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ABSTRACT 

In this present study 5 different types of ion-exchange resins were used to separate 

xylose from glucose-xylose mixture. The resins were strong base cation (SBC), strong 

acid cation (SAC) and weak acidic cation (WAC) with same ion forms of H
+
. Glucose 

and xylose were measured using single-component isotherms and being measured at 

20
o
C, 30

o
C and 40

o
C. The concentration of the glucose-xylose mixtures are 0.5g/L, 

1.0g/L and 1.5g/L. The composition of mixture of glucose-xylose also being varies 1:1, 

1:9 and 9:1. The entire sample is being tested at different rotation speeds which are 

110rpm, 160rpm and 210rpm. The wavelength is set at 620nm for this experiment. All 

the data obtained from 5 different resins were described in linear isotherms. The result 

of each resins were compared based on their adsorption capabilities towards those 

sugar. From the result gathered, Dowex M-31 shows highest separation of glucose from 

the glucose-xylose mixture. The optimum temperature and rotation is 30
o
C and 160rpm 

respectively. 
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ABSTRAK 

Di dalam kajian ini 5 jenis resin pertukaran ion telah digunakan untuk memisahkan 

xylose daripada campuran glukosa-xylose. Resin adalah kation kuat asas (SBC), kation 

asid kuat (MPS) dan kation berasid lemah (WAC) dengan bentuk ion sama H +. 

Glukosa dan xylose diukur dengan menggunakan isoterma satu komponen dan yang 

diukur pada 20oC, 30oC dan 40oC. Kepekatan campuran glukosa xylose adalah 0.5g / 

L, 1.0g / L dan 1.5g / L. Komposisi campuran glukosa xylose juga berbeza 1:1, 1:09 dan 

9:01. Keseluruhan sampel yang diuji pada kelajuan putaran yang berbeza yang 110rpm, 

160rpm dan 210rpm. Panjang gelombang yang ditetapkan pada 620nm bagi eksperimen 

ini. Semua data yang diperoleh daripada 5 resin yang berbeza telah diterangkan dalam 

isoterma linear. Hasil setiap damar dibandingkan berdasarkan keupayaan penjerapan 

mereka ke arah mereka gula. Dari hasil yang dikumpulkan, Dowex M-31 menunjukkan 

pemisahan tertinggi glukosa daripada campuran glukosa xylose. Suhu optimum dan 

putaran adalah 30
o
C dan 160rpm. 
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1 INTRODUCTION 

1.1 Motivation and problem statement 

Xylose is an intermediate product of xylitol which is a substitute sugar with numerous 

benefits compare to the normal sugar. It has anticariogenic properties which is a great 

concern of food industry and biomedical sector. It can be found in woody materials such 

as saw dust and other hard wood residues (Lei et al., 2007).  

 

Xylose can be found around 25% - 35% by weight of the woody biomass and compose 

inside the hemicelluloses. Woody materials compose of hemicelluloses, cellulose and 

lignin. Around 50% of cellulose is glucose. Xylitol is hard to harvest abundantly due to 

the high percentage of glucose in woody materials. So, it is suggested the xylose and 

glucose to be separated using chromatography method. The glucose is expected to be 

trapped inside the ion-exchange resin and high percentage of xylose will be recovered in 

permeate. 

 

Xylose is very useful material in biomedical and bioethanol industries. For bioethanol 

industries, it can be used as fuel additive which can be produced by fermentation 

method from agricultural feedstock and crop residues such as corn, sugarcane and other 

carbon-based sources. Xylose and glucose is the most abundant polysaccharides that 

can be found in plant cell embedded in cellulose and hemicelluloses. However, xylose 

cannot be converted efficiently to bioethanol in industrial scale in the present of 

glucose. (Bi et al., 2010) 

 

The xylose and glucose has almost similar characteristic including its size which is 

0.68nm for xylose and 0.72nm for glucose respectively (Sjoman et al., 2007). Ion 

exchange resin method is the chosen process in separation of glucose-xylose mixtures 

by using 5 different types of resins. Thus, this research is aims to search the best resin in 

separating the glucose-xylose mixtures by gaining highest xylose concentration the final 

sample. 
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Ion exchange resin separation is very high efficiency method for agricultural, organic 

analytical chemistry as well as in sugar separation industry since 20
th

 century.(Anand et 

al.,2001).  Besides, ion exchange resins (IER) also have been used in industrial 

processes and biomedical application. (Adam et al., 1935).The common resin media for 

sugar separation are sulfonated styrene divinylbenzene cation exchange resin which is 

also the most applied instance in industrial-scale chromatographic separation of glucose 

and fructose (Al Eid., 2006). The mixture of glucose and xylose is not a usual one since 

the difference in structure is too little which are 0.68nm and 0.72nm respectively. 

 

In this research, the adsorption process was used by using ion exchange resin (IER) as 

the separation media to separate glucose and xylose. However, in adsorption process, 

the ion exchange resin not performing as real ion exchanger but merely acts as an 

adsorbent (Saari et al., 2010). Five different cation resins were used in this research 

including Dowex M-31, Dowex Marathon MSC, Dowex MAC-3, Amberlite IRN150 

and Amberlite IRC86 to determine the separation efficiency of the resins towards 

glucose-xylose mixture. 

1.2 Objectives 

1) To separate the xylose from glucose-xylose mixture using ion-exchange resins. 

1.3 Scope of this research 

The following are the scope of this research: 

1) To analyze the effect of temperature at 20
o
C, 30

o
C and 40

o
C. The concentration 

of the glucose-xylose mixtures at 0.5g/L, 1.0g/L and 1.5g/L. The ratio 

composition of glucose-xylose mixture at 1:1, 1:9 and 9:1. The effect of rotation 

speed at 110rpm, 160rpm and 210rpm against the separation of xylose from 

glucose solution. 
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1.4 Organisation of this thesis 

The structure of the reminder of the thesis is outlined as follow: 

Chapter 2 provides a description of physical characteristic of the raw material, xylose 

and glucose. This chapter also provides a brief discussion about the benefit of xylitol 

and application of it. A description of the methods that have been use to separate those 

sugars was included in this chapter. Other than that, a brief description of apparatus and 

solvent was explained in this chapter. 

Chapter 3 gives a review of the method and preparation used in this project. The step 

was finalized and done accordingly. A detailed step is included in this chapter. The 

precaution was necessarily taken to avoid accidents from occur. 

Chapter 4 is devoted to the results that were obtained from this project. The calculation 

was included to show the different effect of the parameter. 

Chapter 5 draws together a summary of the thesis and outlines the future work which 

might be derived from the model developed in this work. 
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2 LITERATURE REVIEW 

 

2.1 Xylose 

There are several sources of xylose including in woody materials such as saw dust and 

other hard wood residues (Bi et al., 2009). Because of that reason xylose is commonly 

obtain from the woody material since it is cheaper and easier to get. Xylose can be 

found around 25% - 35% by weight of the woody biomass and compose inside the 

hemicelluloses (Sjoman et al.,2007). Xylose is the raw material to produce xylitol by 

catalytic hydrogenation (Baudel et al., 2005) or microbial conversion (Granstrom et al., 

2008) which is an alternative high-added-value sweetener with anticariogenic properties 

of food industry and biomedical sector. Xylitol is a high value sweetener with a five 

carbon alcohol sugar (Barbosa et al., 1988).   

 

D-xylose chemical formula is C5H10O5. The chemical and physical characteristic as 

shown below: 

 

 

Figure 2.1: D-xylose (Rangaswamy, 2003) 

 

 

 

 

 

 

 

 

 



 5 

 Table 2.1: Physical characteristics and size measures of D-Xylose (Sjoman et al., 2007) 

 D-xylose 

Molar mass (g mol
-1

) 150.3 

pKa 12.26 

Diffusion coefficient at 25
o
C ( x 10

-6 
cm

2 
s

-1
) 7.495 

Stokes diameter (nm) 0.65 

Equivalent molar diameter (nm) 0.68 

Molar volume at normal boiling point (cm
3
 mol

-1
) 155.0 

Van der Waals volume (cm
3
 mol

-1
) 73.6 

Hydration number in aqueous solution at 298K 6.8 

Solubility parameter 31.0 

 

2.2 Glucose 

The glucose can be found in most woody plant. It is the main fuel for the cellular 

respiration and other biochemical process. Glucose is the main compound that needed 

inside the cell in order to give energy and it is important for the metabolism of the cell 

(Wooly et al., 1998). The molar mass of glucose molecule is 180gmol
-1

 and the 

diameter is 0.72 nm which is slightly bigger than xylose, 0.68 nm. Table 2 shows 

physical characteristics and some of size measure of glucose. 

 

Glucose also known as aldohexose which contain six carbon atoms in its molecules. 

The aldohexose sugar can be divided into two isomers known as D-glucose and L-

glucose. D-glucose is biologically active but L-glucose cannot be used by cells. Glucose 

consumed by cell in living things and deposited directly into the bloodstream and 

transferred throughout the body which helps to supply the energy to the body 

(Lutz.,2010). 
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Figure 2.2: D-glucose (Pischetrieder, 2000) 

 

 

 

Table 2.2: Physical characteristics and size measures of D-glucose (Sjoman et al., 2007) 

 D-glucose 

Molar mass (g mol
-1

) 180.6 

pKa 12.43 

Diffusion coefficient at 25
o
C ( x 10

-6 
cm

2 
s

-1
) 6.728 

Stokes diameter (nm) 0.73 

Equivalent molar diameter (nm) 0.72 

Molar volume at normal boiling point (cm
3
 mol

-1
) 189.2 

Van der Waals volume (cm
3
 mol

-1
) 88.4 

Hydration number in aqueous solution at 298K 8.4 

Solubility parameter 32.0 

 

2.3 Ion Exchange Resin 

Ion exchange chromatography is a technique for separating mixtures based on their 

charge whether positive or negative. It contains polymeric matrix and functional group 

with a mobile ion that enable to exchange the ions present in a mixture. The resins 

normally have spherical shape. According to Srikanth et al., (2010), the resins used 

contain whether acidic or basic groups. Sulfonic and carboxylic for cation exchangers 

and quaternary ammonium group for anion exchangers.  
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The resins also can be classified into 4 types which are strong acid cation, weak acid 

cation, strong base anion and weak base anion.  The schematic diagram of SAC, SBA 

and WBA as follow: 

 

                                     

Figure 2.3: Strong acid resin                                           Figure 2.4: Strong base resin (I)    

            (DOW Company, 2002)                                                    (DOW Company, 2002) 

                                                                                               

                                    

Figure 2.5: Strong base resin (II)                                     Figure 2.6: Weak base resin      

              (DOW Company, 2002)                                                (DOW Company, 2002)                

 

 

The media contain positively or negatively charged functional groups such as K
+
, Ca

2+
, 

Na
+
, H

+
 (cation) and Cl

-
, NO3

-
, SO4

2-
 (anion) which attached to the divinylbenzene 

skeleton. However, 5 resins used in the experiment contain H
+ 

functional group. The 

compound that has opposite charge to the functional group will be adsorbed and 

retained inside the resin. On the other hand, the compound that has similar or no charge 

will pass through the resin and eluted from the column. The compound adsorbed can be 

eluted for further investigation.  
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Figure 2.7: Schematic representation of an IER bead (Zaganiaris, 2009) 

 

There 5 different type of resin are being use in the experiment and the list is shown as 

below: 

 

Table 2.3: Dowex M-31(H+ form) 

 

 

 

 

 

 

 

Table 2.4: Dowex MAC-3 (H+ form) 

 

 

 

 

 

Limit 140
o
C max. temp. 

Moisture 50 – 54% 

Matrix Styrene-divinylbenzene (macroporous) 

Particle size 16 – 40 mesh  

 350 – 925 μm 

Operating pH 0 – 14  

Capacity 1.7 meq/mL by wetted bed volume 

Limit 120
o
C max. temp. 

Moisture 44 – 52% 

Matrix Acrylic polymer (macroporous) 

Particle size 12 – 50 mesh  

 300 – 1200 μm 

Operating pH 4 – 14  

Capacity 3.8 meq/mL by wetted bed volume 
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Table 2.5: Dowex Marathon MSC (H+ form) 

 

 

 

 

 

 

 

Table 2.6: Amberlite IRN150 

 

 

 

 

 

 

 

Table 2.7: Amberlite IRC86 

 

 

 

 

 

 

 

 

 

Limit 150
o
C max. temp. 

Moisture 50 – 56% 

Matrix Styrene-divinylbenzene (macroreticular) 

Particle size 24 – 29 mesh  

 525 – 625 μm 

Operating pH 0 – 14  

Capacity 1.6 meq/mL by wetted bed volume 

Limit 60
o
C max. temp. 

Moisture 49 – 55% 

Matrix Styrene-divinylbenzene (gel) 

Particle size 27 – 32 mesh  

 580 – 680 μm 

Operating pH 0 – 14  

Capacity 1.9 meq/mL by dry weight 

Limit 120
o
C max. temp. 

Moisture 47 – 53% 

Matrix Methacrylic (gel) 

Particle size 19 – 26 mesh  

 580 – 780 μm 

Operating pH 4 – 14  

Capacity 4.1 meq/mL by wetted bed volume 
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2.4 Analysis Method 

2.4.1 Anthrone Reaction 

This is used for quantitative analysis of sugars. It is a method for determining the 

amount of carbohydrate in a given sample (Cerning-Beroard., 1975). This method is 

less expensive compare to High Performance Liquid Chromatography (HPLC). Specific 

amount of processed sugar mixture was mixed with anthrone solution and heated in 

boiling water. The sample is case was covered to avoid the liquid from vaporised into 

the atmosphere.  Then the sample was analyzed by using UV-Vis spectrophotometer at 

wavelength of 620nm.Anthrone was added to the concentrated sulphuric acid to produce 

anthrone solution. The glycosidic bond in the sugar mixture will be hydrolyzed to form 

monosaccharides and caused the solution to turn into blue-green colour. 

2.4.2 High Performance Liquid Chromatography (HPLC) 

HPLC is the best equipment to analyze the carbohydrate in a solution. It has very high 

sensitivity and accuracy. The solution contained target molecule is injected into the 

mobile phase and being detected by detector in the equipment. The output of the 

detector is an electrical signal which displayed on the computer’s screen (Lindsay, 

1992). The disadvantages of the HPLC are the column is very expansive, short 

operating life, solvents are expensive and difficult to dispose the used solvent. 

(McMaster, 2007). 

2.4.3 Dinitrosalicyclic acid Method (DNS) 

The dinitrosalicyclic acid (DNS) method is the method that gives a rapid and simple 

estimation of the extent of saccharification by measuring the total amount of reducing 

sugar in the hydrolysate (Warwik et al., 2007). DNS method also use of xylose standard 

curve as a standard to determine the amount of reducing sugar released (Bailey et al., 

1992). This method is simple, less expansive and suitable to use for large number of 

samples at a time. 
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2.5 Separation Process 

Separation is a process which compounds or materials of interest are removed from the 

other compounds in the sample that may react similarly and interfere with a quantitative 

determination.  

 

2.5.1 Previous works on xylose and glucose separation 

1) To separate xylose from monosaccharide mixtures, the adsorption     

equilibrium of glucose, xylose, and arabinose on five different resins is 

investigated.The selectivity and adsorption amounts of all the monosaccharide 

towards 5 different resins were compared. The resins went through the 

pretreatment process first, and then extraparticle liquid was removed by 

centrifugation process. The resins and monosaccharides were weighed 

precisely and poured inside a flask (25mL). The flasks were hermetically 

sealed and placed inside a tempered shaker at 160rpm at 25
o
C for 12 hours. 

Then, the quantification process of the monosaccharide was carried out by 

using HPLC. The mobile phase used is deionized and degassed water. The dry 

substance content of the resin was determined by drying until constant weight 

in a vacuum dying oven at 80
o
C. (Huajie et al., 2010)  

 

2) The separation was carried out at 60
o
C for the best performance of the                           

anion-exchange resin. The sucrose-based mixtures were inverted and separated 

at 45
o
C to avoid the sugar from caramelized. The flow rates were chosen with 

previous experience of cation resins. The unit was operated continuously for 

10 to 12 cycles for 6 hours to ensure pseudo-equilibrium state was achieved. 

The product was weighed and analysed at the end of each cycle. The 

concentration of products was monitored versus time. Then, the column was 

purged separately to determine the quantity of sugar retained by each column. 

(Barker et al., 1984)  
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2) Two types of polymeric adsorbents which are Dowex99 and poly(4-vinyl 

pyridine)(PVP) was used to recover sugars from corn-stover hydrolyzate. The 

main component of the hydrolyzate are 5 sugars, glucose, mannose, xylose, 

galactose, and arabinose, and four impurities, sulphuric acid, acetic acid, 

hydroxylmethyl furfural (HMF), and furfural. The Dowex99 and the five 

sugars are packed inside the chromatography column, “center-cut”. The 

sulphuric acid elutes earlier and the other impurities elute later than the sugar. 

For the column packed with the PVP, the sugars elute earlier than the 

impurities. The intrinsic adsorption and mass transfer parameter of the sugars 

and impurities were obtained from elution and frontal chromatography tests 

on single component. The simulations based on the detailed rate model and 

single component intrinsic parameter is in close agreement with the 

experimental elution chromatograms of the hydrolyzate. By using batch 

chromatography processes the hydrolyzate sugars are recovered and then 

fermented with genetically engineered yeast. (Xie et al., 2005)  

 

3) The feed solutions were made of glucose and xylose with different mass 

ratios and total monosaccharide concentrations. The ratios of glucose to 

xylose in the solutions were 9:1, 1:1 and 1:9 respectively. For the 

monosaccharides concentration it is set at 2, 10 and 30 wt. %. There are 3 

types of membranes used in the experiment which are Desal-5 DK, -DL and 

NF270. The filtration processes were done in total reflux mode (both retentate 

and permeate were recycled back to the feed tank) at 50
o
C and the pressure 

varies from 2 to 40 bar. ( SjÖman et al., 2007)  

   

4) The xylose and glucose were separated using silica-confined ionic liquid (IL) 

stationary phase. Five different stationary phases were synthesized and 

characterized respectively. Compare to NH2 column, the imidazolium 

stationary phases exhibit more effective retention to the glucose and xylose. 

As the concentration of the acetonitrile decrease, the retention factor and 

resolution of the monosaccharides also decreases. Moreover, the xylose and 

glucose also being studied on their adsorption behavior. Then, both 

temperature and mobile phase were optimized in order to improve the 

performance for the separation of the monosaccharides (Bi et al., 2010).       
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2.6 Data Collection 

2.6.1 Ultraviolet – Visible Spectrophotometer (UV-Vis) 

After the sample placed in the incubator shaker for 12h, the samples were analyzed with 

anthrone reaction solution in 1:4 ratio. Then the samples were put in acuvette and the 

optical density measured using untraviolet-visible spectrometry (UV-Vis). Thus, 

ultraviolet-visible spectrometry (UV-Vis) method will be used. Ultraviolet-visible 

spectrometry (UV-Vis) refers to absorption of spectroscopy or reflectance spectroscopy 

in the ultraviolet-visible spectral region. The absorption or reflectance in the visible 

range directly affects the perceived colour of the chemical involved. In this region of the 

electromagnetic spectrum, molecules undergo electronic transition. The method is most 

often used in a quantitative way to determine concentration of an absorbing species in 

solution, using the Beer – Lambert law. (Williams et al., 2011): 

 

 

 

Where A is the measured absorbance with AU as the unit. Io is the intensity of the 

accident light at a given wavelength and I is the transmitted intensity. L is the 

pathlength through the sample and c is the concentration of the absorbing species. 

In the experiment the wavelength used is 680nm which is the most suitable as anthrone 

method is used to determine the sugar concentration in the final sample.  

 

 

.  
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3 MATERIALS AND METHODS 

 

3.1  Overview 

This chapter describes the materials and methods employed for the separation process 

xylose from glucose solution using ion-exchange resins. It begins with the preparation 

of sugar samples in different concentration. The sugar mixture undergo the experiment 

with different rotation speed and temperature Then, follow by incubation and 

centrifugation process before test it with UV-Vis spectrophotometer. 

3.2  Instruments 

The anthrone solution was prepared in a 100 mL volumetric flask. 100 mL concentrated 

sulphuric acid (H2SO4) was mixed with 0.2g anthrone powder to produce anthrone 

solution. Besides, this experiment also used UV-Vis spectrophotometer in determining 

the isotherms of each samples.  

 

Figure 3.1: UV-Vis spectrophotometer 
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3.3  Chemicals 

Anthrone, sulphuric acid (concentrated), D-glucose and D-xylose were purchased from 

Sigma Aldrich, Malaysia. 

3.4      Experimental Procedure 

The main materials used in the experiment are D-xylose and D-glucose. Both sugars 

were mixed in different concentration (0.5 g/L, 1.0 g/L and 1.5 g/L). The resin was 

precisely weighed and added with the sugar mixtures. The glucose-xylose  mixtures 

were placed in incubator shaker at certain speed (110rpm, 160rpm and 210rpm). The 

glucose-xylose mixtures also being tested at different temperatures(20
o
C, 30

o
C and 

40
o
C). Moreover, the samples were also tested in different ratio (1:1, 9:1 and 1:9). Then, 

the samples were allowed in the incubator shaker for 12h.Then, the sample was filtered 

using 0.2μm filter to separate glucose-xylose mixture from the resin beads. Then, the 

glucose-xylose mixtures were diluted with ultrapure water in 1:9 ratio (1mL sugar 

mixture + 9mL ultrapure water). Then, diluted samples were added with anthrone 

solution in 1:4 ratio (1mL sample + 4mL anthrone). The samples were covered with cap 

and placed in boiling water for 10 minutes before let it cooled at room temperature. 

Then, the samples were tested with UV-Vis spectrophotometer at wavelength of 620nm 

and the curve of each samples with different parameters were constructed. 

 

3.4.1 Standard Preparation 

Glucose standard is prepared in 3 different concentrations (0.5 g/L, 1.0 g/L and 1.5 g/L). 

For each concentration the standard curve is plotted as the guide for the samples result. 

The xylose and glucose solution at 1.5g/L is added at different volume and 

being check using UV-Vis for the absorption wavelength as the standard for 

the samples. 
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4    RESULT AND DISCUSSION 

 

4.1 Overview 

This chapter discussed the experimental results that carried out in the research work. 

The material discussed in this chapter includes the effect of different parameters and the 

sugar concentration after being tested with different conditions. Other than that, this 

chapter also discussed the experimental result tested using UV-Vis analysis method.  

Then, each of the results was discussed thoroughly and justified accordingly. 

4.2 Glucose Standard Curve 

The glucose standard curve with concentration of 0.375g/L, 0.750g/L and 1.125g/L was 

plotted in figure 4.1 below by using the data in the table 4.1 obtained during the 

experiment. From figure 4.1, linear equations for glucose concentration were obtained 

as follows in equation 4.1: 

Y = mX + C            (4.1) 

 
 

Table 4-1: Absorbance reading from UV-Vis spectrophotometer (Glucose) 

Glucose Concentration 

(g/L) 

Optical density (OD)  

Average 
1 2 3 

0.000 0.000 0.000 0.000 0.000 

0.375 0.407 0.411 0.412 0.410 

0.750 0.673 0.670 0.671 0.671 
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Figure 4.1: Glucose standard curve 

 

4.3 The Efficiency of Resins 

Each resins used in the experiment were analyzed for its efficiency. After the separation 

of glucose-xylose mixture, the supernatant was examined using UV-Vis 

spectrophotometer. The concentration of xylose in the permeate can be obtained by 

using the glucose standard curve.  

 

According to Farone and Fatigati (2004), the xylose adsorbed to the resin at higher rate 

compare to glucose. Thus, it is assumed that the amount of xylose in the permeate must 

be low for high efficiency resins. The higher the resin efficiency, the lower the amount 

of xylose in the permeate. 

 

Based on the result obtained from the experiment, its shows that the separation of 

xylose from glucose-xylose mixture occurred most efficiently at 160rpm and 30
o
C. The 

result of the separation shown as below: 

 



 18 

Table 4.2: Optical density at 30
o
C (160rpm) 

 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.418 0.484 0.523 0.605 0.493 0.517 

1.0 0.572 0.662 0.587 0.679 0.563 0.652 

1.5 0.613 0.709 0.628 0.727 0.617 0.714 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.429 0.497 0.533 0.617 0.498 0.576 

1.0 0.594 0.688 0.592 0.685 0.569 0.659 

1.5 0.627 0.726 0.635 0.735 0.627 0.726 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.443 0.513 0.523 0.605 0.498 0.576 

1.0 0.535 0.619 0.592 0.685 0.569 0.659 

1.5 0.618 0.715 0.638 0.738 0.627 0.726 

MAC-3  

Xylose Concentration [X], (g/L)  

 
 

[G+X] 

(g/L) 
1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.578 0.669 0.618 0.715 0.553 0.640 

1.0 0.629 0.728 0.728 0.843 0.665 0.770 

1.5 0.735 0.851 0.813 0.941 0.768 0.889 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.598 0.692 0.633 0.733 0.573 0.663 

1.0 0.657 0.760 0.717 0.830 0.655 0.758 

1.5 0.729 0.844 0.793 0.918 0.768 0.889 
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For Dowex M-31 resin, the concentration of xylose in the permeate is lowest at 

parameter of 160rpm and 30
o
C. It can be said that, most xylose were adsorbed to the 

resins. The concentration of xylose at 1:1 ratio were 0.484g/L for 0.5g/L mixture, 

0.662g/L for 1.0g/L mixture and 0.709g/L for 1.5g/L mixture respectively.  

 

For Dowex Marathon MSC resin, the result shows that the best separation occurs at 

parameter of 160rpm and 30
o
C. The concentration of the xylose at 1:1 ratio were 

0.497g/L for 0.5g/L mixture, 0.688g/L for 1.0g/L mixture and 0.726g/L for 1.5g/L 

mixture respectively. 

 

For Dowex MAC-3 resin, the result shows that the best separation occurs at parameter 

of 160rpm and 30
o
C. The concentration of the xylose at 1:1 ratio were 0.669g/L for 

0.5g/L mixture, 0.728g/L for 1.0g/L mixture and 0.851g/L for 1.5g/L mixture 

respectively. 

 

For Amberlite IRN150 resin, the result shows that the best separation occurs at 

parameter of 160rpm and 30
o
C. The concentration of the xylose at 1:1 ratio were 

0.513g/L for 0.5g/L mixture, 0.619g/L for 1.0g/L mixture and 0.715g/L for 1.5g/L 

mixture respectively. 

 

For Amberlite IRC86 resin, the result shows that the best separation occurs at parameter 

of 160rpm and 30
o
C. The concentration of the xylose at 1:1 ratio were 0.692g/L for 

0.5g/L mixture, 0.760g/L for 1.0g/L mixture and 0.844g/L for 1.5g/L mixture 

respectively. 

 

As suggested by Saari et al, (2010), the optimum resin beads size for sugar separation 

were around 200 – 450 µm. However, all the resins in this research not fulfil the 

requirement. So, the results were not quite favourable for the xylose separation from 

glucose-xylose mixture.  The efficiency of the resins was illustrated as below: 
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                                Highest                                                      Lowest 

 

M-31 > IRN150 > MSC > MAC-3 > IRC86 

 

Figure 4.2: Resins efficiency 

 

Based on the result gathered, Dowex M-31 is the most efficient resin to separate xylose 

from glucose-xylose mixture. It shows that the xylose concentration is the lowest 

compare to the other resins which means most of the xylose was adsorbed to the resin. 

Second best resin for the glucose-xylose separation was Amberlite IRN150. However, 

the concentration of xylose in 0.5g/L mixture for Amberlite IRN150 was slightly higher 

due to the error during resin weighing process that affect the result. Overall, Amberlite 

IRN150 was better for separation of xylose from glucose-xylose mixture. Third best 

resin for glucose-xylose separation was Dowex Marathon MSC. Dowex M-31, Dowex 

Marathon MSC and Amberlite IRN150 were close since all of them have styrene 

divinylbenzene as their medium which is very effective in separation of sugar (Al Eid., 

2006). Moreover, M-31and MSC are strong acidic cation exchange resins which is 

another important factor is separation of sugar (Huajie et al., 2010). Strong basic cation 

resin also show excellent result in separation of xylose and glucose. This is based on the 

result of Amberlite IRN150.Dowex MAC-3 was the fourth efficient resin for glucose-

xylose separation and the least favourable for glucose-xylose separation was Amberlite 

IRC86.Both of them are weak acidic cation resins which are not very efficient in sugar 

separation.  
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4.4 The Effect of Temperature 

Throughout the experiment, the temperature was varied to 3 different temperatures 

which are 20
o
C, 30

o
C and 40

o
C.  The result is shown in Table 4.2 to Table 4.10. M-31 

represents Dowex M-31; MSC represents Dowex Marathon MSC; MAC-3 represents 

Dowex MAC-3; IRN150 represents Amberlite IRN150 and IRC86 represents Amberlite 

IRC86.  The result of final xylose concentration in three different concentrations with 

glucose to xylose ratio 1:1 based on temperatures has shown as below: 

 

Table 4.3: Final xylose concentration (0.5g/L) 

Temperature 

(
o
C) 

Final Xylose Concentration (g/L) 

M-31 MSC MAC-3 IRN150 IRC86 

20 0.537 0.648 0.712 0.684 0.681 

30 0.484 0.497 0.669 0.513 0.692 

40 0.628 0.645 0.913 0.697 0.825 

 

 

 

Figure 4.3: Final xylose concentration (0.5g/L)  
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Table 4.4: Final xylose concentration (1.0g/L) 

Temperature 

(
o
C) 

Final Xylose Concentration (g/L) 

M-31 MSC MAC-3 IRN150 IRC86 

20 0.638 0.792 0.839 0.699 0.782 

30 0.662 0.688 0.728 0.619 0.760 

40 0.731 0.784 0.942 0.797 0.942 

 

 

 

Figure 4.4: Final xylose concentration (1.0g/L) 

 

 

Table 4.5: Final xylose concentration (1.5g/L) 

Temperature 

(
o
C) 

Final Xylose Concentration (g/L) 

M-31 MSC MAC-3 IRN150 IRC86 

20 0.728 0.843 0.920 0.701 0.876 

30 0.709 0.726 0.851 0.715 0.844 

40 0.941 0.826 1.051 0.847 1.014 
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Figure 4.5: Final xylose concentration (1.5g/L) 

 

 

From Table 4.11 to Table 4.13, it can be seen that the final xylose concentration in 

permeate were lowest at 30
o
C for 0.5g/L, 1.0g/L and 1.5g/L sugar mixtures. According 

to Lei et al (2010), the best temperature for sugar separation is 25
o
C - 30

o
C. Based on 

the graph, Dowex M-31 shows lowest xylose concentration in the permeate which 

means highest adsorption rate of xylose to the resin. Dowex M-31 shows the lowest 

xylose concentration in the permeate at 0.5g/L and 1.5g/L mixture respectively. 

However, at 1.0g/L mixture the Amberlite IRN150 shows lower xylose concentration 

compare to Dowex M-31. This may caused by the error during weighing the resin. The 

Amberlite IRN150 maybe exceeds the constant weight which is 0.5g. It caused more 

xylose to adsorb to the resin. 

 

The data gathered in the table 4.11 to Table 4.13 have some errors. The concentration of 

xylose in the permeate for 40
o
C should be lower than 30

o
C. Temperature is a strong 

parameter in determining the adsorption rate, Nuhoglu and Oguz (2003). So, the higher 

the temperature, the higher the adsorption rate. However, the data shows higher 

concentration of xylose at 40
o
C for all the resins in this research. Carabasa et al (1998) 

mentioned that the rate of adsorption increase at higher temperature due to the increased 

rate of diffusion of xylose and glucose through the solution to the adsorbent. Moreover, 

the decrease in solution viscosity caused the adsorption efficiency to increase as well as 

the temperature. 
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5 CONCLUSION 

 

5.1 Conclusion 

Xylose is a rare sugar with high value in the market. It is the raw material in producing 

xylitol by several methods including microbial conversion and catalytic hydrogenation. 

It contains many advantages compare to normal sugar in biomedical aspect since it has 

anticariogenic properties. Xylose also has same level of sweetness of sucrose. However, 

the xylose cannot be separate efficiently in the present of glucose. In wood hydrolysate, 

the xylose is the second most abundant sugar (25%-35%) after glucose (50%). So, there 

is a need for a suitable method to separate the xylose and glucose. 

 

Five type of resins with same functional group but different in medium were 

investigated for the separation of xylose in the glucose-xylose mixture by measuring the 

adsorption isotherm using UV-Vis spectrophotometry. The resins are Dowex M-31, 

Dowex Marathon MSC, Dowex MAC-3, Amberlite IRN150 and Amberlite IRC86. 

Eventhough the Dowex M-31, Dowex Marathon MSC and Amberlite IRN150 contain 

styrene-divinylbenzene as their matrix which is very good in separation of sugar, the 

separation is not at the optimum condition since the bead size of the resins are far bigger 

than the recommended bead size which in range of 200 to 450 µm.(Saari et al., 2010). 

So, all the resins are not quite suitable for the separation of xylose and glucose.  

 

In the experiment, the temperature is one of the key elements in the adsorption process. 

According to Carabasa et al (1998), the higher the temperature the higher the adsorption 

rate. On the other hand, the rate of adsorption increases at higher temperature due to the 

increased rate of diffusion of xylose and glucose through the solution to the adsorbent. 

Besides, the solution viscosity will lower when the temperature increase which resulted 

higher adsorption efficiency. 
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 The result verified that the resin with medium of styrene-divinylbenzene are more 

efficient the separation xylose from the glucose-xylose mixture. The higher the 

efficiency of the resin, the lower concentration of the xylose in the permeate since the 

xylose was adsorbed to the resin. So, Dowex M-31 is the best resin to separate the 

xylose from glucose-xylose mixture based on the experimental result.  Amberlite IRC86 

is the least favourable resin for the separation of xylose form glucose-xylose mixture. 

5.2 Recommendation 

Based on the experiment, there are a few recommendations could be taken to improve 

the efficiency of the separation of xylose from glucose-xylose mixture. The 

recommendation listed as below: 

1) The resin used need to consist of styrene-divinylbenzene gel as their matrix 

and sulfonic group for better sugar separation. 

2) The bead size for the resin need to be in range of 200 – 450 µm since smaller 

bead size increase the net sugar diffusion. 

3) High performance liquid chromatography (HPLC) is preferable compare to 

anthrone method since its provides better reading accuracy. 

4) Use resins with different functional groups to investigate the best functional 

group (active component) in xylose and glucose separation. 

5) The desorption process need to be studied since the target product is absorbed 

to the resin. 
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APPENDICES 

 
 

 
Figure A-1: Preparation of glucose standard curve 

 

 

 

 
Figure A-2: 0.5g resins were placed inside the centrifuge tubes 
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Table A-1: Optical density at 20
o
C (110rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.798 0.924 0.765 0.885 0.674 0.78 

1.0 0.825 0.955 0.855 0.99 0.707 0.818 

1.5 0.956 1.106 0.843 0.976 0.787 0.911 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L) 

 

 

[G+X] 

(g/L) 1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.597 0.691 0.578 0.669 0.551 0.591 

1.0 0.758 0.877 0.654 0.757 0.643 0.744 

1.5 0.956 0.772 0.752 0.870 0.747 0.865 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.707 0.818 0.602 0.697 0.578 0.669 

1.0 0.693 0.802 0.732 0847 0.629 0.728 

1.5 0.721 0.834 0.918 1.063 0.854 0.988 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.555 0.642 0.658 0.762 0.598 0.692 

1.0 0.601 0.696 0.736 0.852 0.649 0.751 

1.5 0.657 0.760 0.718 0.831 0.697 0.807 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.573 0.663 0.652 0.755 0.611 0.707 

1.0 0.671 0.777 0.777 0.899 0.689 0.797 

1.5 0.787 0.911 0.884 1.023 0.767 0.888 
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Table A-2: Optical density at 20
o
C (160rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.464 0.537 0.466 0.539 0.583 0.675 

1.0 0.638 0.638 0.661 0.765 0.677 0.784 

1.5 0.728 0.728 0.839 0.971 0.901 1.043 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.560 0.648 0.660 0.764 0.697 0.807 

1.0 0.684 0.792 0.726 0.840 0.791 0.916 

1.5 0.728 0.843 0.844 0.977 0.827 0.957 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1:9 

OD [X] OD [X] OD [X] 

0.5 0.615 0.712 0.666 0.771 0.695 0.804 

1.0 0.725 0.839 0.766 0887 0.792 0.917 

1.5 0.795 0.920 0.910 1.053 0.917 1.061 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.591 0.684 0.489 0.567 0.537 0.622 

1.0 0.604 0.699 0.540 0.625 0.657 0.760 

1.5 0.606 0.701 0.723 0.837 0.672 0.778 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.588 0.681 0.759 0.878 0.487 0.563 

1.0 0.676 0.782 0.883 1.022 0.605 0.700 

1.5 0.757 0.876 1.042 1.206 0.672 0.778 
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Table A-3: Optical density at 20
o
C (210rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.481 0.557 0.571 0.661 0.555 0.642 

1.0 0.559 0.647 0.723 0.837 0.607 0.703 

1.5 0.813 0.941 0.827 0.957 0.768 0.889 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.573 0.798 0.618 0.715 0.542 0.627 

1.0 0.718 0.831 0.732 0.847 0.687 0.795 

1.5 0.784 0.907 0.819 0.948 0.763 0.883 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.634 0.734 0.652 0.755 0.612 0.708 

1.0 0.725 0.839 0.778 0.900 0.724 0.838 

1.5 0.805 0.932 0.867 1.003 0.803 0.929 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.572 0.604 0.604 0.699 0.560 0.648 

1.0 0.601 0.653 0.653 0.756 0.600 0.694 

1.5 0.698 0.733 0.733 0.848 0.683 0.791 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.572 0.662 0.604 0.699 0.560 0.648 

1.0 0.601 0.696 0.653 0.756 0.600 0.694 

1.5 0.698 0.808 0.733 0.848 0.683 0.791 
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Table A-4: Optical density at 30
o
C (110rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

 

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.538 0.623 0.619 0.716 0.528 0.611 

1.0 0.675 0.781 0.702 0.813 0.655 0.758 

1.5 0.828 0.958 0.857 0.992 0.795 0.920 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

 

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.547 0.633 0.637 0.737 0.572 0.662 

1.0 0.682 0.789 0.757 0.876 0.673 0.779 

1.5 0.795 0.920 0.839 0.971 0.818 0.947 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.635 0.735 0.675 0.781 0.823 0.953 

1.0 0.718 0.831 0.735 0.851 0.857 0.992 

1.5 0.823 0.953 0.677 0.784 0.795 0.920 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.578 0.669 0.583 0.675 0.528 0.611 

1.0 0.692 0.801 0.673 0.779 0.675 0.781 

1.5 0.753 0.872 0.675 0.781 0.737 0.853 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.718 0.831 0.728 0.843 0.696 0.806 

1.0 0.778 0.900 0.819 0.948 0.779 0.902 

1.5 0.829 0.959 0.873 1.010 0.852 0.986 
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Table A-5: Optical density at 30
o
C (210rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.592 0.685 0.526 0.609 0.493 0.571 

1.0 0.695 0.804 0.774 0.896 0.576 0.667 

1.5 0.736 0.852 0.814 0.942 0.588 0.681 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.556 0.644 0.460 0.532 0.438 0.507 

1.0 0.638 0.738 0.635 0.735 0.523 0.605 

1.5 0.836 0.968 0.746 0.863 0.584 0.676 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.474 0.549 0.492 0.569 0.439 0.508 

1.0 0.562 0.650 0.659 0.763 0.556 0.644 

1.5 0.849 0.983 0.858 0.993 0.789 0.913 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.589 0.682 0.570 0.660 0.579 0.670 

1.0 0.654 0.757 0.654 0.757 0.626 0.725 

1.5 0.742 0.859 0.756 0.875 0.796 0.921 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.597 0.691 0.634 0.734 0.544 0.630 

1.0 0.633 0.733 0.769 0.890 0.572 0.662 

1.5 0.825 0.955 0.850 0.984 0.628 0.727 
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Table A-6: Optical density at 40
o
C (110rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.649 0.751 0.701 0.811 0.652 0.755 

1.0 0.789 0.913 0.772 0.894 0.723 0.837 

1.5 0.823 0.953 0.858 0.993 0.808 0.935 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.687 0.795 0.658 0.762 0.618 0.715 

1.0 0.787 0.911 0.728 0.843 0.693 0.802 

1.5 0.829 0.959 0.792 0.917 0.752 0.870 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.753 0.872 0.757 0.876 0.712 0.824 

1.0 0.827 0.957 0.839 0.971 0.803 0.929 

1.5 0.963 1.115 1.012 1.171 0.888 1.028 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.642 0.743 0.702 0.813 0.633 0.733 

1.0 0.732 0.847 0.762 0.882 0.741 0.858 

1.5 0.855 0.990 0.844 0.977 0.863 0.999 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.711 0.823 0.746 0.863 0.689 0.797 

1.0 0.832 0.963 0.876 1.014 0.782 0.905 

1.5 0.976 1.130 0.911 1.054 0.913 1.057 
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Table A-7: Optical density at 40
o
C (160rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.543 0.628 0.644 0.745 0.500 0.579 

1.0 0.632 0.731 0.735 0.851 0.643 0.744 

1.5 0.813 0.941 0.797 0.922 0.786 0.910 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.557 0.645 0.601 0.696 0.517 0.598 

1.0 0.677 0.784 0.697 0.807 0.637 0.737 

1.5 0.714 0.826 0.739 0.855 0.738 0.854 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.789 0.913 0.772 0.894 0.673 0.779 

1.0 0.814 0.942 0.856 0.991 0.752 0.870 

1.5 0.908 1.051 0.979 1.133 0.872 1.009 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.602 0.697 0.703 0.814 0.613 0.709 

1.0 0.689 0.797 0.741 0.858 0.725 0.839 

1.5 0.732 0.847 0.853 0.987 0.792 0.917 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.713 0.825 0.752 0.870 0.689 0.797 

1.0 0.814 0.942 0.803 0.929 0.753 0.872 

1.5 0.876 1.014 0.832 0.832 0.842 0.975 
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Table A-8: Optical density at 40
o
C (210rpm) 

M-31  

Xylose Concentration [X], (g/L)  

 

   

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.528 0.611 0.635 0.735 0.514 0.595 

1.0 0.662 0.766 0.731 0.846 0.644 0.745 

1.5 0.826 0.956 0.807 0.934 0.725 0.839 

 

 

 

 

 

 

 

 

 

 

MSC  

Xylose Concentration [X], (g/L)  

 

 

[G+X] 

(g/L) 1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.664 0.745 0.557 0.645 0.702 0.813 

1.0 0.800 0.926 0.794 0.919 0.784 0.907 

1.5 0.878 1.016 1.015 1.175 0.853 0.987 

MAC-

3 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.570 0.660 0.703 0.814 0.701 0.811 

1.0 0.594 0.688 0.801 0.927 0.783 0.906 

1.5 0.711 0.823 0.825 0.955 0.813 0.941 

IRN 

150 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.569 0.659 0.597 0.691 0.578 0.669 

1.0 0.678 0.785 0.726 0.840 0.661 0.765 

1.5 0.772 0.894 0.871 1.008 0.858 0.993 

IRC 

86 

 

Xylose Concentration [X], (g/L)  

  

[G+X] 

(g/L) 

1:1 9:1 1: 9 

OD [X] OD [X] OD [X] 

0.5 0.664 0.767 0.764 0.884 0.698 0.808 

1.0 0.838 0.970 0.944 1.093 0.821 0.950 

1.5 0.843 0.976 1.084 1.255 0.916 1.06 


