
Introduction
There are many uses for high 
performance liquid chromatography 
(HPLC) as a monitoring and quality 

control tool in the various wet corn milling processes. One example is high fructose 
corn syrup (HFCS), an ingredient often used as a substitute for sucrose in a wide 
variety of products – from beverages to baked goods1 - and as such, has high 
demands for production efficiency and product consistency. Production monitoring 
and quality control are therefore crucial steps in efficient manufacturing. HFCS is 
produced from regular corn syrup, which consists almost entirely of glucose, via 
an enzymatic process that isomerizes some of the glucose into fructose.1,2 The 
result is a product that is approximately 42% fructose, known as HFCS-42. Owing 
to its mild sweetness, HFCS-42 is used in many food products, including baked 
goods, sauces, canned fruits and dairy products.1 Some of the HFCS-42 is further 
processed to increase the fructose content to approximately 90%; this is known as 
HFCS-90.1,2 HFCS-90, while used in some specialty applications, is primarily blended 
with HFCS-42 to produce a syrup that is 55% fructose (HFCS-55). HFCS-55 is widely 
used as a sweetener in sodas and other beverages.1,2

The US Food and Drug Administration Code of Federal Regulations have 
incorporated identity standards for the sugar composition of HFCS, specifically 
around fructose content where HFCS-42 cannot be less than 42% fructose 
and HFCS-55 cannot be less than 55% fructose.2 As such, it is common for 
manufactures of HFCS to target percentages just above the minimum limit in order 
to meet the standards, while also maintaining consistent composition to meet the 
needs of HFCS users.2

Analysis of Saccharides 
in High Fructose Corn 
Syrup by HPLC with 
Refractive Index Detection

A P P L I C A T I O N  N O T E

AUTHOR

Jamie Foss
PerkinElmer, Inc.
Shelton, CT USA

Liquid Chromatography



2www.perkinelmer.com

Analysis of Saccharides in High Fructose Corn Syrup by HPLC with Refractive Index Detection

Experimental
Hardware/Software

Chromatographic separation was achieved using a PerkinElmer 
LC 300 HPLC system, consisting of an LC 300 HPLC Pump, LC 
300 HPLC Autosampler, and an LC 300 Column Oven. Detection 
was achieved using an LC 300 Refractive Index detector 
(RI). Instrument control, analysis and data processing were 
performed using the SimplicityChrom™ software platform. 

Method Parameters

The LC parameters are shown in Table 1. 

Table 1: LC Parameters.

Column Bio-Rad Aminex HPX-87C,  
300 x 7.8 mm, 9 µm 

Guard Column Bio-Rad Micro-Guard Carbo-C, 30 x 4.6 mm 
Mobile Phase HPLC Grade Water (Isocratic)
Flow Rate 0.5 mL/min
Analysis Time 25 minutes
Pressure 810 psi/56 bar
Oven Temperature 85 °C
Sample Temperature Ambient
Injection Volume 10 µL (Partial loop)
RI Flow Cell Temperature 45 °C
Data Collection Rate 2 pts/sec (Hz)

Solvents, Standards and Samples

All solvents and diluents used were HPLC grade. Unless 
otherwise specified, standard and sample extract dilutions  
were prepared using water.

Five standards were obtained from Sigma-Aldrich®, Inc  
(St. Louis, MO). These included: fructose, glucose (dextrose), 
maltose monohydrate, maltotriose hydrate and maltodextrin 
(dextrin from maize starch, Dextrose Equivalent (D.E.) value 
of 8-15). The maltodextrin was used to determine DP4+ 
saccharides. CRA SACCH.03 specifies either a maltodextrin  
of about 10 D.E. or an acid-converted 42 D.E. corn syrup.5

For quantitation by peak area normalization, a standard solution 
was prepared at 10% solids in accordance with CRA SACCH.03. 
The method specifies that the standard solution approximate 
the composition of a sample on a dry basis. For this work, a 
standard solution consisting of 4% DP4+ (from maltodextrin), 
4% DP3 (maltotriose), 4% DP2 (maltose), 44% glucose, and 44% 
fructose was used to determine the saccharide content of the 
high fructose corn syrup samples.

A total of nine samples were obtained from two different 
manufacturers of high fructose corn syrups. From manufacturer 
A, samples consisted of HFCS-42, HFCS-55 and liquid fructose. 
From manufacturer B, three different lots of HFCS-42 and three 
different lots of HFCS-55 were provided. Certificates of analysis 
(COAs) were provided with each sample for reference.

Approximately 1 g of each sample was added to a 10-mL 
volumetric flask with 6 mL of water. Low heat was applied to 
improve dissolution and samples were stirred for several minutes 
using a magnetic stir-bar. Samples were then allowed to cool to 
room temperature. Once cooled, the stir-bar was removed with 
rinsing, and the sample was made up to volume with water. 
Samples were then filtered using 0.45-µm nylon syringe filters 
(Part# 02542880) prior to injecting 10 µL for analysis.

Results and Discussion
The chromatogram of the standard solution is shown in 
Figure 1, with all saccharides eluting in about 16 minutes. This 
method provides excellent separation and peak shapes for 
the DP1-DP4 saccharides. As this is an isocratic method, the 
analysis time was 25 minutes to monitor for any later eluting 
peaks (particularly from the samples). However, should a larger 
number of samples need to be analyzed, run time could be 
reduced to increase throughput.

Figure 2 shows an overlay of 10 replicate injections of the 
standard solution, demonstrating exceptional reproducibility. 
Retention time %RSDs were below 0.05% (n=10) and peak area 
%RSDs were below 0.5% (n=10) for all analytes.

To ensure regulatory compliance and product consistency, 
manufacturers need to implement robust analytical methods 
to determine the saccharide composition of high fructose corn 
syrups. One widely used industry method is SACCH.03 from 
the Analytical Methods of the Member Companies of the Corn 
Refiners Association (CRA) which relies on HPLC coupled 
to refractive index (RI) detection for the measurement of 
saccharide content.5

The method utilizes a resin-based cation exchange column. 
These types of columns have gained popularity for the analysis 
of saccharides in HFCS.2-4 The chromatographic separation 
occurs through a combination of ligand exchange and size 
exclusion mechanisms,2-5 based on the chain length or degree 
of polymerization (DP) of the saccharide, where DP1 refers 
to monosaccharides (such as glucose and fructose), DP2 for 
disaccharides (maltose), DP3 for trisaccharides (maltotriose), etc. 

This application note demonstrates the suitability of the 
PerkinElmer LC 300 HPLC system for performing saccharide 
content determination via method CRA SACCH.03 through the 
analysis of nine commercially available high fructose corn syrups.
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For quantitation of the saccharides, the method specified in CRA 
SACCH.03 is peak area normalization. As all of the carbohydrates 
in HFCS samples elute from the resin column, it has been well 
accepted that peak area percent (peak area for the component of 
interest divided by the total peak area of all peaks) can be equated 
to a weight percent of the sample on a dry basis.3,5 The measured 
peak area percent of each analyte from the standard solution is 
ratioed against its known % dry basis to provide area correction 
factors (ACFs) that are applied to the final sample results.5 An 
example can be seen in Table 2. As per CRA SACCH.03, only one 
calibration is required per day to determine the ACF values.

Using the same chromatographic conditions, the nine high fructose 
corn syrup samples were analyzed. Chromatographic results for 
five of the nine samples are shown in Figures 3-7. As samples from 
Manufacturer B consisted of three different lots for each of the two 
products, only one lot for each product is shown. 

Figure 1: Chromatogram of the standard solution.

Figure 2: Chromatographic overlay of 10 replicate injections of the standard solution.

Figure 3: Chromatogram of Manufacturer A: HFCS-42 sample.

Analyte
Retention 

Time  
(min)

Peak  
Area 

(μRIU·s)

Area  
Percent (%), 
Measured

% Dry 
Basis, 
Known

Area 
Correction 

Factor (ACF)

DP4+  7.88 783.84 4.08 4.00 0.980

DP3 9.11 743.11 3.87 4.00 1.034

DP2 10.04 806.34 4.20 4.00 0.952

Glucose 12.16 8521.74 44.38 44.00 0.991

Fructose  15.22 8345.85 43.47 44.00 1.012
Table 2: Standard solution data used to determine Area Correction Factors for use  
with sample data. 
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Figure 4: Chromatogram of Manufacturer A: HFCS-55 sample.

Figure 5: Chromatogram of Manufacturer A: Liquid Fructose sample.

Figure 6: Chromatogram of Manufacturer B: HFCS-42 Lot 1 sample.

Figure 7: Chromatogram of Manufacturer B: HFCS-55 Lot 2 sample.

As can be seen, samples are comprised primarily of fructose 
and glucose with lesser amounts of the DP2, DP3 and D4+ 
saccharides. The chromatographic profiles are similar between 
like products from the two manufacturers (comparing HFCS-
42 from each manufacturer, Figures 3 and 6, for example). As 
certificates of analysis (COAs) were provided with each sample, 
which contained %Fructose values, results of analysis were 
compared to the COA for accuracy. In the case of Manufacturer 

A, %Glucose values were also provided. Table 3 contains the 
results for each sample, as well as the accuracy of the results 
compared to the respective reported values from the COA. Values 
for %Fructose were slightly above 42% for HFCS-42 and 55% for 
HFCS-55, as expected. The results showed excellent correlation to 
the expected values reported in the COAs, with accuracies ranging 
from 98.70 to 100.83% for %Fructose and 97.37 to 99.19% for 
%Glucose.
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Sample Component %Component, Measured %Component, COA %Accuracy

Manufacturer A: HFCS-42
Fructose 44.0 43.8 100.57
Glucose 49.1 50.4 97.37

Manufacturer A: HFCS-55
Fructose 56.2 55.7 100.83
Glucose 39.2 39.5 99.19

Manufacturer A: Liquid Fructose
Fructose 99.8 100 99.79
Glucose <0.1  NR -

Manufacturer B: HFCS-42 Lot 1
Fructose 43.0 43.1 99.82
Glucose 51.7  NR -

Manufacturer B: HFCS-42 Lot 2
Fructose 43.3 43.1 100.48
Glucose 51.7  NR -

Manufacturer B: HFCS-42 Lot 3
Fructose 43.4 43.2 100.40
Glucose 51.7  NR -

Manufacturer B: HFCS-55 Lot 1
Fructose 56.3 56.5 99.68
Glucose 39.4  NR -

Manufacturer B: HFCS-55 Lot 2
Fructose 56.2 56.9 98.70
Glucose 39.3  NR -

Manufacturer B: HFCS-55 Lot 3
Fructose 56.2 56.2 99.92
Glucose 39.6  NR -

Table 2: Results for fructose and glucose measured in the nine high fructose corn syrup samples. Sample results were compared to COA values for accuracy. Sample results 
are based on the average of three injections. NR = Not Reported.

Conclusion
This work has demonstrated the robust chromatographic 
separation and quantitation of saccharides in high fructose corn 
syrup using a PerkinElmer LC 300 HPLC system with refractive 
index detection and its value to wet corn mills producing HFCS. 
The results exhibited very good retention time and peak area 
reproducibility. This work specifically focused on the analysis of 
saccharides in nine commercially available high fructose corn 
syrups. Analytical results were consistent with the values reported 
on the COAs that accompanied each sample, demonstrating 
the suitability of the LC 300 to perform saccharide content 
determination in accordance with CRA Method SACCH.03.
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