the dark. In a microplate reader (Thermo Electron),
samples were read at 595 nm and compared to a Trolox standard curve after 30 minutes.

DPPH

Extracts were evaluated for antioxidant activity using DPPH according to Brand-Williams et al.
(1995) with some modification. DPPH radical was prepared by mixing DPPH reagent (2 mg) with 80
mL of methanol. In this experiment, the absorbance of the solution was adjusted to 0.7 at 515 nm.
Microplate readers (Thermo Electron, Vantaa, Finland) were used to measure the absorbance of the
samples at 515 nm. The results were measured according to the following formula;

DPPH radical scavenging activity (%) = 1 — (A sample — A control/A blank) x 100%

1.9. Fourier Transform Infrared Spectroscopy

Fourier-transform infrarved (FI-IR) spectroscopy analysis on FAXs powder samples were recorded
on an (Thermo-Nicolet 6700 Series FTIR, Thermo Fisher, USA). The FTIR spectroscopy was used to
identify the characteristic absorption bands corresponding to functional groups present in the FAXs.
The examined sample was scanned by infrared, where a computer-connected detector identified it as
a continuous wave, reported its spectrum, and assessed its functional units. The lyophilized FAXs
were converted into powder form with the help of a mortar and powdered samples (~30 mg) were
analyzed. FT-IR spectra were taken directly with the help of ATR diamond crystal at a 2 cm™ scan
resolution between 4000 and 500 cm™ wavenumber ranges.

1.10. Scanning Electron Microscopy

FAX powder samples were analyzed for scanning electron microscopy. For the purpose,
scanning electron microscope Model (FEI Teneo Volumescope SEM) instrument was used to obtain
images with a field emission gun scanning electron microscope. The surface morphology was studied
using scanning electron microscopy with high-intensity electron beam in high vacuum mode. The
samples were analyzed with coating platinum at low voltage (5 kv). The images were obtained in
secondary and backscattered electron image mode and a magnification of 2500x and 5000x.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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1.11. Functional Properties of Ferulated arabinoxylans

Determination of water holding capacity (WHC)

The water holding capacity (WHC) of FAX isolated from maize bran was determined according
to AACC Approved 88-04 method (AACC, 1995) and Kaur et al. (2021) with some modification.
Briefly, FAXs (0.5 g) was taken in a centrifuge tube having a screw cap and 24.5 ml of distilled water
added to each tube. The samples were sheared for 2 min at 10,000 rpm and 1 min at 15,000 rpm with
high-speed polytron. Then the tubes were shaken at 100 rpm for 24 h at room temperature (37 °C)
and centrifuged at 2000 rpm for 15 min. The excess water from centrifuge tubes were removed by
decanting followed by inverting and each tube was weighed.

The WHC of the sample was calculated using the following equation:

WHC = gwater/gsample x 100

Where gwater (g) represents the weight of water held by the sample and gsample (g) is the original weight
of the dry sample.

Oil Holding Capacity

Oil Holding Capacity was determined according to Robertson et al. (2000) with some
modifications. Commercial soybean (25 mL) was added to 250 mg of dry sample, stirred and left at
room temperature for 1 hour. After centrifugation, the residue was weighed. The oil holding capacity
was expressed as g of oil held per g of sample.

Emulsifying Activity and Emulsion Stability

Emulsifying Activity and Emulsion Stability were evaluated according to Gannasin et al. (2012)
with some modifications. A homogenizer was used to homogenize a 2% (w/v) sample suspension in
water at 11,000 rpm for 30 s. Then, sunflower oil (100 mL) was added and homogenized for another
1 min. The emulsions were centrifuged in 15 mL graduated centrifuge tubes at 1,200 g for 5 min, and
the volume of the emulsion left was measured. To determine the Emulsion Stability, emulsions were
prepared by the above procedures, heated at 80 °C for 30 min in an oven, cooled at room temperature,
and centrifuged at 1,200 g for 5 min. Emulsifying Activity and Emulsion Stability were calculated
using the following equations:

Volume of emulsified layer (mL)
Volume of whole layer in the centrifuge tube (mL)

X 100

Emulsifying Activity =

Volume of remaining emulsified layer (mL)
Original emulsion Volume (mL)

X 100

Emulsion Stability =

1.12. Statistical Analysis

Minitab statistical software 2022 was used to conduct DOE experimental design on extraction of
FAXs from maize bran by optimizing different modes; 1) concentration of KOH B) Time c)
Temperature to obtain the maximum yield. Twenty-seven treatments were produced by the DOE as
shown in Table 1. Each treatment was repeated three times. In addition, characterization data
obtained for each parameter were analyzed by mean squares and standard deviations and the
lettering of each parameter was conducted by least significant difference (LSD). In chemical
characterization analysis, all trials were carried out in triplicates except ferulic acid quantification
through HPLC.

3. Results and Discussion

3.1. Chemical Composition of Maize Bran

The chemical composition of maize bran is presented in Supplementary file 1 (Table 1).
According to the current results, maize bran contains 59.4+0.04% total carbohydrates and 57.3+1.5%
total dietary fibers (5.8+0.04% soluble dietary fibers fraction and 51.9+1.4% insoluble dietary fibers
fraction). In addition, maize bran showed 10.2+0.04% moisture, 8.2+0.03% crude protein, 7.5+0.01%
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crude fiber, 4.2+0.02% crude fat and 1.4+0.01% ash contents. These results are correlated to previous
study of Herrera-Balandrano et al. (2020), who reported that maize bran chemical composition
showed moisture (7.47%), protein (7.6%), ash (1.22%), fat 0.34%, crude fiber 13.40%, total
carbohydrates 69.97%, insoluble dietary fibers 54.9% and soluble dietary fibers (4.4%). However, this
difference in chemical composition of maize bran was owing to various milling methods or cultivated
region.

3.2. Extraction Yield of FAX from Maize Bran

Extraction yields of FAXs from maize bran by using different concentration of KOH (alkaline
solution), time and temperature modes were shown in Table 1. Significant differences (p<0.05) were
observed in FAX2, FAX3, FAX5 FAX8 and FAX9 treatments due to different concentration,
temperature and time modes among the AX yields based on the alkaline method. However, the
average yield of FAX2 (18.9%) recovered from maize bran was higher than FAX1 (14.8%), FAX3
(16.2%), FAX4 (15.2%), FAX5 (16.1%), FAX6 (14.7%), FAX7 (15.8%), FAX8 (16.3%) and FAX9 (16.1%)
respectively. In a previous study, Martinez-Lopez et al. (2012) reported that FAX yield was 18% in
nixtamalized maize bran. According to previous study Chanliaud et al. (1995) Alkali type (sodium,
potassium, calcium hydroxide) affected yield significantly, but the exact role of cation remains
unclear. Due to the rapid solubilization, the extraction time had little effect on the yield. General
Factorial Regression: Yield FAX versus Treatments, KOH Conc. %, Time (hours), Temperature was
shown in supplementary File 1. The interaction plot of alkaline concentration, temperature and time
for the extraction yield of FAXs from maize bran was shown in Figure 1. The plot illustrates an
interaction plot for the input variables chosen based on the extraction yield. Figure 1 provides the
interplay among the control factors to increase the yield. The yield, represented on the vertical axis,
is plotted against the control factors along the horizontal axis. In Fig. 1(a), the chart delineates the
interaction between time and the concentration of KOH. Fig. 1(b) illustrates the interaction between
temperature and the concentration of KOH, while Fig. 1(c) signifies the relationship between KOH
concentration and time. Fig. 1(d) elucidates the connection between temperature and time. Figure
1(e) signifies the relationship between concentration of KOH and temperature while Fig 1(f)
illustrates the interaction between time and temperature. In these figures, it is evident that a
consistent pattern emerges. Notably, there are no instances of parallel lines observed throughout the
figures. This observation strongly implies a significant relationship among all the factors and their
collective impact on the yield of FAXs. To achieve a higher yield, certain combinations appear to be
particularly advantageous. A parallel straight line does not reveal any interaction effects. At the same
time, nonparallel lines display an interactional relationship. There is no discernible interaction
between the KOH concentration and other parameters, and parallel lines for all values are shown in
the interaction plot. However, there is considerable interaction between the 5% KOH solution and
25°C temperature and other input parameters, and no parallel line relationship exists between them.
Atall chosen levels, temperature, time, and KOH solution treatments values have substantial variable
interactions.
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Figure 1. Interaction plot of alkaline concentration, temperature and time for the extraction yield of ferulated
arabinoxylans (FAXs) from maize bran. FAX; Ferulated arabinoxylans, Figure (a): Interaction between time and the
concentration of KOH, Figure (b): Interaction between temperature and the concentration of KOH, Figure (c): Relationship
between KOH concentration and time, Figure (d): Interaction between temperature and time, Figure (d): Relationship

between concentration of KOH and temperature, Figure (f) Interaction between time and temperature.

3.3. Protein Content

The protein content of FAXs extracted from maize bran ranged from 0.96-3.58% (Table 2). The
maximum protein content was showed in FAX1 (3.58+0.05%) followed by 2.86+0.06, 3.37+0.05,
0.96+0.04, 1.23+0.09, 1.51+0.02, 2.09+0.04, 2.01+0.08 and 1.8+0.06% in FAX2, FAX3,FAX4, FAX5, FAX6,
FAX7, FAXS, and FAXy, respectively. The current results showed that FAX1 and FAX3 showed
significantly (p<0.05) higher protein content as compared to other treatments. The result of the current
study is higher than data reported a previous study by Herrera-Balandrano et al. (2020), who revealed
that protein content in feruloylated arabinoxylans extracts were 1.00%, 0.86% and 0.63% under
alkaline conditions (0.5 N NaOH) at various times 2 h, 4 h and 6 h, respectively.

3.4. Monosaccharaides

FAXs were extracted from maize bran using an alkaline method varying concentrations,
temperatures, and time modes. Based on different extraction conditions, arabinose, xylose, galactose,
glucose contents, and Ara/Xyl ratio were shown in Table 2. FAXs showed significant influences on
their monosaccharide composition due to the extraction conditions. As a result of the most effective
combination of alkaline concentration, temperature, and time, FAX4 exhibited significantly (p < 0.05)
highest levels of arabinose (30.4+0.86%) and xylose (44.7+2.49%). These results indicated that
optimized extraction conditions maximized the solubilization of these sugars, which contribute to
the functional properties of arabinoxylans. However, FAX2 showed the lowest arabinose
(12.7£1.74%) and xylose (18.3+2.63%) concentrations under less effective extraction conditions. To
maximize yields, optimization of extraction parameters is vital. In most samples, the Ara/Xyl ratio
ranged from 0.68 to 0.74, indicating a balanced presence of arabinose and xylose. The polysaccharides
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must have such ratios in order to remain structurally and functionally stable. Galactose and glucose
concentrations were significantly (p <0.05) low as compared to arabinose and xylose in all treatments.
However, FAX4 exhibiting the significantly (p < 0.05) highest galactose (7.4+0.39%) and glucose
(9.2+0.39%) concentrations. As a result of the arabinose and xylose ratio, arabinoxylans may be
suitable for a variety of food applications due to their gelling and absorption properties (Mendez-
Encinas et al., 2024).

Alkaline methods are used to extract FAXs from maize bran demonstrating that extracting
conditions influence monosaccharide composition and yield significantly (Méndez et al., 2022). It is
possible to increase the recovery of arabinose and xylose by optimizing these parameters, resulting
in more functional arabinoxylans with potential applications in the food and nutraceutical industries
(Zannini et al., 2023). It is important to investigate the functional characterization of these extracts in
the future in order to better understand their potential health benefits and applications.

Table 2. Monosaccharaides composition and protein content of Ferulated arabinoxylans extracted from maize

bran.

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5

Chemical

FAX1 FAX2 FAX3 FAX4 FAX5 FAX6 FAX7 FAX8 FAX9
components

16.0+1.2 | 12.7+1.7 | 17.2#4.1 | 30.4+0.8 | 25.5+6.1 | 15.7+1.4 | 27.4+4.5 | 23.9+2.2 | 26.2+1.3
Arabinose (%)

9e 4f 2e 6 0c 3e 4b 0d 3b

224428 | 18.3+2.6 | 23.3x6.5 | 44.7+24 | 36.0:9.8 | 21.8+1.9 | 38.1+6.2 | 32.1+2.8 | 33.5+1.2
Xylose (%)

2e 3f 2e 92 5¢ 2e 8b 2d 64

3.1+0.09 | 2.7+0.40 | 3.9+0.66 | 7.4+0.39 | 5.8+1.52 | 3.5£0.20 | 6.6£1.26 | 5.6+0.53 | 6.1+0.30

Galactose (%)
e f d a c d b c c

6.1+0.37 | 4.8+0.54 | 7.3+0.85 | 9.2+0.39 | 7.3£1.61 | 4.6£0.36 | 6.5+1.17 | 5.9+0.59 | 6.0+0.23
Glucose (%)

0.71+0.0 | 0.69+0.0 | 0.73x0.0 | 0.68+0.0 | 0.68+0.0 | 0.72+0.0 | 0.71x0.0 | 0.74+0.0 | 0.73+0.0
Ara/Xyl Ratio
2d 1e 3b 1f 3f 3c 2d 3a 2b

3.58+0.0 | 2.86+0.0 | 3.37+0.0 | 0.96+0.0 | 1.23+x0.0 | 1.51+0.0 | 2.09+0.0 | 2.01x0.0 | 1.8+0.06
Protein (%)
5a 6° 5b 48 of e 4d 8d e

hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C. Different
letters (a-g) within the row indicated the interaction of treatments are significantly different (p < 0.05). Same lettering

showed non-significant difference from each other. Results are expressed as the mean value + standard deviation (n=3).

3.5. Total Phenolic Content

The current results regarding total phenolic content (TPC) in FAXs treatments were presented
in Table 3. In current study, TPC was determined from free form, alkali and acid extracted, and bound
form (fraction I and II) of different extracted materials of FAXs from maize bran. These results
confirmed that alkaline extract showed higher TPC as compared to other fractions while free form
TPC showed lower TPC content. TPC in FAX3 significantly (p<0.05) higher in free from (114.4+1.76
ug/g FAE), alkaline (978.8+2.7 ug/g FAE) and acid extracted (347.6£0.22 ug/g FAE) TPC as compared
to other treatments. In fraction I bound form TPC, FAX1 showed significantly (p<0.05) higher TPC
(107.2+0.48 ug/g FAE) as compared to other treatments while FAX7 showed significantly (p<0.05)
higher TPC (292.8+3.09 ug/g FAE) in fraction II as compared to other treatments.
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Based on the results presented in Table 3, there are significant differences in the total phenolic
content of FAXs extracted from maize bran depending on the extraction method and treatment. TPC
yields were highest with alkaline extraction, indicating this method is more effective at liberating
phenolic compounds than acid and free extraction methods. Alkaline conditions may enhance
phenolic compound solubility and extraction efficiency by disrupting cell wall structures, as
suggested by previous studies (Sombutsuwan et al., 2024; Shi et al., 2022; Dai & Mumper, 2010). The
results of a previous study by Huang, et al. (2023) demonstrated a significant increase in TPC in cereal
byproducts, emphasizing the potential for alkaline extraction in optimizing phenolic extractions. The
current study contributes to the understanding of how extraction methods and treatment variations
influence phenolic compounds in maize bran, reinforcing the importance of optimizing extraction
protocols to maximize TPC yields. There is a possibility that further studies will be conducted to
investigate the bioactivity of these phenolic compounds and their potential health benefits.

Table 3. Total phenolic content of different treatments of ferulated arabinoxylans extracted from maize bran.

Total FAX1 FAX2 FAX3 FAX4 FAX5 FAX6 FAX7 FAX8 FAX9
Phenol

ic

conten

t

Free 75.740.83 | 39.4+0.08 @ 114.4+1.7 @ 23.5+0.44 17.7+1.10f @ 48.1+0.08 @ 9.0+0.13s = 18.3x0.13f | 9.8+0.08sE
form bE dD 6aD eE E cE E E

of TPC

(ug/g

FAE)

Alkali = 909.7¢1.3 = 592.840.4 @ 978.8+2.7 155.0£5.31  408.8+4.4 @ 634.4+3.5 566.9+5.3 @ 536.3x0.9f 303.4+2.2
ne sz 4dA aA A gA cA eA A hB

extract

ed TPC

(ug/g

FAE)

Acid 291.1+1.0c | 264.3+0.7¢ = 347.6+0.2 | 105.4+0.2 = 184.1+0.5 @ 281.0+0.7 225.3+0.9 | 188.2+0.1 @ 308.8+0.0
extract B B 2aB ZiB 7hC SdB 7fC 3gC 4bA

ed TPC

(ug/g

FAE)

Fractio | 107.2¢0.4 = 27.1+0.131 | 90.2+0.39 = 100.8+0.2 = 55.0+0.53 @ 88.5+0.44 = 79.8+0.13 @ 67.5+0.30 | 99.4+0.44¢
nL 8aD E dE 6bC hD eD fD gD C

bound

TPC

(ug/g

FAE)

Fractio | 253.8410. = 255.9+10. @ 196.9+1.7 @58.1+1.76 @ 223.8+4.4 @ 186.3+5.3 @ 292.8+#3.0 @ 230.9+#3.0 @ 48.8+0.00
n IL 6bC ]bC 6eC gD ]dB OfC 9aB 9cB hD

bound

TPC
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(ug/s
FAE)

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, TPC; Total
phenolic content, Different letters (a-i) within the row indicated the interaction of treatments are significantly different (p
<0.05). Different letters (A-E) within the column indicated the interaction of extracts are significantly different (p < 0.05).

Results are expressed as the mean value + standard deviation (n = 2).

3.6. Ferulic Acid Content

Free-form, alkaline & acidic extracts and fractions I & II were used to measure ferulic acid
content in FAXs samples obtained from maize bran. A summary of these results is presented in Table
4 and HPLC graphs showed in Supplementary file 2. Ferulic acid content varies significantly between
different treatments and extraction methods. As for free form ferulic acid, FAX3 had the highest
amount of ferulic acid content (44.71 ug/g), while FAX5 and FAX7 had the lowest amounts at 0.34
ug/g and 0.44 ug/g respectively. The concentration of ferulic acid in alkaline extract of FAX3 was
significantly higher (p<0.05) and showed 267.88 ug/g ferulic acid content than any other treatments.
The acid-extracts generally showed lower ferulic acid contents, FAX3 showed significantly highest
(p<0.05) ferulic acid content (11.62 ug/g) of the other treatments, while FAX4 had the lowest content
1.78 ug/g. In Fraction I, FAX1 showed the highest bound ferulic acid content (3.35 ug/g), whereas in
Fraction II, FAX7 showed the highest concentration at 127.32 ug/g. Fractions I and II contain ferulic
acid, suggesting that bound forms are present in maize bran FAXs, which can be extracted to free this
compound. On the other hand, free form ferulic acid levels were generally low, especially in
treatments such as FAX5 and FAX?7. In this case, ferulic acid is mostly bound in maize bran, and could
be released through appropriate extraction techniques. In Fraction II, FAX7 had a significant bound
ferulic acid content (127.32 g/g), indicating that some treatments can enhance the retention of these
compounds. Further research is needed to examine their bioavailability and health benefits. It is clear
from these findings that optimal extraction methods are crucial for maximizing the health-promoting
properties of maize bran, as they lead to a more comprehensive understanding of how extraction
methods affect the yield of beneficial compounds such as ferulic acid.

The results of this study demonstrate that different extracts had significantly different levels of
ferulic acid contents of FAXs from maize bran. The most efficient extraction method was alkaline
extraction, consistently producing the highest levels of ferulic acid. FAX3 showed superior ferulic
acid contents, indicating its potential as a valuable source of phenolic compounds. Based on previous
literature Wang et al. (2022) illustrated that alkaline conditions disrupt cell wall structures and
solubilize phenolic compounds, resulting in higher concentrations of ferulic acid in alkaline extracts.
A previous study by Bauer et al. (2012) confirmed that ferulic acid is the major phenolic compound
in corn fiber and wheat bran. According to the findings of this study, high amounts of bound ferulic
acid were released during alkaline hydrolysis of corn fiber and wheat bran. The stability of ferulic
acid against oxidative damage was not affected by alkaline hydrolysis.

Table 4. Quantification of ferulic acid contents through HPLC in different treatments of ferulated arabinoxylans

extracted from maize bran.

Ferulic acid FAX1 FAX2 FAX3 FAX4 | FAX5 FAX6 | FAX7 FAXS8 FAX9

FFFA (ug/g) 16.33 5.05 4471 3.56 0.34 425 0.44 0.53 273

Alkaline extracted FA (ug/g) 252.21 165.56 | 267.88 | 63.49 140.59 | 262.5 20436 | 181.56 | 115.93
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Acid extracted FA (ug/g) 8.68 7.18 11.62 1.78 245 2.85 6.43 4.62 7.49
Fraction I BFFA (ug/g) 3.35 1.25 2.09 2.96 278 1.58 231 2.01 4.11
Fraction I BFFA (ug/g) 75.88 78.77 70.29 2856 | 92.3 66.48 | 127.32 | 83.85 48.54

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, FFFA; Free
form ferulic acid, FA, Ferulic acid, BFFA; bound form ferulic acid, HPLC; High Performance Liquid Chromatography.

3.7. Antioxidant Activity

In this study, FAXs from maize bran were assessed using three different assays such as FRAP,
ABTS, and DPPH. A summary of the results is presented in Table 5. Each extraction treatment
produced a different level of antioxidant activity, revealing that the extraction method and the form
of the bioactive compounds exert significant influences on antioxidant activity.

Based on the FRAP results, the bound forms of arabinoxylans exhibit significantly higher
antioxidant activity than the free forms, particularly when extracted using alkaline methods. An
alkaline-extracted FAX1 yielded 894.7 g/g TE, whereas its free form yielded only 56.5 g/g TE.
According to this trend, bound forms have enhanced antioxidant properties due to their structural
properties. The FAX3 extract also showed high activity both in alkaline extraction (905.0 g/g TE) and
fraction II (286.5 g/g TE), indicating that specific structural features may contribute to its activity.

FAX3 also showed superior antioxidant activity in the ABTS assay with a value of 428.7 g/g TE
in its free form. These findings explored that FAX3 again demonstrated superior antioxidant activity
in ABTS as compared to other treatments. Generally, the bound forms retained substantial
antioxidant activity, with FAX6 reaching 705.7 g/g TE after alkaline extraction. Due to their
polyphenolic content and structural characteristics, FAXs appear to possess potent radical
scavenging properties. In the DPPH assay, FAX1 and FAX3 displayed notable antioxidant activity in
their bound forms, demonstrating 511.5 and 560.1 g/g TE, respectively. A significant difference was
observed between the bound and free forms of the compounds, highlighting the effectiveness of
bound compounds as antioxidants. Among all treatments, FAX4 had the lowest DPPH activity,
possibly due to reduced polyphenol content.

Based on these results, it is evident that FAXs extracted from maize bran have comparable
antioxidant activity to other plant-derived antioxidants (Mendez-Encinas et al., 2018). According to
previous studies, the antioxidant capacity of bound phenolic compounds was significantly enhanced
due to their structural integrity and interaction with other compounds (Rocchetti et al., 2022). In
addition to their antioxidant activity, bound FAXs have potential applications in food preservation
and nutraceuticals. As a result of the superior activity of alkaline-extracted fractions, it is imperative
that extraction methods be optimized so that greater amounts of beneficial compounds can be
recovered. In the future, researchers should investigate the mechanisms underlying the antioxidant
activity of these FAXs and the potential health benefits associated with their consumption.

Table 5. Antioxidant activity of ferulated arabinoxylans extracts.

Treatments  FAX1 FAX2 FAX3 FAX4 FAX5 FAX6  FAX7 FAX8  FAX9
Ferric Reducing Antioxidant Power (FRAP)
Free form of

bioactivein o/ o 5 1op 49.5:012¢ 122.6+0.24a 29.4+0.19d 11.6:005 105001 16.5+0.19g 25.7:0.01 13.2:0.0
FAXs extract f e 1h

ug/g TE

Alkaline

extracted 894.7+1.99b 616.1+0.34e 905.0+3.55a 214.5+0.04i 384.2¢0.87g;§7’5ﬂ‘5 624.3+0.92d g?”il‘é i;ﬁ’m‘

(Bound form
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extract) ug/g
TE
Acid extracted
(Bound form ¢ 3 39¢ 223.6+2.36d 260.0+0.75a 119.8:0.83h 177.120 545 204 917 810,400 2009222 256151
extract) ug/g 7c 8f 41b
TE
Fraction I
(Bound form ;10 ¢ 0.20a 25.340.06h 94.3+0.12b 81.3+0.20d 46.7+0.01g 26036 03 61013¢  agosof SO0
extract) ug/g c Oe
TE
Fraction II
(Bound form o0 ¢ 107d 310.5+1.07¢ 286.5:0.43¢ 118.7:0.43i 283.7:053f 2123 367 941 36, 3188204 188320,
extract) ug/g 6g 8b 24h
TE
2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
Free form of
bioactivein /o 6 01c 74760.08c 428.7+4.19b 74.0:0.11b 203:031d 72012 3 01905 4052030 74.2:0.1
FAXs extract c d 6¢
ug/g TE
Alkaline
extracted 705.7+2.0 534.2+3.8 491542,
(Bound form  596.0+10.6¢ 376.7+2.53a 578.1+2.37a 413.6+1.97a 6275:4.19a > 549.342.05 O L
extract) ug/g
TE
Acid extracted
(Bound form . ) 184 68.0:0.29d 74.5:0.03d 51.5:0.37d 60.8:0.27¢ 0762023 o5 7 030, 18034 70.3:01
extract) ug/g d c 9d
TE
Fraction I
(Bound form 5o 5 1 (3 11.040.63¢ 35.1:0.55¢ 37.0:0.45¢ 14810050 1091042 45 5. 35q 3208030 40.7:04
extract) ug/g e e 9e
TE
Fraction II
(Bound form 1) > 3 00b 264.2+3.24b 266.6+2.45¢ 67.9+2.21¢ 2007:3.16b 20433 000 545 3p, 2216440 136244,
extract) ug/g 2b 3b 11b
TE
2,2-diphenyl-1-picrylhydrazyl (DPPH)
Free form of
bioactivein ;) ¢ 0936 2114058 644:374e 1341049 13.740.03¢ 4.8:035¢ 12.3:0.04e  9.30.02¢ > 021
FAXs extract e
ug/g TE
Alkaline
exiracted 435.9+2.2 373.0+1.1 236.10.
(Bound form  511.5+1.14a 292.6+1.66a 560.1+2.59a 140.1x2.07b 251720722 0 897.852.28a U P
extract) ug/g
TE
Acid extracted
(Bound form =) 1704 67.6:0.34d 80.740.18c 43.3:0.17d 55.5:031d 8204 g 14037 00803871503
extract) ug/g c c 6¢
TE
Fraction I
(Bound form /g o )07c 7454032¢ 79.6:023d 69.3+0.32¢ 59.5:030c or81020 34 5.013q 2602143103
extract) ug/g d d 1d
TE
Fraction IT
(Bound form 1, ¢ > 59b 212.442.59b 197.262.91b 180.7+1.66a 246,043,630 270539 041 5ap gop 2201447 196822
extract) ug/g 5b 8b 28b

TE

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
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Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, FFFA; Free
form ferulic acid, FA, Ferulic acid, BFFA; bound form ferulic acid, HPLC; High Performance Liquid Chromatography.

3.8. Fourier Transform Infrared (FT-IR) Spectroscopy

Figure 2 showed the infrared spectrograms of FAX samples. In this study, FT-IR spectroscopy
was used as a supplementary technique for the exploration of characteristic organic groups of
polysaccharides. The FTIR spectra in the range 900-1,300 cm-1 are characteristic of functional groups
in polysaccharides and nucleic acids. The spectra in this range most probably corresponded to
polysaccharides. The FTIR spectra obtained from FAXs powder samples extracted from maize bran
are shown in Supplementary file 1 (Figure 1). According to the results of Supplementary file 1, the
FTIR results revealed almost similar configuration in their chemical structure, and the different
extraction method did not change their molecular identity. However, the corresponding band was
observed in FAXS samples sometime differing from each other’s. In general, the corresponding peak
band at 704 cm-1 is shown in FAX1, FAX2, FAX3, FAX6, FAX7 and FAXS8, which showed the polymer
backbone. On the other hand, FAX9 showed this band at 710 cm-1 and FAX5 at 761 cm-1 and FAX4
at 708 cm-1. Furthermore, spectrum FAX1-FAX9 showed the corresponding peak band at 878, 880,
and 881 cm-1. However, the corresponding band was observed at 880 cm-1, which is due to bending
or stretching of bonds involving elements like silicon-oxygen (Si-O) in compounds like polymers in
FAXGs.

In addition, the corresponding peaks at 1024-1032 cm-1 showed in FAX1-FAX9, which are
related to the glycosidic link and (1, 4) linkages between the sugar monomers and showed C-OH
banding and C-O-C glycosidic bond vibration in FAXs. On the other hand, the principal band was
observed at 1024 cm-1, which is assigned to the C-OH bend vibration in FAX. The bands due to C-O
stretching vibrations are strong. The typical spectrum is the backbone of polymers and includes
xylose-type polysaccharides. Arabinose side chain O-3 on xylose showed the band at 990 cm-1 to 1020
cm-1. Furthermore, the decrease in the intensity of 990 cm-1 to 1150 cm-1 peaks when the A/X
increases. The AX characteristic region (1200-900 cm-1) includes a maximum absorption band that
has been assigned to C-OH bending (around 1045 cm~-1), a band related to asymmetric stretching of
C-O-C glycosidic linkages (1163 cm-1), and the characteristic band of ¥-(1-4) linkages (898 cm-1).
The low intensity of the band at 1078 cm~-1 has been related to the high substitution of xylose residue
by arabinose in the position of C3. For the gel, the character of a wide triad of bands in the frequency
range from 1200 to 900 cm™ (maximums at 1112, 1045, 994 cm-1, which attributed to -C-C, C-O
bending in alcohols. Similarly, the intensity of the weak band of bending vibrations of C-O-H bonds
in alcohol groups decreases (1357-1365 cm-1).

The bands 1550 cm-1 and 1670 cm-1 are associated with the amide I and amide II bands
(Proteins), respectively, and the phenolic acids have specific absorption bands in the 1500-1800 cm-1
range (Ji et al.,, 2020). Signals between 1625 and 1542 cm-1 typically correspond to the carbonyl
stretching of amide I and the N-H stretching of amide II in FAX. 1625 cm-1 was the stretching
vibration of was the asymmetric stretching vibration of the carboxyl C=O bond and 1422 cm-1 were
C-O symmetric stretching vibration, which corresponded to the uronic acid group in AX.

The absorption peak at 2925 cm-1 methylene groups. A clear observation of the FTIR spectrum
of the cross-linked materials reveals that FAXs polymers are not significantly affected by the cross-
linking process of arabinoxylans and ferulic acid (Hussain et al., 2022). The current results spectrum
reported that the FAXs spectra band at 3281 cm~-1 resembles the stretching of the OH groups and the
band at 2922 cm-1 the CH: groups, while FAXs of FAXs showed the band at 2922 cm—1 of CHz groups,
the same as FAXs spectra, but showed the stretching band of OH groups at 3272 cm~-1. Table 5
explored the wave numbers and their associated functional groups on FT-IR spectra of FAXs
extracted samples of current study.
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Figure 2. infrared spectrograms of different treatments of ferulated arabinoxylans extracted from maize bran.
FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, Different
letters (a-g) within the column indicated the interaction of treatments are significantly different (p < 0.05). Same lettering

showed non-significant difference from each other. Results are expressed as the mean value + standard deviation (n=2).

Table 5. Wave numbers and their associated functional groups on FT-IR spectra of different treatments of

ferulated arabinoxylans extracted from maize bran.

Wave Number (cm) | Functional groups Current Results Reference
520-760 Polymer backbone Peaks confirmed (Sohni, et al. 2024; Kaur et al. 2021)
900-1300 Polysaccharides and nucleic acids | Peaks confirmed Rehman et al. 2021; Brian-Jaisson

(C-O-H bendings)

1500-1700 Proteins (amide I and amide II) Peaks confirmed Jiao et al. 2010; Tian et al. 2012)
2100-2200 alkynes or nitriles bond in polymer | Peaks confirmed Nandiyanto et al. 2023; Shurvell,
structure (Triple bond of C=C and 2006

N=N=N in azides)
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2880, 2900-3100 CH2 groups in glycerol; C-H | Peaks confirmed Peng et al. 2009; Coelho et al. 2009;
stretching bond (aliphatic H) Bokovets
3100-3300 Broad absorbance bands for -OH | Peaks confirmed Bokovets et al. 2023; Ludwig, B.
group stretching 2022

3.9. Scanning Electron Microscopy

SEM images of FAXs at magnifications of x2500 and x5000 was shown in Figure 3. The
microstructure of FAXs exhibited thin filaments and spherical shapes intertwined. There was no
significant difference were detected in all treatments. However, the structure of FAX4 and FAX6 was
like a sponge network, and its surface morphology was like the formation of numerous sponges.
Overall, FAXs had a loose structure with large gaps. FAXs with large gaps between them was more
easily combined with water, increasing its surface area and improving solubility.

The alkaline extraction method has some depolymerization destructive effects on
polysaccharide molecules by breaking hydrogen bonds and other chemical effects, resulting in finer
fragments and fragments of larger molecules (Chen et al, 2022). The microstructural results
confirmed that different extraction methods influenced the surface morphology and appearance of
AX. Previous studies reported that the difference in AX microstructure was owing to various
treatment methods or grain origins. It was also observed that FAX presented a more visible rough
and irregular surface morphology with a porous surface except FAX5. FAX5 showed clear filaments
and less irregular surface morphology. However, the microparticles of FAXs presented an uneven
structure at 5000 magnifications, which showed the presence of pores on the surface of arabinoxylans.

0X 5000x 2500x

TR P

2500x 5000x 250
f D

Figure 3. SEM images of ferulated arabinoxylans from extracted from maize bran at magnifications of x2500 and
x5000. A and a=FAX1, B and b= FAX2, C and c= FAX3, D and d=FAX4, E and e=FAX5, F and f~FAX6, G and g=FAX7,
H and h=FAXS8 and I and i=FAX9. FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2:
KOH Concentration 5%, Time 5 hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours,
Temperature 25, 30 and 35°C, FAX4: KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH
Concentration 6%, Time 5 hours, Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours,
Temperature 25, 30 and 35°C, FAX7: KOH Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH
Concentration 7%, Time 5 hours, Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours,
Temperature 25, 30 and 35°C.

3.10. Functional Properties

Ferulated arabinoxylan fraction is completely composed of dietary fiber arabinoxylans and
phenolic compound (Ferulic acid), thus could be effectively used as a non- caloric texturizing and
bulking agent in health-promoting food products designed for weight loss and controlling diabetes
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(Zannini et al., 2022; Schendel et al., 2016). Table 6 shows the water holding capacity of FAXs extracted
from maize bran.

The water holding capacity depends upon the branching, molecular structure of fiber and
carbohydrate composition. The water holding capacity of cellulose-rich fractions have been attributed
to its inherent highly branched and porous nature. All treatments of FAXs showed high water
holding capacity ranging from 8.2 to 9.7 g/g water absorb by the FAXs sample per g. FAX4 showed
highest water holding capacity as compared to other treatments. The variation in water holding
capacity among different FAXs could be due to their particularly inherent porosity, fibril
arrangement and available surface area for hydrophilic interactions. The higher water holding
capacity of FAX treatments from maize bran may be due to its larger pore size, more branched
structure, looser fibril arrangement, higher hydrophilic interaction. Results regarding oil holding
capacity of all treatments showed 2.96x0.01 to 3.78+0.03 g/g absorbed oil/sample in all treatments.

The results of emulsion properties of FAXs were shown in Table 6. The emulsifying activity
indicates the oil quantity that a protein can emulsify per unit of water, while Emulsion stability (ES)
refers to its ability to produce an emulsion that remains stable against droplet aggregation. The
current results showed that FAXs showed 41+0.04 to 51+0.08% emulsifying activity at different
treatments while emulsion stability ranged from 72.5+2.9 to 89.7+2.4% in all treatments. Previous
literature showed that polysaccharides have good emulsifying properties and are commonly used in
industrial production (Tang, & Huang, 2022; Bai et al., 2017). In current case, FAXs as polysaccharides
emulsifying properties are due to the interaction between polysaccharides and their combined
proteins. The proteins are hydrophobic, while the polysaccharide chains are hydrophilic. The FAXs
moieties in protein-polysaccharide conjugates provide steric and electrostatic repulsions, which
stabilize emulsions.

Table 6. Functional characteristics of ferulated arabinoxylans extracted from maize bran.

Treatments Water holding Oil holding Emulsion activity Emulsion
capacity (g/g) capacity (g/g) (%) stability (%)
FAX1 9.2+0.05* 2.96+0.01f 51+0.082 89.7+2.42
FAX?2 8.2+0.04° 3.62+0.02° 45+0.06° 82.6+2.3b
FAX3 8.9+0.06° 3.42+0.02¢ 49+0.072 88.7+2.92
FAX 4 9.7+0.03% 3.28+0.034 41+0.04¢ 72.5+2.94
FAX5 8.6+0.05° 3.64+0.05° 43+0.05¢ 77.242.2¢
FAX 6 8.5+0.04° 3.78+0.032 45+0.09v 79.62.1¢
FAX7 8.3+0.06° 3.44+0.04¢ 46+0.04° 82.5+1.8°
FAX 8 8.8+0.072 3.54+0.05¢ 45+0.08° 80.2+2.4b
FAX9 9.4+0.03? 3.12+0.03¢ 42+0.07¢ 81.6+3.2°

FAX1: KOH Concentration 5%, Time 4 hours, Temperature 25, 30 and 35°C, FAX2: KOH Concentration 5%, Time 5
hours, Temperature 25, 30 and 35°C, FAX3: KOH Concentration 5%, Time 6 hours, Temperature 25, 30 and 35°C, FAX4:
KOH Concentration 6%, Time 4 hours, Temperature 25, 30 and 35°C, FAX5: KOH Concentration 6%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX6: KOH Concentration 6%, Time 6 hours, Temperature 25, 30 and 35°C, FAX7: KOH
Concentration 7%, Time 4 hours, Temperature 25, 30 and 35°C, FAX8: KOH Concentration 7%, Time 5 hours,
Temperature 25, 30 and 35°C, FAX9: KOH Concentration 7%, Time 6 hours, Temperature 25, 30 and 35°C, Different
letters (a-f) within the column indicated the interaction of treatments are significantly different (p < 0.05). Same lettering

showed non-significant difference from each other. Results are expressed as the mean value + standard deviation (n=3).
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4. Conclusion

Maize bran is a good source of dietary fibers. FAXs extracted from maize bran are completely
composed of biopolymers dietary fiber arabinoxylans (arabinose and xylose) and phenolic
compounds (especially ferulic acid). AXs yields based on the alkaline method differ significantly
(p<0.05) depending on the concentration, temperature, and time. According to different extraction
conditions, FAX4 displayed significant (p<0.05) highest levels of arabinose (30.4+0.86%) and xylose
(44.7+2.49%) contents. Based on the results of this study, different extracts of FAXs from maize bran
contain significantly different amounts of ferulic acid. It was found in this study that alkaline
hydrolysis of maize bran resulted in the release of high quantities of bound ferulic acid. Biopolymers
FAXs extracted from maize bran have high antioxidant properties, based on these results. Bound
FAXs have antioxidant properties in addition to being nutraceuticals. In addition, FTIR results of
FAXs extracts revealed almost similar configuration in their chemical structure, and the different
extraction method did not change their molecular identity. FTIR spectrum showed C-OH banding
and C-O-C glycosidic bond vibration in FAX, which are related to glycosidic linkage and (1,4)
linkages between sugar monomers. Most polymers are composed of xylose-type polysaccharides,
which form the backbone of the polymer. The surface morphology of FAX was more visible on SEM
images, showing roughness and irregularity. In all treatments, FAXs showed high water holding
capacities, ranging from 8.2 to 9.7 g/g water absorbed per gram extract. Due to their highly branched
and porous structure, ferulated arabinoxylan extracts are highly water absorbing. Furthermore, FAXs
have good emulsifying properties. In light of the comprehensive characterization of FAXs, several
promising applications can be explored across the food, pharmaceutical, and agricultural sectors.
Based on these properties, researchers could develop functional food ingredients, innovative drug
delivery systems, and sustainable agricultural practices by using agriculture resources. FAXs have
unique characteristics that can enhance the efficacy of products and promote the development of
these industries.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: title; Table S1: title; Figure S2: title.
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