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Introduction 

The conversion of biomass within biorefineries into chemicals and energy is seen as a real possibility for the 
substitution of fossil resources. Raw materials of high lignocellulosic content are an interesting option. Besides 
wood and non-food crops, agricultural residues like straw and corn stover as well as other by-products of 
various origins are of high interest as feedstocks. Wheat bran represents such a by-product, which accrues in 
enormous quantities during the production of white wheat flour. It is estimated that 150 million tons are produced 
per year worldwide [1]. Currently wheat bran is mainly used as a low value ingredient in animal feed. 
Arabinoxylans are the most abundant structural polysaccharides in wheat bran, and they can be suitable 
compounds for the production of sugar alcohols. In general terms, the conversion of these hemicellulosic 
components from biomass into sugar alcohols is a two-step reaction: 1) extraction and hydrolysis of 
arabinoxylans and 2) hydrogenation of these hemicelluloses into polyols (Figure 1). 
 
 
 
 
 
 
 

 
Fig 1. Scheme of the complete process of hydrogenation of arabinoxylans from wheat bran 

Hydrogenation of hemicellulosic compounds as monomeric sugars, such as xylose and arabinose, using 
heterogeneous catalysts has been already deeply studied [2-6]. However, only few researchers have studied 
the hydrogenation of commercial hemicelluloses, such as arabinogalactans [7-9], and there are not too many 
works focused on the hydrogenation of arabinoxylans from real biomass. What is more, only one work has been 
found in which the extraction-hydrolysis-hydrogenation process in one pot using real biomass is investigated 
[10]. The extraction-hydrolysis process is the limiting step of the polyol synthesis and its rate, efficiency and 
selectivity must be improved. In order to perform the whole process in one-single pot, the strategy of the present 
work is to use the same heterogeneous catalysts required for the hydrogenation, such as ruthenium supported 
catalysts [8, 9], for the extraction-hydrolysis process. From previous works, it is known that arabinoxylans can 
be extracted from different cereal sources using water [11-13], chemical solvents [14-17], enzymes 
[14, 16, 18-21] or mechanical-chemical processes [22-25]. Some of the disadvantages of these methods can be 
seen in Table 1. 

Table 1. Disadvantages of the classical methods for arabinoxylans extraction from cereals 

Extraction treatment Cereal source Disadvantages References 

Water extraction Barley, rye flour, wheat flour Low AXs extraction yields [11-13] 
Chemical extraction Wheat bran, corn bran, barley 

husks, wheat straws 
Homogeneous solvents [14-17] 

Enzymatic extraction Wheat bran, barley husk, corn 
husk, rye flour 

High enzyme price [14, 16, 18-21] 

Mechanical extraction Wheat bran, wheat straw, corn 
bran, corn hull, corn cobs, corn 
pericarp,  barley 
 

Uncontrolled degradation of 
molecules of AXs 

[22-25] 

Therefore, the aim of this work is to study the extraction-hydrolysis process of arabinoxylans from wheat bran 
using heterogeneous ruthenium supported catalysts. This will let not only make the whole process of 
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hydrogenation in one-pot in the future but also take advantage of the heterogeneous catalysis itself, as they can 
be easily separated from the extract liquid by filtration. Dissolution and hydrolysis of the arabinoxylans into 
sugars are performed by pressurized hot water (PHW) and the acid sites of the ruthenium catalyst. Hydrolysis of 
arabinoxylans into monomeric sugars is an important parameter to be studied: the smaller of molecular weight 
of the arabinoxylans, the easier to be hydrogenated. The effects of time (10-30 minutes), 
temperature (140-180 ºC) and the presence of ruthenium catalysts were studied in the extraction-hydrolysis 
process of arabinoxylans from wheat bran in terms of (1) matter solubilization, (2) content in total and free 
monosaccharides, (3) degradation products and (4) A/X of the released polymers. 

Materials and methods 

Destarched wheat bran (DWB) contained 36.3% hemicellulose, with an arabinose/xylose ratio (A/X) equal to 
0.54, has been used as raw material. The complete composition was determined using a Laboratory Analytical 
Procedure (LAP) from NREL [26] and it can be seen in Table 2. 

Table 2. Chemical composition of wheat bran (% dry basis) 

Component Cellulose Hemicellulose Soluble lignin Insoluble lignin Protein Ash 

g/100 g DWB 15.1 ± 0.6 36.3 ± 1.6 21.5 ± 0.4 4.9 ± 1.3 14.5 ± 0.5 3.2 ± 0.1 

Support and catalysts preparation 

Synthesis of mesoporous silica MCM-48 and Al-MCM-48 was carried out using the hydrothermal procedure 
described by Alberto Romero et al. [27]. First, n-hexadecyltrimethylammonium bromide was dissolved in a 
solution formed by 42 mL of distilled water, 18 mL of absolute ethanol and 13 mL of aqueous ammonia (20%) by 
stirring for 15 minutes; then 4 mL of tetraethyl orthosilicate were added dropwise. This solution was further 
stirred for 18 h. A white precipitate was then collected by filtration and washed with distilled water. This 
precipitate was dried at 60 ºC overnight. Dried samples were calcined from 80 to 550 ºC with a heating rate of 
2 ºC/min and maintained at 550 ºC overnight. 

Ruthenium catalyst was synthesized by the wetness impregnation (WI) method using the so prepared MCM-48 
or Al/MCM-48 as supports. The ruthenium precursor (ruthenium (III) chloride anhydrous) and the corresponding 
support were suspended in water and sonicated for 10 minutes. The suspension containing the ruthenium 
precursor and the support were mixed and heated up with a rate of 1 ºC/min from 30 ºC to 80 ºC. The 
impregnation finished when the water was completely evaporated. The catalyst was then dried overnight at 105 
ºC. 

Products analysis 

The identification and quantification of sugars, alcohols and degradation products were done by High 
Performance Liquid Chromatography (HPLC). Three different columns were used for these analyses: 
1) Supelcogel Pb for sugars (milliQ water as mobile phase, 0.5 mL/min as flow rate and 85 ºC as temperature); 
2) Sugar Shodex SH-1011 for degradation products (sulfuric acid 0.01 N as mobile phase, 0.8 mL/min as flow 
rate and 50 ºC as temperature). All the sugars, alcohols and acids were identified using a Waters IR detector 
2414. 5-hidroxymethylfurfural (5-HMF) was determined with an UV-Vis detector at a wavelength of 254 nm. The 
standards employed for this analysis were: cellobiose (98%), glucose (99%), glycolaldehyde (99%), fructose 
(99%), acetic acid (99%), 5-hydroxymethilfurfural (99%), glyceraldehyde (95%), lactic acid (85%), 
pyruvaldehyde (40%), formic acid (98%), mannose (99%), galactose (99%), xylose (99%), arabinose (99%), 
acrylic acid (99%), levulinic acid (98%) and erythrose (75%). All these chemicals were purchased from Sigma 
Aldrich (Spain). 

Total Organic Carbon (TOC) of the extracted sample was measured to get an idea of how much matter was 
solubilized. 

The monomeric AX yield (%), the total AX yield and the AX purity (%) were calculated as follows: 

% Monomeric AX yield = 
(arabinose + xylose) as monomeric sugars in liquid extract (g)

(arabinose + xylose) in raw material (g)
 x 100 (1) 
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% Total AX yield = 
(arabinose + xylose) total in liquid extract (g)

(arabinose + xylose) in raw material (g)
 x 100 (2) 

% AX purity = 
g of C in (arabinose + xylose) total extracted

g of C in the liquid extract
 x 100 (3) 

Experimental set-up 

All the experiments were carried out in an AISI 304 stainless steel vessel (170 mL). The extractor was heated by 
an electric heater (275 W) placed around the wall and the temperature was controlled by a PID controller 
(ICP, TC21). A pressure gauge 0-25 bar was used to measure the autogeneous pressure inside the reactor. 
The solution was stirred continuously during the process with a magnetic stirrer at a constant rotational speed of 
300 rpm. The typical reaction procedure was carried out introducing 160 mL of the wheat bran suspension in the 
reactor. When required, a ruthenium catalyst was added and the reactor. This mixture was stirred at 600 rpm for 
5 minutes before the reactor was closed and the temperature set. Initial time (0 min) was considered when the 
desired temperature was reached. At the end of the experiments, the reactor was cooled down with a dry ice 
bath. A scheme of the experimental set-up is shown in Figure 2. 
 
 

 

 

 

 

 

 

 

 
 

Fig 2. Scheme of the experimental set-up 

Results 

The effects of time, temperature and the presence of ruthenium catalysts were studied in the arabinoxylans 
extraction process. 

Influence of catalyst 

In order to compare the influence of the catalyst in the extraction of arabinoxylans from wheat bran, several 
experiments were carried out at 160 ºC and 10 minutes of extraction. The best results in terms of total 
arabinoxylans extracted were obtained when Ru/MCM-48 was used as catalyst. Using the corresponding 
amount of support MCM-48, the extraction was improved regarding the blank experiment, but not as much as 
the one with ruthenium catalyst (Figure 3). Although the purity of the liquid is higher using only the support than 
the catalyst, Ru/MCM-48 was chosen for further investigation as this catalyst will be required for the second 
hydrogenation step. On the other hand, the amount of sugars extracted as monomers was also higher in the 
experiment with Ru/MCM-48. 
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Fig 3. Influence of the catalyst on the arabinoxylans extraction 

Influence of temperature 

The influence of temperature was studied from 140 ºC to 180 ºC at 10 minutes and using Ru/MCM-48. The 
purity of the extracted liquid at 140 ºC was quite high (62%). However, the arabinoxylans extraction yield 
obtained at this temperature was very low (12%). The yield was increased up to 33% and 73% at 160 ºC and 
180 ºC, respectively. 180 ºC was chosen as optimum temperature in the studied range because of the high 
extraction yield and the relatively high puritity of the extract. Moreover, the higher the temperature, the higher 
the monomeric sugars (xylose + arabinose) extracted. This is important because they will be more suitable for 
further processing, that is hydrogenation. These results are presented in Figure 4.    

 
Fig 4. Influence of temperature on the arabinoxylans extraction 
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Influence of time 

The effect of time was studied at 180 ºC and using Ru/MCM-48. Different experiments were carried out at 10 
and 20 minutes. Both purity and extraction yield were higher at 10 minutes. At 20 minutes, the purity is lower 
due to many degradation products, such as acetic acid, 5-HMF, glycolaldehyde and formic acid that start to 
appear in the extracted liquid. The amount of monomeric sugars (xylose and arabinose) is quite similar for these 
two extraction times (Figure 5). 

 
Fig 5. Influence of time on the arabinoxylans extraction 

Influence of the support 

Two different catalysts with the same metal and the same amount of it (ruthenium, 4%) but with different 
supports (MCM-48 and Al-MCM-48) were used in this work. From the previous experiments, it is known that 
Ru/MCM-48 improved the extraction process of AX from wheat bran. The influence of these two supports were 
tested at 180 ºC and 10 min with 500 mg of catalyst. The results are presented in Figure 6. As it can be seen, 
both catalysts have shown a great efficiency in the AX extraction process: the arabinose and xylose extraction 
yield as monomers and as total AX, as well as the purity of the liquid extract are higher when the ruthenium 
catalyst is used. Regarding the effect of the support, Ru/Al-MCM-48 works slightly better than Ru/MCM-48. At 
180 ºC, after 10 min of extraction and using 500 mg of Ru/Al-MCM-48, the total AX yield is 79% and the purity of 
the liquid extract is equal to 54%. 
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Fig 6. Influence of the support catalyst on the arabinoxylans extraction 

Conclusions 

A deep study of the influence of different parameters, as the use of ruthenium catalysts, temperature, time and 
catalyst support, on the arabinoxylans extraction process from wheat bran was carried out. Heterogeneous 
ruthenium catalysts developed in this work have demonstrated to have a great activity in the extraction process. 
Better results than those reported in literature using another extraction techniques are achieved and they 
present many advantages over chemical or enzymatic methods. Best results were obtained at 180 ºC and 10 
min of extraction time using 500 mg of Ru/Al-MCM-48. At these operating conditions the total AX yield was 79% 
and the purity of the liquid extract was equal to 54%. 

Acknowledgements 

Authors gratefully acknowledge the financial support of Spanish Government through the Research Project 
CTQ2015-64892-R (MINECO/FEDER). N. Sánchez-Bastardo thanks Ministerio de Educación Cultura y Deporte 
for financial support through a FPU predoctoral contract (FPU14/00812). 

References 

[1] Prückler, M., Siebenhandl-Ehn, S., Apprich, S., Höltinger, S., Haas, C., Schmid, E., and Kneifel, W. Wheat 
bran-based biorefinery 1: composition of wheat bran and strategies of functionalization. LWT – Food Science 
Technology, (2014) 56, 211–221. 
[2] Tathod, A. P., and Dhepe, P.L. Efficient method for the conversion of agricultural waste into sugar alcohols 
over supported bimetallic catalysts. Bioresource Technology, (2015) 178: 36–44. 
[3] Yadav, M., Mishra, D.K., and Hwang, J-S. Catalytic hydrogenation of xylose to xylitol using ruthenium 
catalyst on NiO modified TiO2 support. Applied Catalysis A: General, (2012) 425-426: 110– 116. 
[4] Sifontes Herrera, V.A., Saleem, F., Kusema, B., Eränen, K., and Salmi, T. Hydrogenation of L-Arabinose and 
D-Galactose Mixtures Over a Heterogeneous Ru/C Catalyst. Topics in Catalysis, (2012) 55: 550-555. 
[5] Mikkola, J.P, Salmi, T., and Sjöholm, R. Kinetic and Mass-transfer Effects in the Hydrogenation of Xylose to 
Xylitol. Studies in Surface Science and Catalysis, (1999) 122: 351–358. 
[6] Mishra, D.K., Dabbawala, A. A., and Hwang, J-S. Ruthenium nanoparticles supported on zeolite Y as an 
efficient catalyst for selective hydrogenation of xylose to xylitol. Journal of Molecular Catalysis A: Chemical, 
(2013) 376: 63– 70. 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

180 °C, 10, no
catalyst

180 °C, 10', 500 mg
Ru(4%)/MCM-48

180 °C, 10', 500 mg
Ru(4%)/Al-MCM-48

% Monomeric AX yield

% Total AX yield

% AX purity



7 

 

[7] Murzin, D. Y., Murzina, E. V., Tokarev, A., Shcherban, N.D., Wärnå, J., and Salmi, T. Arabinogalactan 
hydrolysis and hydrolytic hydrogenation using functionalized carbon materials. Catalysis Today, (2015) 257: 
169-176. 
[8] Faba, L., Kusema B.T, Murzina, E. V., Tokarev, A., Kumar, N., Smeds, A., Díaz, E., Ordóñez, S., 
Mäki-Arvela, P., Willför, S., Salmi, T., and Murzin D. Y. Hemicellulose hydrolysis and hydrolytic hydrogenation 
over proton- and metal modified beta zeolites. Microporous and Mesoporous Materials, (2014) 189: 189-199. 
[9] Kusema, B.T., Faba, L., Kumar, N., Maki-Arvela, P., Díaz, E., Ordoñez, S., Salmi, T., and Murzin D. Y. 
Hydrolytic hydrogenation of hemicellulose over metal modified mesoporous catalyst. Catalysis Today, (2012) 
196: 26– 33. 
[10] Kobayashi, H., Yamakoshi, Y., Hosaka, Y., Yabushita, M., and Fukuoka, A.. Production of sugar alcohols 
from real biomass by supported platinum catalyst. Catalysis Today, (2014) 226: 204–209. 
[11] Izydorczyk, M. S., and Biliaderis, C. G. Arabinoxylans: Technologically and nutritionally functional plant 
polysaccharides.  In C. G. Biliaderis and M. S. Izydorczyk (Eds.), Functional food carbohydrates, (2007) 
249-290.  
[12] Fleury, M.D., Edney, M. J., Campbell, L. D., and Crow, G. H. Total, water-soluble and acid-soluble 
arabinoxylans in western Canadian barleys. Canadian Journal of Plant Science, (1197) 77(2): 191-196. 
[13] Faurot, A-L., Saulnier, L., Bérot, S., Yves Popineau, Petit, M-D., Rouau, X., and Thibault, J-F. Large scale 

isolation of water-soluble and water-insoluble pentosans from wheat flour. Food Science and Technology, 
(1995) 28: 436-441. 
[14] Zhou, S., Liu, X., Guo, Y., Wang, Q., Peng, D., and Cao, L. Comparison of the immunological activities of 
arabinoxylans from wheat bran with alkali and xylanase-aided extraction. Carbohydrate Polymers, (2010) 81: 
784-789. 
[15] Zhang, X., Wang, S., Zhou, S., and Fu, X. Optimization of alkaline extraction conditions for arabinoxylan 
from wheat bran. Journal of Nuclear Agricultural Sciences, (2008) 22(1): 60-64. 
[16] Höije, A., Gröndahl, M., Tommeraas, K., and Gatenholm, P. Isolation and characterization of 
physicochemical and material properties of arabinoxylans from barley husks. Carbohydrate Polymers, (2005) 
61: 266–275. 
[17] Xu, F., Liu, C. F., Geng, Z. C., Sun, J. X., Sun, R. C., Hei, B. H., Lin, L., Wu, S. B., and Je, J. 
Characterization of degraded organosolv hemicelluloses from wheat straw. Polymer Degradation and Stability, 
(2006) 91: 1880–1886. 
[18] Maes, C., Vangeneugden, B., and Delcour, J. A. Relative activity of two endoxylanases towards 
wáter-unextractable arabinoxylans in wheat bran. Journal of Cereal Science, (2004) 39: 181-186. 
[19] Beaugrand, J., Crônier, D., Debeire, P., and Chabbert, B. Arabinoxylan and hydroxycinnamate content of 
wheat bran in relation to endoxylanase susceptibility. Journal of Cereal Science, (2004) 40: 223-230. 
[20] Dervilly-Pinel, G., Thibault, J. F., and Saulnier, L. Experimental evidence for a semiflexible conformation for 
arabinoxylans. Carbohydrate Research, (2001) 330: 365-372. 
[21] Ogawa, K., Takeuchi, M., and Nakamura, N. Immunological effects of partially hydrolyzed arabinoxylan 
from corn husk in mice. Bioscience, Biotechnology, and Biochemistry, (2005) 69: 19-25. 
[22] Zeitoun, R., Pontalier, P. Y., Marechal, P., and Rigal, L. Twin-screw extrusion for hemicellulose recovery: 
Influence on extract purity and purification performance. Bioresource Technology, (2010) 101: 9348-9354. 
[23] Jacquemin, L., Zeitoun, R., Sablayrolles, C., Pontalier, P., and Rigal, L. Evaluation of the technical and 
environmental performances of extraction and purification processes of arabinoxylans from wheat straw and 
bran. Process Biochemistry, (2012) 47: 373-380. 
[24] Sun, X. F., Xu, F., Sun, R. C., Geng, Z. C., Fowler, P., and Baird, M. S. Characteristics of degraded 
hemicellulosic polymers obtained from steam exploded wheat straw. Carbohydrate Polymers, (2005) 60: 15–26. 
[25] Josefsson, T., Lennholm, H., and Gellerstedt, G. Steam explosion of aspen wood. Characterisation of 
reaction products. Holzforschung, (2002) 56: 289-297. 
[26] Sluiter, J., and Sluiter, A. Summative Mass Closure. Laboratory Analytical Procedure (LAP). Review and 
Integration. Technical Report NREL/TP-510-48087 (Revised July 2011) 
[27] Romero, A., Alonso, E., Sastre, Á., and Nieto-Márquez, A.  Conversion of biomass into sorbitol: cellulose 
hydrolysis on MCM-48 and D-glucose hydrogenation on Ru/MCM-48. Microporous & Mesoporous Materials. 
(2016) 224: 1-8. 


