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Statistical evaluation o[ straight house molasses compoSItlOn 
variables of samples coll ec ted from U.S. beet sugar factories in 
1956 showed a significant positive correlation at the 1% level 
for chloride conten t and purity (3)" Since chloride content is 
correlated with molasses purity and is not removed during 
processing, the chloride content of thin or thick juice should 
provide a reliable means to predict molasses purity. To gain 
further information on molasse~ true purity and composition 
relationships during a factory campaign, a cooperative study was 
undertaken with Spreckels Sugar Co. " This report discusses re
sults obtained during this st udy on the relationship of thin juice 
chloride content and molasses purity. Further data obtained from 
an extension of this study to samples o f thick juice and molasses 
from Vlanteca (Spreckels Sugar Co.) in 1962 and thin juice and 
molasses obtained from Clarksburg (A.merican Crystal Sugar Co.) 
in 1962 are also included. 

Methods 
At vVes tern Regional R esearch Laboratory the follo-wing 

methods were used. Molasses samples in covered S-ounce glass 
jars were heated to about SO °C in a hot water bath until all the 
sugar dissolved. The jars were- opened and the contents stirred 
thoroughly with a beavy glass stirring rod. Samples of 15-20 g 
were poured into tared beakers and weighed precisely .. The 
samples were dissolved in hot water and transferred quanti. 
tatively to 500 m I vol urn etric flasks. \ ;\fhen cool the contents were 
made to volume. :\liquots were removed for solids, chloride, 
reducing, and total sugar determinations. 

Chloride was determined using an Aminco-Cotlove automat ic 
chloride titrator'. Solids were determined by weighing duplicate 
aliquots containing 300-600 mg of solids in ta red glass weighing 

1 'Western R egional Research Laboratory, Agricultural Research Service. U. S. Depart · 
ment of Agriculture, Albany, Cal i forn ia- 94710. 

2 Numbers in parentheses refer to li tera ture cited. 
:] A melnorandunl of understandjng was negotiated August 30, 1960, between Spreckels 

Sugar Co., San Francisco, Ca li fornia, and the Wes tern Regional Research Labora tory, for 
joint evaluation of the effect of chloride on mol asses puril),. 

' American Instrument Co., Silver Springs , Maryland. 
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dishes (50 mm diameter) and evaporating in a forced draft oven 
at 60°C to a heavy syrup (about 6 hours). The dishes containing 
the syrups were placed in a vacuum oven at 10 mm Hg or less 
and the foam formed in vacuo dried at 60 °C. After 30 hours 
the foams were dry and the pressure was restored with air, bubbled 
slowly through sulfuric acid. The dishes were placed in a desic
cator, cooled and weighed. 

Reducing sugars were determined by pipetting a suitable 
aliquot (100 ml) into a 200-ml volumetric flask, clarifying with 
lead ace tate and deleading vvith dry sodium oxalate. Total sugars 
were determined on a liq uots of the clarified , deleaded solution 
by treating with invertase and using the methyl red end point 
for the action. Seven drops of invertase (Difco Analytical) were 
added to the sample and reducing sugars determined on the 
inverted solution using the Munson-vValker method (1). Porce
lain filter crucibles which do not require an asbestos pad were 
used for weighing the copper oxide precipitates. True purity 
was calculated from chemical sucrose and oven solids. Raffinose 
was determined on a few 1960 molasses samples using th e paper 
chromatographic method of Bevenue and Williams (2). The 
average of these values, 0.13% on molasses, was used to correct 
the 1960 total sugar values to sucrose content. Factory raffinose 
values were used in 1962 to correct tota l sugars to sucrose. 
Factory RDS and purity determined at the factory for thin and 
thick juice were lIsed to convert chloride to the non-sucrose 
sol ids basis. 

Experimental 

During 1960, shift samples of thin JUICe were collected for 
14 days from September 21 through October 4 and analyzed at 
the Manteca factory Eor chloride, solids (RDS) and sucrose 
(polarimetric). Daily average values were calculated from the 
shift sa mple results . Daily composite molasses samples were also 
collected and analyzed for chloride at Manteca and for purity 
and solids at vVestern R egional R esearch Laboratory. Samples 
of thin juice or thick juice were collec ted during the 1962 cam
paign (Clarksburg from November 11-27, lVIanteca from Novem
ber 18·December 1). Factory values for RDS and purity of thin 
or thick juice and raffinose in molasses were used in the calcula
tions. Chlorides in the juices and molasses true purity determina
tions were made at vVestern R egional Research Laboratory. 

Impurities entering the factory during thin juice production 
on one day do not appear in molasses that day because of the 
time needed for juice concentration and sugar crystallization and 
are not completely eliminated for several days. To predict mo
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lasses pUrines several days production should be averaged and 
compared 'with molasses produced for an equivalent time starting 
one or two days later than the production of thin or thick juice. 

Results 
Table 1 compares the day to day variations in chloride con

tent of thin and thick juices and molasses. Purity variability for 
molasses is also shown. The 5-7% higher chloride content of 
molasses on the impurities basis over thin juice was expected 
because some non-sugars are removed during processing from 
thin to thick juice. Fewer impurities are removed during proc
essing from thick juice to molasses so only slight differences are 
found between these processing liquors. 

Table I.-Molasses purity and chloride content of thin cr thick juice and mol .1SSf"S . 

1\'Ianteca 

CI g/IOO g 
non-sucrose 

1960 

Molasses 

Mallteca 

CI g / IOO g 
non-sucrose 

1962 

i"loIas::..es 

Clarksburg 

-C. I g/100 g 
non-sucn;se 

1962 

~(o!asscs 

Days 
Thin 
juice Molasses Purity 

Thick 
juice Mola,,'cs Purity 

Thin 
juice 1\1 ofa s~)es Purity 

I 7.06]· 5.07 3.04 
2 5.67 5.50 3.02 
3 5.64 6.92' 64 .03 5.56 5.18 65.8 1 2.95 2.93 6i.93 
4 6.71 6.71 64.82 4.91 5.39 64.98 2.85 3.30 M.l0 
5 4.28 6.08 65.11 5.8\ 5.82 65. 14 2.73 3.34 63.10 
6 6.01 6.67 MAS 5.85 5.42 64.44 3.25 3. 18 63.07 
7 6.44 6.08 64.63 5.74 5.37 64 .1 6 3.39 3.24 61.56 
8 5.73 6.26 66.32 6.15 5.81 64.82 3.30 3.66 63 .95 
9 6.17 6.27 64.91 5 .80 6.13 64.79 3.74 3.5 1 61.62 

10 5.24 5.78 64.36 5.85 5.90 65.08 3.89 3.89 62.65 
II 5.70 6.02 64 .76 5.50 6.04 64. 38 3.69 3.99 62.98 
12 5.29 5.85 64.79 5.40 5.66 fi3. 82 3.92 3.73 61.60 
13 6.24 5.58 64.52 5.86 5.52 no.fi3 3.59 4.03 62.60 
14 5.95 5.68 65.32 6.29 5 .53 63 .89 3.:15 '1.61 61.34 
15 6.03 6'U2 5.65 65.13 4. 13 63.76 
16 6.44 66.16 5.95 64.37 4.04 64.61 
Avg 5.87 6.17 64.90 5.66 5.69 6~ . 60 3.35 3.61 62.99 

1 Chloride detenn i nations were made on samples collecteci dtlring 14 d:l ;' s ('Calf i 11 I lOllS 

operations. 
" Initial mola~s('s !ianJpies \\crc collected two da\-s .If l er thin or thick jui ce colic([ ton 

and continued lWO clay:-; Jonger. 

Table 2 compares molasses pUritIes predicted from chloride 
con tent of thin juice, thick juice or molasses with the observed 
purity. The equation used (3) is: Purity = 0.75 (% Chloride)
+ 60.34. Predicted puriti es based on thin juice chloride content 
show very good agreemenl with observed values. Because of 
slightly lower chloride content in thin juice than in molasses 
the predicted purity values are slightly less than the observed 
values. Molasses purities predicted from molasses chlorides also 
show very good agreement with observed values . 
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Discussion 
Molasses purity predictions made from chloride determina

tions on thin or thick juice should have a number of uses. It is 
useful to predict changes in molasses purity as changes in chloride 

Table 2.-COJnparison o( predicted and observed molasses true puriti es. 

l\'1antcca Cla rksbur..
" 1960 1962 1962 

Thin juice chloride 5.87 5.66 ' 3.35 
Predicted molasses purity" 64.74 64.59 62.85 
Observed mola sses p urity 64.90 64.60 62.90 
Difference - 0.16 --0.01 - 0.14 
Molasses chloride 6. 17 5.69 3.6\ 
Predicted mol asses purity' 64.96 64 .61 63 05 
Difference 0.06 0.01 006 

1 Thick juice chl oride. 
'Predicted puriti es using the equation P urity = 0.75 ( % CI) + 60.34 where C I is 

expressed as g / IOO g non·sucrose solids [or 14 dd,"S consecut ive oper,J(ion. 

occur in the beets. For example, a change in molasses purity 
from the crys tallizer may be directly attributed to changes in 
thE chloride content of lhE beets rather than other changes in 
the operation. Chloride determinations should also be useful 
in estimating the efficiency of some factory operations. A t present, 
a factory producing high purity molasses is generally considered 
to be operating less efficiently than one producing 1mI' purity 
molasses. IIowever, a factory producing 64 purity molasses with 
a high chloride content may actually be conducting a better 
operation than one producing 62 purity molasses with a low 
chloride conten t. 

The genet icist and agronomist mi~·ht also find purity pre
dicti ons useful in evaluating sugar production from new varieties 
of beets or different so il types. A better method than purity 
determinations is offered for eva luating certain processing char
acteristics of beels to give a more reliable estimate of sugar re
covery and molasses production. A ttempts should be made to 
grow beets that do not take up excessive amou n t of ch lor ide 
from highly sa line soils. 

Conclusions 
Chloride determinations of thin or thick juice are useful in 

predicting changes in molasses purity as changes in chl oride occur. 
Purity predictions may be helpful in evaluating factory efficien cy. 
These predictions also offer a simple method to geneticists and 
agronomists to evaluate some aspects of th e processing value 
(purity and amou nt of molasses) from beets grow n under di f
ferent conditions of soil and water salinity. 
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