Steepwater Analysis J-58-1
REDUCING SUGARS

PRINCIPLE

Reducing sugars are most commonly determined by reaction with a stabilized
alkaline solution of a copper salt. When reaction conditions, i.e., time,
temperature, reagent concentration and composition, are controlled, the amount of
copper reduced is proportional to the amount of reducing sugars in the sample
analyzed. In the accompanying adaptation of the Schoorl method (Note 1), the
reducing sugar concentration expressed as dextrose, is estimated by iodometric
determination of the unreduced copper remaining after reaction.

SCOPE

This adaptation of the Schoorl method was designed specifically for analysis of
steepwater (Note 2). Only minor modification is required for application to most
carbohydrate mixtures containing reducing sugars.

REAGENTS

1. Fehling's Solution (Note 3):

A. Dissolve 34.65 g of reagent grade crystalline copper sulfate
pentahydrate (CuSO,4e5H,0) in purified water and dilute to 500 mL.

B. Dissolve 173 g of reagent grade potassium sodium tartrate
tetrahydrate (KnaC4H;O¢e4H,0) and 50 g of reagent grade sodium
hydroxide in purified water and dilute to 500 mL.

2. Phosphotungstic Acid, Crystals: Reagent Grade

3. Potassium lodide Solution, 30%: Dissolve 150 g of reagent grade
potassium iodide (K1) in purified water and dilute to 500 mL. The reagent
should be protected from light during storage, and it should be discarded
when the presence of free iodine becomes evident.
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PROCEDURE

1.

REDUCING SUGARS — continued

Sulfuric Acid Solution, 28%: Cautiously pour 85 mL of concentrated
sulfuric acid (96% H,SOy,; sp g 1.84) into 400 mL of purified water while
stirring. Cool to room temperature and dilute to 500 mL.

Sodium Thiosulfate Solution, 0.1 N: Standard

Starch Indicator Solution, 1%

Mix the heavy steepwater sample and weigh accurately about 10 g (Note 4).
Transfer to a 200 mL Kohlrausch flask with purified water, add 2 g of
phosphotungstic acid crystals, and mix (Note 5). Dilute to 201 mL (Note 6)
with purified water, using a drop of amyl alcohol to disperse foam if
necessary. Mix, gravity filter through Whatman No. 1 filter paper, collect
filtrate in a clean and dry flask.

Pipet 10.0 mL of Fehling's A solution and then 10.0 mL of Fehling's B
solution into a 250 mL Erlenmeyer flask. Add 20.0 mL of sample filtrate
and 10 mL of purified water to bring total volume of reaction mixture to 50
mL. Mix contents of flask by swirling.

Add 2 small glass beads to prevent bumping while boiling, and cover the
mouth of the flask with a small glass funnel or glass bulb. Place the flask
on a hot plate adjusted to bring the solution to a boil in 3 minutes (Note 7),
and continue boiling for exactly 2 minutes (total heating time of 5 minutes).
Cool quickly to room temperature in an ice bath or a cold running water
bath.

Add 10 mL of 30% potassium iodide solution and 10 mL of 28% sulfuric
acid solution; titrate immediately with standard 0.1 N sodium thiosulfate
solution. Near the end point add 1 mL of starch indicator solution, and
continue titrating carefully while agitating the solution continuously until
the blue starch-iodine color is discharged.

Conduct two blank determinations in identical fashion substituting purified
water for the sample.
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REDUCING SUGARS — continued

CALCULATION

Subtract sample titer from the average blank titer. Find reducing sugar content (expressed as dextrose)
equivalent to the titer difference by reference to the accompanying table (Note 8).

% Reducing Sugars (asis) (as Dextrose) =

mg Dextrose (From Table) x 200 mL x100
Sample Wt. (g) x 20 mL x 1000 mg/g

NOTES AND PRECAUTIONS

1.

Copper oxidation of carbohydrates is not a simple reaction; end products
are mixtures of acids, so equations are not usually written. lodometric
determination of excess copper (I1) is summarized:

H;0"

2Cu™" +4I° Cu,l, +1,

I, +25,05= 5,0 = +21°

The steeping (soaking) of corn in a dilute sulfurous acid solution extracts
solubles including carbohydrates, and the latter are largely fermented to
lactic acid during the process. The concentrated extract is known as heavy
steepwater in the corn wet milling industry, and it is designated Condensed
Fermented Corn Extractives by the Association of American Feed Control
Officials. The latter organization provides the following definition:
"Condensed Fermented Corn Extractives is the product obtained by the
partial removal of water from the liquid resulting from steeping corn in a
water and sulfur dioxide solution which is allowed to ferment by the action
of naturally occurring lactic acid producing microorganisms as practiced in
the wet milling of corn.”

The Fehling's solution recommended here is equivalent to that used in
Dextrose Equivalent Methods E-26 and F-22, where careful standardization
of the reagent is essential. However, copper concentration in the Schoorl
method is not highly critical and adjustment may be unnecessary.
Satisfactory results can be obtained with reagents giving blank titers
ranging from 27.5 to 29.5 mL of 0.1 N sodium thiosulfate solution, and
adjustment of the copper sulfate solution (Fehling's A solution)
concentration to provide blank titers in this range is recommended.
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REDUCING SUGARS — continued

Use a 100 g sample when analyzing light steepwaters from the process
containing about 5% dry substance.

Treatment with phosphotungstic acid precipitates proteinaceous materials
which interfere in the reducing sugar analysis.

Dilution to 201 mL corrects for the precipitate volume, giving a filtrate
volume of 200 mL.

Alternatively, the flask may be placed on a wire gauze and heated over a
Bunsen burner, but control of the heating cycle is more difficult by this
technique. Heating on a hot plate with a stepless control is recommended
for best precision.

Use of the accompanying table for conversion of titer difference to mg of
reducing sugar (expressed as dextrose) presumes ability of the analyst to
duplicate exactly the conditions under which the table was developed. This
approach is quite accurate in most cases but it does entail a risk of error.

The risk of error can be avoided by careful duplicate standardization using
known quantities of pure dextrose. The standardization plot is slightly
curvilinear, passing through the origin.
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REDUCING SUGARS — continued

Schoorl Method: Conversion of Titer Difference to Reducing Sugars

Titer

Difference* 00 01 02 03 04 05 06 07 08 0.9
Reducing Sugars (As Dextrose), mg

0.0 mL 0.0 0.3 0.7 1.0 1.3 1.6 1.9 2.2 2.5 2.8
1.0 3.2 3.5 3.8 4.1 4.4 4.7 5.0 5.3 5.6 5.9
2.0 6.4 6.6 6.9 7.2 7.5 7.8 8.1 8.5 8.8 9.1
3.0 9.4 98 101 104 107 110 114 117 120 123
4.0 126 13.0 133 136 140 143 146 150 153 156
5.0 159 16.3 166 169 172 176 179 182 185 189
6.0 19.2 195 198 201 205 208 211 214 218 221
7.0 224 227 23.0 233 237 240 243 246 249 252
8.0 256 259 26.2 266 269 273 276 280 283 286
9.0 289 293 296 30.0 303 306 310 313 316 319
10.0 323 327 330 333 337 340 343 346 350 353
11.0 357 36.0 363 36.7 370 373 376 380 383 387
12.0 39.0 39.3 396 40.0 403 406 41.0 413 417 420
13.0 424 42,8 431 434 437 441 444 448 452 455
14.0 458 46.2 465 469 472 476 479 483 486 48.9
15.0 49.3 49.6 499 50.3 50.7 511 514 517 521 524
16.0 528 532 535 539 542 545 549 553 556 56.0
17.0 56.3 56.7 57.0 573 577 581 584 588 59.1 595
18.0 508 60.1 605 609 612 615 619 623 626 630
19.0 63.3 636 640 643 647 650 654 658 66.1 665
20.0 66.9 672 676 680 684 688 69.1 695 699 703
21.0 707 711 715 719 722 726 730 734 737 741
22.0 745 749 753 757 761 765 769 773 77.7 781
23.0 785 789 793 79.7 801 805 809 813 817 821
24.0 826 830 834 838 842 846 850 854 858 86.2
25.0 86.6 870 874 87.8 882 886 89.0 894 89.8 90.2
26.0 90.7 911 915 919 923 927 931 935 0939 943
27.0 94.8

*mL of 0.1000 N sodium thiosulfate solution.
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