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Refractive Index—Dry Substance Relationships for Commercial
High-Fructose Corn Syrups and Blends

Anna M. Wartman,* Alan J. Bridges, and Morton A. Ellason

Augustana Research Foundation, Augustana College, Rock Island, lllinois 61201

A study of the refractive index-dry substance relationships
has been made for a variety of high-fructose corn syrups
and blends of these with sucrose, medium Invert syrup,
and 64 D.E. corn syrup. Dry substance levels from 0 to
80% and temperatures from 20 to 60 °C were included in
this study. The results for nine product types are
presented In the form of tables and of mathematical
equations obtained by regression analysis. In addition,
tables designed for the purpose of converting refractive
index measurements to dry substance contents have been
prepared and are Included In this report. Finally, a
general model which represents this work, earlier work on
refractive index-dry substaince relationships for corn
syrups, and iHerature data for glucose, maitose, sucrose,
fructose and Invert syrup Is described.

Introduction

Refractive index—dry substance content relationships have
been established for a variety of commercial high-fructose corn
syrups (HFCS) and for blends of these with sucrose, medium
invert syrup, and 64 dextrose equivalent (D.E) corn syrup. This
work extends the earlier work of Wartman, Hagberg, and Ekason
(7) on commercial corn syrups. In the current study, mea-
surements were made on nine products, each at eight or more
dry substance levels ranging from 20 to 80% and at four tem-
peratures from 20 to 60 °C for each dilution. The nine products
were provided by member companies of the Corn Refiners
Association, Inc. (CRA). Additional studies on solutions of pure
fructose confirmed the validity of published tables (6).

The data for each product are avaiiable in tabular form from
the Corn Refiners Association, Inc., 1001 Connecticut Avenue
N.W., Washington, D.C., and are available as supplementary
material. These data were fitted by regression analysis to a
suitable function for each product. The results of the regression
analysis are also included in the supplementary material. These
functions were then used to generate convenient working tables
which may be used to convert refractive index readings to dry
substance values.

Analysis of the residuals (observed minus calculated values)
indicates that the data are consistent internally and that the
simple mathematical model previously used is capable of rep-
resenting these new data as well. In addition, F. A. Kurtz at
CPC International, Inc., has continued his work ( 7) on a single
model to represent all syrups, blends, and solutions of individual
sugars. The current status of this model is described in the
Appendix; it gives further evidence that the current data are
consistent with the earlier results (7) and it demonstrates the
relationship between refractive index—dry substance behavior
and composition.

Samples

Samples of three different commercial high-fructose corn
syrups, a 64 D.E. com syrup, sucrose, and a medium invert syrup
were obtained from member companies of the CRA. The

Table I. Blend Stock Analysis

%
dry
fruc- glu- sub-

blend stock tose cose DP2 DP3* ash stance
HFCS 42¢ 43.2 49.0 39 39 002 707
HFCS 55¢ 554 40.3 3.0 13 0.02 769
HFCS 90¢ 90.8 1.7 1.2 03 0.02 80.7
med invert 28.8 286 426 0.04 779
64 D.E. corn syrup 38.2 29.7 321 0.63 820

(dual conversion)

sucrose 99.9 0.1 0.01

@ High-fructose corn syrups having a nominal fructose content of
42, 55, and 90% respectively.

Table II. Composition of Syrups and Blends

%
fruc- glu- su- mal-
no. sample tose cose DP, crose tose DP,* ash
1 HFCS 42 43.2 49.0 3.9 3.9 0.02
2 HFCS 55 554 40.3 3.0 1.3 0.02
3 HFCS 90 90.8 7.7 1.2 0.3 0.02
4 50 HFCS 42/ 22.1 249 509 50.2 0.7 21 0.02
50 sucrose
5 50 HFCS 55/ 41.3 351 220 209 1.1 1.6 0.04
50 med inv
6 25 HFCS 42/ 309 343 324 31.8 06 24 0.04
75 med inv
7 50 HFCS 42/ 35.2 39.5 224 21.5 09 29 0.04
50 med inv
8 40 HFCS 42/ 17.2 429 18.9 21.0 0.38
60 CS 64 D.E.
9 25 HFCS 42/ 11.2 41.2 223 25.3 0.46
75 CS 64 D.E.

compositions of these are given in Table I.

Blends of these were prepared and evaporated to about 80%
dry substance at the Moffett Technical Center of CPC Inter-
national, Inc., Argo, Ill. Samples of these products were de-
livered to this laboratory for the dry substance content-refractive
index studies and to the laboratories of Clinton Corn Processing
Co., Clinton, Iowa, A. E. Staley Manufacturing Co., Decatur, IIi.,
and American Maize-Products Co., Hammond, Ind., for com-
position analysis.

Descriptions of these products and their compositions are
given in Table II. The blends were made on a weight-dry
substance basis. Analysis of these products made at the Moffett
Technical Center before and after the period of the study in-
dicated that no composition changes occurred during the 3-
month interval.

Fructose used in these studies was obtained from Pfanstiehl
Laboratories, Inc., Waukegan, Ill., as p-fructose, NRC. Purity
of this material was confirmed chromatographically at Moffett
Technical Center. Glucose and sucrose reference samples were
obtained from the National Bureau of Standards.

Experimental Detalls

The experimental detalils, equipment, and methods were as
described previously (7). In this study, dry substance (D.S.)
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Table I11. Validation of Vacuum OQOven-Filter Aid
Method (3) at 70 °C

% D.S. % D.S.
sample % moisture® by wt by oven
fructose 0.034 38.89 38.81
fructose 0.034 64.36 64.31
glucose 0.035 51.66 51.60
sucrose 0.0087 64.41 64.41
33.23% fructose
35.04% glucose 0.027 38.77 38.76

31.73% sucrose
33.31% fructose

29.74% glucose 0.027 64.34 64.24
36.95% sucrose
53.28% fructose 0.034 65.67 65.55
46.72% glucose
87.60% fructose 0.034 67.27 67.21
12.40% glucose

@ These were determined for the reference sugars by drying
under vacuum for 5 h at 70 °C and calculated for the mix tures.

Table IV. Refractive Indices at 20 °C for Solutions of
Sucrose and Glucose

% dry "D
substance obsd lit.9 difference
Sucrose (see ref 4)

9.80 1.347 52 1.347 50 +0.000 02
19.61 1.363 14 1.363 19 —0.000 05
29.51 1.380 21 1.380 28 -0.000 06
39.45 1.398 78 1.398 88 -0.000 10
49.23 141845 1.418 49 —-0.000 04
61.49 1.445 28 1.445 29 -0.000 01
64.55 1.452 30 1.452 38 -0.000 08

Glucose (see ref 9)

9.82 1.347 45 1.34748 ~0.000 03
19.67 1.362 96 1.363 02 -0.000 06
29.45 1.379 53 1.379 55 -0.000 02
49.34 1416 92 1.416 93 —-0.000 01
59.82 1.439 02 1.438 79 +0.000 23%
64.40 1.448 80 1.448 85 -0.000 05

9 By interpolation. ? Statistical outlier.

content was determined by the vacuum oven-filter aid method
(3). Because of the high levels of monosaccharides in these
products, the dry substance determinations were made at 70
°C. In order to validate the procedure, we carfully prepared
and analyzed known solutions containing glucose, fructose,
sucrose, and mixtures.

The pure sugars were not dried prior to solution preparation.
The D.S. of each solution was calculated after a separate
moisture content determination was made on each pure sugar.
The results of these validation experiments, given in Table III,
indicate that the oven method gives satisfactory results. Re-
fractive index measurements were made with a Bausch and
Lomb Precision (sugar) refractometer equipped with a prism
covering the range 1.20-1.50, using a sodium vapor lamp as
light source. This instrument was standardized by using the
standard glass test piece (at 20 °C); redistiled water was
subsequently used to check the reading each day and at each
temperature. The difference between the individual reading on
water and the published value (5) was used to correct the
readings on each syrup sample. These differences ranged from
0.00001 at 20 °C to -0.000 12 at 60 °C.

Measurements of refractive index were made on a series of
carefully prepared solutions of reference sucrose and glucose
at 20 °C. The results of these measurements are given in Table
IV. This study indicates a small but systematic negative de-
viation of the observed values from the literature values (4, 9).
Therefore in subsequent work a correction has been added to
each observed value amounting to 0.000 00 at a D.S. of zero

to 0.00005 at a D.S. of 60 and proportionally for other D.S.
values.

Data Reduction

The data reduction program was patterned after that used
in the previous study (7). The data were fitted to the equation

1

;7—9 - np,Hy
(A;+ Ays+ AzsYs+ B, + (Bys + Bysd(t- 20) (1)

(1 + 0.0277701sX1 - s) +

where np is the refractive index of the solution at temperature
1°C, np,H,0 is the refractive index of water at temperature 1,
and s is percent dry substance/100.

For each product, stepwise multipie linear regression analysis
was first used to determine the temperature coefficients, B,,
B,, and B;. These coefficients were then used to reduce all
of the data to 20 °C and stepwise multiple linear regression was
again used, this time to obtain the dry substance coefficients,
A4, A, and A, Because most of the current products were
of low ash content, the ash relation established in ref 7 was used
to make minor corrections in the final working tables.

Results

The experimental data for the product samples obtained in
this study are available as supplementary material. Equation
1 with the coefficients given in Table V (with minor corrections
for ash content) were used to generate the smoothed data
tables, Tables VI-XIV. The regression coefficients A, A,,
and A; were obtained for syrups and blends with compositions
indicated in Tables I and II. Those compositions differed slightly
from the typical compositions for high-fructose corn syrup:

% higher
% % % disac- sac-

fructose glucose charides charides
HFCS-42 42 52 3.7 2.3
HFCS-55 55 40.5 3.2 1.3
HFCS-90 90 7 1.9 1.1

The effect of the compositional change on refractive index of
the syrups and blends was determined by using the composition
equation presented in the Appendix. The incremental change
in refractive index was used to adjust the indices for the
smoothed tables, Tables VI-XIV. Corrections and interpolations
within these tables may be made easily with the use of the
correction tables given in ref 1.
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Appendix

Data from this study have been combined with those of the
previous study (7) (samples 1-10) and literature data on glucose
(9), fructose (76), maltose (8), invert (2), and sucrose (4)
solutions to produce a comprehensive composition, temperature,
dry substance equation or model. Stepwise, linear multiple
regression analysis was used by F. A. Kurtz at Moffett Technical
Center of CPC International, Inc., to give an expanded version
of his eariier model ( 7). The exact form of this equation is given
below, where np is the refractive index of the solution at tem-



Table V. Regression Coefficients for Equation 1
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dry substance temperature
sample A, A, A, B, B, B,
1 0.6496210 —-0.001 2595 0.001 049 8 —0.000 020 4 0.000 147 8 —~0.000 045 8
2 0.649 840 3 -0.001 1379 0.000 8177 -0.000018 8 0.000 144 5 ~0.000 034 6
3 0.650 034 0 —0.001 599 3 0.001 3598 -0.000 0150 0.000 160 1 -0.000036 5
4 0.648 947 8 —0.000 2226 -0.001 4284 -0.0000159 0.000 1319 -0.000 032 8
5 0.649447 17 -0.001 0823 0.0003158 ~0.000015 5 0.000 1421 -0.000 036 5
6 0.649 3236 —0.001087 8 0.000 203 8 ~0.000 007 3 0.000 1352 —-0.000 0358
7 0.6492725 —-0.000 987 6 0.0003921 ~-0.000 009 9 0.000 140 8 —0.000 037 8
8 0.648 106 9 —0.000948 0 —-0.000 2196 —0.000 004 3 0.0001311 —0.000 035 7
9 0.647 900 3 ~0.001 409 5 -0.000 089 2 -0.000 007 2 0.000 1302 —0.000 0386
Table V1. High-Fructose Corn Syrup 42, 0.05% Ash (d.b.) Table VII. High-Fructose Com Syrup §5, 0.05% Ash (d.b.)
% dry refractive index % dry refractive index
sub- sub-
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C
0 1.332 99 1.331 94 1.329 85 1.327 25 0 1.332 99 1.331 94 1.329 85 1.327 25
2 1.335 88 1.334 79 1.33265 1.330 02 2 1.335 87 1.334 79 1.33265 1.330 02
4 1.338 77 1.337 65 1.335 47 1.332 79 4 1.338 76 1.337 64 1.335 46 1.33279
6 1.341 71 1.340 55 1.338 33 1.33561 6 1.341 70 1.340 54 1.338 32 1.335 61
8 1.344 70 1.343 50 1.341 23 1.338 48 8 1.344 68 1.343 49 1.341 22 1.338 48
10 1.347 72 1.346 50 1.344 18 1.341 40 10 1.347 71 1.346 48 1.344 17 1.341 39
12 1.350 80 1.349 54 1.347 18 1.344 36 12 1.350 78 1.349 52 1.347 17 1.344 35
14 1.353 92 1.352 62 1.350 22 1.347 37 14 1.353 89 1.352 60 1.350 20 1.347 36
16 1.357 09 1.355 75 1.353 31 1.35042 16 1.357 06 1.355 73 1.353 29 1.350 41
18 1.360 30 1.358 93 1.356 45 1.353 53 18 1.360 27 1.358 91 1.356 43 1.353 51
20 1.363 56 1.362 16 1.359 63 1.356 68 20 1.363 52 1.362 13 1.35961 1.356 66
22 1.366 87 1.365 44 1.362 87 1.359 88 22 1.366 83 1.365 40 1.362 84 1.359 86
24 1.370 23 1.368 76 1.366 15 1.363 14 24 1.370 18 1.368 72 1.366 12 1.363 10
26 1.373 63 1.372 14 1.369 49 1.366 44 26 1.373 58 1.372 09 1.369 44 1.366 40
28 1.377 09 1.375 56 1.372 87 1.369 80 28 1.377 03 1.375 51 1.372 82 1.369 75
30 1.380 59 1.379 03 1.376 31 1.373 20 30 1.380 54 1.378 97 1.376 25 1.373 14
32 1.384 15 1.382 56 1.37979 1.376 66 32 1.384 09 1.382 49 1.37973 1.376 59
34 1.387 76 1.386 13 1.383 33 1.380 17 34 1.387 69 1.386 06 1.383 26 1.380 09
36 1.391 41 1.389 76 1.386 92 1.383 73 36 1.391 34 1.38968 1.386 84 1.383 64
38 1.395 12 1.393 44 1.390 §7 1.387 35 38 1.395 05 1.393 36 1.390 48 1.387 25
40 1.398 89 1.397 17 1.394 26 1.391 02 40 1.398 81 1.397 08 1.394 16 1.390 91
42 1.402 70 1.400 96 1.398 02 1.394 75 42 1.402 62 1.400 86 1.397 91 1.394 62
44 1.406 57 1.404 80 1.401 82 1.398 53 44 1.406 49 1.404 70 1.40170 1.398 39
46 1.410 49 1.408 69 1.405 68 1.402 37 46 1.41041 1.408 59 1.405 55 1.402 22
48 1.414 47 1.412 64 1.409 60 1.406 27 48 1.414 38 1.412 53 1.409 46 1.406 10
50 1.418 51 1.416 65 1.413 58 1.410 22 50 1.418 41 1.416 53 1.413 43 1.410 04
52 1.42260 142071 141761 1414 23 52 1.422 50 1.420 59 1.417 45 1.414 03
54 1.426 75 1.424 83 1.421 70 1.418 30 54 1.426 65 1.424 71 1.421 53 1.418 08
56 1.43095 1.429 01 1.425 85 1.422 43 56 1.430 85 1.428 88 1.425 66 1.422 20
58 1.43522 1.433 25 1.430 06 1.426 62 58 1.435 11 1.433 11 1.429 86 1.426 37
60 1.439 54 1.437 55 1.434 33 1.430 87 60 1.439 44 1.437 40 1.434 12 1.430 60
62 1.443 92 1.441 91 1.438 66 1.43519 62 1.443 82 1.441 75 1.438 44 1.434 950
64 1.448 37 1.446 33 1.443 05 1.439 56 64 1.448 26 1.446 17 1.442 81 1.439 25
66 1.452 87 1.450 81 1.447 50 1.444 00 66 1.452 77 1.450 64 1.447 26 1.443 67
68 1.457 44 1.455 35 1.452 02 1.448 51 68 1.457 33 1.45518 1.451 76 1.448 16
70 1.462 07 1.459 96 1.456 60 1.453 08 70 1.461 97 1.459 78 1.456 33 145271
72 1.466 77 1.464 63 1.461 25 1457171 72 1.466 66 1.464 45 1.460 97 1.457 32
74 1.471 52 1.469 36 1.465 96 1.462 41 74 1.471 42 1.469 18 1.465 67 1.462 00
76 1.476 35 1.474 16 1.470 74 1.467 18 76 1.476 25 1.473 98 1.470 43 1.466 75
78 1.481 24 1.479 03 1.475 59 1.472 02 78 1.481 15 1.478 85 1.475 27 1.471 56
80 1.486 20 1.483 97 1.480 51 1.476 93 80 1.486 11 1.483 78 1.480 17 1.476 45
82 1.491 22 1.488 97 1.485 49 1.481 91 82 1.491 14 1.488 78 1.485 14 1.481 41
84 1.496 32 1.494 05 1.490 55 1.486 96 84 1.496 24 1.493 86 1.490 19 1.486 43

1

nD nD,H2O

1
= (1 + 0.0277701s)(1 - s) + [Cy + Cuas t+

5
2 (At Aps+ Ags® + A V)V]s- By + [B,V, +
i=1

ByV, + BV, + V, + Vi) + Bys]s(t- 20)

perature t °C, np,H,0 is the refractive index of pure water at
temperature t °C, s = grams of dry substance per gram of

solution, and V-V are the weight fractions of glucose, fructose,
maltose, sucrose, and other saccharides, respectively {(carbo-
hydrate dry basis). The regression coefficients are shown in
Table Al

The differences in refractive index (at high dry substance)
between tables published for the various syrups and sugars and
those calculated are in Table AIl and show generally good
agreement.
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Table VIII. High-Fructose Com Syrup 90, 0.05% Ash (d.b.)

7::3 refractive index 7:3;_}] refractive index
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C
0 133299  1.33194 132985  1.32725 44  1.406 48  1.404 56 1.40138  1.397 88
2 133586  1.33477 133263  1.32998 46 141040 1.40844  1.40521 1.401 68
4 133875 1.33762 133542  1.33274 48 141437  1.41238  1.409 10 1.405 53
6 1.34169  1.340 51 1.33827  1.33553 50 1.41840  1.416 37 1.413 05 1.409 44
8 134467  1.343 45 1.341 15 1.338 38 52 1.42249  1.42042 1.41705 1.413 41
10 134769  1.34644  1.34409  1.34127 54  1.42663 1.424 53 1.42111 1.417 43
12 1.35076 1.349 47 1.347 07 1.344 20 56 1.43083  1.42869  1.42523 1.421 52
14 1.35388  1.35255 1.35009  1.34719 58 143508  1.432091 1.42940  1.42566
16 1.35704  1.35567 1.353 16 1.350 22 60 143940 1.43719 1.43364  1.42986
18 1.36025 1.35884 135628  1.35329 62 1.44378  1.44153 1.43793  1.43412
20 1.36351 1.362 06 1.359 45 1.356 42 64 144821 1.445 93 1.44229  1.43845
22 136681 136532  1.36267  1.35960 66 145271 1.45039  1.44670  1.44283
24 137017  1.36864  1.36593  1.362 82 68  1.45727 1.454 91 145118  1.44728
26 1.37357  1.37200  1.36925 1.366 09 70 1.46189 145949 145572 145179
28 1.37702 137542 137261 1.369 42 72 1.466 57 1.464 14 1.46033  1.456 36
30 1.380 52 1.378 88 1.376 03 1.372 79 74 147132 1.468 85 1.465 00 1.461 00
32 138408  1.38239 137949 1376 22 76 1.476 13 147362 146973 1.465 70
34  1.38768  1.38596 1.38301  1.379 70 78  1.48100  1.47846 1.474 53 1.470 47
36  1.39133 1.389 57 1.386 57  1.38323 80  1.48595 1.483 37 1.47940 147531
38 1.39504  1.39324  1.39019  1.386 81 82 1.49096  1.48835 1.48433  1.48022
40 1.39880  1.396 96 1.39387  1.390 44 84  1.496 03 1.493 39 1.489 33 1.485 19
42 1.40261 1.40074  1.39759  1.394 13
Table IX. 50% HFCS-42/50% Sucrose, 0.05% Ash (d.b.) Table X. 50% HFCS-55/50% Medium Invert, 0.05% Ash (d.b.)
7‘;:;_}' refractive index %S:;_y refractive index
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C
0 133299 133194 132985 1.327 25 0 1.33299  1.33194 132985 1.327 25
72 1.33590  1.33482  1.33269  1.33006 2 133588  1.33480  1.33266 1.330 03
4 1.33882 133771 133554  1.33288 4 133879  1.33767 1.33549  1.33282
6 1.34179  1.34065 1.33844  1.33575 6 134173 1.340 58  1.338 36 1.335 66
8 134480  1.34363 1.34139  1.33867 8  1.344 73 1.343 54  1.34128  1.338 54
10 1.34785  1.346 65 1.344 37 1.341 63 10 134777  1.346 55 1.344 25  1.34147
12 135095 1.34972  1.34741 1.344 63 12 1.35085 1.34960  1.347 26 1.344 45
14  1.35410  1.35284 1.35049  1.34769 14 1.35399  1.35270 1.35031 1.347 48
16 1.35729 1.35600 1.35362  1.35079 16  1.35716 1.35584 135342  1.35055
18  1.360 53 1.359 21 1.356 79 1.353 94 18  1.36039 135904 135657  1.35367
20 1.36382  1.36247 1.36002  1.357 13 200 1.36366  1.36228  1.35977  1.356 84
22 136716 1.36578  1.36329  1.36038 22 1.36698  1.36557 1.36302  1.36006
24 137054 136914  1.366 61 1.363 68 24 137035 1.36890  1.36632  1.36332
26 1.37398  1.37254  1.36999 1.367 03 26 1.373 77 1.372 29 1.369 67 1.366 64
28  1.37747 137600 1.37341 137043 28  1.37724 137573 1.37307  1.37001
30 1.38101 1.379 51 1.376 89  1.373 88 30  1.38076  1.37922 137652 137343
32 1.38460 1.38308  1.38042 137739 32 1.38433 1.38276 1.38002  1.376 91
34  1.388 24 1.386 69 1.384 00  1.38095 34 1.387 96 1.386 35 1.383 57 1.380 44
36 1.39194  1.390 36 138764  1.384 57 36 1.391 63 1.38999 138718  1.384 02
38 1.39570  1.39409  1.391 34 1.388 24 38 1.39536 1.39369  1.39084  1.38765
40  1.399 51 1.39787  1.39509  1.39197 40  1.399 14 1.39744  1.394 56 1.391 34
42 1.403 37 1.401 71 1.39890  1.395 76 42 140298  1.40125  1.39833 1.395 08
44  1.40730  1.40561 1.402 76 1.399 60 44  1.406 87 1.405 11 1.402 16 1.398 89
46 1.41128  1.40957 1.406 69  1.403 51 46 1.41082  1.40903 1.406 04  1.40274
48 141532  1.41358  1.41067 1.407 47 48 141482  1.41301 1.409 98 1.406 66
50 1.41942 141766 1.41472  1.41150 50 1.41889 1.41704 141398  1.41064
52 1.42359 142180 141883  1.41559 52 142301 1.421 13 1.418 04 1.414 67
54  1.42781 1.426 00  1.42300 1.41974 54 142718 1.42528  1.42215 1.418 76
56  1.43210  1.43026 1.42724  1.423 96 56 1.43142  1.42949  1.426 33 1.422 92
58  1.43646  1.43459 143154 142825 58  1.43572 1.43376  1.43057 1.427 14
60 144088 143898 143591 1.432 60 60 1.44008  1.43809  1.43487 1.431 42
62  1.44537 1.443 45 1.440 34  1.43701 62 1444 51 1.442 49 1.439 23 1.43576
64  1.44992  1.44797 144484  1.44150 64  1.44899 144694 144366 1.440 17
66 1.454 54 145257 1.44942  1.446 06 66 145354 145147 1.448 15 1.444 64
68 1.459 24 1.457 24 1.454 06 1.450 69 68 1.458 16 1.456 05 1.452 71 1.449 18
70 146400 1.46198  1.45878  1.45539 70 146284 146071 145733 145379
72 1.468 84 1.466 80  1.463 56 1.460 17 72 146758  1.46543  1.46202  1.45846
74 147375 147169  1.46843 1.465 02 74 147240 147021 1.466 78  1.463 20
76 1.47874  1.476 65 1.473 37 1.469 95 76  1.47728 147507 147161 1.468 02
78 1.483 81 1.481 69 1.478 39 1.474 95 78 1.482 23 1.480 00  1.476 51 1.472 90
80  1.48895 1.486 81  1.48348 1.480 04 80  1.48726 1.48500  1.48149 1.477 86
82  1.49417 1.492 01 1.48866  1.48520 82  1.49235 1.490 07  1.486 53 1.482 89

84 1.499 47 1.497 29 1.493 92 1.490 45 84 1.497 52 1.495 21 1.491 65 1.488 00
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Table XI. 25% HFCS-42/75% Medium Invert, 0.05% Ash (d.b.)

% dry refractive index % dry refractive index
sub- sub-
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C
0 1.33299 1.331 94 1.329 85 1.327 25 44 1.406 91 1.405 21 1.402 34 1.399 15
2 1.335 87 1.334 78 1.332 65 1.330 02 46 1.410 87 1.409 14 1.406 23 1.403 03
4 1.338 77 1.337 66 1.33549 1.332 83 48 1.414 88 141312 1.410 19 1.406 96
6 1.341 72 1.340 58 1.338 37 1.33568 50 1.418 94 1.417 16 1.414 20 1.410 95
8 1.344 72 1.343 54 1.341 30 1.338 57 52 1.423 07 1.421 26 1.418 27 1.415 00
10 1.347 76 1.346 55 1.344 27 1.341 51 54 1.427 26 1.425 42 1.422 40 1.41912
12 1.350 85 1.34961 1.347 29 1.344 50 56 1.431 50 1.429 64 1.426 59 1.423 29
14 1.353 98 1.352 71 1.350 35 1.347 54 58 1.43581 1.433 92 1.430 85 1.427 53
16 1.357 16 1.355 86 1.353 46 1.35062 60 1.440 18 1.438 27 1.435 16 1.431 83
18 1.360 39 1.359 06 1.356 62 1.353 76 62 1.444 61 1.442 67 1.439 54 1.436 19
20 1.363 66 1.362 30 1.359 83 1.356 94 64 1.449 10 1.447 14 1.443 98 1.440 62
22 1.366 99 1.365 60 1.363 09 1.360 17 66 1.453 66 1.451 68 1.448 49 1.445 11
24 1.370 36 1.368 94 1.366 40 1.363 45 68 1.458 29 1.456 28 1.453 07 1.449 68
26 1.373 78 1.372 33 1.369 76 1.366 78 70 1.462 98 1.460 94 1.45771 1.454 30
28 1.377 25 1.375 77 1.373 16 1.370 16 72 1.467 74 1.465 68 1.462 42 1.459 00
30 1.380 77 1.379 27 1.376 62 1.373 60 74 1.472 56 1.470 48 1.467 20 1.463 77
32 1.384 35 1.382 81 1.380 14 1.377 09 76 1.477 46 1.475 35 1.472 05 1.46861
34 1.387 98 1.386 41 1.383 70 1.380 63 78 1.482 43 1.480 30 1.476 97 1.473 52
36 1.391 65 1.390 06 1,387 32 1.384 22 80 1.487 46 1.485 31 1.481 97 1.478 51
38 1.395 39 1.393 77 1.390 99 1.387 87 82 1.492 58 1.490 40 1.487 04 1.483 56
40 1.399 17 1.397 53 1.394 72 1.391 58 84 1.497 76 1.495 56 1.492 18 1.488 70

42 1.403 02 1.401 34 1.398 50 1.395 34

Table XIII. 40% HFCS-42/60% 64 D.E. Com Syrup,

Table XII. 50% HFCS-42/50% Medium Invert, 0.05% Ash (d.b.) 0.50% Ash (d.b.)
% dry refractive index % dry refractive index
sub- sub-
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C

0 1.332 99 1.331 94 1.329 85 1.327 25 0 1.33299 1.331 94 1.329 85 1.327 25
2 1.335 87 1.334 79 1.332 66 1.33002 2 1.33591 1.334 82 1.332 70 1.33007
4 1.338 78 1.337 67 1.33549 1.332 82 4 1.338 86 1.337 75 1.335 58 1.33292
6 1.341 74 1.340 59 1.338 37 1.33567 6 1.341 85 1.340 71 1.338 51 1.335 82
8 1.344 74 1.343 55 1.341 29 1.338 56 8 1.344 90 1.343 72 1.341 49 1.338 77
10 1.347 78 1.346 56 1.344 26 1.341 50 10 1.347 98 1.346 78 1.344 51 1.341 76
12 1.350 87 1.349 62 1.347 28 1.344 48 12 1.35112 1.349 89 1.347 58 1.344 80
14 1.354 01 1.35272 1.350 34 1.347 51 14 1.354 30 1.353 04 1.350 69 1.347 89
16 1.357 19 1.355 87 1.353 45 1.350 59 16 1.357 52 1.356 23 1.353 85 1.351 03
18 1.360 42 1.359 07 1.356 61 1.353 72 18 1.360 80 1.359 48 1.357 07 1.354 22
20 1.363 69 1.362 31 1.359 82 1.356 89 20 1.364 12 1.362 78 1.360 33 1.357 45
22 1.367 02 1.36561 1.363 07 1.360 12 22 1.367 49 1.366 12 1.363 64 1.360 74
24 1.370 39 1.368 95 1.366 37 1.363 39 24 1.370 92 1.369 52 1.367 00 1.364 08
26 1.373 81 1.372 34 1.369 73 1.366 72 26 1.374 39 1.372 96 1.370 41 1.367 46
28 1.377 29 1.375 78 1.373 13 1.370 09 28 1.377 91 1.376 46 1.373 88 1.370 90
30 1.380 81 1.379 27 1.376 59 1.373 52 30 1.381 49 1.380 00 1.377 39 1.374 40
32 1.384 38 1.382 82 1.380 09 1.377 00 32 1.38512 1.383 61 1.380 96 1.377 95
34 1.388 01 1.386 41 1.383 65 1.380 53 34 1.388 80 1.387 26 1.384 58 1.381 55
36 1.391 68 1.390 06 1.387 26 1.384 12 36 1.392 53 1.390 97 1.388 26 1.385 20
38 1.395 42 1.393 76 1.390 93 1.387 76 38 1.396 32 1.394 73 1.392 00 1.388 92
40 1.399 20 1.397 51 1.394 65 1.391 45 40 1.400 17 1.398 55 1.395 78 1.39268
42 1.403 04 1.401 32 1.398 42 1.395 20 42 1.404 07 140242 1.399 63 1.396 51
44 1.406 93 1.40519 1.402 25 1.399 01 44 1.408 03 1.406 36 1.403 53 1.400 39
46 1.410 88 1.409 11 1.406 14 1.402 87 46 1.412 04 1.410 35 1.407 49 1.404 34
48 1.414 88 1.413 08 1.410 09 1.406 79 48 1416 11 1.414 39 1.411 52 1.408 34
50 1.418 95 1.417 12 1.414 09 1.410 77 50 1.420 25 1.418 50 1.41560 1.412 40
52 1.423 07 1.421 21 1.418 15 1.414 81 52 1.424 44 1.422 67 1.419 74 1.416 53
54 1.427 24 1.425 36 142227 1.418 91 54 1.428 69 1.426 90 1.423 94 142072
56 1.431 48 1.429 57 1.426 45 1.423 07 56 1.433 01 1.43119 1.428 21 1.424 97
58 143578 1.433 84 1.430 69 1.427 29 58 1.437 39 1.435 55 1.432 54 1.429 28
60 1.440 14 1.438 17 1.434 99 1.431 57 60 1.441 83 1.439 97 1.436 93 1.433'66
62 1.444 56 1.442 57 1.439 35 1.43592 62 1.446 34 1.444 45 1.441 39 1.438 11
64 1.449 04 1.447 02 1.443 78 1.440 33 64 1.450 91 1.449 00 1.445 92 1.442 62
66 1.453 59 1.451 54 1.448 27 1.444 81 66 1.455 55 145362 1.450 51 1.447 20
68 1.458 20 1.456 13 1.452 83 1.449 35 68 1.460 26 1.458 30 1.455 17 1.451 86
70 1.462 88 1.460 78 1.457 46 1.453 96 70 1.465 03 1.463 06 1.459 90 1.456 58
72 1.467 62 1.465 50 1.462 15 1.458 63 72 1.469 88 1.467 88 1.464 71 1.461 37
74 1.47243 1.470 28 1.466 91 1.463 38 74 1.474 80 1.472 77 1.469 58 1.466 24
76 1.477 31 1.475 14 147174 1.468 20 76 1.479 79 1.477 74 1.474 53 1.471 17
78 1.482 26 1.480 06 1.476 64 1.473 08 78 1.484 85 1.482 78 1.479 55 1.476 19
80 1.487 28 1.485 06 1.48161 1.478 04 80 1.489 99 1.487 90 1.484 65 1.481 28
82 1.492 37 1.490 12 1.486 65 1.483 07 82 1.495 20 1.493 09 1.489 82 1.486 45

84 1.497 53 1.495 26 1.491 76 1.488 18 84 1.500 49 1.498 36 1.495 07 1.491 69
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Table XIV. 25% HFCS-42/75% 64 D.E. Com Syrup, 0.50% Ash (d.b.)

%;1?;}] refractive index %;:.;_y refractive index
stance 20°C 30°C 45°C 60°C stance 20°C 30°C 45°C 60°C
0 1.33299 1.331 94 1.329 85 1.327 25 44 1.408 41 1.406 75 1.403 96 1.400 85
2 1.33592 1.334 84 1.33271 1.330 08 46 1.412 45 1.410 77 1.407 95 1.404 82
4 1.338 88 1.337 77 1.33561 1.332 95 48 1.416 54 1.414 85 141200 1.408 85
6 1.341 89 1.340 75 1.338 55 1.335 86 50 1.420 70 141898 1416 11 1.41295
8 1.344 94 1.343 77 1.341 54 1.338 82 52 1.424 92 142318 1.420 28 141711
10 1.348 04 1.346 84 1.344 57 1.341 83 54 1.429 21 1.427 44 1.424 52 1.421 33
12 1.35119 1.349 96 1.347 66 1.344 89 56 1.433 55 1.431 76 1.428 82 142562
14 1.354 38 1.353 13 1.35079 1.347 99 58 1.437 96 1.436 15 1.433 18 1.429 97
16 1.357 63 1.356 34 1.353 97 1.351 15 60 1.442 43 1.440 60 1.437 61 1.434 39
18 1.360 92 1.359 60 1.357 20 1.354 35 62 1.446 97 1.445 11 1.442 10 1.438 87
20 1.364 26 1.362 92 1.360 47 1.357 61 64 1.451 57 1.449 70 1.446 67 1.443 43
22 1.367 64 1.366 28 1.363 80 1.360 91 66 1.456 25 1.454 35 1.451 30 1.448 05
24 1.371 08 1.369 69 1.36718 1.364 27 68 1.460 99 1.459 07 1.456 00 1.452 74
26 1.374 5¢ 1.373 15 1.370 62 1.367 68 70 1.465 80 1.463 86 1.460 77 1457 50
28 1.378 12 1.376 67 1.374 10 1.371 14 72 1.470 68 1.468 72 1.46561 1.462 34
30 1.381 71 1.380 24 1.377 64 1.374 66 74 1.47563 1.473 65 1.470 53 1.467 25
32 1.385 36 1.383 86 1.381 23 1.378 23 76 1.480 65 1.478 66 1.475 52 1.472 24
34 1.389 06 1.387 54 1.384 88 1.381 86 78 1.485 75 1.483 74 1.480 58 1.477 30
3¢  1.39282  1.39127  1.38858  1.38554 80 149093 148889 148572 148244
38 1.396 63 1.395 05 1.392 34 1.389 28 82 1.496 18 1.494 13 1.490 94 1.487 65
40 1.400 50 1.398 90 1.396 15 1.393 08 84 1.501 51 1.499 44 1.496 24 1.492 95
42 1.404 42 1.402 80 1.400 03 1.396 93
Table Al. Regression Coefficient for Equation Al
i j=1 j=2 j=3 ji=4 B; C;
1 0.000 000 0 0.002 856 4 0.000 000 0 -0.0001873 0.000012 4 0.649 547 5
2 0.000 596 7 0.000 0000 0.002 2676 0.000 205 7 -0.000 124 8 -0.002455 5
3 -0.0056336 0.000 0000 0.000 0000 0.003 3743 —0.000 164 2
4 -0.0011151 -0.000426 6 0.000 0000 0.000 7219 —0.000 127 2
5 0.000 000 0 -0.002873 3 0.000 000 0 —-0.005 194 6 0.000 0375
Table AIl. Comparison of Refractive Indices from Publications and by Calculation
% dry % dry
sub- sub-
material stance published calculated difference material stance  published calculated difference
This Study Previous Study (7)
1 HFCS (42) 80 1.486 20 1.486 20  0.00000 1 28 D.E. com syrup 70 147283 1.47253 -0.00030
2 HFCS (55) 80 1.48611 1.486 08 ~0.00003 242 D.E. corn syrup 84 1.507 88 1.507 97 +0.000 09
3 HFCS (90) 80 1.48595 148611 +0.00017 3 55 D.E. corn syrup 84 1.50526 1.50523 -0.00003
4 50% HFCS (42)/50% 75 1.476 24 1.476 08 ~0.00015 4 32 D.E. com syrup 84 1.51040 1.51033 -0.00007
sucrose 542 D.E. comn syrup 84 1.508 28 1.50845 +0.00017
5 50% HFCS (55)/50% 80 148726 1.48707 -~0.00019 6 50 D.E. com syrup 84 1.506 80 1.506 71 -0.000 09
med inv 7 63 D.E. corn syrup 84 1.503 38 1.50361 +0.00023
6 25% HFCS (42)/75% 80 148746 148753 +0.00007 8 70 D.E. corn syrup 84 1.50196 1.50223 +0.00027
med inv 9 95 D.E. corn syrup 74 147177 1.47183 +0.00006
7 50% HFCS (42)/50% 80 1.487 28 148711 -~0.00017 10 HFCS (42) 74 1.47173 1.47153 -0.00020
med inv
Pure Sugars
S a o g oo an/soT 80 148998 149007 +0.00009  peyirose (g) 60 143918 143921 +0.00003
925% HFCS (42)/75% 80  1.49090 1.49106 +0.000 16 Maltose (8) S0 142170 1.42182 +0.00012
64 D.E. com syrup Levatose (5 70 46130 L46148 —0.00002
10 fructose 80 1.48510 1.48538 +0.00028 Invest (2) 70 146166 146156 —0.00010
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