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Abstract 
 
The considerations for selection and release of a commercial variety of sugarcane have 
primarily been limited to agronomic factors. Certain varieties which have been released 
have gained the reputation of being problematic in the factory. Since most of the evidence 
is anecdotal, little progress has been made in developing methods to screen for varieties 
which might cause processing difficulties. Recently, efforts have been made to identify 
parameters that could be measured to express the performance of a particular variety in a 
factory. The main weakness to date has been that the methods are indirect and focus on a 
small sample of cane stalk. These tests have included microscopic examinations, pith-
fibre ratios and impact strength tests. 
 
Percolation was chosen as a possible test method that could address this problem. Thishas 
the advantageof resembling the process to which the cane would be subjected and allows 
the simultaneous analysis of representative parts of the single cane stalk and of multiple 
stalks. It was anticipated that this approach would reduce the in-sample variation that had 
been observed with other techniques. The disadvantage is that percolation velocities 
under factory conditions and those observed in the percolation test apparatusare not 
directly comparable. 
 
This paper explores the use of percolation rate in a small column as an indicator of the 
percolation characteristics of selected varieties in a diffuser. The results were compared 
with perceived percolation rates of the varieties in a factory. The variability of results 
from essentially similar samples was also investigated. 
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Introduction 
 
Relevance to sugar industry 
Diffusion rapidly became the extraction method of choice after its introduction into the 
South African sugar industry. The method offers numerous advantages in terms of energy 
use, running costs and maintenance. The introduction of the technology posed many 
challenges (Buchanan, 1967). The principle of operation requires that juice percolates 
through the cane bed, washing out the Brix as it flows. For this process to be effective, 
fibres in the bed must prevent excessive compaction of the bed. 
 
For a diffuser to act under ideal conditions, plug flow must be achieved in each of the 
stages. In reality, however, this is generally not achievable. Models have been proposed 
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to take non-ideal flow behaviour into account (Love and Rein, 1980). Mixing between 
stages occurs, thus the flow in reality does not approximate plug flow. A slow percolation 
rate can result in liquid accumulation, or flooding, on the top of the bed which leads to 
liquid not passing through the bed at the ideal point. This also has an adverse effect on the 
liquid-cane contact efficiency and hence the extraction efficiency. 
 
The structure of the prepared cane bed depends on the mechanical characteristics of the 
plant tissue and on the preparation process. Currently cane is bred for yield and 
agronomic performance. Mechanical qualities of varieties have not been assessed as 
criteria for release. As a result, certain released varieties have earned reputations as 
difficult to process. 
 
The differences in mechanical properties might be accommodated by adjusting the cane 
preparation equipment according to the variety of the consignment, or, potential problem 
varieties could be identified prior to release. 
 

Efforts to date 
 
Pith-fibre 
The ratio of pith to fibre in a cane variety has been proposed as a measure of its 
percolation behaviour in a diffuser. The measurement involves preparing the cane finely 
and using sieves to separate the small particles (pith) from the longer fibres using a 
moving cylindrical screen(Snow, 1974), a rectangular box screen (Moodley, 1991) or a 
series of static screens (Chinsamy, 2002). 
 
The repeatability of the pith-fibre technique has been shown to be good (Chinsamy, 
2002). The correlation between pith-fibre ratio and performance in an extraction plant, 
however, appears to be weak. It has been suggested (Snow, 1974) that the pith-fibre ratio 
does not give a true representation of the fibre strength. 
 
Microscopic examination 
Attempts have been made to identify the vascular bundles within a cross-section of 
sugarcane (Barker and Wesley-Smith, 2008). With this technique the quantity of vascular 
bundles within the cross-sectioncan be assessed.However, the technique does not take the 
distribution of the bundles across the cane cross-section into account. The distribution of 
the vascular bundles and fibre length will probably influence the characteristics of the 
cane bed after shredding. 
 
Impact testing 
A direct measurement of cane strength was attempted (Hlongwane et al., 2008). After 
investigating various approaches they focussed on impact testing using a swing hammer. 
Variability of cane characteristics over the length of the cane stalk and nature of fracture 
presented problems (Barker et al., 2009). 
 

Objective of investigation 
 
The objective of this investigation was to develop a technique for predicting the 
performance of new varieties in a diffuser before they are released. 
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The technique chosen needed to address the followingaspects: 
 
1. The sample of cane used must be sufficiently representative to avoid variation of the 

measurement along the length of the stalk and between stalks. 
2. Only a limited quantity of cane is available during variety trials, therefore the 

technique must use the minimum amount of cane necessary. 
3. The measure must be able to be related to the actual process in a diffuser. 

 
 

Challenges to be overcome 
 
Statistical confidence in previous approaches 
The impact and the microscopic methods used small sections of stalk. The characteristics 
of the stalk vary along its length, resulting in a spread of the results from what should 
have been similar samples. This high within-sample variability often resulted in the 
differences between the means of different varieties being statically insignificant. A 
technique that reduces the effect of variation within the sample was required. 
 
Correlation with actual process 
Both the pith-fibre and impact methods are indirect measures of how the cane is likely to 
perform in a diffuser. There could be many factors that would influence the actual 
performance of the cane in a diffuser. These factors could include fibre bundle 
distribution in the cane stalk as well as fibre length. A method that more directly relates to 
cane processability would be desirable. 
 
How does the percolation approach address problems experienced? 
The advantage of a technique that involves shredding the cane sample is that it can be 
mixed to derive a sample representative of the average cane properties. This averages out 
the variation experienced along the stalk as well as the variation between similar stalks. 
 
The use of percolation rate as a measure of cane performance goes some way towards 
simulating reality. Admittedly, the sample that can be made available is somewhat 
smaller than that which would be required to simulate a full scale diffuser. This technique 
does, however, allow for comparative studies between variety samples. 
 
 

Experiment approach 
 
Test rig design 
A test rig, shown in Figure 1, was constructed. The following points were taken into 
account in the design: 
 
• A transparent material was chosen for the column so that the response of the bed 

could be observed. 
• The bed height was chosen as a compromise between percolation distance and the 

quantity of cane required for the test. 
• An overflow system was used so that the head of water above the cane was essentially 

constant. 
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• A heater was used so that the conditions in the test approached the actual conditions 
in a diffuser as far as soften
be limited to 60 °C, however, 
materials. 

• Recirculation of juice was used to avoid 
• A rotameter was used to measure the inlet flow rate and an ultrasonic meter was used 

on the overflow. The flow through the column was determined by 
between the inlet and outlet flows.

 
 

 
 
Data interpretation 
A sample of 6 kg of cane, prepared in the Waddel
Institute (SMRI) for 5 seconds,
described by Barker et al. (2011). 
the built-in heating elements. 
rate calculated. A trace of percolation 
one shown in Figure 2. It can be seen from the figure that the percolation 
over time as the cane settles. A steady state occurs 
between tests, a cut-off time of 
have settled, allowing the characteristic percolation 

A heater was used so that the conditions in the test approached the actual conditions 
in a diffuser as far as softening the cane fibre was concerned. The temperature had to 

, however, because of the temperature tolerance of

was used to avoid extra heating and water requirements.
o measure the inlet flow rate and an ultrasonic meter was used 

on the overflow. The flow through the column was determined by 
between the inlet and outlet flows. 

 
Figure 1.Percolation rate test rig. 

, prepared in the Waddell shredder at the Sugar Milling Research 
for 5 seconds, was sprinkled into the column according to the method 

(2011). The water in the apparatus was heated to 60
in heating elements. The flow rate was measured over time and the percolation 

A trace of percolation rate as a function of time was plotted similar to the 
. It can be seen from the figure that the percolation 

over time as the cane settles. A steady state occurs after30to 40 minutes. 
off time of 30 minutes was chosen when the bed would be 

characteristic percolation rate and bed height to

A heater was used so that the conditions in the test approached the actual conditions 
ing the cane fibre was concerned. The temperature had to 

the temperature tolerance of the construction 

and water requirements. 
o measure the inlet flow rate and an ultrasonic meter was used 

on the overflow. The flow through the column was determined by the difference 

 

Sugar Milling Research 
according to the method 

heated to 60 °C using 
and the percolation 

was plotted similar to the 
. It can be seen from the figure that the percolation rate decreases 

minutes. For consistency 
minutes was chosen when the bed would be deemed to 

to be measured. 
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Figure 2. Typical percolation rate-time graph. 

 
 

Experiment design 
 
Objective 
Tests were designed to answer two important questions: 
 
1. Is the variability between samples of essentially similar cane sufficiently small to 

produce significant results? 
2. Are the differences between varieties sufficiently large and correlated to actual 

behaviour to make reliable judgements about their performance in a diffuser? 
 
Repeatability 
A cane sample was harvested from one field so that the stalks could be assumed to be 
essentially similar. The cane stalks were divided into 10 subsamples of approximately 
6 kg each.Each subsample of cane was shredded in the Waddell shredder for 5 seconds. A 
percolation rate test was performed on each of the 10 different subsamples of the 
prepared cane. The percolation rate was determined as a function of time. The bed heights 
before and after the percolation test were recorded. The results were then examined for 
any anomalies. The variability of the results would represent the interaction of the 
prepared cane with the equipment as well as the variation between subsamples. Both 
these effects would contribute to the uncertainty in variety trials. 
 
Differences between varieties 
Samples of six varieties of cane were obtained from Malawi. The samples were prepared 
in a Waddell shredder for 5 seconds. The percolation rates for each of the varieties were 
measured. The mill staff were asked to rank the varieties in order of their performance in 
the diffuser. These perceptions were compared to the measured percolation rates. 
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Results 
 
Repeatability 
The results for the 10subsamples of cane, used for the repeatability trial,are shown in  

 

Table 1. It can be seen that the percolation rate for the seventh test was substantially 
different to the others. It was visibly different to the others and probably included a stalk 
that had dried out before it was harvested. Two statistical outlier tests, namely the Q test 
and Tn test, were used and this result was rejected at the 95% confidence level. 
 
The following formulas were used to calculate the values in Table 1: 
 

columnincaneofHeightcolumnofArea

caneofMass
Density

columnofArea

rateflowVolumetric
RatenPercolatio

•
=

=
 

 
 

Table 1.Repeatability test results. 

Test 
Percolation rate 
(after 30 mins) 

Density  
pre-percolation 

Density  
post-percolation 

m/min kgcane/m
3 kgcane/m

3 
Test 1 0.94 268 432 

Test 2 0.82 278 432 

Test 3 0.91 294 436 

Test 4 0.85 286 446 

Test 5 0.85 278 443 

Test 6 0.85 282 423 

Test 7* 1.06 278 423 

Test 8 0.88 282 446 

Test 9 0.81 288 455 

Test 10 0.88 286 432 

Mean 0.87 282.54 438.23 

Std dev 0.042 7.34 9.75 

CV 4.79% 2.60% 2.22% 

*Excluded at 95% confidence level 
 
The coefficient of variation (CV) is sufficiently low to give confidence in the technique. 
The outlier serves to emphasise the importance of choosing a representative sample in 
any characterisation test. 
 
Comparison with other techniques 
The variety has a significant effect on the pith-fibre ratio (Barker and Davis, 2005). 
Despite this, the pith-fibre ratio remains an indirect measure of cane percolation 
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performance. A correlation between pith-fibre ratio and percolation rate is shown in 
Figure 3, from which it can be seen to be very weak with a correlation coefficient r2=0.33. 
 
 

 
Figure 3.Correlation of pith-fibre ratio with percolation rate. 

 
 
It has long been reported that the degree of preparation can be indicated by the density of 
the prepared cane, particularly if a prescribed pressure is applied to the sample (Solomon, 
1967). The samples of cane that were used for this investigation were prepared with a 
consistent effort, namely five seconds in a Waddell shredder. Any variation between the 
varieties would result in differing preparations. Figure 4 shows the comparatively strong 
correlation between the initial packing density and the percolation rate.In other words, the 
strength of the fibres probably influences the initial packing density in a similar manner 
to the way it affects the final percolation rate through the bed. 
 
 

 
Figure 4.Correlation between bed density and percolation rate. 
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Difference between varieties
The percolation rate as a function of time is shown in 
percolation rate decreases as the bed compacts
40 minutes. The starting rate is essentially an indication of how the bed was packed 
initially. The final rate indicates how the bed 
expected relative performance
 

Figure 5.Percolation rate 
 
 
The ranking of perceived performance
personnel are shown in Table 
the perceived performances.
 

Table 

Ranking by
factory

1
2
3
4
5
6

 

 
General observations 
The cane bed was seen to settle from an initial loosely packed bed to a compact bed under 
the influence of the water flow. Some separation of the cane components was observed
particularly in the varieties with lower percolation 
 
 
 

Difference between varieties 
The percolation rate as a function of time is shown in Figure 5. It can be seen that the 
percolation rate decreases as the bed compacts, reaching a steady state after about 

minutes. The starting rate is essentially an indication of how the bed was packed 
initially. The final rate indicates how the bed settled and is deemed to be indicative of the 

performance in a diffuser. 

ercolation rate over time for different varieties.

The ranking of perceived performances of cane varieties in a diffuser
Table 2. The measured percolation rates were well correlated with 

. 

Table 2. Cane varieties tested in order of  
perceived diffuser performance. 

Ranking by 
actory Variety Percolation rate 

(m/min) 
1 N14 1.01 
2 MN1 0.81 
3 N36 0.72 
4 N25 0.48 
5 N32 0.48 
6 N38 0.52 

 

Discussion 

The cane bed was seen to settle from an initial loosely packed bed to a compact bed under 
influence of the water flow. Some separation of the cane components was observed

particularly in the varieties with lower percolation rates. 

. It can be seen that the 
ady state after about 

minutes. The starting rate is essentially an indication of how the bed was packed 
deemed to be indicative of the 

 
. 

in a diffuser by factory 
well correlated with 

The cane bed was seen to settle from an initial loosely packed bed to a compact bed under 
influence of the water flow. Some separation of the cane components was observed, 
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Repeatability 
A coefficient of variation of better than 5% was measured in the repeatability trials. 
Although this is slightly higher than the variability for pith fibre measurement, the 
technique itself emulates the real process fairly closely and is therefore considered a 
better measure of how the cane would perform in a diffuser. 
 
Differences between varieties 
Significant differences between the varieties were found at the 95% confidence level. The 
method appears to be sufficiently robust to identify cane varieties that could present 
problems in a diffuser. The actual properties of cane, however, depend on a multitude of 
parameters such as age, rainfall, sunlight and season. It may be necessary to perform a 
more detailed study for these additional factors on varieties that are flagged as 
questionable. 
 
Comparison with other work 
Many authors have contributed to the understanding of percolation through a diffuser. 
Attempts have been made to simulate a flow path through a diffuser (Rein, 1972). In this 
case a large diameter column was used to avoid wall effects. The juice level used was 
similar to the bed height which was also chosen in line with diffuser operation practices. 
More comparable work was done using a smaller column and lower bed height (Lionnet, 
2005). In this case the bed was also submerged by the juice. 
 
A comparison of these works is presented in Table 3. It can be seen that the percolation 
rates measured in this investigation are marginally higher than those measured by other 
authors, particularly Lionnet (2005). These differences can be attributed to experimental 
dissimilarities such as the smaller column size resulting in wall effects, the height of the 
juice relative to the bed, the temperature used causing softening of the fibre, fibre content 
of the cane and chemical differences in the juice. In this work, a Waddell shredder, which 
essentially shreds the cane using a knifing action, was used whereas other researchers 
used factory cane which is hammer-mill shredded. The different shredding actions could 
result in different bed strength characteristics which would account for different 
percolation rates. Parameters such as these need to be kept consistent so that the results 
can be compared. 
 

Table 3.Comparison of similar percolation studies. 

 Rein (1972) Lionnet(2005) This work 
Column diameter (m) 0.610 0.450 0.190 
Column height (m) 1.82 1.00 1.0 
Mass of cane (kg) 45 – 80 25 – 35 6 
Bulkdensity – post percolation (kg/m3) 430 – 560 300 – 450 460 – 510 
Bed height (m) 0.7 – 1.1 0.35 – 0.55 0.4 – 0.5 
Percolation Rate (m/min) 0.18 – 0.40 0.4 – 0.8 0.5 – 1.1 
Temperature (°C) 73 75 60 

 
 
Despite the differences found between the measurements taken and those reported by 
other authors, the results obtained suggest that the percolation rates measured can be used 
as acomparative indicator of cane behaviour in a diffuser. 
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Conclusion 
 
The percolation rate in the column was shown to be an indicator of the relative 
performance of varieties in a diffuser. The aim of the study was to present a tool that can 
confidently be used to indicate how a variety would behave. Factors such as rainfall, soil 
and temperature were not part of this study since each variety sample was harvested as 
one batch from one field. Differences at the 95% confidence level could be found 
between the samples tested. The results also correlated well with the perceived behaviour 
of the variety at the factory. 
 
The percolation rate method can be used to quantify the anticipated performance of a 
variety in a diffuser. Further work will be required to define acceptable ranges for 
adequate factory performance. A study of the effect of seasonal variation would make a 
useful guideline for harvesting schedules. 
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