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Abstract 
 

Gummy massecuites in sugar factories are associated with exhaustion problems in pans and 
inefficient purging in centrifuges. Gums originate in stale cane because of microbial activity 
during burn/harvest-to-crush delays, especially in the rainy season, but are also thought to be 
generated by microbial activity within the factory. The proportion of gums generated within the 
factory is not known. This study investigated the phenomenon of gum formation in the factory 
by comparing the total amount of gums in mixed juice and in final molasses and considering 
the fate of gums in a factory. 
 
Gums were precipitated with acidified alcohol from weekly composite mixed juice and final 
molasses samples for a single factory over a period of 35 weeks in 2014. The total gum flows 
passing the mixed juice and final molasses scales were estimated from gum concentration and 
weekly flow data.  
 
The total amount of gums in the final molasses over the entire 35-week test period was 1 567 
tonnes, and was less than the total amount of gums in mixed juice, at 1 655 tonnes. This 
indicates that overall, gums are not produced in significant quantities between the two 
sampling points for most of the crushing season. The result also shows that some of the gums 
measured in mixed juice leave in other factory streams, viz. raw sugar and filtercake for the 
factory in question. Data from the South African Sugar Terminal were used to estimate that 
dextran and starch in raw sugar from this factory may have accounted for approximately 40 
tonnes of polysaccharides leaving the factory.  
 
An increase in gum flow in final molasses above that in mixed juice was only observed in the 
last few weeks of the season, indicating that some gum production had occurred in the factory 
during this period. Conditions conducive to gum production may be expected to occur during 
periods of unsteady operation such as interrupted cane supply.  
 
Measures to target and prevent gum production can therefore be justified when factors outside 
of the factory’s control may lead to gum production in the factory.  
 
Keywords: Gums, dextran, factory hygiene, mixed juice, final molasses, microbial activity 
 

Introduction 
 

High molecular weight polysaccharides, roughly defined in this paper as polysaccharides that 
precipitate in acidified ethanol solution, are often called gums in the sugar industry because of 
the sticky, gummy properties of concentrated sugar process streams that contain elevated 
concentrations of these compounds. These compounds are associated with processing 
problems in the raw factory boiling house, sugar product quality problems, and reduced sugar 
recovery efficiency, with associated financial implications. This paper investigates the 
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formation of polysaccharides in a South African raw sugar factory across the 2014 milling 
season.  
 
In South Africa, the milling season generally runs from March to December, changing in length 
in response to the anticipated crop size. Spring rains are often experienced towards the end 
of the milling season, especially in the coastal sugarcane cultivation regions of KwaZulu-Natal, 
resulting in increases in burn/harvest-to-crush delays when cane loading is disrupted by muddy 
conditions. Cane deterioration occurs after cane is burned and/or harvested, and the extent of 
degradation increases with increasing delay time between burning/harvesting and milling. 
Deteriorated cane and the juice, syrup, massecuite, crystal sugar and molasses streams that 
are produced from deteriorated cane have been found to contain a mixture of organic 
molecules that are believed to be produced during degradation, some of which are implicated 
in processing problems and final product quality issues (Nel, 2014). Among these, gums are 
often blamed for end-of-season problems including high viscosity massecuites, poor 
exhaustion, long pan boiling times and polysaccharides in sugar (Lillehoj et al., 1984). Several 
studies have quantified gums in sugarcane and sugar factory streams (Table 1). 
 
There are many different polysaccharides associated with sugarcane processing, with different 
structure, composition and molecular weight. Clarke et al. (1986) describe the origins and 
general composition of polysaccharides in raw sugar processing. Some polysaccharides can 
be a natural constituent of the healthy sugarcane stalk (i.e. starch and indigenous sugarcane 
polysaccharide), while others are the product of microbial action. Gum isolation methods, by 
definition, are non-specific and recover a range of different polysaccharides. The specifics of 
an analytical technique for quantifying gums will determine what types and molecular weights 
of polysaccharide are included in the reported mass of gums. Thus, comparison of gum 
quantity obtained using different analytical methods, should be undertaken with caution.  
 
According to Ravnö and Purchase (2005), the bulk of gums found in sugarcane processing 
factories (reported by those authors as dextran) originate from deteriorated cane. Morel du Boil 
and Wienese (2002) attributed the presence of dextrans in sugar factories to post-harvest 
delays and “infrequently, as a result of poor factory hygiene”. Good factory hygiene was 
advocated to discourage microbial activity in the factory and associated metabolic by-product 
formation (Mackrory et al., 1984). The production of gummy slime has been reported to be a 
problem at juice screens (Lillehoj et al., 1984), in milling tandems (Rein, 1995), in gutters, 
troughs and strainers (Tilbury et al., 1977) and at the site of leaks on mixed juice pipes (Lionnet 
and Sahadeo, 1997).  
 
A recent study by Nel (2016) identified a limited number of locations in a raw sugar factory with 
statistically significant numbers of gum-producing bacteria during snap-shot sampling of the 
factory. However, for almost all samples taken from within the factory, the numbers of gum-
producing bacteria isolated were very few or insignificant. The highest counts of gum-
producing bacteria were observed on samples of prepared cane, a result which is consistent 
with the impression that most gums come into the factory with cane. 
 
While several studies have investigated the production of gums during burn/harvest-to-crush 
delays (Tilbury, 1971; Wood and du Toit, 1972; Ravelo et al., 1992; Cox and Sahadeo, 1992 
and Sibomana, 2014), there are no data to quantify gum production in factories. So, while gum 
formation has been observed in factories in several areas, it is not clear whether the relative 
contribution of gums produced in the factory to the total gum flow is significant or not. The 
objective of this study was to test whether significant gum formation occurs in a selected factory 
over a particular milling season. 
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Table 1: Selection of published data for total soluble polysaccharides in sugarcane and factory samples 

Sample Polysaccharide 
concentration (ppm)1 

Conc. 
Basis1 

Analysis method Reference 

Juice extracted 
from cane, Cuba 

3 730 ± 1 5302  TPS/Bx Zone precipitation using quaternary ammonium salt/Gel filtration 
separation and colourimetric determination  

Ravelo et al., 
1992 

Juice extracted 
from cane, 
Jamaica 

7 432 – 19 960 TPS/DS Midland gravimetric method Reece et al., 
2008 

First expressed 
juice, Australia 

Usually <200, up to 50003 TPS/Bx Polysaccharides adsorbed on resin, extracted with 10 % 
trichloroacetic acid and analysed for haze development in 50 % 
aqueous ethanol 

Hidi et al. 1974 

Mixed juice, Cuba 6 690 ± 3 1802 TPS/Bx Zone precipitation using quaternary ammonium salt/Gel filtration 
separation and colourimetric determination 

Ravelo et al., 
1992 

Syrup, Fiji Usually <200, up to 50003 TPS/Bx Polysaccharides adsorbed on resin, extracted with 10 % 
trichloroacetic acid and analysed for haze development in 50 % 
aqueous ethanol 

Hidi et al. 1974 

Syrup, Jamaica 15 311 – 23 937 TPS/DS Midland gravimetric method Reece et al., 
2008 

C-massecuite, 
Jamaica 

25 604 – 46 694 TPS/DS Midland gravimetric method Reece et al., 
2008 

Final Molasses, 
South Africa 

8 000 – 60 000 TPS/DS Precipitated in acidified ethanol, oven dried Douwes Dekker, 
1957 

Final molasses, 
South Africa 

25 000 – 50 000 TPS/DS Precipitated in acidified ethanol, oven dried MacGillivray and 
Matic, 1970 

Final molasses, 
South Africa 

15 665 – 26 947 TPS/DS Precipitation in chilled acidified ethanol, freeze dried Du Clou and 
Walford, 2012 

Raw sugar 

(origin not 
specified, but 
authors based in 
USA) 

1 390 – 3 120 TPS/DS Precipitation in alcohol, dissolution in sulphuric acid, colourimetric 
determination of concentration 

Clarke et al., 
1986 

1 Polysaccharide concentration is expressed as ppm total soluble polysaccharides on dry solids (TPS/DS) or ppm total soluble polysaccharides on Brix (TPS/Bx) 

2 Average ± standard deviation  

3 Results are given for routine analyses showing % of samples per year <20, <200, <500 and >500 ppm on Brix 
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Methodology 
 

Gums are believed to be chemically stable in the factory, non-volatile, and should not co-
crystallise with sucrose. However, gums may be removed from factory streams during 
flocculation and sedimentation in the clarification process and may be incorporated into the 
sugar crystal during pan boiling, either by physical inclusion of mother liquor in the crystal 
(Vaccari et al., 1989) or in the molasses layer coating the crystal.  
 
To quantify gum formation in a sugar factory, a full gums mass balance should be undertaken, 
i.e. the total flow of gums in all streams entering and leaving the factory over a defined period 
should be quantified to determine whether the total amount leaving the factory has increased 
relative to the amount entering the factory. This study did not attempt to quantify gum 
production, but rather to investigate whether gum production appears to be large enough to 
justify undertaking a quantification exercise, or to put mitigating measures in place to combat 
gum production. 
 
All South African mills send weekly composite mixed juice and final molasses to the Sugar 
Milling Research Institute NPC (SMRI). Since these samples are accurately composited on a 
flow-proportional basis, and are already available at the SMRI, this study quantified gums in 
these samples and used weekly total flow of mixed juice and final molasses to determine the 
mass flow of gums in each of these streams. The results were analysed to determine whether 
gum formation did or did not occur in a particular mill during a particular crushing season, using 
the premise that the total flow of gums in final molasses can only be greater than that in mixed 
juice if significant gum production has occurred in the factory.  
 
Data for weekly mixed juice and final molasses flow, Brix, dry solids, gravimetric purity and 
total cane throughput corresponding to the samples analysed were sourced from the SMRI 
factory figures database. Data for dextran and starch in raw sugar were obtained from the 
South African Sugar Terminal (SAST) Sugar Quality Report (SAST, 2015). 
 
Analytical methods 
 
The gums were isolated from final molasses as previously described by du Clou and Walford 
(2012).  The same procedure was followed to isolate the gums from the mixed juice, with two 
modifications; (1) for the removal of suspended solids, 50.0 g of undiluted mixed juice was 
centrifuged; and (2) for the gums precipitation, 180 mL of chilled acidified ethanol solution was 
added to 37.5 g of the mixed juice supernatant. Due to the small amount of sample available, 
total gums were determined only once for each sample. Samples were stored for between six 
and 10 weeks and analysed in batches. A composite final molasses and a control mixed juice 
sample was included with each batch of isolations and analyses.  These data confirmed a 
relative standard deviation of 1.0 % for mixed juice and 2.3 % for final molasses gum quantity 
determinations. 
 
Calculation of total gum flows 
 

The total flow of gums leaving the factory in final molasses (FM) in week j, 𝐹𝐹𝑀,𝑗
𝑔𝑢𝑚𝑠

 (tonnes 

gum/week) was estimated from the gum concentration of the weekly flow-weighted composite 

sample for that week, 𝐶𝐹𝑀,𝑗
𝑔𝑢𝑚𝑠

 (tonnes gum/tonne FM) and the corresponding week’s total flow 

of final molasses 𝐹𝐹𝑀,𝑗 (tonnes FM/week): 

 

𝐹𝐹𝑀,𝑗
𝑔𝑢𝑚𝑠

= 𝐶𝐹𝑀,𝑗
𝑔𝑢𝑚𝑠

∙ 𝐹𝐹𝑀,𝑗 

Equation 1 
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The total mass of gums flowing out of the factory in final molasses in a period between times 

𝑡0 and 𝑡 (i.e. ∫ 𝐹𝐹𝑀
𝑔𝑢𝑚𝑠

∙ 𝑑𝑡
𝑡

𝑡0
 with units tonnes gums) can be determined by summing the weekly 

values in this period: 
 

∫ 𝐹𝐹𝑀
𝑔𝑢𝑚𝑠

∙ 𝑑𝑡
𝑡

𝑡0

= ∑ 𝐶𝐹𝑀,𝑗
𝑔𝑢𝑚𝑠

∙ 𝐹𝐹𝑀,𝑗

𝑗

 

Equation 2 
 
Similarly, the samples and data available for mixed juice (MJ) can be used to estimate the gum 
flow passing the mixed juice sampling point: 
 

∫ 𝐹𝑀𝐽
𝑔𝑢𝑚𝑠

∙ 𝑑𝑡
𝑡

𝑡0

= ∑ 𝐶𝑀𝐽,𝑗
𝑔𝑢𝑚𝑠

∙ 𝐹𝑀𝐽,𝑗

𝑗

 

Equation 3 
 
In South African factories, weekly composite samples of mixed juice are made up from flow-
proportional volume subsamples taken from the discharge of the mixed juice or final molasses 
scale. Consequently, the total component flow calculated from Equation 2 may be taken as 
representative of the true total component flow. Final molasses composites are theoretically 
made up in the same way, but the poorer sample handleability of molasses may influence how 
well the composite sample represents the true average composition of final molasses1.  
 
 

Results and Discussion 
 

Rainfall at South African mills in the 2014/2015 season  
 
It is commonly believed that end-of-season gums are connected to spring rainfall and resulting 
delays to cane delivery. However, the 2014/2015 season had unusually low rainfall recorded 
at mills for the end of the season (Figure 1, SMRI factory figures database), so the results of 
this season may be atypical. 
 

 
Figure 1: Cumulative rainfall recorded at the study mill in 2012, 2013 and 2014. Week numbers 

are SASA week numbers for each season. Beginning, middle and end of the season are defined 
based on gum concentration data presented in subsequent figures.

                                                
1 Pers. Comm. B Barker 2017 
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Analysis of weekly gum concentrations and flows in mixed juice and molasses 
 
The gum concentrations measured in this study are within the ranges reported in other 
studies (Table 2). However, since analytical methods were not uniform across these studies, 
exact agreement between values was not expected. 
 

Table 2: Gums concentration in mixed juice and final molasses. Where possible and unless 
otherwise indicated, results are presented in terms of average and concentration range. 

Sample Type Average concentration 
(range) (ppm1) 

Reference 

Mixed Juice 6 690 ± 3 1802 Ravelo et al., 1992 

Mixed Juice 6 160 (3 730 – 8 280) This study 

Final molasses (8 000 – 60 000) Douwes Dekker, 1957 

Final molasses (25 000 – 50 000) MacGillivray and Matic, 1970 

Final molasses (15 700 – 26 900) Du Clou and Walford, 2012 

Final molasses 23 600 (16 600-29 700) This study 
1 ppm total soluble polysaccharides on Brix for mixed juice samples or ppm total soluble 

polysaccharides on dry solids for final molasses samples 
2 Average ± standard deviation 
 
The total flow of gums (Figure 2a) varied substantially across the season. However, it 
appears that the early part of the season saw no systematic difference between the gum flow 
in mixed juice and final molasses (Figure 2b). There was a period in the middle of the year 
when mixed juice gum flow was always higher than the equivalent value in final molasses 
whereas, for five of the last six weeks, exactly the opposite trend was observed.  

 

 
Figure 2: (a) Total gum flow per week calculated for mixed juice (MJ) and final molasses (FM) 
for a South African mill in 2014. (b) Difference between gums flow in FM and MJ. Points below 

the line indicate that the flow of gums in FM is less than in MJ for the same week.
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As expected, Figure 2 also showed a sustained increase in gum flow in final molasses in the 
second half of the season. Surprisingly, the total flow of gums in mixed juice (in tonnes gums 
per week) decreased from week 30 onwards, indicating that either the total flow, or the gum 
concentration in mixed juice, or both, decreased in the last few weeks of the season.  
 
To check which of these mechanisms was responsible for the decrease in mixed juice gum 
flow, the data were normalised by the cane throughput for the season (Figure 3). The gum 
values in mixed juice, normalised for throughput, also decreased at the end of the season 
(Figure 3a), implying that the concentration of gums in cane (if all gums at the mixed juice 
scales came into the factory with the cane) decreased in the later part of the season. This is 
supported by mixed juice purity data (Figure 3b), which also do not show a dramatic decrease 
that would have been consistent with cane deterioration in the last few weeks of the season.  
However, the cane tonnage delivered to the factory in the last few weeks did show a significant 
reduction from mid-season values (Figure 3b). 
 

  
Figure 3: (a) Total gum flow per tonne cane crushed in mixed juice (MJ) and final molasses 

(FM) for a South African mill in 2014. (b) Gravimetric purity of mixed juice (MJ Purity) and total 
cane crushed per week % maximum for the season. 

 
The total gum flow for each of the periods identified as early, middle and late, and overall for 
the season, were determined using equations 2 and 3 and are presented in Table 3. 
 
Although the sample size available was too small to permit gum analyses to be replicated, 
repeat analyses of control samples showed small variance on the analytical methods (1 % for 
mixed juice and 2.3 % for final molasses). Similarly, the uncertainty on flow data used in the 
estimation of total gum flow is not known, however, these data are determined by the factory 
mixed juice and molasses scales and are considered sufficiently accurate for cane payment 
purposes. Given the limitations of quantifying uncertainty from a single analysis, the estimates 
of total gum flow in mixed juice and final molasses are conservatively estimated to be accurate 
to within 2 % for mixed juice and 5 % for final molasses, well within the variance between 
weekly gum flow estimates. In contrast, the equivalent uncertainty on the total gums in raw 
sugar is completely unknown, but likely to be significantly higher.  
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Table 3: Summary of gum flows in mixed juice and final molasses in the beginning, middle and 
end of the 2014/2015 milling season at a South African sugar factory. Data for raw sugar 

dextran and starch reported by South African Sugar Terminal (SAST, 2015) for the 
corresponding period and factory are also shown. 

 

 
Gum Flow  

(tonnes gums) 
Gum Flow/ cane 

crushed  
(kg gums/tonnes 

cane) 

Polysaccharides in raw sugar 
delivered to the South African 

Sugar Terminal*  
(tonnes polysaccharides) 

Period Mixed 
juice 

Final 
molasses 

Mixed 
juice 

Final 
molasses 

Dextran Starch Total 

Weeks  
6 – 17  

461 469 0.82 0.84 6.8 6.7 13.5 

Weeks  
18 - 33 

981 737 1.09 0.82 9.8 10.6 20.5 

Weeks  
34 - 39 

244 360 0.83 1.22 5.3 2.6 7.9 

Total 1685 1567 0.96 0.89 21.9 19.9 41.9 

* The South African Sugar Terminal reports monthly average values for starch and dextran in mg 
polysaccharide/tonnes raw sugar delivered. These values were applied to the total sugar delivered 
each month and summed to match the periods identified as beginning, middle and end in Figures 4 
and 5. For the months that marked the transition between periods, total tonnage of dextran and starch 
was assigned to the respective periods in proportion to the amount of each of those months deemed 
to fall into each period. 

 
Overall for the 2014/2015 season, the total gum flow in final molasses was less than in mixed 
juice. This was observed in approximately half of the season, over the winter months (weeks 
18-33).  Such a decrease indicates that some of the gums, whether they originated in incoming 
cane or within the factory, were either destroyed or, more probably, left the factory boundary 
in a different stream since polysaccharides are chemically stable under factory conditions.  
 
Other fates for gums in a raw factory 
 
Figure 4 shows the factory streams that should be considered in an overall gum balance of a 
raw sugar factory.  
 

 
Figure 4: Some internal flows in a raw sugar factory of interest to a gums mass balance. Mixed 

juice (MJ) and final molasses (FM) sampling points are shown.
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Gums enter the factory with the sugarcane and, in a factory with a back-end refinery, in the 
refinery returns stream. While most gums are expected to leave in final molasses, gums could 
also leave in filtercake (if mud-recycling is not practised), bagasse or raw sugar.  
 
The flow of gums into and out of a raw sugar factory can be described using a gums mass 

balance over a period, starting at 𝑡0, and ending at time 𝑡, which can be written as follows: 
 

𝑀𝑡
𝑔𝑢𝑚𝑠

− 𝑀𝑡0

𝑔𝑢𝑚𝑠
= ∑ ∫ 𝐹𝑖𝑛

𝑔𝑢𝑚𝑠
∙ 𝑑𝑡

𝑡

𝑡0𝑖𝑛

− ∑ ∫ 𝐹𝑜𝑢𝑡
𝑔𝑢𝑚𝑠

∙ 𝑑𝑡
𝑡

𝑡0𝑜𝑢𝑡

+ ∫ 𝑅𝑔𝑢𝑚𝑠 ∙ 𝑑𝑡
𝑡

𝑡0

 

Equation 4 
 

(𝑀𝑡
𝑔𝑢𝑚𝑠

 = mass of gums at time 𝑡, kg gums; 𝐹𝑖
𝑔𝑢𝑚𝑠

= mass flow of gums in stream 𝑖, kg gums/h; 

𝑅𝑔𝑢𝑚𝑠= rate of gum generation, kg gums/h) 
 
Where  
 

 𝑀𝑡
𝑔𝑢𝑚𝑠

− 𝑀𝑡0

𝑔𝑢𝑚𝑠
 is the accumulation term, i.e., the change in the total mass of gums in 

the factory between times 𝑡0 and 𝑡; 

 ∑ ∫ 𝐹𝑖𝑛
𝑔𝑢𝑚𝑠

∙ 𝑑𝑡
𝑡

𝑡0
𝑖𝑛  and ∑ ∫ 𝐹𝑜𝑢𝑡

𝑔𝑢𝑚𝑠
∙ 𝑑𝑡

𝑡

𝑡0
𝑜𝑢𝑡  represent the total mass of gums flowing into 

and out of the factory between times 𝑡0 and 𝑡 respectively; and, 

 ∫ 𝑅𝑔𝑢𝑚𝑠 ∙ 𝑑𝑡
𝑡

𝑡0
 is the total amount of gums generated by microbial activity in the factory 

in the period between times 𝑡0 and 𝑡. 
 
For the factory investigated in this study, there was a filter cake stream, but no refinery returns. 
Since the first measurement available was mixed juice, nothing can be inferred about the 
amount or behaviour of gums in the factory front end. However, a boundary can be drawn 
around the back end of the factory (shown as a dotted line in Figure 4). For a balance around 
this boundary, Equation 4 can be rewritten as: 
 

𝑀𝑡,backend
gums

− 𝑀𝑡0,backend

gums
= ∫ 𝐹MJ

gums
∙ 𝑑𝑡

𝑡

𝑡0

− ∫ (𝐹FM
gums

+ 𝐹sugar
gums

+ 𝐹FC

gums
) ∙ 𝑑𝑡

𝑡

𝑡0

+ ∫ 𝑅backend
gums

∙ 𝑑𝑡
𝑡

𝑡0

 

Equation 5 
 

Where 𝐹sugar
gums

 and 𝐹FC

gums
 are the flows of gums in raw sugar and filtercake respectively. 

 
For the current study, there were no samples of raw sugar or filtercake to complete this 
analysis. Lionnet (1993) alluded to a study (not referenced) by the SMRI wherein it was shown 
that clarification trials in the SMRI pilot plant removed between 30 and 60 % of gums measured 
in mixed juice. In a filter station, some of these gums may be recovered in the filtrate and 
returned to the process, but some could be expected to leave the factory boundary in filtercake. 
Literature data for gums in filtercake have not been found.  
 
The last route for gums to leave the factory is in the raw sugar product. While this study did 
not explicitly measure gums in raw sugar, routine measurements of raw sugar quality are made 
at the SAST for consignments of sugar delivered, and values of starch and dextran per mass 
of raw sugar are reported monthly. Table 3 presents the total starch and dextran data reported 
by the SAST for this factory, split into the periods identified as beginning, middle and end in 
Figures 2 and 3. These values are not directly comparable to the values reported for gum flow 
in mixed juice and final molasses because the analytical techniques used are not the same 
and because the dates of production will not match the dates at which raw sugar was received 
at the SAST exactly. The sum of dextran and starch in raw sugar was used for comparison to 
total polysaccharides measured in this study since the gum quantification method used for 
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mixed juice and final molasses recovers all polysaccharides that precipitate in acidified alcohol 
solution, including dextran and starch. The total polysaccharides in raw sugar for this factory 
was estimated at 42 tonnes for the 35 weeks of operation (Table 3). 
 
For a period of 16 weeks in the middle of the season, there were 244 tonnes gums less in final 
molasses than in mixed juice. The corresponding estimate of polysaccharides in raw sugar 
(albeit determined on a completely different basis) was 20.5 tonnes. These results leave more 
than 200 tonnes gums, as much as 15 tonnes gums per week, unaccounted for. The most 
likely fate of these unaccounted gums, nearly 25 % of gums measured in mixed juice, is that 
they leave the factory with the filtercake. Given the reported experiences in the SMRI pilot plant 
(Lionnet, 1993), this is not an unreasonable figure, but has not been validated in this study. 
 
Are gums produced in the factory? 
 
While there was no evidence of gum production in the early and middle parts of the season, a 
marked increase in gums between mixed juice and final molasses was observed at the end of 
the season (i.e. after 11 October 2014) in Figures 2 and 3 and the data for weeks 34-39 in 
Table 3. This period corresponds to the general end-of-season increase in rainfall observed in 
Figure 1, and also a significant reduction in the cane throughput (Figure 3) but, surprisingly, 
does not correspond to an increase in gums coming in with cane, as suggested by literature. 
 
There are two main effects that are thought to influence the observed difference in gum flows 
between the sample points: (1) partitioning of gums to filter cake and raw sugar will result in a 
decrease in gum flow from mixed juice to final molasses; and (2) microbial production of 
polysaccharides because of bacterial growth in the factory may cause an increase in the total 
flow of gums in the factory. Depending on which of these effects was greater, the amount of 
gums in final molasses could be either greater or less than that in mixed juice.  
 
From Equation 5, if it is assumed that the change in total mass of gums in the factory is small 
relative to the total flow of gums in and out of the factory over a period, i.e.: 
 

𝑀𝑡,backend
gums

− 𝑀𝑡0,backend
gums

≪ ∫ 𝐹MJ
gums

∙ 𝑑𝑡
𝑡

𝑡0

 

Equation 6 
 
then an increase in final molasses gum flow relative to mixed juice gum flow must be attributed 
to microbial generation of gums somewhere in the backend of the factory. The magnitude of 
the increase cannot be reliably estimated since the amount of gums leaving the factory in raw 
sugar and filtercake was not quantified. 
 
Location of gum production 
 
Gum production is associated with conditions in which gum-producing microorganisms 
flourish. Mackrory et al. (1984) showed that microorganism counts in milling tandem juice 
decreased by several orders of magnitude when the temperature increased from 30 to 55 ºC. 
However, at temperatures above 30 ºC, even when bacteria survived, the production of 
polysaccharides slowed significantly. There is no literature that provides a definitive set of 
conditions under which gum production will occur. Sarwat et al. (2008) showed that the 
production rate of dextran from sucrose by Leuconostoc mesenteroides CMG713 was highest 
at 20 % sucrose in the culture medium, and decreased at higher concentrations. Several 
authors have shown that the enzyme responsible for synthesising dextran in Leuconostoc, 
Weissella and some Lactobacillus is inhibited at sucrose concentrations greater than 200 mM, 
approximately 8 % sucrose (Tanriseven and Robyt, 1993). However, the sucrose 
concentration outside of a bacterial cell required to achieve such concentrations at the site of 
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the enzyme is not known. Under normal factory conditions, streams with sucrose 
concentrations higher than 20 % will normally also experience high enough temperatures to 
prevent gum formation, therefore gum formation is not expected to occur in the main process 
streams after mixed juice heaters. 
 
Conditions conducive to gum production might be expected to occur in milling tandems, 
diffusers, sumps and unheated tanks, especially following spills or short stops in the factory 
front end or filter station where juice concentrations and temperatures may be sufficiently low 
for a few consecutive hours. These conditions are known to occur especially during short front 
end stops such as no cane stops and foreign matter stops, and may have occurred with greater 
frequency in this study in the end of season period, where the cane throughput was also seen 
to have declined. 
 
The gum formation quantified in this study was most likely to have occurred in the filter station 
and associated tanks and sumps, the mixed juice tanks, and any sumps that return spills and 
floor washings to the process after the mixed juice scales. Since the first measurement of gums 
in the factory was at the mixed juice scales, gum production in the diffuser trays, diffuser sump, 
in the cane yard or during cane preparation that adds to gums arriving with the cane will not 
contribute to the figures presented in this paper. To quantify gum production throughout the 
factory, comparable measures of gum flows in filtercake, bagasse, raw sugar and incoming 
cane would need to be obtained. Comparative data from a factory with no filter station may 
also facilitate assessment of the relative contribution of the filter station to the overall gum 
production in factories. 
 
Limitations of the study 
 
There are several aspects of this study that complicate the interpretation of these results: 
 

 Because of the factory retention time, i.e., the transit time between mixed juice and final 
molasses sampling points, the total gums in mixed juice and final molasses calculated 
do not refer to the same cohorts of cane consignments. Thus week-by-week 
comparisons may not correspond well. This effect is somewhat mitigated by looking at 
total gum flows over longer time periods.  

 Gums in mixed juice are used as a proxy for gums entering the factory with cane. Any 
changes to gum load between the cane and the mixed juice scales, particularly during 
cane preparation and extraction, cannot be observed in these data.  

 This study uses gums in final molasses as the indicator of gums leaving the factory. 
However, gums may (and do) also leave in the raw sugar product and in filter cake. 
Some indication of the amount of polysaccharide in the raw sugar stream can be 
obtained from the SAST data, but since the methods used to quantify polysaccharides 
in factory samples and in the raw sugar were different, and no measure of gums in 
filtercake was made, no quantitative conclusions should be drawn from these numbers. 

 This study was undertaken for one factory, for one season where atypical rainfall 
patterns were observed. Patterns of gum production and partitioning may be 
substantially different in other factories, or even in the same factory in other seasons. 

 
Because of these limitations, firm conclusions on the magnitude and causes of changes in 
gum flow through the factory cannot be made.  
 
Significance of the study 
 
Despite its limitations, this study suggests that gum production did occur in this factory in the 
last few weeks of the 2014/2015 milling season. These results support the belief that most 
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gums come into the factory with the cane, but that there may nevertheless be value in targeting 
gum producing bacteria in the factory during periods where gum formation may be expected 
to occur.  
 

Conclusions 
 
Although this study took place in a season with atypical end-of-season rainfall, gum 
concentrations measured in mixed juice and molasses were comparable to results obtained in 
previous studies. For most of the season, the results indicated that not all gums present in 
mixed juice report to final molasses, with some gums observed in the raw sugar product. Gums 
may also leave the factory in filtercake, but no measure of this stream was obtained. Evidence 
of gum production after the mixed juice scales, presumably by microbial action in the factory, 
was only observed during the last six weeks of the season, corresponding to the onset of the 
rainy season and a reduction in cane throughput. Conditions conducive to gum production are 
most likely to occur during short front-end stops, e.g. no cane and foreign matter stops. A full 
gums mass balance of the factory is required to quantify gum production. 
 
These results suggest that there may be value in targeting gum producing micro-organisms or 
gums in the factory at the end of the season, or under conditions that are conducive to gum 
production.  
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