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Objectives 

• To review literature available on the extraction of soluble non-sucrose compounds 

from cane during diffusion. 

 

Summary 

• It has been clearly demonstrated by a number of researchers over the past seventy 

years, that soluble materials continue to be extracted from cane during the cane 

diffusion process for a considerable period of time. 

• Furthermore it is probable that whatever is being extracted from cane or bagasse 

during DAC analysis, will also have been extracted in a cane diffuser, where residence 

times and temperatures are generally higher than in the DAC procedure. 

• Consequently, the extraction of these soluble non-sucrose materials, which may be 

optically active, could influence the pol and brix values determined by routine 

analyses of mixed juice, DAC and bagasse. 

• It will not be possible to provide a clear response to the question regarding the 

suitability of the current DAC procedure for bagasse, until such time as there is a 

better understanding of the physical and chemical processes that are occurring and 

the materials that are being extracted. 

 

Recommendations 

• It is strongly recommended that the Industry should commission a detailed study to 

elucidate the nature of these minor constituents in mixed juice and cane / bagasse 

extract. 
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INTRODUCTION 
 
In order to ensure that there are no untoward losses of sucrose across the extraction  

plant, prior to the massing and analysis of mixed juice, the CTS closely monitors a 

number of specific factors at each mill, amongst which are the weekly pol and brix 

factors. For a number of years, concern has been expressed that the brix minus pol 

factor differences at some mills is on the high side, particularly at the Felixton mill. 

These concerns were exacerbated following the introduction of the RV cane payment 

system, because cane purity now has an important influence on the calculated value of 

cane.  

 
In April 2002, the Industry established a Task Team, comprising members from the CTS, 

SACGA and Tongaat-Hulett Sugar to investigate this matter. The terms of reference of 

the Task Team were  

 
"to plan and organise the work required to determine the possible cause or causes of 
the untoward Brix - Pol factors at FX and submit regular progress reports to the CTS 
Committee".  

 
During the 2002 and 2003 milling seasons a wide-ranging series of investigations were 

undertaken, the results of which were covered in the Final Report to the CTS Committee, 

dated 8th January 2004 (Anon, 2004). In the interests of brevity, the detailed findings of 

this study will not be reproduced here. However, in the light of all the results, it was 

concluded that: 

 

• Whilst no definitive contributory factors had been identified to explain the 

untoward brix minus pol factor differences at Felixton, the investigation had 

identified and eliminated many potential factors. 
• Two specific aspects were highlighted for further investigation; namely, the 

method of bagasse analysis as applied in the S.A. sugar industry and the impact 

of specific FX diffuser operating conditions. 

 

During 2004 and early 2005, the SMRI was commissioned to undertake some specific 

investigations regarding the current method of bagasse analysis. It was suggested that a 

further literature study be undertaken in order to review whether the current method 

used by the CTS for bagasse analysis is still suitable, given the changes that have taken 

place in factory operation and performance since the method was first introduced in the 

late sixties (e.g. improved extraction, increased use of diffusers, reduced frequency of 

cane sampling, mud recycle to the diffusers).  

 

Since it is quite probable that the physical and chemical processes, which occur during 

the analysis of bagasse, are also present within the extraction plant, especially for 

diffuser mills, the scope of this brief study was broadened to include some of the these 

possible effects. 

 
Literature Survey  

 
In the light of the latest findings from the SMRI, it was agreed that a further review 

should be undertaken to determine whether any new light could be shed on the 

incomplete extraction of brix and the influence of time, temperature and other variables 

on the DAC "cold extraction" process. A brief review of the literature was undertaken and 

a number of relevant papers were accessed. These are discussed briefly in the following 

sections. 
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Composition of Bagasse Extract: the Presence of Additional Optically Active 

Substances.  

 

During the thirties a number of articles appeared in SASTA Proceedings on the topic of 

bagasse analysis. The procedure in operation at the time was to gently boil the bagasse 

for an hour with the addition of some sodium carbonate to control pH. Some of the 

observations made by various authors are given below. 

 

1. Dymond (1931) found that if boiling was continued for up to 5 hours there was 

a continuing rise in the levels of pol measured in the extract. Prolonged extraction 

for up to 21 hours at room temperature and at 55º to 60ºC also produced 

measurable increases in polarisation. There was considerable debate as to 

whether the additional pol was due to sucrose or some other dextro-rotatory 

substances extracted from the bagasse. 

 

2. Hedley and Hayes (1934) undertook an investigation to establish whether or 

not "some substance, having optical rotatory power, is extracted from apparently 

sucrose-free bagasse on prolonged boiling". Using a combination of polarisation 

and other wet-chemical methods available at the time, this fairly elegant paper 

concludes that: 

 

• The substance extracted from sucrose-free bagasse gave every indication 

of being a pentose sugar, probably xylose. 

• In the existing method of bagasse analysis at the time, where material 

was boiled with water, some substance other than sucrose was formed 

which affected the polarisation readings. 

• It was not possible to establish whether the source of the pentose was 

from the lignins, the pectins or the gums in the hemi-cellulose fraction.  

 

3. Hedley and Hayes (1935) in a further paper on the composition of sucrose-free 

bagasse again confirmed that the dextro-rotatory material extracted from the 

sucrose-free bagasse was definitely xylose. More recent work undertaken at the 

SMRI failed to find any xylose in juice extracts (Morel du Boil, 2005). 

 

4. Buchanan (1965) in one of his early papers on the proposed new DAC testing 

system observed that the final extract temperature increased with extraction time 

from 38ºC after 10 minutes to 70ºC after 30 minutes. He went on to say that this 

must have contributed to the higher results obtained when using longer 

extraction times. 

 

5. Buchanan and Brokensha (1974) presented a comprehensive paper on the 

new DAC system for South Africa at the 1974 ISSCT Congress in Durban. A 

number of significant observations are made in the paper: 

 

• The new high-speed "cold digestors" are not water-cooled and the 

temperature rises to around 65ºC during extraction. This can range from 

50º to 80ºC, depending on the ambient temperature, the quantity and 

possibly the quality of the fibre. 

• A small degree of evaporation was observed to take place during the 

extraction and decantation. Tests showed that at 74ºC the evaporation 

loss was 0.8% on cane, whilst a level of 1% might be expected at 80ºC. 

• The paper contains details on the rate of extraction of both pol and brix 

without water cooling (i.e. under standard DAC testing conditions). Their 

results, after correction for evaporation during digestion, are as below. 
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Time Temperature Pol % Brix % Purity 

5 48 14.12 16.46 85.78 

10 60 14.22 16.58 85.77 

15 72 14.28 16.71 85.46 

20 80 14.38 16.84 85.39 

25 87 14.39 16.88 85.25 

30 92 14.43 16.96 85.08 

35 95 14.47 17.16 84.32 

40 95 14.44 17.23 83.81 

 

• These data show that pol extraction is incomplete after 20 minutes with 

just over 99% of the final value being attained at that stage. They go on 

to say that the 20 minute "cold digestor" result is still short by 1.5% of 

that obtained by the hot digestion procedure (boiling for 90 minutes). 

They claim that this shortfall is not entirely attributable to incomplete 

extraction, but is in part due to inversion of sucrose. This would seem to 

imply that sucrose losses by inversion are worse in the "cold digestor" 

after 20 minutes, than during "hot digestion" for 90 minutes. However in 

the above table, further increases in pol extraction after about 30 minutes 

could be masked by the simultaneous inversion of sucrose at these 

elevated temperatures. 

• In justifying the selection of an extraction time of 20 minutes, they 

conclude that the systematic error of around 1% due to evaporation will 

be compensated by the under-extraction of sucrose in the "cold extractor", 

which is of similar magnitude.  

• They go on to state that the extraction method is nevertheless perfectly 

adequate for the distribution of pol, as systematic errors of small 

magnitude have no influence. However, it must be said that these could 

have a somewhat greater effect on the calculated pol and brix factors at a 

mill. 

• Their figures also show the substantial increase in brix extraction beyond 

30 minutes. The impact that this has on the purity of the extract is even 

more pronounced.  A repeat of these tests, using a water-cooled digestor, 

which maintained extract temperatures below 40ºC, did not show this 

large increase in brix. This they attributed to a fraction of the cane which 

is normally insoluble going into solution at the elevated temperatures. 

• The above observations are similar to those obtained by the earlier 

researchers during the 1930's and to the more recent data from the SMRI 

and Tongaat-Hulett Sugar. 

 

Several attempts have been made over the past few years to ascertain the composition 

of any other components extracted from cane or bagasse. Some samples of MJ, DAC 

cane and bagasse extracts from FX and MS were sent down to Stellenbosch University, 

where they were subjected to combined gas chromatography and mass spectrometry. 

These results indicated that there were significantly different levels of certain sugars, 

such as maltose and galactose, in the cane and MJ samples from FX. However, some 

doubts have been expressed regarding these tests as no special attempts were made to 

preserve the samples prior to analysis. It is possible (Morel du Boil, 2005) that some of 

these components could have been mis-identified. It would be very useful to repeat this 

type of investigation under carefully specified conditions. 

 

In light of the above observations by a number of researchers, it is highly probable that 

the extraction processes which occur during the DAC analytical procedures are 

duplicated on a much larger scale in a diffuser. If this is the case, then it is likely that the 

answer to the high brix - pol factor differences at certain mills will not be limited to 

consideration of the method for bagasse analysis alone. 
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Possible Solubilisation of Hemicellulose 

 

A number of other manufacturing processes using bagasse or wood as the raw material, 

set out to separate and / or solubilise some of the other major components such as 

cellulose and hemicellulose. Most of these industries make use of aqueous extraction 

processes in the presence of highly acidic or alkaline media. The reactions that take 

place are well researched and it is probable that some of these are occurring, even if 

only to a minor extent in the local sugar industry. 

 

One of the foremost of these byproduct industries in South Africa is the production of 

furfural. This is done by exposing final bagasse to high temperature steam in a 

pressurised reactor. Initially acetic acid forms from the acetyl radicals in the bagasse and 

hydrolyses the pentosan fraction to pentose sugars, primarily xylose, which are then 

dehydrated and condensed to furfural. The rate determining step in this whole process is 

the final dehydration of pentose to furfural, so that when sizing the reactors for a furfural 

plant, the period of time required for the pentosan hydrolysis to pentose is usually 

disregarded.  

 

A number of previous authors have postulated that pentosans are being hydrolysed to 

some degree under the relatively high temperature conditions and residence times 

encountered during cane testing and / or diffusion. The following references have been 

accessed on this topic. 

 

Buzzard (2005) provided an extract from a publication by Dr Karl Zeitsch dealing with 

the kinetics of pentose formation from pentosan. Reference is also made to another 

paper on the kinetics of furfural manufacture from corncobs using sulphuric acid 

(Dunning and Lathrop, 1945). Due to the technical nature of this material, the essential 

elements have been summarised in Appendix 1 of this report.  

 

Based on the kinetic data provided, it can be seen that the rate of pentosan hydrolysis 

(pentose formation) is dependent on the following parameters: 

 

• It varies linearly with the pentosan concentration, which is fairly constant in 

bagasse (around 25% on a dry mass basis). 

• It varies exponentially with absolute temperature - over the range 50 to 

100ºC it will approximately double for each 20ºC increase in temperature. 

• It varies logarithmically with pH and a 1 unit reduction in pH increases the rate 

of pentose formation by a factor of 10. 

 

It is readily apparent that changes in pH will have the greatest bearing on pentosan 

hydrolysis, although the effect of temperature should not be ignored.  

 

The addition of lime to control diffuser pH has been discontinued at most mills over 

recent years. It would be interesting to establish what effect, if any, this change has had 

on the composition and brix levels in the DAC extract (for bagasse) and in the MJ 

stream, especially at FX, where lime addition was found to be the cause of their acetic 

acid corrosion problems in the evaporators. 

 

Pessoa, Mancilha & Sato (1997) studied the acid hydrolysis of hemicellulose in 

sugarcane bagasse. They confirmed that hemicellulose can be preferentially hydrolysed 

from bagasse under much milder conditions than are required to hydrolyse cellulose.  

They also showed that sugarcane bagasse can be hydrolysed using dilute acid to obtain a 

mixture of sugars with xylose as the major component. Optimum recoveries and yields 

were obtained in 20 minutes at a temperature of 140ºC and an acid concentration of 100 

mg acid / gram of dry matter.  
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Although their reaction conditions are far removed from those at a sugar mill, the data 

shown in Appendix 1 indicate that hydrolysis of pentosans might take place to a 

measurable extent under extreme diffuser conditions (i.e. residence time 2 h, 

temperature 90ºC and pH 5).  

  

CONCLUSIONS 
 

From the foregoing discussion it seems abundantly clear that the extraction processes 

which occur, both on full-scale in a cane diffuser and on laboratory-scale during DAC 

analysis, are capable of extracting additional materials from cane. Some of these 

substances may be optically active, which would influence polarisation, while they would 

also increase brix readings.  

 

In view of the possible ramifications which this could have on the reporting of factory 

performance and on the distribution of proceeds, it is incumbent on the Industry to 

commission a detailed study to elucidate the nature of these minor constituents in MJ 

and cane/bagasse extract. The answers will not be easy to find and it may be necessary 

to outsource parts of this study. It is unlikely that that the CTS, as currently constituted, 

will have the necessary resources to undertake such an investigation.  
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APPENDIX  1 :  The kinetics of pentosan hydrolysis (Buzzard, 2005) 

 
The rate of pentose formation from pentosan is proportional to the pentosan 

concentration, but is diminished by the sequential reaction of pentose to furfural. This is 

expressed by the rate equation, 
 

d[Pentose] / dt  =  k0 [Pentosan]  -  k1 [Pentose] 

 
where t is the time co-ordinate. From measurements by Dunning and Lathrop (1945), 

the first proportionality factor was found to be  

 
k0  =  7.832 x 104 litre/(mole min) x CH x exp(-5163 ºK/T)  

 
where CH is the initial hydrogen ion concentration (mole/litre) at room temperature and 

T is the absolute temperature in ºK. In addition it was suggested that the rate constant 

k0 was influenced by  

 

• The degree of comminution of the solid (pentosan containing) substrate, or in this 

case on PI 

• The nature of the raw material - i.e. how accessible the pentosan is to react with 

the H+ ions 

 
However it was found that all these effects were of minor significance as the hydrolysis 

of pentosan to pentose is very much faster than the subsequent dehydration of pentose 

to furfural (i.e. k0 >> k1). 

Based on the above kinetic data, it can be seen that the rate of pentosan hydrolysis 

(pentose formation) is dependent on the following parameters: 
 
� It varies linearly with the pentosan concentration, which is fairly constant 

in bagasse (around 25% on a dry mass basis) 

� It varies exponentially with absolute temperature - over the range 50 - 

100ºC it will approximately double for each 20ºC increase in temperature 

� It varies logarithmically with pH and a 1 unit reduction in pH increases the 

rate of pentose formation by a factor of 10 

 
From the above data, it is readily apparent that changes in pH will have the greatest 

bearing on pentosan hydrolysis, although the effect of temperature should not be 

ignored.  

 

The addition of lime to control diffuser pH has been discontinued at most mills over 

recent years. It would be interesting to establish what effect, if any, this change has had 

on the composition and brix levels in the DAC extract (for bagasse) and in the MJ 

stream, especially at FX, where lime addition was found to be the cause of their acetic 

acid corrosion problems in the evaporators. 

 


