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THE DETERMINATION OF SUCROSE IN FINAL MOLASSES 
By W. F. BEAMS and A. W. MACGILLIVRAY 

Sugar Milling Research Institufe 

Abstract 
Three methods for the determination of sucrose in 

molasses recommended by I.C.U.M.S.A. are com- 
pared with two methods currently in use in South 
Africa, and the uncorrected results obtained by these 
methods are compared with the results obtained by 
the isotope-dilution method. The reproducibility and 
inter-analyst error of a simple acid inversion chemical ' 

method are assessed. Comments are made on the 
theoretical corrections for oligosaccharides in both 
chemical and polarimetric methods. 

Introduction 
During the 1970171 season three samples of final 

molass~s were circulated to all South African sugar 
factories for analysis, in order to assess the compara- 
tive value of the analytical data published weekly by 
the S.M.R.I. The results returned by the mills 
showed considerable scatter, particularly those for 
sucrose. pol and reducing sugars. Equally disturbing 
was the wide variety of methods which were found 
to be in use. Statistical analysis of the results con- 
firmed that agreement within one laboratory was a 
great deal better than agreement between labora- 
tories. This situation is not uncommon, and agrees 
with that found in Mauritius by Randabel8. 

As a direct result of this survey a study was made 
of the methods for sucrose determination recom- 
mended by 1.C.U.M.S.A.The methods included in 
this study were: 

(i) The isotope-dilution method (Sibley et al'"). 
(ii) The polarimetric method proposed by nut-  

tonfi. 
(iii) The acid-inversion method proposed by Sugar 

Research Institute, Mackay6. 
(iv) The Canadian National Committee method5. 
(v) The Jackson and Gillis method IV (Labora- 

tory Manual7), at present the most widely 
used method in South African mills. 

(vi) The S.M.R.I. acid-inversion method. 
The Sugar Research Institute method, which we 

shall refer to as the Mackay method to avoid con- 
fusion with the S.M.R.I. method, appeared to be 
relatively quick and straightforward, at the same 
time yielding results comparable to those obtained 
by isotope-dilution. This method is therefore being 
studied further, with a view to recommending it for 
use in routine factory analysis. 

Analytical Methods 
1. Isotope-Dilution Method. 

The method used was basically that described by 
Sibley, Eis and McGinnisl". Molasses containing 14C 
labelled sucrose was diluted and clarified with basic 
lead acetate in the usual way. After de-leading the 
filtrate the sucrose was precipitated as barium saccha- 

rate. The sucrose was recovered from the washed 
precipitate by carbonation, and passed through a de- 
ionising column. The clear solution was evaporated 
to a syrup, from which sucrose was crystallized with 
absolute ethanol. After further purifying by recrys- 
tallization the activity of the pure sucrose was mea- 
sured in a Beckmann p-mate I1 scintillation counter. 

2. The Polurimetric Method proposed by Dutton. 
This method followed the Clerget principle of 

determining the polarisation before and after inver- 
sion. The inversion was by invertase, at a controlled 
pH an,d temperature. The divisor, determined under 
experimental conditions, was found to be 1,31. Cor- 
rections for raffinose and kestose were included in 
the published method, but have been omitted in this 
work for reasons given in the discussion. 

3. The Muckay Acid-Inversion Method. 
As the name suggests, an acid-inversion stage was 

part of this method. Reducing sugars were deter- 
mined by the Lane and Eynon method before and 
aEter inversion. Potassium oxalate was used as a 
sequesterant for calcium. No corrections were made 
for reducing substances other than sucrose, glucose 
and fructose. 

4. The Canadian National Committee Method. 
Reducing sugars were determined before and after 

inversion by the Lane and Eynon method but in 
this case E.D.T.A. was the sequesterant, and inver- 
sion was achieved with invertase. 
5. The Juckson and Gillis Method IV.  

The polarisation was measured before and after 
inversion by hydrochloric acid of known strength. To  
compensate for the influence of chloride ions on the 
optical rotation of the invert solution an appropriate 
volume of sodium chloride solution was added to the 
uninverted molasses solution before it was pdarised. 
6.  T h e  S.M.R.I. Method. 

As this method has not been published as such it 
will be given in full. 

26,OO g of molasses were weighed and dissolved in 
distilled water. The solution was transferred to a 
200 ml volumetric flask, and made up to the mark. 
From this solution two 20 ml aliquots were pipetted 
into separate 200 ml standard flasks. One aliquot 
was set aside for total reducing sugar determination, 
and the remaining aliquot was made up to the mark 
for reducing sugar determination. 

(a) Reducing Sugars. Determination was carried 
out by titrating the above solution against 10 ml 
Fehling solution according to the method of Lane 
and Eynon. 

(b) Total Reducing Sugars. To the aliquot set 
aside above were added approximately 60ml of 
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distilled water, and the flask and contents were 
heated in a water-bath to exactly 65°C. The flask 
was then removed from the water-bath and 10 ml 
HCl (S.G. 1,1029) were added immediately. 

The contents were mixed by rotation and the flask 
was left to stand at room temperature for at least 
30 minutes. After cooling the solution was made to 
the mark, and this solution was titrated against 25 ml 
Fehling's solution according to the Lane and Eynon 
method. 

Results 
Various aspects of Dutton's method and the Mac- 

kay method were investigated before carrying out 
comparative analyses., 

1. Dutton's Method. 
(a) Basic lead acetate solution. 
I t  was reported6 that a solution containing 45% 

basic lead on total lead and with an S.G. of 1,25 
caused sucrose to precipitate. The use of basic lead 
acetate with a basicity of 36% was recommended by 
Dutton, who gave a detailed description of the pre- 
paration of this solution. Analysis of the solution 
prepared in this way in our laboratory gave a basic 
lead content of 9,33 g/100 ml as PbO, with a calcu- 
lated basicity of 38,8% on total lead. This solution 
was used throughout these experiments. 

(b) The Influence of Inversion on the Rotation of 
Sucrose. 

The change in rotation per original lo  rotation for 
sucrose was determined, and was initially found to be 
1,317 under our conditions of inversion, using refined 
sugar. As this figure was not in agreement with the 
value of 1,31 reported by Duttonqhe effect of sucrose 
concentration was investigated. I t  was found that in 
the case of unbuffered solutions the scatter of results 
on sucrose concentrations ranging from 4,5 to 6,0% 
was quite wide. However, when the solutions were 
buffered with anhydrous disodium hydrogen phos- 
phate the change in rotation for the same range in 
concentration was 1,311 per 1 "  original rotation. 
These results are shown in Table I. 

TABLE I 

(c) The Corrections for Raffinose and Kestose. 
In Dutton's method the % sucrose is calculated as 

follows: 

Sucrose 
Concentration 

2P1-4P,-A (% raffinose)-B (% kestose 
%sucrose = C 

Change in rotation per original lo 

Unbuffered -1 Buffered 

where P, = polarisation before inversion. 
P, = polarisation after inversion 

A = change in rotation per. original 1" of 
104,5 

rotation for raffinose x - 
66,5 

, B = change in rotation per original 1" of 
25.5 

rotation for kestose x - 
66,5 

C = change-in rotation per original 1" of 
rotation for sucrose. 

Values for A, B and C quoted by Dutton were 0,75, 
1,13 and 1,3 1 respectively. 

Using the official method of Albon and Gross" 
for the determination of raffinose and kestose, we 
were unable to obtain a good separation of sugars 
from our molasses samples. We consequently re- 
sorted to the thin-layer separation according to 
Schaffler and Jukes9, which gave results which could 
be estimated as three bands, viz. a neo-kestose band, 
a 1-kestose band, in which were included whatever 
raffinose and 6-kestose were present, and a third 
band containing higher oligosaccharides. However, 
for reasons discussed later we have not applied any 
corrections to our results, but have calculated the 
sucrose from 

2P, - 4P, % sucrose = 
C 

2. The Mackuy Method. 
(a) The importance of removing calcium from 

solutions to be titrated against Fehlings solution was 
investigated by determining the reducing sugars and 
sucrose of a molasses sample using varying amounts 
of potassium oxalate. Additional calcium was added 
to the sample to raise the calcium level to 5%, and 
the reducing sugars and sucrose were again deter- 
mined with and without oxalate addition. The 
results are shown in Table 11. 

TABLE JI 

(b) One of the biggest variables under factory 
conditions ,of molasses analysis is the inversion pro- 

Conditions 
for 

Calciilm 
Removal 

No Potassium 
Oxalate 

lg Potassium 
Oxalate 

2g Potassium 
Oxalate 

Calcium in- 
creased to 5 "/, 

No Potassi~~ln 
Oxalate 

l g  Potassium 
Oxalate 

No,of 
Analyses 

3 

8 

3 

6 

1 

Ave. 
Reducing 

Sugars 

14,14 

14,49 

14,40 

13,87 

14,74 

Ave. 
Total 
Invert 

-- 

53,41 

53,77 

53,75 

51,91 

53,24 

Ave. 
Sucrose 

37,31 

37,33 

37,38 

36,14 

36,58 
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cedure. The effect of this variable was studied as 
follows: 

(i) lnversion at 60°C was allowed to proceed for 
5 minutes, the recommended time of 10 min- 
utes, and for 15 minutes. 

(ii) Inversion for 10 minutes was carried out 'at  
54"C, the recommended temperature of 60°C, 
and at 65°C. 

(iii) As the South African mill laboratories have 
been accustomed to doing inversions by the 
Walker methodL, in which the.acid is added at 
exactly 65°C and the solution is then left to 
stand at room temperature for at least half an 
hour, that method was included in the com- 
parison. 

Results are shown on Table 111. 

(c) Recovery Experiments. The recovery of 
sucros: when known amounts of sucrose and invert 
were added to molasses was determined by both the 
Mackay method and Dutton's method. The results 
are shown in Table IV. 

Conditions of 
Inversion 

-- 
5 niins at 60°C 

10 mins at 60°C 
15 mins at 60°C 
10 mins at 54'C 
10 mins at 60°C 
10 mins at 6S°C 
Walker's method 

TABLE IV 

No. of 
Analyses 

2 
8 
2 
4 '  
8 
4 
4 

Comparative Analyses by all Methods under 
Investigation 

Six samples of final molasses from various sources 
were analysed according to the six methods listed in 
the introduction. With the exception of the isotope- 
dilution method each sample was analysed five times 
by each method by an experienced analyst. In each 
case the analyst most familiar with a particular 
method was chosen. With regard to the isotope- 
dilution method, we had no prior experience with 
this method and were not able to assess our results 
statistically over any length of time. However, the 
fact that the results obtained by this method bore a 
more or less fixed relationship to the.results obtained 
by more traditional methods bestowed a considerable 
degree of credibility on the isotope-dilution results. 

Table V summarizes the results, which are also 
shown in figure 1. 

Ave. Total 
Invert 

- 
53,87 
53,78 
53,86 
5 3 , l l  
53,78 
53,72 
53,65 

Conditions 

- 
Molasses+2% invert 
Molasses+ 5 % sucrose 
Molasses+ 2 % invert+ 
5 % sucrose 
Molassesf2 % 60  :40 
glucose/fructose 
Molasses+ 2 % 6 0 : 4 0  
glucose/rructose+ 5 % 
sucrose 
- 

Comparison between different Analysts using the 
Mackay Method 

In order to assess the influence of different analysts 
on the 'Mackay method, five samples of final molasses 
were analysed in duplicate by five analysts, all using 
basically the same apparatus and reagents. The 
results of these analyses are shown in Ta'ble VI. 

Discussion 
The intention, when this investigation was started, 

was to find a method for sucrose which was both 
accurate and relatively simple, analytically. In South 
Africa we have a large number of factories publish- 
ing analytical results for comparative purposes. In 
order to get meaningful comparisons the methods 
must be specified in considerable detail, and must be 
such that they can be performed by relatively un- 
trained staff. The determination of sucrose in final 
molasses is at present done at most mills by the 
Jackson and Gillis Method IV. 

It is felt that under the variable conditions obtained 
in the factory laboratories polarimetric methods may 
be more liable to errors than chemical methods. The 
clarification of molasses solutions using varying 
amounts of lead acetate is a very real source of error 
in polarimetric methods. Others are the variations 
in temperature, the variable amounts of evaporation 
under different humidity canditions, polarimeter 
errors, both instrumental and reading, and the effects 
of optically active impurities. On the other hand the 
Lane and Eynon titration is not stoichimetric, and 

"/, Recovery of Sucrose 

Mackay Method 

100,l 
100,s 

101,4 

- 

- 

TABLE V 

Dutton's Method 

100,05 
100,5 

99,9 

100,3 

100,3 

-- 

Sample 

A 
a B 
C 
D 
E 
F 

Average Standard 
Error 

Ave. Sucrose % 
- 

\ 

S.M.R.T. 
Method 

37,44 
38,37 
40,23 
36,28 
35,27 
- 

0,27 

Isotope 
Dilution 

36,90 
36,84 
38,85 
34.38 
33,04 
36,14 

- 

Mackay 
Method 

37,25 
37,65 
40,08 
35,54 
34,20 
37,33 

0,27 

- 

Dutton's 
Method 

36,50 
37,42 
39,74 
34,93 
33,82 
36,22 

0 ,06 

Canadian 
Nat. Com. 

Method 
-- 

37,63 
38,94 
40,94 
36,52 
36,20 
- 

0 ,22  

Jackson 
and 

Gillis 

36,40 
37,25 
40,75 
34,13 
33,90 
- 

0,59 
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both the isotope-dilution method and the quantitative 10. Sibley, M. J., Eis, F. A., and McGinnis R. A,, 1965. 
estimation of interfering oligosaccharides we prefer, Determination of the True Sucrose Content of Sugar 

Beets and Refinery Products by Isotope Dilution, 
to omit the corrections entirely. Anal. Chem., 37, 13, 1965, 1701-3. 

Conclusions 
The determination of sucrose in final molasses can 

be carried out quickly and reproducibly by the 
chemical estimation of reducing sugars before and 
after acid inversion. Analytical procedures must be 
specified in considerabie detail, and must be adhered 
to absolutely rigidly in order to get comparative 
results. Polarimetric methods cac be extremely repro- 
ducible and accurate, ibut in general are more time- 
consuming and involve a greater number of ana- 
lytical steps. 

The absolute accuracy of both chemical and 
polarimetric methods rely on the estimation of inter- 
fering sugars such as kestose and rafhose. At pre- 
sent it is not practicable to make these corrections, 
and we should appreciate that our results for sucrose 
are probably higher than the true values. 

The isotope-dilution method is free from the type 
of interference caused by other sugars mentioned 
above, but it is not a method suitable for routine 
use in factory laboratories. Its usefulness lies in the 
fact that it provides a result against which we can 
compare the results obtained by routine methods. 

An advantage of the chemical methods of analysis 
is that they provide a figure for reducing sugars as 
well as for sucrose. If, in future, a method such as 
the Mackay method is adopted as an official 
I.C.U.M.S.A. procedure for sucrose it would be use- 
ful if the reducing sugars were determined by official 
methods. At present this means using the constant- 
volume modification of the Lane and Eynon titra- 
tion, but if any changes are made under the subject 
of reducing sugars these should be taken into account 
when proposing methods for sucrose. 

Acknowledgements 
The authors would like to express their apprecia- 

tion to Mr. K. J. Schaffler, of Huletts Research and 
Development, who carried out kestose analyses for 
us. We would also like to thank the staff of the 
analytical lalboratory at the S.M.R.I., in particular 
Mr. B. Kelbe, for assistance with analytical work. 

REFERENCES 
1. Brown and Zerban, 1942. Sugar Analysis. John Wiley 

and Sons, 3rd Edition, 413,. 
2. Dowling, J .  F., 1968. Symposium on Methods of 

Analysing and Evaluating Final Molasses, Proc. 27th 
Annual Cong. Sug. Ind. Technol., 1968, 154-191. 

3. De Whalley, 1964. I.C.U.M.S.A. Methods of Sugar 
Analysis, Elsevier Publishing Co., 1964, 31. 

4. I.C.U.M.S.A. Proc. 12th Session, 1968, Subject 6 ,  18. 
5. Ibid. Proc. 14th Session, 1966, Subject 8, 55. 
6. Ibid. Proc. 15th Session, 1970, Subjects 7 and 8. In 

press. 
7.  Laboratory Manual for South African Sugar Factories, 

South African Sug. Technol. Ass., 1962, 49. 
8. Randabel, M., 1970. Investigations on the Reproduci- 

bility of Final Molasses Analysis. Mauritius Sugar 
Ind. Res. Inst., Annual Rept., 1970, 150-3. 

9. Schaffler, K. J. and Jukes, A. H., 1971. A Rapid 
Quantitative Method for the Routine Determination 
of Oligosaccharides in Cane Molasses by Th~n-Layer 
Chromatography, Proc. S. Af. Sug. Techn'ol. 45t.1 Con- 
gress. In press. 

Discussion 
Mr. Bruijn: With reference to the isotope dilution 

method it must be mentioned that the figures are not 
reliable and err on one side. There is evidence that 
the sucrose samples we had for counting were not 
absolutely pure so the counts were too high. There- 
fore, the solid line in the graph in Figure 1 for the 
isotope dilution method shoul~d drop about one per 
cent. 

Mr. MacGillivray: The other lines on the graph 
are uncorrected for oligosaccharides. Oligosaccharide 
figures were available and had the correction been 
applied most of the figures for the other methods 
would have been below those of the isotope dilution 
method. 

Mr. Schaffler: It is mentioned that the kestose 
content of the samples ranged between 2 and 2,8%. 

On the samples I checked the kestoses were 1,69, 
1,75, 2,1, and 2,2%. 

The difference between the S.M.R.I. and isotope 
dilution methods were 0,54, 1,53, 1,38, 1,90 and 2,23. 
Would not a pol method be better than a chemical 
method owing to a lower correction factor? 

Mr. MacGillivray: I think these differences must 
have arisen through my taking the total oligosaccha- 
ride figure, not just the kestose figure. I will recalcu- 
late the results using the figures you have just quoted. 
The corrections for raffinose and kestose on a polari- 
metric method would be 0,75% and 1,13% respec- 
tively whereas on a chemical method the raffinose 
correction is 1,07 % . 

Our tendency is to move away from the polari- 
metric method because of other errors in that type 
of method. 

Mr. d'Hotman de Villiers: For inversion, why is 
hydrochloric acid used instead of invertase? 

Mr. McGillivray: Invertase is not all that specific. 
It has an effect on oligosaccharides, which are the 
main interfering sugars. 

Also, as many factory laboratories do not have 
refrigerators we were perturbed about the stability 
of invertase if kept for some time in the factory. 

Mr. Je~~hings: A water bath is also necessary if 
invertase is used and these also are not always avail- 
able in factory laboratories. 

Mr. Carter: It is a good thing that an attempt has 
been ma'de to standardise the analysis of molasses 
because the factories are all interested in the molasses 
purity figures published by the S.M.R.I. 

The S.M.R.I., having found differences in measur- 
ing molasses purities, should keep a close check on 
other analytical methods being used in factories. 

Mr. MacGillivray: S.M.R.I. staff members are now 
visiting factories and checking methods and will keep 
a check on comparative values in future. 

Miss Morel du Boil: In the correction for raffinose 
and kestose, for polarimetric method should not the 
values for A and B, 0,75 and 1,13, be divided by 
1,31? 
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Mr. MacGPivray: They should be in terms of the 
final results but their relative importance is just as 
great because the sucrose and reducing sugar pols 
are divided by this amount. 

Mr. Alexander: It is a good thing that the S.M.R.I. 
is investigating some of the commonly accepted 
methods of determination. 

I still am not sure what method to use and none 
will apparently give the correct answer. 

Under the circumstances I think we shoul'd stop 
recording the second decimal point. 

Mr. Radford: Has the S.M.R.I. method been used 
for high test molasses and how did it compare with 
other methods? 

Mr. MacGillivray: It  has been used but the cor- 
rections for HTM are much greater than for final 

'molasses because of the oligosaccharides present. I t  
has not been compared with other methods. 

Mr. Dawes: When ME started making high test 
molasses I carried out a survey on difr'erent methods 
being used for determining sucrose and the one giving 
the best results was very similar to the S.M.R.I. 
method. 

Dr. Matic: We are carrying out a second survey 
on the use of the S.M.R.I. method and if it appears 
to be an improvement we will probably propose it 
to the Chemical Control Committee as a possible 
method to be adopted by factories. 


