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Introduction
A common practice in South Africa is to burn the sugarcane in preparation for harvesting.
Madho et al. (2017) reported that approximately 90% of sugarcane was burnt prior to harvest
in the 2016/17 season. It is anticipated that increasing environmental pressures and amended
regulations will necessitate the exploration of alternative harvesting methods should
sugarcane burning be prohibited. In addition, the harvesting of green sugarcane affords the
industry the opportunity to exploit the value of the sugarcane fibre, particularly the fibre
associated with the brown leaf that would normally be lost to burning in the field.
In order for a specific factory to determine whether brown leaf separation or co-processing of
the brown leaf with the sugarcane would be more favourable, it is necessary to understand
the in-factory processing challenges and costs associated with the cane harvested by each
method. This is important for factories using diffusers where information on brown leaf
processing and related costs are lacking. The need for an alternative harvesting method
motivated a Sugar Milling Research Institute NPC (SMRI) research project to investigate the
effects of processing green (unburnt) sugarcane on diffuser operation and the quality of the
extracted juice.
Previous research (Bernhardt et al., 2000; Muir et al., 2009; Muir and Eggleston, 2009)
investigated the effects of green cane harvesting on diffusers using laboratory and full-scale
processing trials; however, the results were generally inconsistent and deemed inconclusive
for the purpose of quantifying the operational and cost impacts. Under normal operating
conditions of a diffuser, the variety of sugarcane and quantity of brown leaf entering a diffuser
is highly variable. The change in sugarcane consignments occurs more frequently than the
average juice and fibre retention times. Drawing conclusions on the impact of the brown leaf
and harvesting method with these confounding effects is difficult. Previous work investigating
the impact of brown leaf on juice and sugar quality involved cold digestion, by the direct
analysis of cane (DAC) as an extraction method (Reid and Lionnet, 1989) and a press
extraction method (Scott et al., 1978). Neither of these methods is representative of conditions
that exist inside a diffuser. Cold digestion (Buchanan, 1967) is designed to open all cells by
high speed shearing of sugarcane fibre into pulp to release all dissolvable material and it is
therefore believed that cold digestion extracts more brix and non-sucrose than diffusion. The
press method is different to diffusion as the press merely squeezes the juice out of opened
cells and therefore will extract less brix and non-sucrose than a diffuser. It was therefore
proposed to develop a pilot juice extractor for extracting juice that is representative of that from
a commercial diffuser.
This paper reports on (1) the development and construction of the pilot juice extractor, (2) the
commissioning of this unit and (3) the validation of the pilot juice extractor against a
commercial diffuser.
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Materials and Methods
Design and construction of pilot juice extractor
The detailed design and justification for the pilot extractor design choices are described
elsewhere (Loubser, 2018; Balkissoon, 2019). The pilot extractor consists of a stainless steel
removable basket with perforations located on the top and bottom screens to hold a 3 kg
sample of shredded sugarcane (Figure 1). A removable basket retainer was designed to keep
the basket in place at the vessel opening whilst a Teflon support ring was located at the bottom
of the column to secure the basket in place. A vortex breaker was installed in the column to
avoid a vortex from forming at the top of the column. The extractor has two heating media
available; a steam jacket and an electric heating element. Instrumentation includes a
conductivity meter, an on-line brix refractometer and a magnetic flow meter. A user interface
can be used to log data and observe trends. A photograph of the pilot juice extractor is shown
in Figure 2.

Figure 1. Conceptual design of the pilot juice extractor (Loubser, 2018).
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Figure 2. Photograph of the pilot juice extractor on site.

Commissioning procedure of the pilot juice extractor
The objectives of the commissioning phase were (1) to determine whether differences in juice
quality could be detected between juice extracted from sugarcane with brown leaf, and from
juice extracted from sugarcane without brown leaf; and (2) to determine the best set of
operating conditions for the pilot juice extractor. The effects of time and temperature on juice
quality were assessed to select operating conditions for the validation. The commissioning
tests were carried out according to a two factorial experimental design using TIBCO
Statistica™ software (version 13.4.0.14). A total of 18 experiments were conducted according
to the experimental design (detailed in Appendix 1) for the following variables (Balkissoon,
2019):





Temperature: 75-85°C
Time: 30-60 min
Centre points (time at 45 minutes, temperature at 80°C)
Inclusion of brown leaf: Yes or No.

The sugarcane variety N12 (a high-colour variety) was used in all experiments. The tops were
removed at the natural breaking point and the brown leaves were removed and set aside. The
cleaned stalks, tops and brown leaves were weighed and the relative proportions of stalk to
tops to leaves were calculated. An average mass of 10 g of brown leaf/100 g of sugarcane
sample was used, as representative of the ratio of brown leaf to clean stalk on the cane as
received. The sugarcane was randomly sampled, weighed, billeted and shredded using a
Waddell shredder to the required mass (7 kg) and representative samples of prepared cane
were directed to the pilot extractor, cold digestor and South African Sugar Association (SASA)
Cane Testing Service (CTS) press, respectively, for juice extraction. The repeatability of the
extraction method was evaluated for juice extraction from sugarcane with and without brown
leaf, for one temperature (80°C) and one residence time (45 minutes), in triplicate.
The juices extracted from the experiments were analysed for ICUMSA colour (Anon, 2013),
reducing sugars (Anon, 2011), brix, sucrose and conductivity ash (Anon, 2014).
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Validation procedure for the pilot juice extractor against a commercial diffuser
Following the commissioning phase, the pilot juice extractor and the CTS press were
transported to Gledhow (GH) sugar factory for the validation experiments. The GH diffuser
was selected as the commercial diffuser for the validation tests because it is a small diffuser
without the complications of mud recycling. The diffuser is a 12-stage counter-current BMA
(Braunschweigische Maschinenbauanstalt AG) diffuser with a throughput of 120 tons cane per
hour and an average fibre residence time of 70 minutes.
In the validation experiments the juices extracted by the pilot juice extractor, CTS press and
cold digestion (DAC extract) (Anon, 2009) were compared with the draft juice sampled from
the GH diffuser (Balkissoon et al, 2019). A temperature of 80°C and 30 minutes residence
time was selected for juice extraction in the pilot juice extractor for validation purposes based
on the commissioning tests. A lithium tracer test was performed on the GH diffuser front-end
to determine the juice residence time in the diffuser. It was important to sample the draft juice
accurately during the pilot extractor validation trials such that the diffuser draft juice
corresponded to the consignment of sugarcane used for the comparative extraction methods.
A basic flow diagram of the process for the comparative extraction methods is shown in
Figure 3. Only sugarcane consignments greater than 30 tons in mass were selected for the
validation tests to ensure that the diffuser was filled with sufficient sugarcane from the same
source to ensure that samples of draft juice taken from the diffuser were representative of the
consignment and not mixed with juice from previous consignments. The visual appearance of
the cane consignment (whether it was burnt or unburnt) and variety were noted before being
tested. Selections were done at the weighbridge. Once selected, the consignment was
directed to the diffuser. Once the consignment was discharged onto the spiller table it was
tracked until it reached the CTS cane sampling point and sampled using the CTS sugarcane
sampling system. With the assistance of the CTS sugarcane sampler, approximately 8 kg of
the shredded sugarcane consignment was sampled from the CTS sampling hatch. The
shredded sugarcane sample was mixed and further split into three sub-samples. Each subsample was directed to (1) the pilot extractor, the CTS press and (3) cold digestion (DAC)
for further processing to extract the juice.
Sixteen consignments of sugarcane were tested. Once the tail of the sugarcane consignment
passed the sampling point and the sugarcane sampling had ceased, a stopwatch timer was
started to determine the time when the draft juice needed to be sampled. Approximately
500 ml of juice from each extraction method was collected, sub- sampled into 100 ml samples
and frozen for analysis at the SMRI.
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Figure 3. Flow diagram showing sampling of shredded sugarcane and sugar juices extracted
for the validation phase.

The pilot extractor juice, draft juice, press juice and DAC extract samples were analysed for
brix (Anon, 2018a), sucrose (Anon, 2018b), ICUMSA colour (Anon, 2013), conductivity ash
(Anon, 2018c) and reducing sugars (Anon, 2011). The draft juice was analysed for ICUMSA
colour (Anon, 2013) and for brix, sucrose and conductivity ash (Anon, 2014).
Results
Commissioning
The results for the commissioning phase of the study where sugarcane juice was extracted
from the pilot juice extractor are shown in Appendix 1. Statistical analyses performed at a 95%
confidence level for the effect of the variables on the analytes tested (Table 1) revealed that
the presence of brown leaf had a significant effect on ICUMSA colour, glucose and fructose
concentration in the extracted juice. None of the variables tested had a significant effect on
gravity purity, conductivity ash or the reducing sugars-to-ash ratio. Residence time showed a
significant effect on fructose and glucose concentrations only.
Extraction temperature and residence time had no significant effects on the quality parameters
of the extracted juice, namely gravity purity, colour and conductivity ash (Table 1). This
suggested that the dependence of measured values on the time and temperature in the ranges
tested was smaller than variances in the method and sampling. However, temperatures
outside of the range tested would not be representative of normal diffuser operations
(Balkissoon, 2019) and therefore it was decided to operate the pilot extractor at 80°C in all
subsequent tests (Balkissoon, 2019). In addition, since the residence time appeared to have
no significant effect on juice quality, an operating time of 30 minutes was selected to enable
more tests per day (Table 1). This suggests that the nature of brown leaf could have
contributed to the variation in the results.
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Table 1. Statistical evaluation of the effects of the variables on the analytes tested
(P-values>0.05).
Variables
Temperature

ICUMSA
colour

Gravity
purity

Fructose

Glucose

Conductivity
ash

RS/ash
ratio

X

X

X

X

X

X

X

X

X

X

X

X

Brown leaf
Time

X

Key: RS = reducing sugars

= statistically significant X

= not statistically significant

The repeatability of the extraction method for juice extraction from sugarcane with and without
brown leaf, for 45 minutes residence time at 80°C (Table 2) showed a larger relative standard
deviation for colour in juice extracted from sugarcane in the presence of brown leaf compared
to the juice obtained from sugarcane extracted without brown leaf. For all other juice quality
parameters measures, the relative standard deviations were larger for juice that was extracted
without brown leaf.
Table 2. Extraction method repeatability as determined for the pilot juice extractor for sugarcane
with and without brown leaf, for 45 minutes residence time at 80°C.
Without brown leaf

Average
Relative Std
deviation (%)

Fructose

Glucose

Gravity
purity

Conductivity ash

Colour

0.8 g/100 g °Brix

0.7 g/100 g °Brix

91.36%

0.3 g/100 g °Brix

15 868 IU

16.49

7.79

4.24

12.02

4.38

With brown leaf

Average
Relative Std
deviation (%)

Fructose

Glucose

Gravity
purity

Conductivity ash

Colour

0.9 g/100 g °Brix

0.8 g/100 g °Brix

88.12%

0.3 g/100 g °Brix

36 681 IU

13.59

4.89

0.94

11.31

14.83

Results from the commissioning experiments showed that it was possible to differentiate
between juice extracted from sugarcane with and without brown leaf using the pilot juice
extractor, with significant differences noted for colour, glucose and fructose concentrations.
The inclusion of brown leaf with the sugarcane yielded juice with a noticeably higher colour.
Extraction temperature and residence time had no significant effects on the quality parameters
of the extracted juice, namely gravity purity, colour and conductivity ash (Table 1). This
suggested that the dependence of measured values on the time and temperature in the
ranges tested was smaller than variances in the method and sampling.
However, temperatures outside of the range tested would not be representative of normal
diffuser operations (Balkissoon, 2019) and therefore it was decided to operate the pilot
extractor at 80°C in all subsequent tests (Balkissoon, 2019). In addition, since the residence
time appeared to have no significant effect on juice quality, an operating time of 30 minutes
was selected to enable more tests per day (Table 1). This suggests that the nature of brown
leaf could have contributed to the variation in the results. The slightly higher variances
observed for reducing sugars and conductivity ash results compared to the other components
(sucrose and colour) may be attributed to analytical uncertainties associated with analysis at
much lower juice brix concentrations.
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Validation
Sixteen sugarcane consignments were tested during the validation phase which included both
burnt and green sugarcane. The details of the sugarcane consignments tested can be found
in Appendix 2. Only four of the consignments included in this study contained green sugarcane
with significant quantities of brown leaf. Normally, green sugarcane consignments are
processed in the milling tandem since the preparation equipment on the diffuser line is not
optimised for handling green sugarcane and is prone to chokes when the brown leaf content
is high.
The lithium tracer test, performed on the GH diffuser front-end, indicated that the peak juice
brix concentration from a chosen sample of sugarcane exited in draft juice between nine and
10 minutes after entry of the cane (the lithium tracer curve is shown in Appendix 2). The test
conducted indicated that most of the brix in the sugarcane sample would be expected to leave
with the draft juice at around this residence time.
The results for colour, gravity purity, glucose, fructose, conductivity ash and non-sucrose for
the juice extracted from the pilot juice extractor, cold digester and press, respectively,
compared with draft juice from the commercial diffuser, are presented as scatterplots and box
and whisker plots. The scatterplots present the trend lines and correlations, while the box and
whisker plots present the statistical comparisons.
Data from green sugarcane consignments are shown as open points in the scatterplots. Only
results from processing burnt sugarcane are included in the determination of the correlations
between different methods of juice extraction as there were so few green consignments tested.
The colours of extractor juices were lower than those of the DAC extracts and higher than
those of press juices (Figure 9). Of the three extraction methods, the colours of the juices from
the pilot extractor were closest to those of the draft juices. The only significant difference in
colour was observed for juices extracted from burnt and green sugarcane by the pilot extractor
(Figure 10).

Figure 9. ICUMSA colour correlations for extracted juices against draft juice with the
equivalence line represented by a solid blue line.
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Figure 10. Box and whisker plot showing the comparison of cold digestion, press, pilot extractor
and draft juices for green and burnt cane for ICUMSA colour. G = green cane, B = burnt cane,
SE = standard error.

The extractor juice gravity purity was lower than press juice purity and higher than that of the
DAC extract, and was closer to the draft juice measurement than the juice extracted by the
other two methods (Figure 11). Larger variations in measurements were observed for green
sugarcane across all extraction methods when compared to burnt cane (Figure 12).

Figure 11. Gravity purity correlations for extracted juices against draft juice with the equivalence
line represented by a solid blue line.
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Figure 12. Box and whisker plot showing the comparison of cold digestion, press, pilot extractor
and draft juices for green and burnt cane for gravity purity. G = green cane, B = burnt cane, SE
= standard error.

The trend line representing the glucose content of pilot extractor juice was closer to the
equivalence line and the pilot extractor juice correlation against draft juice was stronger than
those of the correlations for the press juice or DAC extract (Figure 13). For the fructose
content, stronger correlations were observed for the press juice against draft juice than for the
DAC extract and pilot extractor juice against draft juice (Figure 15). It was noted that the
concentrations of reducing sugars in all extracted juices were very low under the extraction
conditions tested (Figures 13 and 15). For both types of reducing sugars, draft juice showed
a very large variability (Figures 14 and 16).

Figure 13. Glucose correlations for extracted juices against draft juice with the equivalence line
represented by a solid blue line.
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Figure 14. Box and whisker plot showing the comparison of cold digestion, press, and pilot
extractor and draft juices for green and burnt cane for glucose concentration. G = green cane,
B = burnt cane, SE = standard error.

Figure 15. Fructose correlations for extracted juices against draft juice with the equivalence line
represented by a solid blue line.
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Figure 16. Box and whisker plot showing comparison of cold digestion, press, pilot extractor
and draft juices for green and burnt cane for fructose concentration.
G = green cane, B = burnt cane, SE = standard error.

The trend lines for the ash content in juice from the cold digester and press methods were
closer to the equivalence line than the trendline for the ash content in juice from the pilot juice
extractor (Figure 17). The pilot extractor juice measurements showed the highest ash content
from all methods including the draft juice (Figures 17 and 18). No significant differences
between green cane and burnt cane values were noted for any of the extraction methods
(Figure 18).

Figure 17. Conductivity ash correlations for extracted juices against draft juice with the
equivalence line represented by a solid blue line.

284

Balkissoon S et al

Proc S Afr Sug Technol Ass (2019) 92 : 274-292

Figure 18. Box and whisker plot showing the comparison of cold digestion, press, pilot extractor
and draft juices for green and burnt cane for conductivity ash concentration.
G = green cane, B = burnt cane, SE = standard error.

The trend line for non-sucrose concentration of juice from the pilot juice extractor was much
closer to the equivalence line compared to the trend lines obtained for the other two extraction
methods. The pilot extractor also showed the strongest correlation with draft juice in this case
(Figure 19). Larger variations in results were observed for green sugarcane for all extraction
methods when compared to burnt sugarcane for the draft juice and press juices compared to
the extractor juice and DAC extract (Figure 20).

Figure 19. Non-sucrose correlations for extracted juices against draft juice with the equivalence
line represented by a solid blue line.
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Figure 20. Box and whisker plot showing the comparison of cold digestion, press, pilot extractor
and draft juices for green and burnt cane for non-sucrose concentration.
G = green cane, B = burnt cane, SE = standard error.

Table 3 presents the Pearson correlation coefficients for comparison of each analyte
concentration between the three extraction methods with that of the draft juice. The correlation
coefficients were generally highest for the pilot extractor juice values than for the values from
the other two extraction methods.
Table 3. Correlation coefficients (for burnt cane only) for different analytes and extraction
methods compared to draft juice. Numbers in green indicate the best correlation while red
shows the worst correlation of the three methods per analyte
Analyte

Pilot extractor juice

DAC extract

Press juice

Colour

0.42

0.20

0.32

Gravity purity

0.50

0.06

0.07

Glucose/brix

0.43

0.30

0.26

Fructose/brix

0.36

0.54

0.66

Conductivity ash/brix

0.59

0.23

0.61

Non-sucrose/brix

0.50

0.06

0.07

Discussion
A pilot juice extractor was developed to produce juice from sugarcane that would be more
representative of diffuser draft juice than the conventional extraction methods of cold digestion
and pressing. Although the analysis of juice from the pilot extractor correlated best of all three
extraction methods tested with draft juice, the correlations were not strong. The moderate
correlation coefficients were expected as a result of the counter-current juice flow and a large
degree of mixing and recycling in the diffuser, which could not be controlled.
The correlations of the pilot extractor juice with draft juice for burnt sugarcane were the
strongest of all three methods for all of the analytes except for fructose concentration and
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conductivity ash. The trendline for conductivity ash for the juice from the pilot extractor
deviated most from the equivalence line compared with the juice from the other extraction
methods. Buchanan (1967) showed the cold digestion method to be a method in which all
cells within the sugarcane structure are opened thereby releasing all dissolvable material. In
addition, a large proportion of water is added, further diluting the brix and it is therefore
considered that cold digestion extracts more brix and non-sucrose than diffusion would, whilst
the press method involves the mechanical squeezing of juice out from the opened sugarcane
cells and hence extracts less brix and non-sucrose than diffusion. It was therefore
hypothesised that the conductivity ash as a percent on brix in the DAC extract would be much
higher than that in the juice of the pilot extractor, and that the conductivity ash in the juice from
the press would be lower than that in the juice from the pilot extractor. However, this was not
the case and the reason for this anomaly requires further investigation.
The method used for the conductivity ash analyses may have contributed to this anomaly as
the conductivity ash empirical equation was developed for a mixed juice of a higher brix (1213%) than that obtained for the pilot extractor juice (2-3%). The conductivity ash method
requires a 20x dilution for mixed juice. However, all samples were diluted in this way
(assuming they were of typical mixed juice brix), resulting in the diluted press juice having 2x
the desired method concentration for the conductivity ash analysis, 0.5x for DAC extracts and
0.25x for the pilot extractor juice based on their respective brix concentrations. The calibration
for the conductivity meter requires the concentration of a cell constant which is only valid for
a certain range of brixes and not for the low brixes for the diluted juices obtained from the pilot
extractor.
There are many uncontrolled variables during diffuser operation that can influence the
composition of the draft juice; therefore, it cannot be expected that any laboratory or pilot
extraction method could exactly replicate the draft juice since these methods are not subjected
to the same random variations. For example, any sample of draft juice is influenced by
variations in conditions in the diffuser in the period before sampling up to the longer of the
cane and juice mean residence times. By including cane from only large consignments and
sampling draft juice only when the last cane from the consignment entered the diffuser, the
juice sampled will be least influenced by other cane consignments. Nevertheless, the
conditions (temperature and cane bed saturation) will also have varied during the cane
consignment residence time in the diffuser, resulting in random sources of variance in juice
composition. For this study, the diffuser draft juice is the reference material for the cane
consignments tested. In a diffuser, shredded cane is repeatedly washed, but does not remain
submerged for the entire extraction period, whereas the pilot extractor was designed to ensure
complete submersion of the prepared cane for the entire extraction period and allowed for
more controlled experiments.
Only four consignments of green sugarcane were tested; however, the results were not
included in the correlations. The GH diffuser, from which draft juice was sampled in this study,
was set up to process burned sugarcane with low brown leaf content. The diffuser was not
configured to handle green sugarcane and settings such as bed height and chain speed may
have not been suitable for processing green sugarcane. Preparation equipment settings and
diffuser imbibition flows and recycles have been selected to give good extraction for the
expected shredded sugarcane consistency. The presence of significant quantities of brown
leaf influences the performance of the preparation equipment and the density of the shredded
sugarcane in the diffuser. Shredder and diffuser settings are not adjusted for every cane
consignment, and therefore, when a large change in sugarcane preparation and bed density
occurs, diffuser extraction performance is also expected to change. Therefore, in addition to
random variations during normal, relatively steady operation of the diffuser, the variance in
draft juice quality when processing green cane with brown leaf is expected to be even higher.
If extraction is negatively influenced under these conditions, the draft juice may be expected
to have lower concentrations of the hard to extract constituents such as colour, ash and
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reducing sugars than would be obtained if the cane preparation equipment and diffuser were
set up specifically to deal with green sugarcane.
The green cane samples were therefore omitted from the correlations due to insufficient data
and because there is a fundamental reason to believe that the draft juice from these
consignments was not in itself representative of a draft juice from a diffuser line optimised for
green cane. However, the purpose of this study was not to validate the pilot extractor against
a commercial diffuser specifically for green sugarcane samples but rather to test whether the
pilot extractor was able to produce an extract from which the equivalent draft juice from an
appropriately set up diffuser might be inferred. No significant differences in juice quality were
observed for draft juice obtained from sugarcane extracted in the presence (green cane) and
absence (burnt cane) of brown leaf. Some differences in juice quality were observed for juice
extracted from green and burnt cane by the other extraction methods which supports the
suggestion that non-sucrose from the leaf associated with green cane was not well extracted
in the diffuser or that mixing in the diffuser diluted the effects.
Minimal differences in colour in draft juice extracted from green and burnt sugarcane were
observed. The extraction of colour from leaves is typically a slow process. The leaves tend to
move with the fibre and are therefore subjected to the full residence time in the diffuser (usually
long enough to extract colour). The colour will exit towards the tail-end of the diffuser and only
after some time will it exit in the draft juice. This is most likely to have occurred after the draft
juice was sampled at nine to 10 minutes in the validation study.
Conclusions and Recommendation
A pilot juice extractor was designed and constructed. The pilot juice extraction method was
developed to produce juice with a similar quality to juice obtained from a commercial diffuser.
The pilot juice extractor was commissioned and subsequently validated against the GH sugar
factory full-scale diffuser for burnt sugarcane. The quality of the juice obtained from the pilot
extractor was comparable to that of the draft juice obtained from the diffuser, although at a
lower concentration. Some important findings from the commissioning and validation phases
are:






It was possible to differentiate between juice extracted from sugarcane with and without
brown leaf using the pilot juice extractor, with significant differences noted for colour,
glucose and fructose concentrations
The pilot extractor juice quality showed better agreement with the quality of draft juice than
did DAC extract or press juices
A large degree of mixing existed in the diffuser which made it difficult to sample draft juice
which corresponds directly with each sugarcane consignment
The green sugarcane with brown leaf is expected to behave differently in the diffuser
compared to the usual burnt sugarcane under normal diffuser operating conditions, such
as a difference in juice percolation rate.
The pilot extractor juice showed much higher levels of conductivity ash than the DAC
extract and press juice, which may be due to the analytical method of determining ash due
to the large dilutions involved as well as the possibility that this may also be due to the
higher extraction achieved.

It is concluded, based on the results, that the pilot juice extractor method is the most suitable
method to obtain juice that is representative of diffuser juice when compared to the cold
digester and press methods. It is recommended that the pilot juice extractor be used for
experimentation in assessing changes in diffuser juice quality.
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Appendix 1: Commissioning
The commissioning phase of this study involved the evaluation of a range of operating
conditions (time, temperature, juice extracted from sugarcane in the presence and absence of
brown leaf) to determine the optimum combination of conditions for the pilot juice extractor
which would be used in the validation phase. TIBCO StatisticaTM (version 13.4.0.14) software
was used to develop a two factorial experimental design for 18 combinations of operating
conditions (Tables A1 and A2).
Table A1. Two factorial experimental design for 18 combinations of operating conditions for
the pilot juice extractor.
Test
number

Replicates

Centre
point

With brown leaf

Time
(minutes)

Temperature
(°C)

15

3

1

No

30

85

5

2

0

No

45

80

16

2

1

Yes

60

85

9

2

1

No

30

85

3

2

1

Yes

30

75

12

1

0

Yes

45

80

13

1

1

No

30

85

14

1

1

No

60

75

8

2

1

No

60

75

1

1

1

Yes

30

75

11

3

0

No

45

80

6

2

0

Yes

45

80

17

1

0

No

45

80

10

3

1

Yes

60

85

2

3

1

No

60

75

7

3

1

Yes

30

75

18

3

0

Yes

45

80

4

1

1

Yes

60

85
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Table A2. Results for the commissioning tests for the pilot juice extractor

Test

Brown
Time
Temp
leaf (minutes) (°C)

Fructose
(g/100 g
brix)

Glucose
(g/100 g brix)

Gravity
purity (%)

Cond ash
RS/ash
Colour (IU)
(g/100 g brix)
ratio

15

No

30

85

0.84

0.73

88.85

2.79

16509

1.57

5

No

45

80

0.67

0.70

91.58

3.51

16586

1.37

16

Yes

60

85

0.76

0.83

89.44

1.98

36788

1.58

9

No

30

85

0.74

0.70

93.33

2.81

23371

1.44

3

Yes

30

75

0.87

0.84

81.82

3.50

32948

1.71

12

Yes

45

80

0.73

0.80

88.89

3.47

32552

1.53

3

No

30

85

0.80

0.80

89.62

2.42

17028

1.59

14

No

60

75

0.62

0.52

91.38

3.10

16686

1.14

8

No

60

75

0.67

0.60

92.98

2.46

15455

1.26

1

Yes

30

75

0.77

0.74

88.07

3.16

33133

1.51

11

No

45

80

0.93

0.73

87.38

2.99

15821

1.66

6

Yes

45

80

0.93

0.87

88.24

2.77

42844

1.80

17

No

45

80

0.80

0.63

95.12

2.79

15198

1.43

10

Yes

60

85

0.85

0.68

86.44

2.71

44142

1.53

2

No

60

75

0.60

0.47

85.05

1.99

17131

1.06

7

Yes

30

75

1.20

0.99

82.53

2.40

37589

2.19

18

Yes

45

80

0.93

0.79

87.24

3.10

34648

1.72

4

Yes

60

85

0.92

0.86

78.29

2.63

43003

1.78
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Appendix 2: Validation
Sixteen different sugarcane consignments were tested during the validation of the pilot juice
extractor at GH factory as shown in Table A3.
Table A3. Summary of sugarcane consignment information used in the validation
SMRI No

Date

Variety

B/G

Day 1 Sample 1
Day 1 Sample 2
Day 2 Sample 1
Day 2 Sample 2
Day 2 Sample 3
Day 3 Sample 1
Day 3 Sample 2
Day 3 Sample 3
Day 4 Sample 1
Day 4 Sample 2
Day 4 Sample 3
Day 5 Sample 1
Day 6 Sample 1
Day 7 Sample 1
Day 7 Sample 2
Day 7 Sample 3

2018/10/23
2018/10/23
2018/10/25
2018/10/25
2018/10/25
2018/10/25
2018/10/25
2018/10/25
2018/10/30
2018/10/30
2018/10/30
2018/10/30
2018/10/31
2018/11/06
2018/11/06
2018/11/06

N37
N39
N31
N31
N31
N16
N37
N12
N50
N16
N16
N39
N37
N50
N39
N39

G+L
B
B
B+L
B
B+L
B+L
B+L
G+L
B
B
B
G+L
G+L
B
B

Key: G = green, B = burnt, L = various amount of leaf

Lithium tracer test
A lithium tracer test was conducted on the GH diffuser front-end to determine the time at which
most of the brix of the cane is released into the juice from a specific sugarcane consignment
(Figure A1). The procedure for this test was based on previous work conducted on a different
diffuser (Davis, 1996). It can be seen that the bulk of the lithium tracer exited in the draft juice
between nine and 10 minutes. This indicates that the majority of the brix in the sugarcane,
sampled at the CTS sampling hatch, would be expected to leave with the draft juice at this
residence time.

Figure A1. Lithium tracer test graph showing peak lithium concentration in draft juice exiting
the diffuser
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