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Abstract
Analysis of fructose and glucose from glucose isomerization process using immobilised glucose isomerase (IGI),
{Sweetzyme from Novozymes} are often performed by HPLC methods with refractive index (RI) detector. This study
is focused on developing new methods of measuring glucose and fructose using a specific carbohydrate column. The
importance of this research, primarily based on the performance of the HPLC with ultra-violet (UV) detection as
another alternative of detector rather than using RI . The method was carried out under the following condition; UV
detection was made at 195 nm with column temperature of 300C , flow rate of 0.6 ml/min and injections of 20μL . The
ratio of acetonitrile and the deionised water used was 80% to 20%. From the results, the detection of fructose and
glucose by HPLC with acetonitrile and water as solvents can be obtained using UV detection (195nm) instead of the
commonly used detector of RI.
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1. Introduction
Enzymatic reaction is a chemical reaction with enzymes acting as biological catalysts. According to Shuler &
Kargi(1992), under ambient conditions, the presence of enzymes result in much higher reactions rates as compared to
chemically reactions. The role of enzyme catalysis in organic chemistry and bioprocess technology has increased
tremendously in the last decade. According to Harmand et al (2004), two types of biological processes exist,
microbiological and enzymatic reactions.
Isomerization of D-glucose to D- fructose by immobilized glucose isomerase is one example of enzymatic reaction.
This reaction is a reversible reaction and important industrial process to produce high fructose syrup (HFS) with at least
50% conversion of glucose to fructose. The discovery of glucose isomerase started in 1957 by Marshall & Kooi (1957)
who carried out enzymatic isomerization in batch reactors with soluble enzymes of immobilized glucose isomerase
(IGI).
Detection of fructose and glucose in this process have widely used HPLC column using RI detector such as by Gram
& Bang (1990) followed by several researchers (Crabb & Shetty , Bhosale.; Rao.& Deshpande , Salehi, Sohrabi ,
Kaghazchi.& Bonakdarpour , Lee. &Hong ). Another paper (Raþki et al..(1991) reported a Dische-Borenfreund method
for determination of fructose concentration.
In the present work, we demonstrate the use of HPLC column by UV detection to measure glucose and fructose
using a carbohydrate column, instead of using RI detector. This research differ from the work done by Slimestad &
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Vҧgen. [10] in terms of range of detector and procedure of HPLC. In their study, Slimestad & Vҧgen (2006) used
evaporative light scattering (ELSD) detection of 230r4nm and the solvent gradient consisted of a linear increase in the
amount of water in acetonitrile. The ability of the method proposed to analyze fructose and glucose is demonstrated
under various operating conditions of the reaction.
2. Materials and methods
The materials for this study are: D-glucose(G), D-fructose(F) and MgSO4.7H2O, obtained from R&M Chemical,UK;
12g of Immmobilised Glucose Isomerase (IGI) of S.murinus,(brown cylindrical shape granules, diameter 0.3 – 1.0 mm,
length 1.0- 1.5mm activity 350 IGIU/g) from Sweetzyme, Novozymes; deionised water and acetonitrile (HPLC grade).
The standard solutions were prepared in the following ways ; with 2g/100mL each of G and F and diluted with distilled
water. All analytical samples were diluted with distilled water and filtered through 0.2μm Nylon filters prior to
HPLC-analysis.
The HPLC system in this study is an Agilent 1100 with diode array detector. UV detection was made at 195 nm with
column temperature of 300C. The flow rate was set to 0.6mL/min and injections of 20μL were made. The column used
was Supelco Kromasil NH2 column (250mm x 4.5mm,5 μm). The ratio of acetonitrile and the deionised water used was
80% to 20%. A guard column was attached to the inlet of the Kromasil column to prevent clogging.
3. Results and discussion
Table 1 shows the retention time tR(min) and the area (mAUs) of glucose and fructose by HPLC-UV at different
concentrations on a Kromasil NH2 column.
From Table 1 it can be confirmed that fructose (mainly) and glucose can be determined using UV detector instead of the
commonly used RI detector. The average retention time of fructose was 14.2 min, and 16.25 min for glucose. Figure 1
shows the standard curve for fructose and glucose at a specific concentration range. The values of R2 for both of
fructose and glucose confirmed that the results were statistically reliable. Figure 3 shows the HPLC result in this study
for detection of fructose and glucose using the Kromasil column at a 0.5% concentration of fructose and glucose. The
detection of fructose was faster compared to the glucose which was similar in trends to given by the supplier (Kromasil)
who suggested using RI as the detector, as seen in Figure 2 and the research by Slimestad and Vҧgen (2006). This
occurs because fructose has been described as the first step in the hydrothermal degradation of glucose. Fructose and
glucose are isomers which have similar molecular weight but different in terms of the arrangement or configuration of
the atoms (Hawley,2001).
Comparable analyses with other method for detection of glucose was made by the DNS method (Miller,1959) for
reducing sugar, and using a UV spectrophotometer (Shimadzu) at wavelength of 550nm for a sample obtained from the
same operating reaction conditions. The result show that the glucose concentration using HPLC –UV was 12.8 g/L
whereas for UV spectrophotometer (Shimadzu) was at 14.96 g/L. However the spectrophotometer measurement could
not distinguish glucose from fructose, as they exist as isomers in the mixture. Hence resulting in the higher value.
4. Conclusion
The results imply that the detection of fructose and glucose by UV (195nm) with acetonitrile and water as solvents can
be obtained using HPLC instead of commonly used detector of RI.
Acknowledgment
The authors would like to thank the Ministry of Science, Technology and Innovation (MOSTI) for the grants through
IRPA Project 09-02-02-0110-EA267.
References
Bhosale H.S.; Rao B.M. & Deshpande V.V, (1996). Molecular and Industrial Aspects of Glucose Isomerase Microbiol.
Rev. 60, 280-300.
Crabb W.D & Shetty J.K,. (1999). Commodity Scale Production of sugars from starches.. Microbiology. 2, 252-256.
Gram J & Bang De.M. (1990). An automated glucose isomerase reactor system with online flow injection analysers for
monitoring of pH, glucose and fructose concentrations. Chem.Eng. Sci.45, 1031-1042.
Harmand J, Rapaport A & Dramé A.K. (2004). Optimal design of two interconnected enzymatic
bioreactors.J.P.Control,14 ,785-794.
Hawley L. R.J. (Ed.)

(2001). Condensed Chemical Dictionary. 14th ed.,.Wiley. New York.

Lee H.S. & Hong J (2000). Kinetic of glucose isomerization to fructose by immobilized glucose isomerase :
anomeric reactivity of D-glucose in kinetic model J. Biotechnol. 84, 145- 153.
Marshall R.O, E.R Kooi. (1957). Enzymatic conversion of D-glucose to D-fructose Science.125, 648.
152

Modern Applied Science

July, 2008

Miller G.L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal. Chem. 31 ,426.
Raþki D.V, Pavloviü N., ýižmek S., Dražiü M. & Husadžiü B. (1991). Development of reactor model for glucose
isomerization catalyzed by whole-cell immobilized glucose isomerase Bioproc. Eng. 7, 183-187.
Salehi Z., Sohrabi M., Kaghazchi T., Bonakdarpour B, (2004). Application of down flow jet loop bioreactors in
implementation and kinetic determination of solid-liquid enzyme reactions Proc. Biochem. 40, 2455-2460.
Slimestad R, & Vҧgen I.M. (2006). Thermal stability of glucose and other sugar aldoses in normal phase high
performance liquid chromatography J. Chromatogr. A. 1118, 281-284.
Shuler L M & Kargi F. (1992). Bioprocess Engineering; Basic Concepts, Prentice Hall, Englewood Cliffs ,New
Jersey.
www.kromasil.com online 29/11/2007.
Table 1. The retention time tR (min) and the area (mAUs) of glucose and fructose by HPLC-UV at different
concentrations on a Kromasil NH2 column
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Figure 1. Standard curve for HPLC result for detection of fructose and glucose using Kromasil column by UV detector.
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Figure 2. HPLC result for detection of fructose and glucose using Kromasil column by RI detector

Figure 3. HPLC result for detection of fructose and glucose at a 0.5% concentration of fructose and glucose using
Kromasil with UV detector.
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