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Introduction

Of the many pertinent factors affecting the technological
value of sugar beets, there is little doubt that the subject of
greatest interest to the beet sugar industry is optimization of
white sugar yield (3)”. Sugar entering a factory as beets, leaves
the factory principally as pure sucrose or sugar in molasses.
Thus, accurate knowledge of the relative proportion of sugar
produced to sugar left in molasses is required to permit evalua-
tion of operating elliciency and process improvement.

The relative ease of determining the amount of sugar pro-
duced and sugar in molasses is a study in contrasts—the amount
of sugar produced may be simply weighed directly, whereas until
recently (2), no truly rcliable method has been available for
the determination of sugar in molasses.

As is well known, the relatively high concentration of optic-
ally-active, nonsucrose constituents and interfering impurities
present in molasses renders unreliable results obtained from
conventional sucrose methods based upon polarization, e.g., the
Clerget method. Although many workers have expressed dis-
satisfaction with the Clerget method (1), particularly when
applied to low purity materials such as molasses, this double-
polarization technique still finds favor in many American sugar
industry laboratories.

The new isotope dilution (ID) analytical method for sucrose
(2) provides a tool for molasses analysis which is independent
of the interferences common to polarization techniques. Using
this new technique, a comparative study of the sucrose content
of molasses by the ID and Clerget methods was performed at
four Spreckels factories during the 1964-65 campaign.

Experimental
Daily molasses samples were collccted at each factory during
the periods investigated and composited either on a semimonthly
or monthly basis. Equal portions of each daily sample were

1 Research Associate and Head Rescarch Chemist, respectively, Spreckels Sugar Company,
Woodland, California.

2 General Chemist, Spreckels Sugar Company, San Francisco, California.

# Numbers in parentheses refer to literature cited.



Vor. 14, No. 3, Ocroeer 1966 191

taken to form each composite. Clerget double-polarization
sucrose determinations were run on each daily sample and the
results averaged over the periods investigated.

Isotope dilution radiochemical analyses, by the method of
Sibley, Eis and McGinnis, were performed in quadruplicate on
each molasses composite. Complete details of this method are
given in Reference 2.

Results and Discussion

The data obtained at the Manteca, California [actory, a
straight house, are presented in Figure 1. As in the following
figures, three curves are compared: the isotope dilution, direct
polarization and Clerget sucrose. The period of investigation
includes the 1964 fall campaign (October-December), the 1965
spring campaign (February-June), and the 1965 early fall cam-
paign (July-Oct.).

In Figure 1, it is seen that all 1D percentage sucrose values
are consistently higher than Clerget sucrose values. Over the
rather extensive period investigated, ID values are about two
percentage points higher than Clerget values.

During the 1964 fall and 1965 spring r.ampalgns ID values
demonstrated least variation and averaged about 54.5% sucrose.
A shift in level of ID sucrose in Manteca molasses to about
55.59, sucrose appears evident for the 1965 early fall campaign.
In general, the overall pattern of Clerget values follows the 1D
up-and-down pattern.

As might be expected, the direct polarization curve displays
a pattern all its own, the values obtained reflecting the presence
in the sample of varying amounts of optically-active, nonsucrose
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Figure 1.—Manteca factory (straight house) molasses produced.
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constituents. In October and November 1964, direct polariza-
tion (Pol) values fell intermediate between ID and Clerget values;
in December 1964 and February-March 1965, Pol values fell
intermediate between ID and Clerget values again but, in general,
closer to ID values than to Clerget. In only three comparisons
did Pol values slightly exceed ID values.

With Figure 2 attention is shifted to data obtained at the
three Steffen houses included in this investigation. At these
factories, separate analyses were made on house molasses pro-
duced and molasses worked in the Steffen process. In normal
operation, about 20-259, of the total molasses worked in these
factories is foreign molasses, principally Manteca molasses pro-

duced.

To demonstrate that ID analysis of a complex mixture, such
as molasses worked, gives the same high accuracy as reported
previously on other materials (2), a typical molasses worked
sample was synthesized and subjected to ID analysis. Samples
of Manteca and Woodland molasses produced, and a mixture
of 25 parts by weight of the Manteca molasses sample and 75
parts by weight of the Woodland molasses sample, were analyzed
by ID. The results of this test are given in Table 1.

Table 1.—Values of percentage sucrose for Manteca and Woodland molasses produced
and synthesized molasses worked samples.

Sample Observed ID Calculated®
no. Sample identification % sucrose %% sucrose
1 Manteca molasses
produced 55.2% + 0.13
2 Woodland molasses
produced 52.00 =+ 0.16
3 Manteca/Woodland -
mixture 52.76 + 0.12 52.87 + 0.15*
*weighted average Difference = 0.11%% sucrose
: t = 0.579
tons = 2.262

Using Student’s ¢ test, at the 959, confidence level, it is seen
that the difference between the observed ID % sucrose obtained
on the Manteca/Woodland mixture and the calculated per-
centage sucrose—viz., 0.119%—is not statistically significant.

In Figures 2 and 3 are presented the data obtained on molasses
produced and molasses worked, respectively, at the Spreckels
factory. Compared to the data obtained at the Manteca factory,
remarkably different general trends are observed.
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Figure 2.—Spreckels factory (Steffen house) molasses produced.
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Figure 3.—Spreckels factory (Steffen house) molasses worked.
Whereas ID sucrose values at Manteca were, in general,
higher than both Pol and Clerget sucrose values, these figures
show ID sucrose values to be intermediate between Pol and
Clerget values. Whereas ID sucrose values at Manteca were fairly
consistent from month-to-month, with small fluctuations around
an average value, the general trend at Spreckels was a gradual
decrease in ID sucrose from the fall 1964 campaign until the
end of the 1965 spring campaign followed by a gradual month-
to-month increase from the start of the 1965 early fall campaign.
Here also, Clerget sucrose values are consistently the lowest
sucrose values obtained. At only one point (molasses worked,
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July 1965) does Clerget sucrose agrce with ID sucrose. In general,
differences between Clerget and ID sucrose range from one to
two percentage points.

Direct polarization values, in Figures 2 and 3, are predom-
mantly the highest sucrose values obtained and demonstrate
considerable variation. Values are seen to range from a high
of 57% to a low of about 529/ sucrose. During August and
September 1965, Pol and ID sucrose values agree closely, in
sharp contrast to the wide differences observed during most of
the previous 1964-65 campaign.
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4.—Woodland factory (Steffen house) molasses produced.
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Figure 5.—Woodland factory (Steffen house) molasses worked.
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Figures 4 and 5 present the data obtained at the Woodland,
California, factory from December 1964 to November 1965.
The results obtained at this Steffen factory are similar to results
obtained at the Spreckels factory.

ID sucrose values are seen to fall between Pol and Clerget
sucrose values with Pol values predominantly highest through-
out the period of investigation. As at Spreckels, closer agreement
between ID and Pol values is observed during the August-
September 1965 period than in other months. In this same
period, for both Woodland molasses produced and worked, ID
sucrose is slightly higher than direct polarization.

The final two figures, Figures 6 and 7, present the data ob-
tained at the Mendota, California, factery. As one might expect,
results obtained at this Steffen factory more closely resemble
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Figure 6.—Mendota factory (Stelffen house) molasses produced.
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Figure 7..—Mendota factory (Steffen house) molasses worked.
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results obtained at the Spreckels and Woodland factories but
exhibit some interesting differences. Compared to all previous
figures, the range which includes all sucrose values—i.e., ID,
direct polarization and Clerget results—is noticeably narrower.
On both figures, most values fall within a range of about two
percentage points.

During the December 1964-May 1965 period, ID values for
Mendota molasses produced are consistently lower than Pol
values, whereas, during the same period, ID values for molasses
worked are predominantly higher than Pol values. During the
July-August 1965 period, molasses produced and molasses worked
ID values follow the same general pattern and are predominantly
higher than both Pol and Clerget sucrose values; during the
September-November 1965 period, 1D values for these materials
are intermediate between Pol and Clerget values.

In both figures, Clerget sucrose values are consistently the
lowest values obtained.

Summary

Using the isotope dilution radiochemical analytical technique
of Sibley, Eis and McGinnis, a comparative study of the true
sucrose content of Spreckels Steffen and straight house molasses
has been performed. Isotope dilution analyses show Spreckels
straight house molasses contains more sucrose than normal Clerget
analysis would indicate. The data obtained indicate that direct
polarization measurements on Spreckels straight house molasses
provide a better estimate of the sucrose content than Clerget
analysis. In general, isotope dilution analyses of Spreckels Steffen
house molasses show more sucrose content than Clerget analyses
but less sucrose content than direct polarization would indicate.
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