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Copyright Notice

Corn Refiners Association, Inc. (“CRA”) owns the copyright in the RI-DS computer program and all

related documentation, including this manual (the “RI-DS Program”).   The RI-DS Program is

protected to the maximum extent permitted by U.S. and international copyright laws.

Terms of  Use

By using the RI-DS Program, you consent to the terms of  usage outlined below.  If  you do not consent

to the terms of  this license, you may not use the RI-DS Program.

CRA grants you non-exclusive, non-transferable use of  the RI-DS Program.  The RI-DS Program may

not be disassembled, decompiled, changed or modified in any way, nor may any part of  the RI-DS

Program be reproduced, redistributed or transmitted, translated into any language or computer language,

in any form or by any means, electronic, mechanical, magnetic, optical or otherwise without the prior

written authorization of CRA.

CRA reserves all rights not expressly granted under this license.

All official updates to the RI-DS Program will be made available from the CRA web site only.  By

obtaining the RI-DS Program from any source other than CRA, you are using an unauthorized copy of

the software and your useage of  the RI-DS Program is done wholly at your own risk and negates the

CRA Terms of  Usage.

Liability Limitation, Disclaimer and Indemnity

You use the RI-DS Program at your own risk, and CRA provides no guarantees of  any kind regarding

the dependability, accuracy or security of  the RI-DS Program.  The program  is provided “As Is”

without warranty of  any kind, either express or implied, including but not limited to, merchantability,

fitness for a particular purpose, compatibility, accuracy, completeness, functionality, lack of  viruses, title

or non-infringement.  In no event will CRA be liable for any damages (including but not limited to lost

profits, lost savings, breach of  confidentiality, loss of  data, interruption of  business or other incidental,

indirect or consequential damages arising out of  or connected with the use or inability to use the RI-DS

Program, even if  CRA has been advised of  the possibility of  such damages) or for any claim by any

third party. Some states do not allow the limitation or exclusion of  liability for incidental or

consequential damages so the above limitation or exclusion may not apply to you.

You agree to indemnify, hold harmless and defend CRA from and against any and all claims, damages,

liabilities, losses and expenses arising from your use of  the RI-DS Program and your use of  any data

generated from the RI-DS Program..

All rights in the product names, company names, trade names, and logos of  CRA or third-party

products or services, whether or not appearing in large print or with the trademark symbol, belong

exclusively to CRA or their respective owners, and are protected from reproduction, imitation, dilution

or confusing or misleading uses under national and international trademark and copyright laws.

The terms of  this license supersede any prior or contemporaneous communications, whether electronic,

oral or written, between you and CRA.
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INTRODUCTION

The RI-DS Program is an Excel-based program for IBM compatible personal computers which allows

generation of  tables relating dry substance and refractive index for corn syrups, high fructose corn

syrup and blends of  these products with sucrose. In conjunction with the refractive index method

included in this manual, the RI-DS Program may be used to determine the dry substance of  corn syrups

of  known composition.
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DEVELOPMENT OF DRY SUBSTANCE MEASUREMENT FOR CORN SYRUPS

The measurement of  dry substance (DS) of  commodities containing water is an integral part of  trade in

a wide variety of  common food and industrial products. In the trade of  corn syrups, high fructose corn

syrups and blends of  these products with sucrose, accurate knowledge of  dry substance is important for

both commercial consideration and for proper use of  the product by the customer.  Since corn

sweeteners are now the predominant sweetener in the United States, simple, fast and accurate means of

determining dry substance are vitally important to corn refiners and the food industry.

Traditionally, dry substance of  both corn sweeteners and liquid sugars were measured by use of

hydrometers.  For corn sweeteners, DS was reported in degrees Baume’, while sucrose hydrometer

readings were reported in degrees Brix. Tables relating Baume’ to dry substance were first published in

1943.

These tables served the industry well, until advances in technology rendered the Baume tables

incomplete.  The first advance was the enzymatic hydrolysis of  starch in the 1950s. By allowing for the

production of  diverse compositions at the same DE, the original tables became invalid.  From 1965-

1975, the isomerization of  D-glucose to D-fructose, and their separations by chromatography on an

industrial scale, increased the variety of  available saccharide compositions, further eroding the validity of

the tables.

Prompted by these developments, the Corn Refiners Association, Inc. sponsored three updates

to the dry substance tables.  In 1976, the Association sponsored an update, based on refractive index, for

glucose syrup and the first high fructose corn syrup (HFCS 42). The 1980 update, again based on

refractive index, developed tables for all fructose syrups and their most common blends with sucrose

and invert sugar syrups. Re-measuring and reconciling previous sample types and data in terms of
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density and specific gravity lead to the 1984 tables.  This work has been fully described in the scientific

literature listed in the reference section.

The laboratory operation of  refractometers for the determination of  dry substance in corn

syrups is described in Standard Analytical Method E-54 published by Corn Refiners Association, Inc.

and reprinted in this manual.

Because corn syrups are composed of  mixtures of  saccharides with different physical properties,

accurate knowledge of  composition is essential to determine dry substance using the refractive index

method.  Tables of  refractive index-dry substance relationships for the most typical product

compositions currently offered by member companies of  Corn Refiners Association, Inc. are included

in this manual.  Users may use the RI-DS computer program to determine refractive index dry

substance relationships, as well as commercial Baume’, specific gravity and weight per gallon of  syrup by

entering compositional data into the program.
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Downloading the RI-DS Program

1. Hardware and Software Requirements. This program has been tested with Windows 95, 98,

98SE, XP, ME, 2000 and NT operating systems using Microsoft Office Suites 95, 97, 2000 or

XP. The system requirements are set by the operating system and the office suite requirements.

2. Download the program from the Corn Refiners Association, Inc. website (www.corn.org) by

clicking on the link “RI-DS Program Self-Extracting Zip File”.

3. You will be prompted to indicate where you want to save the file entitled “rids.exe”, with a

screen similar to the one below.  If  you wish to save the program to a diskette, insert a diskette

into the a:\ drive of  your computer.  Click the “Save” button, and you will be prompted to

indicate where to save the program, which will download the files to your computer or disk.

You will then be prompted to select “Open”, “Open Folder” or “Close”.  By clicking “Open”,

you will initiate the auto extraction of  the program in the file you indicated.  By clicking “Open

Folder”, you can go to the folder you saved the file in, and auto extract the program by double

clicking the icon of  the .exe file.

4. You can also download the program by clicking the “Open” button, which will automatically

extract the program, then ask you to indicate where you would like the information saved.  Click

the “Browse” button to select where you would like to save the file.  Click the “Unzip” button to

complete the download.

Note: Both of  the files contained in the rids.exe file are necessary to run the RI-DS

program successfully.  Make sure that they remain in the same folder on your computer.

They will automatically connect to one another, and do not require you to create an

association.
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Starting the RI-DS Program

1. Before starting the program, have ready the following information:

Designation of  Syrup (trade name, DE description or other identification)

Sulfated Ash content (Dry Basis)

Saccharide Composition (as % of  total saccharide content)

Fructose content (%)

Sucrose content (%)

Dextrose content (%)

Maltose (DP
2
) content (%)

Maltotriose (DP
3
) content (%)

Higher Saccharides (DP
4
+) content (%)

2. To start the RI-DS Program, open Excel and  double-click on the .xls file. (The .xlt file does not

need to be opened.)  Upon opening the program, you may see the screen above. If  you wish to

use the RI-DS Program, you should read this screen and determine whether or not you wish to

proceed and “enable macros.”   The RI-DS Program will not run unless you chose to  “enable

macros.”  If  you chose to “enable macros,” you will be taken to the title page.

3. On the title page, you will be given the option to select one of  the following: RI Table, DS

Table, Brix Table, Individual Calculations or Syrup Definitions.

4. Select your choice by clicking on the corresponding button, and then turn to the section of  this

manual with that title for further information.
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RI Table

1. To use the RI Table function, click on the corresponding button on the title page of  the program.

This will bring you to the RI Tables sub-menu, which looks like this:

2. From this menu, you can generate RI tables of  standard compositions of  corn syrup, or return

to the home page, by clicking the Opening Page tab at the bottom of  the screen.  To create a

RI table, click on the arrow of  the Select Syrup drop down menu.  To create a RI table with the

default characteristics listed in the yellow boxes, press the Generate RI Table button.  You will

see the program working, indicated by the activity in the calculation bar.  After a few seconds, a

table will generate.  This table will have the syrup type and characteristics labeled at the top of

the page.  The number of  tables you generate per session will determine the name of  each table

you generate.  For example, if  this is your first RI table, the program will name this CRA RI-DS

Version 21.xls.  Consequent versions will be saved as CRA RI-DS Version 22.xls, CRA RI-DS

Version 23.xls etc.

3. At this point, you can either print the table, save the table, or return to the opening page.  To

print the table, you can either click on the printer icon in the tool bar, or click on File, then

Print from the drop-down menu.  Note:  The Opening Page button will not print on the table.

4. To save these files, click on the diskette icon in the toolbar, or click on File, then select Save to

save with the current name and directory, or Save As change the file name or target directory.

5. To return to the opening page, simply press the Opening Page button.
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6. You can also create custom tables, you may change any of  the following parameters in the yellow

boxes: Starting DS in Table, Final DS in Table, RI Increment in Table, RI Temperature,

 C and/or Reference Temperature,  F.  This is done by selecting the yellow cell beside the

parameter of  your choice and re-typing the information you wish the table to reflect.

7. Additionally, you can create RI Tables for custom blends of  syrups, by first creating a new syrup

definition in the Syrup Definition section of  the program (see this section of  the manual for

further details).  Once created, you can select this from the Select Syrup drop down menu and

proceed as normal.DS Tables

1.

To use the RI Table function, click on the corresponding button on the title page of  the program.  This

will bring you to the RI Tables sub-menu, which looks like this:

2. From this menu, you can generate DS tables of  standard compositions of  corn syrup, or return to

the home page, by clicking the Opening Page tab at the bottom of  the screen.  To create a DS

table, click on the arrow of  the Select Syrup drop down menu.  To create a DS table with the

default characteristics listed in the yellow boxes, press the Generate DS Table button.  You will see

the program working, indicated by the activity in the calculation bar.  After a few seconds, a table

will generate.  This table will have the syrup type and characteristics labeled at the top of  the page.

The number of  tables you generate per session will determine the name of  each table you generate.
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DS Tables

1. To use the RI Table function, click on the corresponding button on the title page of  the pro-

gram.  This will bring you to the RI Tables sub-menu, which looks like this:

2. From this menu, you can generate DS tables of  standard compositions of  corn syrup, or return

to the home page, by clicking the Opening Page tab at the bottom of  the screen.  To create a

DS table, click on the arrow of  the Select Syrup drop down menu.  To create a DS table with

the default characteristics listed in the yellow boxes, press the Generate DS Table button.  You

will see the program working, indicated by the activity in the calculation bar.  After a few sec-

onds, a table will generate.  This table will have the syrup type and characteristics labeled at the

top of  the page.  The number of  tables you generate per session will determine the name of

each table you generate.  For example, if  this is your first DS table, the program will name this

CRA RI-DS Version 21.xls.  Consequent versions will be saved as CRA RI-DS Version 22.xls,

CRA RI-DS Version 23.xls etc.

3. At this point, you can either print the table, save the table, or return to the opening page.  To

print the table, you can either click on the printer icon in the tool bar, or click on File, then

Print from the drop-down menu.  Note:  The Opening Page button will not print on the table.

4. To save these files, click on the diskette icon in the toolbar, or click on File, then select Save to

save with the current name and directory, or Save As to change the file name or target directory.

5. To return to the opening page, simply press the Opening Page button.

6. You can also create custom tables by changing any of  the following parameters in the yellow

boxes: Initial DS in Table; Final DS in Table; DS Increment in Table; RI Temperature,  C;

and/or Reference Temperature,  F.  This is done by selecting the yellow cell beside the param-

eter of  your choice and entering the information you wish the program to calculate.

7. Additionally, you can create DS Tables for custom blends of  syrups, by first creating a new syrup

definition in the Syrup Definition section of  the program (see this section of  the manual for

further details).  Once created, you can select this from the Select Syrup drop down menu and

proceed as normal.
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Brix Table

1. To use the Brix Table function, click on the corresponding button on the title page of  the program.

This will bring you to the Brix Table sub-menu, which looks like this:

2. From this menu, you can generate Brix tables of  standard compositions of  corn syrup, or return to

the home page, by clicking the Opening Page tab at the bottom of  the screen.  To create a Brix

table, click on the arrow of  the Select Syrup drop down menu.  In this sub-menu, you will also need

to select the Brix type, by clicking on the arrow of  the Select Brix Type drop down menu.  Your

choices are: 1936 Refractometer Brix, C; 1966 Refractometer Brix, C; or Hydrometer Brix, C.

3. To create a Brix table with the default characteristics listed in the yellow boxes, press the Generate

Brix Table button.  You will see the program working, indicated by the activity in the calculation bar.

After a few seconds, a table will generate.  This table will have the syrup type and characteristics

labeled at the top of  the page.  The number of  table you generate per session will determine the

name of  each table you generate.  For example, if  this is your first Brix table, the program will name

this CRA RI-DS Version 21.xls.  Consequent versions will be saved as CRA RI-DS Version 22.xls,

CRA RI-DS Version 23.xls etc.

4. At this point, you can either print the table, save the table, or return to the opening page.  To print the

table, you can either click on the printer icon in the tool bar, or click on File, then Print from the

drop-down menu.  Note:  The Opening Page button will not print on the table.
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5. To save these files, click on the diskette icon in the toolbar, or click on File, then select Save to save

with the current name and directory, or Save As change the file name or target directory.

6. To return to the opening page, simply press the Opening Page button.

7. You can also create custom tables by changing any of  the following parameters in the yellow boxes:

Initial Brix in Table; Final Brix in Table; Brix Increment in Table; RI Temperature,  C; and/

or Reference Temperature,  F.  This is done by selecting the yellow cell beside the parameter of

your choice and entering the information you wish the program to calculate.

8. Additionally, you can create Brix tables for custom blends of  syrups, by first creating a new syrup

definition in the Syrup Definition section of  the program (see this section of  the manual for

further details).  Once created, you can select this from the Select Syrup drop down menu and

proceed to generate the desired tables
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Individual Calculations

1. To use the Individual Calculations function, click on the corresponding button on the title page

of  the program.  This will bring you to the Individual Calculations sub-menu, which looks like

this:

2. From this menu, you can generate individual calculations for standard compositions of  corn

syrup, or return to the home page, by clicking the Opening Page tab at the bottom of  the

screen.

3. Select a syrup type by clicking on the arrow of  the Select Syrup drop down menu.

4. In this sub-menu, you can also select the Brix type, by clicking on the arrow of  the Select Brix

Type drop down menu, as well as change a number of  different parameters, indicated by the

pink and yellow cells.  When entering numbers into the different parameter cells, remember to

hit Enter to confirm your selection.  Each time you change parameters, the Calculation Re-

fresh button will turn red, indicating that you must click it to generate new calculations.  This

information can be reflected as: Calculation Using RI, Calculation using DS or whichever

Brix type you select from the Brix Type drop down menu.

5. When changing parameters in the pink box, remember that the saccharide concentration must

equal 100%.  If  you enter in a value that causes the concentration to equal more or less than

100%, you will receive an error message telling you that you must change your other parameters

to compensate.  If  this message does not show up automatically, it will show up when you try to

refresh the calculations.
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6. After generating the syrup composition and/or changing parameters, you can also generate

calculations by changing the RI at 20  C, %DS or Brix (DS of  100% Sucrose) by changing

these parameters in the yellow cells of  the corresponding boxes.  Again, you will need to refresh

the calculations when you finish entering your parameters.

7. Additionally, you can create individual calculations for custom blends of  syrups, by first creating

a new syrup definition in the Syrup Definition section of  the program (see this section of  the

manual for further details).  Once created, you can select this from the Select Syrup drop down

menu and proceed as normal.
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Syrup Definition

1. To use the Syrup Definition function, click on the corresponding button on the title page of  the

program.  This will bring you to the Syrup Definition sub-menu, which looks like this:

2. The Parameter List is equipped with 13 standard syrup compositions, indicated in the green cells,

that cannot be modified.  Directly following these standard compositions are several yellow cells that

can be utilized to create user-defined syrups.  To do this, scroll down to the yellow area and enter in

a name for the syrup.  Go across the table, and enter in the composition of  the syrup.  Note:

Saccharide composition is on a carbohydrate basis and must total 100.0%.  The program will not

allow for the creation of  a syrup above or below that value and will give an error message, indicating

that you must change your values to create the proper balance.

3. Once created, a user-defined syrup can be utilized in other parts of  the program.  These will be

located in the Select Syrup drop down menu in all other parts of  the program.  Should you wish to

delete a user-defined syrup, highlight the name and composition cells for that syrup to select the

information in that row.  Hit the delete button to erase the data.  Note: The program will not allow

you to select the entire row and delete, as there is formatting that is write-protected.

4. In the event that you run out of  available space in the yellow area, select the bottom row, then click

Insert on the toolbar.  Select Row from the drop down menu.  Repeat as needed.
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Corn Syrup Analysis                                                                            E-54-17

REFRACTIVE INDEX

PRINCIPLE

The index of refraction of a substance is the ratio of the velocity of light in a vacuum to its
velocity in the substance.   This, in turn, is dependent on composition, concentration (e.g. dry
substance) and temperature of the substance.  When solids composition and temperature are
known, index of refraction is a measure of dry substance (Note 1).

SCOPE

The method is applicable to corn syrup (including those contain-ing high fructose),
maltodextrin solutions, dextrose and sucrose solutions, invert sugar, and blends.

SPECIAL APPARATUS

1. Refractometer:  An instrument is necessary with a range of indices from 1.32 or lower
to 1.53 or higher, accurate to 0.0001 unit.  It should be so constructed that samples can
be introduced with ease and speed, and the instrument should be easily cleaned.

Follow the manufacturer’s instructions for use of the particular instrument.  Standardize
using purified  water and the test block supplied with the instrument; calibration with
the test block must be performed at the temperature specified by the supplier.  The
refractometer is convenient-ly standardized using sucrose solutions of known
concentration and refractive index (Note 2).

2. Water Bath:  Operate at a temperature of 20 C or 45 C.  It should be sufficient in size
to allow circulation of water, by means of a pump, through the refractometer so that
the refractometer temperature, especially the prism faces, is controlled within ± 0.2 C
of that prescribed for the bath (Note 3).

3. Light Source:  Frosted incandescent bulb

PROCEDURE

Dilute syrups are best applied with a dropper, while concentrated syrups are handled most
conveniently with a fire-polished glass rod.  After water bath and refractometer have reached the
prescribed temperature, apply sample to the prism face, and close the prism in minimum time
possible, so as to avoid sample concen-tration change (Note 4).  Examine the optical field through
refractometer observation lens; if the light and dark fields are not separated by a sharp line,
remove the sample, clean and dry the prism faces, and apply a fresh sample.  Read the index,
estimating to the nearest 0.0001 unit, as soon as temperature equilibrium is indicated by constant
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readings (not more than 3 minutes) (Note 5).  Prior to applying any sample, rinse the prism faces
with purified water at the bath temperature (20 C or 45 C), to facilitate temperature equilibration.

CALCULATION

If desired, obtain the percent dry substance of the sample by reference to the appropriate
attached table (Note 6).

NOTES AND PRECAUTIONS

1. The attached tables relating refractive index to dry sub-stance for commercial corn
syrups, high fructose corn syrups and selected blends were developed based on
investigations by Augustana Research Foundation (Rock Island, Illinois), with the
financial support of the Corn Refiners Association, Inc.  See:  Anna M. Wartman,
Caroline Hagberg and Morton A. Eliason, Journal of Chemical and Engineering Data,
Vol. 21, No. 4, October 1976, pages 459-468; Anna M. Wartman, Alan J. Bridges,
and Morton  A. Eliason, Journal of Chemical and Engineering Data, Vol. 25, No. 3,
July 1980, pages 277-282.  See also:  Frank A. Kurtz and Morton A. Eliason, Journal
of Chemical and Engineering Data, Vol. 24, No. 1, January 1979, pages 44-45.  Tables
relating refractive index and concentration for pure dextrose solutions have been
reported by F. W. Zerban and M. Martin, Journal of the Association of Official
Agricultural Chemists, Vol. 27, 1944, page 295.  Similar data for solutions of pure
fructose, pure maltose  and pure sucrose are given in the following articles:  U. S.
Department of Commerce, National Bureau of Standards, Circular No. C440, Table
129; R. C. Weast, Handbook of Chemistry and Physics, 53rd Edition, Chemical Rubber
Company, Cleveland, Ohio, 1972, page D-196; and International Sugar Journal, Vol.
39, 1937, page 225.

2. Sucrose solutions of known concentration are easily prepared using purified crystalline
sucrose from the National Bureau of Standards.  These solutions, when examined
using the techniques described under “Procedure,” are excellent for refractometer
standardization.  Refractive indices for sucrose solutions at the concentrations and
temperatures given below, are reported by the National Bureau of Standards.
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                           REFRACTIVE INDEX AT DEGREES C
               ____________________________________________

       SOLIDS,%     20.0      30.0      35.0     40.0     45.0     50.0
________   ____________________________________________

45.0          1.4099  1.4082  1.4073  1.4064  1.4054  1.4044
46.0          1.4119  1.4102  1.4093  1.4084  1.4074  1.4064
47.0          1.4139  1.4122  1.4114  1.4104  1.4095  1.4084
48.0          1.4160  1.4143  1.4134  1.4125  1.4115  1.4105
49.0          1.4180  1.4164  1.4155  1.4145  1.4135  1.4125
50.0          1.4201  1.4184  1.4175  1.4166  1.4156  1.4146
51.0          1.4222  1.4205  1.4196  1.4187  1.4177  1.4167
52.0          1.4244  1.4226  1.4217  1.4208  1.4198  1.4188
53.0          1.4265  1.4248  1.4238  1.4229  1.4219  1.4209
54.0          1.4286  1.4269  1.4260  1.4250  1.4240  1.4230
55.0          1.4308  1.4291  1.4281  1.4272  1.4262  1.4252
56.0          1.4330  1.4312  1.4303  1.4293  1.4283  1.4273
57.0          1.4352  1.4334  1.4325  1.4315  1.4305  1.4295
58.0          1.4374  1.4356  1.4347  1.4337  1.4327  1.4317
59.0          1.4396  1.4379  1.4369  1.4359  1.4349  1.4339
60.0          1.4419  1.4401  1.4391  1.4382  1.4372  1.4361
61.0          1.4442  1.4424  1.4414  1.4404  1.4394  1.4384
62.0          1.4464  1.4446  1.4437  1.4427  1.4417  1.4406
63.0          1.4488  1.4469  1.4460  1.4450  1.4440  1.4429
64.0          1.4511  1.4492  1.4483  1.4473  1.4463  1.4452
65.0          1.4534  1.4516  1.4506  1.4496  1.4486  1.4475

3. If the refractometer temperature is lower than room temperature, there is a tendency
for the prisms to fog, especially at high relative humidities. Also, thick viscous syrups
present difficulties which are best overcome at higher temperatures where their
viscosities are sharply decreased.

Hose connections between the water bath and refractometer must be the shortest
length possible to avoid temperature differences.  Hose insulation is recommended.
A 1 C temperature discrepancy corresponds to a dry substance discrepancy of about
0.1%.

4. For accurate measurements particularly with warm samples, speed in application of
the sample and closing the prism is imperative.  No more than 2-3 seconds should be
consumed in this operation.  Also, water used to rinse the prism faces should be at the
measuring temperature specified.
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5. When analyzing freshly-prepared solutions of crystalline sugars, mutarefraction
equilibrium must be attained before accurate refractive index values can be obtained.
Equili-bration can be hastened by heating and is obtained when the optical rotation
stabilizes.  In addition, solutions of pure sugars, and syrups exhibiting a crystallization
tendency, must be completely free of all crystalline materials because they prohibit
accurate refractive index measurement.

6. Tables I and II contain dry substance-refractive index data at 20 C and 45 C for
commercial corn syrups; similar data for high fructose corn syrups and several examples
of blended products are contained in Tables III and IV.  Table V contains ash and D.E.
corrections for syrups having compositions slightly different from those represented
in Tables I - IV.

The refractive index/dry substance relationship will vary with composition.  These
tables are based upon the saccharide composition of typical corn syrups, high fructose
corn syrups and blends at the time of publication.  A computer program, RI-DS,
which will produce tables based upon user-supplied saccharide compositions is
available for purchase from Corn Refiners Association, Inc.  Tables suited for the
needs of particular end-users of these products may be produced, e.g., tables contained
in Quality Guidelines and Analytical Procedures Bibliography for “Bottlers” High
Fructose Corn Syrup 42 and 55, Society of Soft Drink Technologists, 4419 41st Street,
Brentwood, MD  20722.  For discussion of the mathematical models necessary for
construction of tables for products of different composition, see J. Chem. Eng. Data,
No. 1, January 1979, pp. 44-45, J. Chem Eng. Data, Vol. 25, No. 3, July 1980, pp.
277-282 and J. Agr. Food Chem., Vol. 32, 1984, pp. 974-979.

Abbreviations  used in Tables I - V are identified as follows:

D.E. = Dextrose Equivalent
D.S. = Dry Substance
HM = High Maltose
IX = Ion-exchanged
D.B. = Dry Basis
CS = Corn Syrup
HFCS-42 = High Fructose Corn Syrup containing 42% (db) Fructose
HFCS-55 = High Fructose Corn Syrup containing 55% (db) Fructose
HFCS-90 = High Fructose Corn Syrup containing 90% (db) Fructose
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