
I 

JULY 1990 

R.D. REPORT NO. 114 

Central 
Laboratory 

Cantrallaboratory 
CSR limited 
70 John Street 
!'vrmont NSW 2009 
Australia 

facs;mi~ (02) 692 8275 
T~exAA122174 
T~ep/looe (02) 692 7508 

CS(.<o5S 

HYGROSCOPIC WATER IN SUGAR CANE 

Staff 

M.J. Mangion 
Research Officer 

M.R. Player 
Project Supervisor 

IncorporBfed In New South Wales 



" 

FOREWORD 

At the 1989 Workshop on Cane Analysis conducted by the Sugar 

Research Council it emerged that the best technical method of cane 

analysis for the Australian industry was the direct cane analysis 

method (DCA) employing the wet disintegrator technique. This 

method involves comminuting a sample of prepared cane with a 

weighed amount of water and then analysing the resultant liquid 

extract. The analysis of cane is determined by calculation, making 

allowance for the degree of dilution by the added water. This 

calculation also makes allowance for some water in sugar cane which 

is not available for solution of the dissolved substances in juice. 

This water is commonly referred to as bound water or hygroscopic 

water. 

The usual calculations with DCA involve the use of a value for 

hygroscopic water of 25 percent of the fibre percentage. The 

origin of this 25 percent figure cannot be determined but it is 

believed that it came about at the time of the method's development 

when it represented an approximate average of the data available at 

the time. Because early data showed a wide range of values 

reflecting possibly variations from one type of cane to the next 

and analytical errors, it Has decided to attempt the rigorous 

determination of hygroscopic Hater ~n sugar cane with the benefit 

of today's better analytical instruments. 

The author has found the same difficulties that were 

experienced by the earlier Horkers but an attempt has been made to 

show how much the variability in results can be attributed to the 

many causes. We think that the t raditional 25 percent of fibre 

figure may be a little high for today's canes especially 

considering that the fibre as determined by traditional methods 

includes 1-2 percentage units of dirt. The hygroscopic water 

associated with dirt is much lower ~han that for true cane fibre. 

A more realistic value would probably lie between 15 and 20 percent 

of fibre. 

M.R. Player 

Chief Technologist 
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Abstract 

Hygroscopic water in sugar cane may be characterised as water 
strongly sorbed onto the cane fibre and being unavailable for 
the solution of the soluble components present in sugar cane. 
As a result, analytical methods utilising the wet 
disintegrator technique, produce higher pol and Brix results, 
than would be observed if all water present in cane fibre were 
available for solution of soluble substances. 

Employing a method whereby dry, processed, essentially sucrose 
free cane fibre is contacted with a known quantity of sucrose 
solution for the measurement of hygroscopic water, this report 
aimed to improve on previous attempts in providing a 
repeatable, reproducible method for the determination of 
hygroscopic water in cane fibre, to investigate the effect of 
experimental variations, and to validate the currently used 
value of 25% on fibre. 

In addition, absolute measurements of cane conscituents via 
Soxhlet extraction under vacuum, controlled to maintain 
specified extraction conditions, were made in order to 
evaluate the effectiveness of this extraction technique in 
comparison to the currently used wet disintegrator technique. 

Results indicated that the mean value of % hygroscopic water 
for several cane ranged between 17 and 22%, falling short of 
the currently used value of 25%, presenting a new value that 
may be incorporated in wet disintegrator results. 

Soxhlet extraction results indicated that the possibility 
exists for using an extraction technique for Brix 
determinations in cane, however the quantity of cane used for 
the analysis would need to be increased in order to be 
representative of the gross sample. Overall, Soxhlet 
extraction results tended to be 0.5 to 1.0 % Brix on cane 
lower in comparison to pilot wet disintegrator results. 



Summary 

Hygroscopic water constitutes that portion of the water in 
cane not available for the solution of solubles in cane. 
Previous determinations of the constituent yielded values 
ranging from 10 to 50%, though a value of 25% is currently 
employed for convenience. The validity of this value, using a 
dry fibre/sucrose solution slurry, was tested, along with an 
attempt to develop a new absolute method for cane analysis via 
Soxhlet extraction techniques. 

Wet disintegrator analyses performed at various dilutions 
yielded negative and large positive values for % hygroscopic 
water on fibre, with only 20% of the results falling in the 
20-30% hygroscopic water region. Moisture loss via evaporation 
was also examined by cooling the disintegrator vessel, for 
which results indicated that any Brix (or pol) increase due to 
evaporation had no appreciable effect upon the determination. 
Consequently, another method was examined for use in the 
analysis. 

Several attempts using wet (and dry) fibre were made in order 
to obtain a reproducible, repeatable method for use in the 
investigation. The dry fibre contact method, in which a 
weighed quantity of dry, essentially sucrose free fibre was 
mixed with a known quantity of sucrose solution, was adopted 
for the project owing to the reproducibility of results 
obtained. 

An analysis monitoring the Brix change in a fibre/sucrose 
solution slurry as a function of time revealed that 30 minutes 
after preparing the slurry, no measurable change in Brix 
occurred, indicating equilibrium had been attained. As a 
result an equilibration time of 1.5 hours was adopted for all 
following analyses. In addition, hygroscopic water results 
obtained over 24 hour equilibration periods yielded results 1 
to 2 units greater than the duplicate analysis performed over 
1.5 hours, this difference being statistically significant. 

The use of 4 and 10 0Bx sucrose solutions for the analysis 
showed that the 100Bx solutions gave rise to more precise 
results (% C.V. = 5.9) t h an were obtained using 4°Bx solutions 
(% C.V. = 15 . 8). For this reason, looBx sucrose solutions were 
used for all dry fibre contact analyses throughout the 
project. 

Jeffco cutter-grinder, wet disintegrator 
type machine grinder were analysed for 
with the finer machine ground fibre 

Samples prepared via 
(W. D.) and gyratory 
hygroscopic water, 
yielding results 4 
in comparison to 
material. 

to 5 units higher for % hygroscopic water 
both wet disintegrator and Jeffco cutter 

A comparison between % hygroscopic water results obtained at 
ambient temperature and 50°C revealed that results, on 
average, increased by 1 to 2 units for samples maintained at 



the higher equilibration temperature l the difference being 
statistically insignificant. 

various components of the cane plant for the Herbert region 
varieties 0115 and Triton were analysed l both varieties showed 
root material to have a low hygroscopic water (5-8%) content 1 

while cane tops exhibited high values (23-25%) 1 in comparison 
to stalk and trash material which yielded values for 
hygroscop i c water 4 to 5 units lower than that of tops 
material (20%). Pith and fibrous material separated from a 
sample of variety 096 revealed that the soft pith yielded 
greater values for hygroscopic water (23%) than the fibrous 
material (19%). 

Five soil samples collected from farms in the Herbert region 
indicated that soil yielded % hygroscopic water results in the 
order of 3 to 5%1 with one soil type yielding results in the 6 
to 9% range. 

Several cane varieties representing approximately 80% of the 
cane milled in the Herbert region ( i.e. 096 1 Q119 1 0115 1 
Qll71 Cassius and Triton) were analysed and gave % hygroscopic 
water values lying in the 17 - 20 % range 1 the majority of 
samples yielding values closer to the higher end of this 
range. Two varieties (i. e. Q96 and Qll 7) representing 
approximately 80% of the cane milled in the Burdekin region 
indicated that regardless of crop location 1 a certain cane 
variety will yield similar results for hygroscopic water. 

It was therefore concluded that the currently used value of 
25% for hygroscopiC water may be in error by as much as 8 
units % hygroscopic water on fibre l as mean results for 
several cane varieties showed hygroscopic water to lie in the 
17 to 20% region. Results also reflected the importance of a 
clean cane supply to the milll as the inclusion of extraneous 
matter 1 if in sufficient quantity 1 could result in an 
inaccurate assessment of cane quality. 

Soxhlet extraction work car r ied out 1 in con junc:: i on with a 
small scale wet disintegrator system l yielded si~ilar results 
for variety Q113 1 however variety 0124 produced higher than 
expected wet disintegrator results 1 possibly as a result of 
moisture loss in the sample received. 
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A. Introduction 

At a Cane Analysis workshop held in 1988 (WRIGHT, 1988), 
direct cane analysis (DCA) was chosen as the preferred method 
of cane analysis for miller/grower equity. Fundamental to the 
accuracy of this method is the value of hygroscopic water used 
for calculations. 
Hygroscopic water is realised in wet disintegrator, direct 
cane analysis as water strongly sorbed onto the cane fibre and 
being unavailable for the solution of the soluble components. 
This has the effect of producing higher pol and Brix results 
in the disintegrator slurry, than would be observed if all 
water present in cane fibre were available for solution of 
soluble substances. The existence of hygroscopic water in cane 
fibre may be explained by inspecting the cross section of a 
sugar cane stalk, which reveals three distinct regions 
consisting of an outer peripheral region (or rind) and an 
inner soft pith section in which soft tissue is interspersed 
with fibre, each area differing mainly in the relative 
concentration of juice-containing (parenchyma) vacuoles and 
vascular bundles (see Figures 1, 2). 
Vascular bundles, contributing greatly to the total fibre in 
cane, contain many small thick-walled cells which surround the 
large vessels and sieve tubes, with vessels transporting water 
from the roots and sieve tubes conveying sugary juices from 
the leaves. The thick walls of these fibre cells, which make 
up a large proportion of the vascular bundles, also constitute 
the major part of the weight of fibre in cane. 

Long chain cellulose molecules forming the basis of cell wall 
material (see Figure 3), occasionally pack together in 

) parallel rows giving rise to a crystalline structure. In other 
areas, these cellulose chains have a random arrangement 
leading to the formation of micro-capillaries in the cell 
structure, contributing greatly to the water sorbing 
properties of the fibre. 

8 



FIGURE 1 : Cross Section through Internode. 
1 . Epidermis; 2 . Thick walled cells; 3,4. Vascular 
bundles; 5. Sclerenchyma; 6. Ground tissue. 
VAN DILLEWIJN (1952) 

The majority of the water present in fibre is held by two 
processes:-

a) Surface Adsorption 

b) Capillary condensation. 

Surface adsorbed water is thought to be held by weak chemical 
bonds onto the surfaces of the fibre substance, including the 
interior surfaces of the micro-capillaries, consisting of a 
single molecular layer (monolayer) only and being more 
strongly bound than the capillary condensed water (surface 
tension phenomena). However, sigmoidal adsorption isotherms of 
cellulose materials indicate the presence of multilayer 
adsorption (C ote and Kollmann, 1968). 

9 
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FIGURE 2 : Bundle cross section. 
A. Outer bundle parenchyma; B. Sclerenchyma cap; C. 
Sieve tube; D. Companion cell; E. Large pitted 
vessel; F. Bundle sheath; G. Protoxylem; H. 
Sclerechyma cap of xylem pole of bundle. 
VAN DILLEWIJN (1952) 

Previous attempts to measure this hygroscopic water component 
in cane fibre followed several paths. Steuerwald (1912) 
approached the problem in two ways, 

(i) by measuring the increase in concentration of a known 
weight of sucrose solution after remaining in contact 
with a known weight of dry fibre, yielding a value of 
22.4% for adsorbed water, 

(ii) by analysing the sugar content of a residue obtained 
after pressing cane fibre with a quantity of pure sugar 
solution, producing a result of 16.5% for adsorbed water 
with even some negative results being recorded. 

Foster (1962), amending Steuerwald's press method (ii), 
returned residue from pres sings back to the fibre several 
times, resulting in values of 10-18% hygroscopic water, 
suggesting that the varied results were obtained due to the 
expression of hygroscopic water from within the cane fibre. 

10 



Again in 1963, Foster attempted the measurement of hygroscopic 
water employing another approach, where by Brix changes in 
disintegrated water/sugar cane slurries were used to calculate 
% hygroscopic water values ranging from 25 to 40%. Later, CSR 
staff officers (RICHARDSON, 1970) utilising the dry fibre 
contact method, recorded hygroscopic water results ranging 
from 15 to 29% and having an average of 24.8%. 
currently, a value of 25% hygroscopic water on fibre is 
employed, however it is thought that its value has no more 
validity than being the mean result of previous determinations 
whose range varied from 10-50%, the majority falling in the 
20-30% region. 

o 

OH 

OH 

FIGURE 3 Cellulose repeat uni t - (C,H,COS ) n . 
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B. Theory and Methodology 

Wet Disintegrator 

The wet disintegrator method employed for this project 
involved combining a known mass of cane with a known mass of 
water in a wet disintegrator, and comminuting for a fixed 
period of time. Following disintegration the resulting slurry 
was analysed for Brix and/or pol prior to dilution with 
additional water. Following each dilution, the slurry was 
mixed and again analysed for Brix and/or pol. 

From the relationship between change in slurry concentration 
and solvent (water) added, the amount of unbound water present 
in the original sample was determined, allowing the % 
hygroscopic (bound) water for that fibre to be calculated. 

Theory 

The wet disintegrator method of analysis permits the analysis 
of cane for Brix and Pol by comminuting milled cane in the 
presence of a known weight of water and by measuring the 
concentration of Brix and Pol in the resulting liquor. From 
the Bureau of Sugar Experiment stations Laboratory Manual 
(1970), the following calculation is used for wet 
disintegrator analyses :-

where 

e = 

and 

Ex Extract x (e+w) 
Ex Cane = (<I> _ Ex Extract) . ..•...•... (1) 

(X+Y) _ (l+_Z_) 
Y 100 --=----...;;;:.::.-=-- .................. (2) 

l+_z_ 
100 

y = weight cane 
x = weight water 
z = hygroscopic water 

12 



100 --=-=--"---. . . . . . . . . . . . . . . . . . . . (3) 
(1+~) 

100 

w = moisture % cane 

Note : Hygroscopic water currently holds the value of 25% on 
fibre (i.e. Z = 25 ). 

In addition to the conventional wet disintegrator analysis, 
dilution of the initial slurry created a means by which, 
theoretically, hygroscopic water in fibre could be determined 
from the relationship between change in slurry concentration 
and diluent added (i.e standard addition approach). The 
following method was adopted to investigate the multiple 
dilution, wet disintegrator technique. 

Two methods of calculation were used to determine unbound 
water in fibre, as the following equations show :-

A. Two Point (Point by Point) Calculation 

where :-

Q = unbound water 

C, 
(V, c) 

1+_' 
100 

__ C_,V_, (100 __ ~C,,=-) (4) 
100 C···· 

1+_'_ 
100 

Wi = dilution ratio i (water/cane) 

C, = concentration 
dilution i 

of extract after 

v = Sj x 100 = 
j M 

(grams sample wi thdrawn) x 100 .... (5) 
(mass cane used) 

NOTE: i) "i" represents stage of analysis, i.e. at the start 
of the analysis, i=1 after the first dilution, i=2 and so on. 

13 



B. Graphical Representation - Regression 

1 Wj Q 
C

j 
= 100BC + 100BC········· (6) 

where Be = Brix of cane 
Q = unbound water 

1 _ Slone 
100BC .., 

o 
100BC 

= Intercept 

C1 = concentration of extract after 
dilution "i" 

W, = dilution ratio (water/cane) 

i = stage of analysis. 
At start of analysis, i=l, 
after first dilution, i=2 etc. 

A plot of l/e1 vs Wi for i = 1,2,3 ... n yields a linear 
relationship, from which unbound water "Q" may be calculated 
by dividing the intercept by the slope. 

Method 

1. Weigh accurately 2 kilograms of milled cane into the wet 
disintegrator vessel. 

2. Add to this 6 kilograms of distilled water and seal the wet 
disintegrator vessel. 

3. Disintegrate the vessel contents for 
which time start the peristaltic pump 
circulation from within the disintegration 
4) • 

14 

45 minutes, after 
to begin solution 
vessel (see Figure 



4. Once the 
approximately 2 
collection tube 

disintegrator liquor has 
minutes, sample the liquor 

(SGml is sufficient) . 

circulated for 
in a preweighed 

S. Having sampled the liquor, stop the peristaltic pump and 
add a further kilogram (lkg) of distilled water to the 
disintegration vessel via the external inlet (see Figure 4), 
mixing the resultant slurry for approximately 2 minutes. 

6. Repeat steps 4. and S. until a further 3 kilograms of 
distilled water have been added, sampling the disintegrator 
liquor after each kilogram (lkg) dilution. 

7. On completing the disintegration, samples taken at each 
dilution were weighed and analysed for Brix and/or pol. 
(NOTE : See section C for Equipment and Instrumentation) 

Calculations 

Unbound water 

Unbound water may be calculated using equation (4) above. 

If the amount of sucrose present was measured as Brix, Brix 
was converted to concentration via the following equation '-

Conc = Ex ---'=.-=:=-- . . . . . . . . . . . (7) 
1- Ex 

100 

% Hygroscopic Water on Fibre 

If the total moisture in cane is represented by "W" then % 
hygroscopic water on fibre may be calculated viz :-

W-Q 
Z= F xlOO ................... (8) 

where '- z = % Hygroscopic water 
Q = unbound water 
F = % fibre in cane 

15 



Fibre Contacting - Method Development 

In order to investigate the suitability of the fibre contact 
method for the determination of hygroscopic water in sugar 
cane fibre, a series of analyses were performed which involved 
mixing wet (or dry) sucrose free fibre with sucrose solutions 
of known concentration. In the case of wet fibre, moisture 
determinations were required in order to calculate % 
hygroscopic water. 

Once fibre and sucrose solution had been mixed, the mixture 
was left for a period of time allowing the migration of water 
molecules to the fibre surface to attain equilibrium. On 
equilibrating, the resultant slurry was analysed for sucrose 
concentration, the change in concentration reflecting the 
fibres ability to adsorb water from solution. 

Method 

In the course of the investigation, several variables were 
examined on the basis of 

a. practicality -

b. Minimising Error -

total volume required 
analysis needed to fit 
sealable reaction vessel. 

for 
into 

the 
a 

This was considered necessary 
t o avoid evaporative water 
producing erroneous results. 

so as 
losses 

errors involved with taking accurate 
Brix measurements led to the use of 
higher sucrose concentrations (ca. 
10 0Bx) than were obtained via wet 
disintegrator trials (ca. 4-5°Bx). 

Of the several systems trialled, the method yielding 
reproducible results and meeting the above mentioned criteria 
involved using :-

Fibre Drying Time = 3 hou~s ± 5 min @ BOoe, 625mm Hg Vac 

Fibre = B.OO ± 0 . 01 grams washed to [sucrose] < 5ppm 

Sucrose = 150.00 ± 0.01 grams 100Bx aqueous solution 

Mixing time = 2 minutes, hand mixed 

Equilibration eime = 1.5 hours 

16 



Reaction vessel = sealed Agee jar 

Ory Fibre Contacting - Analysis 

Hygroscopic water can be thought of as strongly adsorbed water 
not available for solution of soluble components within cane, 
but may be driven off at elevated temperatures, as is the case 
in fibre analysis. 

The method employed involves drying to ensure that all sorbed 
water is removed from a pre-washed, 
fibre sample, followed by contacting 
of known concentration. 

essentially sucrose free 
with a sucrose solution 

Consequently, the resultant sucrose solution, having lost 
moisture to the fibre, increases in concentration. From the 
change in sucrose concentration, the percent hygroscopic 
moisture on fibre may be calculated. 

Method 

The following method was developed for use in all fibre 
analyses. 

1. For a duplicate 
processed fibre per 
(625mm Hg, aO°C), 
(constant weight) . 

analysis, dry approximately 17 grams of 
sample type in a vacuum oven for 3 hours 
and cool in desiccator for 40 minutes 

2. Prepare one (1) x 500 ml aqueous sucrose solution of 
10.00g/100g concentration per sample type. 

3. weigh a grams of the dried fibre to the nearest 0 . 01 grams 
into a clean, dry, preweighed Agee jar. 

4. TO this fibre add 150 grams of 10 0 Bx sucrose solution (from 
3.2.2) to the nearest 0.01 grams, and mix intimately for 2 
minutes ensuring all the fibre is covered by the sucrose 
solution, sealing the jar once mixing is complete. 

5. Repeat steps (3.) and (4. ) until all samples and control 
are prepared. Note that the extra sample represents a control 
sample to which no fibre is added. 

6. Once all samples 
following instruments 
solution :-

and control have been prepared the 
are used to determine the Brix of each 

17 



Note 

6.1 Dipping Refractometer 

Used to approximate the initial Brix 
determination v~a differential refractometer. 
C - Equipment and Instrumentation for further 

6.2 Differential Refractometer 

prior to 
See section 
detail. 

Used to accurately determine the Erix of solutions. See 
section C Equipment and Instrumentation for further 
detail. 

1. Both instruments were equilibrated to 20. a ± 
O.l°C during analyses. 

2. All hygroscopic water calculations including 
statistical calculations were performed using 
differential refractometer results unless 
otherwise stated. 

7. After allowing samples to equilibrate for one and a half 
hours, all samples including the control were filtered through 
Whatman No91 filter paper prior to Brix measurement. 

Calculation of Hygroscopic Water 

% Hygroscopi c Wa ter 
pO = W (1 - -) . '" ... (9) 
pl 

where : 

W = weight sucrose solution . x 100 ....... (10) 
we~ght of fibre 

pO = BriK of sucrose solution prior 
mixing with fibre 

pi = Erix of sucrose solution after 
mixing with fibre 

Dry Fibre Contacting - Investigation 

18 



Sample Equilibration Time 

In order to determine the equilibration time required 
when contacting dry fibre with a sucrose solution of known 
concentration, trials were conducted which involved measuring 
the Brix of the solution in the slurry (i. e. dry fibre + 
sucrose solution) as a function of time. 

Previous determinations (Harris, 1962) investigated 
equilibrium times involving 1 and 24 hour periods, in which 
case no significant difference was observed. 

Extended Equilibration Times 

Having analysed cane fibre over a 1.5 hour equilibration 
period, it was decided to examine the effect of longer 
equilibration times on hygroscopic water results. 

Previously, equilibration times of 1 and 24 hour periods 
were examined, the conclusion being that no significant 
difference existed between hygroscopic water results obtained 
over these two equilibration time periods. 

In an attempt to reproduce and improve on results of past 
investigations, dry fibre was mixed with sucrose solutions and 
allowed to equilibrate for 1.5 and 24 hour periods. 

Sucrose Concentration 

In an attempt to highlight the effect of sucrose 
1 concentration on fibre's ability to adsorb water, sucrose 

solutions of two distinct concentrations (namely 4 and lOOBx) 
were used for the analysis. For each run a duplicate sample 
was analysed using both 4°Bx and 10 0 Bx solutions, with control 
solutions containing no fibre being included also. 

Sample Preparation 

Of the various ways in which sugar cane may be processed 
for routine analysis, this investigation examined three modes 
of preparation of which the first two forms, namely wet 
disintegrator and Jeffco cutter-grinder preparations, are 
currently used in mill operations. 

a. Wet Disintegrator 

The wet disintegrator system (see Figure 4) consisted of a 
disintegrating vessel with a centrally located bladed shaft, 
all being sealed by the vessel lid. 

19 



Disintegrator Vessel 

Diluent 
Entry 

-
-

Semple Collection 
(Mlilipore Filter Membranes) 

Peristaltic 
Pump 

FIGURE 4 : Wet disintegrator system 

Hammer milled cane (2kg) was combined with 6kg of distilled 
water and placed in the vessel followed by comminuting for 45 
minutes. The fibre was then washed with hot and cold water to 
remove enough sucrose until thymol testing indicated sucrose 
concentration of washings to be less than 5ppm. This treatment 
was followed by drying the fibre under vacuum at 80°C/625mm Hg 
until constant weight was achieved prior analysis (See Figure 
5, a). 

b. Jeffco Cutter-Grinder 

The Jeffco Cutter-Grinder material was obtained by passing 
bi llets of cane through the unit resulting in a roughly ground 
product, in which pith and long fibre were easily separable. 
Once ground, the fibre was washed and dried as per the wet 
disintegrator material prior analysis. Of the three modes of 
preparation, the Jeffco cutter-grinder produced the coarsest 
material (See Figure 5, b). 

c. Machine Gyratory Grinder 

Machine ground fibre consisted of dried, washed wet 
disintegrator fibre ground in a gyratory type grinder 
consisting of three concentric steel rings. Following this 
preparation the fibre had the consistency of flour, with both 
pith and rind components of the fibre being intimately mixed. 
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(b) Jeffcc cULter-grinder prepared fibre 

FIGURE :: : Pho;:ographic representaLion of cane fibe prepared 
in two ways, scale shown is ~r. milli:net!."es. 
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Of the three modes of preparation, machine ground fibre 
represented the finest material in terms of particle size. An 
idea of the degree if finess obtained for machine machine 
ground fibre was determined via physical separation through 
sieving (see Table 1) . 

TABLE 1 
Machine ground fibre size separation 

s i evinQ results 

Sample % > 150 J.l % > 45 J.l % < 45 J.l 

( 100 mesh) (32 5 mesh) (325 mesh) 

Q115 38.1 42 .6 17.6 

Q96 40.5 4 1.4 16.3 

Equilibration Temperature 

In order to assess the effect of hygroscopic water in wet 
disintegrator analyses, mixed fibre/sucrose solution slurries 
for hygroscopic water determinations were placed in an oven at 
elevated temperatures. A temperature of 50 degrees centigrade 
was chosen for the trial, this being the observed temperature 
reached by wet disintegrator analyses both in pilot plant and 
routine mill analyses. 

In each case, a duplicate sample maintained at ambient 
conditions was analysed for comparative purposes. Also, as 
with all fibre analyses performed for this project, a control 
sample containing only sucrose solution was analysed during 
each analysis at both temperatures, in order to account for 
any Brix increase eventuating from evaporation. 

Cane Plant Characteristics 

The Sectioned Plant 

The macro-structure of a 
essentially of four portions, 
and trash material. 

growing cane plant consists 
these being tops, stalk, root 

Each portion identified above (see 
growing plant in its own unique way :-

Figure 6) serves the 

a. Tops and Leaves - provide a means by which the plant, via 
photosynthesis, produces carbohydrates for the production of 
sucrose and other sugars. 

b. St a lk 
fibrovascular 

provides 
system for 

mechanical support; 
the transportation 
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nutrients; provides storage 
parenchymatous cells. 

for the sugary juices in 

c. Roots - providing a two-fold function, the root hairs 
envelop soil particles in order to maintain plant stability in 
the soil, and secondly, root hairs adsorb water and nutrients 
from the soil, transporting them to other parts of the growing 
plant. 

d. Tras h 
function, 
the stalk 

- ripening stalks lead to the termination of leaf 
in which leaves die and either remain attached to 
or fall to the base of the stalk as trash. 

A 

B 

c 

D 

FIGURE 6 : Cane Plant Schematic 
A. Tops, B. 1/3 TOp, C. 1/3 Middle, D. 1/3 Bottom, 
E. Roots and Soil. 

SUGAR INDUSTRY INFORMATION SERVICE (1989) 

Once sectioned, each portion collected was processed via 
standard mill wet disintegrator method (see Appendix b) 
followed by washing to remove excess sucrose prior hygroscopic 
water analysis. 
(Note Tops, trash and root material were processed v i a 
Jeffco cutter-grinder prior wet disintegrator processing) . 
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pith and Long Fibre 

In a mechanically processed cane sample, as produced via 
Jeffco cutter-grinder or wet disintegrator preparation, the 
pith and long fibre components are separable making the 
investigation of each component possible. 
As the relative proportions of pith and long fibre may vary in 
certain portions of a growing sugar cane plant, this section 
of the report aimed to identify whether these two 
distinguishable components have different affinities for 
hygroscopic moisture. 

pith and long fibre components used for the analysis were 
separated via shaking the mixed disintegrated sample in a 600 
micron sieve for a period of 20 minutes. All material retained 
by the sieve was analysed as "long fibre", while material 
smaller than 600 microns was analysed as "pith". 

variation between Cane Varieties 

var i ation between sugar cane varieties may be seen in a 
mul t i t ude of consistuents ranging from % sucrose to ppm levels 
of silica, and of characteri st i cs ranging from leaf tensile 
strength to pest immunity _ 

The fact that no two varieties of cane are identical in 
all aspects led this project to investigate % hygroscopic 
water as a function cane variety. 

During November 1989/ cane was sampled at Victoria, 
Pioneer and Kalamia mills and processed for subsequent 
analysis via the dry fibre contact method ( as per section 3.0 
of this report), samples being identified in terms of crop 
region, mill, sample type, mill number, ratoon number, farm 
number and farm owner for the 1989 season. (see Appendix G for 
Ingham Cane land area) 

Variation with Crop Location 

Two cane varieties, namely 096 and 0117, representing 
approximately 80% of the cane milled in the Burdekin region, 
were collected from both Pioneer and Kalamia mills in order to 
assess whether crop location for a particular cane variety 
will alter its hygroscopic water capacity. 
In addition, similar cane varieties sampled from the Herbert 
region a1: Victoria mill were analysed for hygroscopic water, 
giving a broad crop area to investigate. 
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Variation in Soil Samples 

Soils contain a broad variety of constituents which 
contribute to the varying properties of different soils. Sandy 
soils may be characterised by their relatively high silica (as 
SiO,) content in comparison to certain clay soils that exhibit 
low silica levels. 

In terms of hygroscopic moisture, the quantity held by a 
particular soil will vary approximately with the colloidal 
content of the soil and the nature of that colloidal material 
present. For example, some sandy soils low in organic matter 
content may contain a very small percentage of colloids 
leading to low hygroscopic water capacity, whereas some clay 
soils containing large quantities of this constituent may 
return higher hygroscopic water readings. 
Water held in this condition does not move in the soil, is not 
used by plants, and may even exist in other than the liquid 
state. 
Any water held in excess of .the hygroscopic moisture 
defined as capillary moisture, this being susceptible 
movement in the soil, may be adsorbed by plant roots, 
exists in the liquid state. 

is 
to 

and 

In order to analyse soil samples for hygroscopic water, 
some modifications to the methodology applied to fibre samples 
were required as initial values calculated fluctuated greatly. 
The following represents alterations made to the method 
employed for fibre samples. 

Alterations 

a. Mass of adsorbate (soil) = 16 grams, twice the amount 
used for fibre. 

b. Mass of sucrose solution = 100 grams not 150 grams. 

c. Filtration of samples = Celite + Whatman 91 initially, 
followed by fine filtration via Millipore 0.8~m filter in 
order to obtain a clear, colourless solution. 

Soxhlet Extraction 

The Soxhlet extraction system (see Figure 7) provides 
continuous washing and removal of soluble substances combined 
with insoluble solids, allowing a quantitative analysis of the 
soluble portion present in the total mass. 

In the analysis of cane for soluble substances, a very 
fine preparation was required to ensure all solubles are 
removed from the cane in a reasonable length of time. Of the 
various food/material processing tools available on a small 
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scale basis, the Tecator 1094 homogeniser (see Figure 8) 
proved to be most satisfactory for the processing required. 

Having sampled the same variety of cane in both Tecator 
processed and billet form, a comparative trial was conducted 
to evaluate the effectiveness of Soxhlet extraction versus 
conventional disintegration techniques for the analysis of 
Brix in cane. The following method was developed for use in 
all extractions performed. 

1. Into a preweighed soxhlet extraction thimble (Whatman 
cellulose 30mm x 100mm) add Tecator processed cane, slightly 
tapping the thimble to ensure efficient packing. Determine by 
difference the mass of cane used (approx 30 g) and cover the 
thimble opening with glass wool. 

2. Into the preweighed solvent reservoir (containing glass 
beads), add approximately 400 g distilled water. 

3. Assemble the extraction system as per Figure 7, using the 
following settings -

a. Vacuum - 25" (625mm) 

b. Temperature - controlled to 70 ± 1 °C 

c. Condensor - cold tap water 

4. Allow the process to extract for 4 hours from the first 
full extraction, after which time cool and reweigh the solvent 
reservoir containing the extracted solubles/solvent mixture. 

5. Determine the % solids (Brix) of the reservoir solution via 
Dipping refractometer 

Calculation 

The Brix % cane was calculated using the following 
formula -

ME BE )( 
Brix % Cane = T01r)( 100 

He 

where 

BE = Brix of extract 
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ME = Mass of extract (g) 

Me = Original mass of cane 

Methods of Analysis \ Sample Preparation 

Wet Disintegrator - Small scale 

For comparative purposes, a small scale, bench-top wet 
disintegrator was setup, consisting of a suitably sized 
disintegrating vessel and a high speed Ultra Turrax 
homogeniser. 

Samples of sliced cane were disintegrated via 
conventional food processor followed by wet disintegration 
with distilled water for 4 one minute periods. Tests revealed 
that a disintegration time of 4 minutes extracted the maximum 
quantity of solubles in the processed cane. 
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Condensor 

Soxhlet 
Extractor 

Solvent 
Reservoir 

FIGURE 7 Soxhlet Extraction System 

Tecator 1094 Homoqeniser 

The Tecator 1094 Homogeniser, designed for macerating a 
variety of high-moisture, high-fat and fibrous samples, 
consists of a stainless steel bowl into which sits angled, 
steel blades (see Figure 8). 
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Lower 
blade. 

. ----

Cover. 

Bowl. 

Upper 
blade . 

FIGURE 8 : Tecator Homogeniser 1094 - Schematic 

In order to prepare sugar cane to the required 
consistency, the following approach was adopted, samples being 
prepared by staff at BSES, Meringa. 

Containers of Jeffco cutter-grinder material were frozen 
at approximately -18 °C immediately after preparation. Several 
days later, each frozen portion (approximately 200 grams) was 
quartered and placed in the homogeniser. Solid CO, was added 
via the nozzle for 5 seconds before the motor was started. CO2 
addition continued for 20 seconds, the homogeniser running for 
a total of 1 minute. Following preparation, the cane samples 
had a consistency comparable to fine, moist bread crumbs. 

C. Experimental Eguipment and Instrumentation 

Dipping Refractometer 

The Dipping Refractometer consists essentially of a 
measuring pr~sm (1, see Figure 9), compensator (2), objective 
(3), compensator adjusting ring (4), scale plate (5), vernier 
scale for 1/10th scale readings (6) and eyepiece (7). 

In order to achieve the maximum accuracy, careful 
temperature control of the measuring prism was essential, with 
measurements being made by observing the boundary line 
position of the incident beam on a scale reading from 5 to 105 
units when viewed through the eyepiece . 

Prism adjustments required in order to obtain repeatable, 
reproducible results were performed as per instruction manual 
(Zeiss) . 
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FIGURE 9 Dipping Refractometer Schematic (Zeiss) 

Measurements and Calculations 

Refractive index measurements made via the Dipping 
Refractometer involved placing several drops of the liquid in 
question on the prism and recording three consecutive 
refractometer scale readings. 
Once recorded, the average scale reading was converted to 
refractive index as per instruction manual (Zeiss). 

For example water readings were calculated as follows 
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Scale Readings = 85.51, .50, .48 

Average = 85.50 

In Tables (Zeiss) -> 85 = 1.33320 RI 

.50= O.50x39 =1.95x10-4RI 
lx10 5 

Therefore Sample RI = 1.33320 - (1.95 x 10-') 

= 1. 333005 
All Refractive Indices were then converted to Brix using 

the Chebyshev series (Rosenbruch, 1982), see Appendix D. 

From the Chebyshev relationship ;-

1.333005 RI = 0.0126°Bx 

a value which was then subtracted from each sample Erix 
in order to obtain true Erix for each solution. 

Differential Refractometer 

The Waters Associates R-401 refractometer used for the 
investigation utilises the conventional differential technique 
which measures the deflection of a light beam as it passes 
through a partition at an angle to the source. 

Since the deflection phenomena takes place at the surface 
of a 10~L cell partition, detection of any changes that occur 
in small volumes is possible. 

Quoted (Differential Refractometer Manual, 1976) 
specifications for the R-401 refractometer are as follows 

Maximum Sensitivity (4x) = 6 x 10-' RI Full Scale (F.S.) 

Minimum Sensitivity (128x) = 3 x 10-3 RI F.S. 

Noise Level = Less than ± 2% F.S. 

Ambient temperature change of 10°F produces less than a 4 
x 10-' RI change. 
NOTE Refractometer unit was temperature controlled to 
20 ± O.loe during all analyses. 
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Measurements and Calculations 

In order to determine Brix differences via differential 
refractometry, a relationship had to be established between 
voltage output and Brix difference between sample and 
reference cells. 

Calibration Graph 

A calibration graph plotting voltage output versus Brix 
difference was constructed using standard sucrose solutions 
ranging from 0.01 to 0.03 Brix in O.Ol°Bx gradations (see 
Appendix E for standard graph data collected over the course 
of the investigation). 
Therefore, any Brix difference equivalent to :!: O. 03°Bx was 
converted from voltage to Brix via the calibration graph . 

SM.lPlE GHT 

"'rr .;t --1\---:~~t"" I 
It ~ l--~ =: V ~ -=~--= DETECTORi---1A[1 M:PL:IF:"R:.~I =~lE:::CO::R=DEJJ 

_~ __ '_ . OPTICAL I' b POWER SUPPLY 
REFfRENCE ZE.RO ZERO 

ADJUST 

FIGURE 10 : Differential Refractometer Schematic 

comparison Standards 

In order to obtain Brix differences between reference and 
sample cells in the differential refractometer within the ± 
O.03°Bx range, comparison standards matching unknown solution 
Brix were prepared for use as reference solutions. 
Having prepared the comparison solution, both reference and 
sample cells of the differential refractometer were filled 
with the solution, at which time the Brix difference is zero 
(i.e. voltage reading adjusted via optical zero to read 0 
volts) . 
Once the unit had stabilised thermally after 
comparison solution, the sample cell of the 
filled with the unknown solution. 

32 

introducing the 
instrument was 



Any difference in Brix between the standard and 
solutions was then reflected as either a positive or 
voltage, this voltage being converted to Brix 
calibration graph produced above. 

D . Results 

wet Disintegrator 

unknown 
negative 
via the 

Having performed disintegrations involving multiple dilutions 
(in some cases up to five dilutions), factors associated with 
the system analysed gave rise to a broad range data points 
(see Table 2 , Figure 11), producing even some negative values 
for hygroscopic water in fibre. As can be seen from Figure 11, 
most values for unbound water were positive, in the 50 to 100% 
region . 

In order to obtain a value for % hygroscopic water on fibre in 
the 20 to 30% region, unbound water must lie in the 63 to 69% 
range when using values for total moisture and fibre in cane 
of 69-71% and 10 - 12% respectively. Of the data generated, only 
20 % o f unbound water values fell in this 63-69% region (see 
bold type figures in Table 2 ) , which indicated the 
unsuitability of the wet disintegrator multiple dilution 
technique, in its present form, for the determination of 
hygroscopic water in cane fibre . 

Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

TABLE 2 
We t Di s integrator Results 

% Unbound Wat e r 

Calculation Method 

Point by Point Regressi on 

92.0 71. 4 
69 . 4 69.5 

102.6 102.6 
87 .9 86 .9 
73.3 79.3 
68.2 33.0 

11 2 .7 253.7 
75.0 73.8 

-32.9 -4.1 
69.4 77.9 
88.9 93.2 
76.8 91.5 
70.1 67 . 8 
78.4 92.5 
68.1 73 . 3 
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FIGURE 11 : Wet Disintegrator Unbound Water Results 
calculated two ways. 

Factors held constant during disintegrations included :-

i) disintegration time of 45 minutes, with additional water 
being mixed into the system for 2 minute periods, 

ii) initial disintegration constituents of 6kg distilled 
water combined with 2kg of hammer milled cane, 

iii) filtration of sample prior analysis, consisting of 2, 0.8 
and 0.45~ Millipore disposable filter membranes connected 
in series, directly to the disintegration vessel for 
sampling purposes (see Figure 4 wet disintegrator 
schematic) . 

One area of concern investigated in previous wet disintegrator 
determinations (CSR Mill Chemical Dept, 1971), involved 
cooling the contents of the wet disintegrator vessel in order 
to avoid attaining slurry temperatures in the region of 50 to 
60 degrees centigrade, a possible cause for loss of water by 
evaporation. 

In an attempt to reproduce wet disintegrator conditions of 
past trials, a copper cooling coil was attached to the outside 
of the disintegrator vessel, through which cooled water (ca. 5 
degrees centigrade) was circulated (refer to Table 2, bold 
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type run numbers indicate use of cooling system). As with 
previous determinations, this approach did not improve results 
even though slurry temperatures were approximately halved 
(temperatures ranged from 25 37°C), indicating that any 
possible water loss via evaporation had no significant or 
measurable effect on wet disintegrator hygroscopic water 
results. 
Consequently, a method of contacting fibre with sucrose 
solutions of known concentrations, as used by Steuerwald 
(1912), was .adopted ~n an attempt to obtain data for 
hygroscopic water in cane fibre. 

Fibre contact - Method Development 

Prior to obtaining a suitable reproducible method for the 
investigation, % hygroscopic water values varied considerably 
with results being mainly positive and in the vicinity of 
40-50% (see Table 3, results reported in order of 
development). Having analysed primarily wet fibre at the 
outset of the project with poor reproducibility, dry fibre 
contacting was adopted. 

The ma j or problem with both wet and dry fibre was in obtaining 
a sample containing little sucrose, for which a value of 5ppm 
via thymol or less in fibre washings was deemed acceptable, 
with the possibility that hydrolysis of fibre compounds during 
sample preparation may have produced organic species 
contributing to a positive thymol test. Once the task of 
cleaning fibre to such low levels of sucrose had been achieved 
(successive hot and cold water washes followed by centrifuging 
to remove excess water) results for hygroscopic water became 
somewhat reproducible (see Table 3, dry fibre column). 

One point not investigated in previous hygroscopic water 
determinations of this nature was the effect of evaporation on 
the fibre/sucrose slurry, and consequently on the % 
hygroscopic water on fibre. In order to counteract any Brix 
increase eventuating from evaporation, a sucrose solution 
containing no fibre was used for each analysis (i.e. control), 
with any deviation in Brix observed for the control being 
corrected for in the sample concentrations during the 
analysis. 

This proved successful as in some cases, depending on ambient 
conditions, Brix increases due to evaporation reached 
O.01-0.02°Bx which, if uncorrected, would have led to an 
overestimation of hygroscopic water in the order of 1.9-3.7% 
on fibre. 
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In addition to using control sucrose solutions to correct for 
Brix increases due to evaporation losses, fibre/water mixtures 
were also analysed to correct for any sucrose still present 
after the washing stage. 

Having developed a method for determining % hygroscopic water 
in fibre with some degree of reproducibility, the method was 
used throughout the entire project. 

Wet 

TABLE 3 
Me thod Development 

% Hvqros c op ic Wat e r 

Method of Analysis 

Fibre Analysis Dry Fibre Analysis 

33.4 2.6 
36.7 6.6 
17.6 35.3 
48.8 37.1 

143.2 43.9 
63.9 17.5 

150.4 29.3 
70 . 0 24.3 
19.0 24.4 

-23 . 3 24.5 
-2.3 16.6 

351.8 24.0 

Determination of Equilibration Time - Fibre Contact Method 

Referring to Figure 12, a duplicate analysis which monitored 
Brix over the first 60 minutes of the analysis revealed that 
30 minutes after the fibre and sucrose solution had come into 
contact, no further increase in sucrose concentration was 
observed. Therefore for all following analyses, an 
equilibration time of one and a half hours was chosen, a time 
which was well past the point at which the system attains 
equilibrium. 
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FIGURE 12; Monitoring Brix changes in a fibre/sucrose 
solution slurry as a function of time. 

In addition to determining this equilibrium time, the 
following section of this report deals with extending the 
equilibration time to 24 hours in order to investigate the 
effect upon the final result for hygroscopic water . 

Extended Equilibration Times - Dry Fibre Contact Method 

A series of trials using Jeffco cutter-grinder fibre in 
conjunction with 100Bx sucrose solutions (see Table 4) 
indicated that the 24 hour equilibration time gave higher 
results in the order of 1 to 4 units for % hygroscopic water 
on fibre . 
Statist i cally (95% eI, t = 4 . 44), a significant difference 
existed between results obtained over the 1.5 and 24 hour 
equilibration periods, contradicting results reported in 
previous determinations (Harris, 1962), in which hygroscopic 
water results determined over 1 and 24 hour periods were 
reported as having no significant difference . 

This result indicates that the longer equilibration time 
allows a greater number of water molecules to leave the bulk 
solution and locate vacant hydroxyl groups in the sorbing 
fibre. Hence, owing to the physical nature of Jeffco-cutter or 
similar material, the water sorbing capacity over a short 
equilibration time (i .e. 1.5 hours) would tend to be lower 
(1-4%) through the inhibiting effect of that fibre, in 
comparison to results obtained over longer equilibration 
periods. 
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Mean 

TAB LE 4 
Ext e nded Equi l ib r ium Periods 

% Hvqroscop i c Wat e r 

Equilibration Period 

l.5 Hours 24 Hours 

23.6 24.3 
23.7 24.4 
28.9 32.8 
28.4 30.8 
20.9 23.4 
20.2 23 . 4 
22.5 22.9 
22.7 23 . 4 

23.9 25.7 

StdDev 3.2 3.8 

Comparison Between 4°Bx and looBx Slurry Concentrations 

Table 5 indicates the reproducibility obtained by using the 
previously examined method which employed 4-5°Bx solutions, in 
comparison to the current method incorporating a higher Brix 
solution for the analysis. 
A possible cause for the smaller deviation in results using 
100Bx (% C.V. = 5.9) rather than 4°Bx solutions (% C.V. = 
15.8) may have resulted from the fact that absolute errors in 
Brix measurement, sometimes in the order of 0.01 Brix, 
represent a smaller relative error for the 10 0 Bx solutions . 

i.e. 0.01 Brix error in 100Bx = 0 . 1% error 
where 

0.01 Brix error in 4°Bx = 0.25% error. 

Hence, having reduced the error in reading solution Brix, the 
final result for % hygroscopic water would be closer to the 
true value. 
For all hygroscopic water analyses, 10 Brix solutions were 
adopted in order to gain some advantage over previous 
determinations in which 4-5 Brix solutions had been utilised. 
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TABLE 5 
Varying Sucrose Concentration 

~ Hyqroscopic Water ° 
Sucrose Concentration 

4°Bx 100Bx 

24.9 23.0 
23.8 23.3 
20.3 24.8 
23.8 24.5 
22 . 9 24.9 
29.8 27.5 
21.8 27.4 
19.3 24.7 
27.6 24.0 
28.5 23.6 
29.8 25.6 
31.8 25.5 

Mean 25.7 25.4 

% c.v. 15.8 5.9 

Varying Cane Sample Preparation 

On contacting fibres prepared as previously mentioned, results 
(see Table 6) reflected the similarity of fibre behaviour for 
both wet disintegrator and Jeffco cutter-grinder material, and 
that machine ground fibre indicated a greater ability to 
adsorb water in producing a higher result for hygroscopic 
water. 

This increased adsorptivity of machine ground fibre may have 
occurred as a result of the ease with which water molecules 
locate vacant hydroxyl groups on the dry fibre surface. In the 
case of wet disintegrator and Jeffco cutter material, the mere 
nature of the fibre, having a proportion of vascular bundles 
still unbroken after processing, could have possibly hindered 
the migration of water molecules to the fibres internal 
surface over the equilibration time chosen for the analysis. 

On inspecting the three fibre preparations, it appeared that 
machine ground, owing to its fine consistency, would yield the 
highest surface area per unit mass, suggesting it should yield 
higher results for hygroscopic water than the other 
preparations examined. 

39 



A statistical 
obtained for 
following '-

(95% eI) comparison of hygroscopic water results 
the three sample preparations revealed the 

1. W.D. vs Machine: t = 5.9, significant, 
2. W.D. vs Jeffco : t = 4.5, significant, 
3. Jeffco vs Machine: t = 1.6, insignificant. 

In an attempt to explain the occurrence 
one section of this report investigated 
1.5 hour and 24 hour periods using 
fibre. 

of the varied results, 
equilibration times of 
Jeffco cutter-grinder 

Jeffco cutter-grinder material, being the coarsest of the 
three materials produced, was chosen in an attempt to 
highlight the effect of partially unbroken fibre 
cells\vascular bundles on hygroscopic water via inhibition. If 
any additional moisture was to be taken up by a fibre sample 
over a longer equilibration period, Jeffco cutter material 
would indicate that, owing to the proportion of unbroken cells 
contained in such a sample. 

Referring to results derived from the "Extended Equilibration 
Time" section , it was found that a significant difference 
existed between results obtained over 1.5 and 24 hour 
equilibration times, indicating that additional moisture was 
adsorbed onto the fibre over a longer period of time. This 
result supported the concept that the physical nature of the 
fibre analysed will effect the result obtained for hygroscopic 
water, and that various fibre preparations analysed under 
similar conditions would yield different results for 
hygroscopic water depending on the availability of the water 
sorbing components in that fibre. 
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TABLE 6 
Varying Sample Preparation 

% Hvqroscopic Water 

Method of Sample Preparation 

Wet Disintegrator Jeffco Cutter-Grinder 

31. 3 26.1 
30.4 26.2 
29.2 23.8 
26.5 22.7 
24.7 27.6 
23.6 26.9 
22.8 26.4 
22.9 24.0 
24.2 -
23.9 -
22.4 -
21. 8 -

Mean 25.3 25.5 

StdDev 3.3 1.7 

Machine Ground 

37.4 
36.9 
37.8 
37.3 
28.2 
28.1 
24.6 
25.8 
28.5 
28.7 
23.4 
24.7 

30.1 

5.6 

Varying Equilibration Temperature - Ambient vs 50°C 

Having analysed two varieties of wet disintegrator ground 
material at both ambient and approximately 50°C (actual 
temperature range was 49.8 - 52.5°C), results (see Table 7) 
indicated that no major difference existed between hygroscopic 
water determined at varying equilibration temperatures. 

Statistically (95% CI, t = 1.0), no significant: difference 
existed between results obtained at the two equilibration 
temperatures, indicating that hygroscopic water values 
determined under ambient conditions were of similar magnitude 
to those present during wet disintegrator analyses. 

In an investigation by Stamm and Harris (1953), desorption 
isotherms for Sitka spruce at varying temperatures (Figure 13) 
indicated that the hygroscopicity of such cellulose\lignin 
materials decreased at higher temperatures, a phenomena which 
was only observed for , one of the two cane variet:ies analysed 
in this experiment (see Table 7, sample Ql15) . 
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Sample 
Type 

Q115 

Mean 

Triton 

Mean 

TABLE 7 
Varyina Equilibration Temperature 

% Hvaroscooic Water 

Equilibration Temperature 

Ambient 50·C 

19.9 16.2 
17.1 13.8 
21.4 20.6 
22.4 20.4 

20.2 17.8 

20.1 20.9 
21. 2 22.4 
18.5 26.7 
18.3 22.1 
15.7 18.4 
14.4 19.4 

18.0 21.7 

variation of Hygroscopic Water within a Plant 

Each of the varieties analysed exhibited similar results for 
hygroscopic water in relative portions of the cane plant. 
Results (see Table 8) indicated that for both varieties, tops 
yielded the highest results (22-24%) for hygroscopic water 
whilst root material yielded the lowest (5-8%). 
In terms of stalk and trash material, no major differences 
were observed for hygroscopic water measurements, these being 
4-5 % l ower than those obtained for tops material. 

Results therefore signified the changing composition and 
varying affinity for hygroscopic water throughout: the plant, 
which reflected to some extent, the varying proportion of 
water sorbing cellulose and lignin materials in the growing 
plant. 
Deerr (1921) reported cellulose, pentosan and ligneous body 
levels in selected portions of sugar cane (see Table 9), which 
were converted to a % of total cane basis. These values 
indicated that leaf and root material should basically retain 
similar quantities of hygroscopic water, and that stalk 
material should re t: a i n less than either root or leaf material, 
owing to the relative amounts of sorbing material in each. 
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TABLE 8 
variation Within a Cane Plant 

% Hvaroscopic Water 

Cane Cane Variety 
Portion 

QllS Triton 

TOps 23.5 24.1 

1/3 Top 19.2 22.9 

1/3 Middle 18.9 16.9 

1/3 Bottom 20.3 19.6 

Roots 6.7 4.5 

Trash 19.7 20.9 

In terms of the cellulose and pentosan levels reported by 
Deerr (1921), the observed difference between stalk and leaf 
hygroscopic water results verified the varied compisition of 
each portion. However, root material yielded much lower 
results than would be expected if Deerr's information is taken 
into consideration. 

TABLE 9 
Comp os ition Of Fibre in Different parts of Cane 

Constituent % Constituent in Portion 
in 

Fibre Stalk Leaf Root 
fibre fibre fibre 

Cellulose 48.4 48.8 45.9 

Pentosans 30.3 29.2 33.7 

Ligneous Material 2l.3 22.0 20.4 

From DEERR (1921), p12. 

Two possible causes for this are given below 

a. The relative strength of root material would be greater 
than that of leaf or stalk material . Hence during 
mechanical processing as in wet disintegrations, root 
material would be ground to a les ser degree (as was 
observed), the product having a lower surface area per 
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unit mass and expose less internal surface than that of 
leaf or stalk material. 
Thus, the reduced availability of water sorbing 
constituents (i. e. lignin, cellulose) in processed root 
material would produce lower results for hygroscopic 
water, as results have indicated. 

b. As quantities of soil were present in the root material 
after processing, its presence will tend to lower 
hygroscopic water results, as results in this report 
indicate that soil retains much less hygroscopic/bound 
water (4-5%) than any other material present in the cane 
plant (18-24%). 

Hygroscopic water content of Pith and Fibre in Cane 

Of the pith and long fibre samples analysed for hygroscopic 
water, results (Table 10) indicated pith to have a greater 
affinity for water than the long fibre material by yielding 
higher values for hygroscopic water. 

Reasoning for this result came from the apparent nature of 
each component separated from the original wet disintegrator 
samples, with pith material being a much finer material and 
would tend to have a greater surface area per unit mass than 
the long fibre component. The increased surface area would 
thus tend to produce higher results for hygroscopic water, as 
was observed in the experiment. 

The fact that pith and long fibre portions of sugar cane 
adsorb different amounts of moisture per unit mass, gave some 
explaination as to why hygroscopic water results for mixed 
pith/long fibre samples varied considerably in the order of 
4 -6 units for hygroscopic water, even though sampling 
techniques employed were considered adequate for the analysis. 

Meade and Chen (1977) gave some indication of the cellulose 
and lignin fractions in cane fibre, expressing that pith and 
long fibre contain approximately equal portions of these water 
sorbing compounds (see Table 11). 
Hence, it appeared that pith and long fibre should yield 
similar results for hygroscopic water owing to their relative 
cellulose and lignin levels, however, the adsorbtivity of each 
portion was again affected by its physical structure, 
resulting in lower hygrcscopic water results for the fibre 
material. 
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Variation of Hygroscopic Water with Cane Variety 

Cane varieties (80% there of) grown in the Herbert region 
yielded hygroscopic water results in the l7-20% region (see 
Table 13), with the majority of results closer to the higher 
end of this range. 
variability in results for cane samples fluctuated by as much 
as 10 units (min to max), with this variation seen to be 
arising from several factors including .-

1. 

2. 

possible variations in pith:fibre 
individual samples analysed, 

Errors involved with the methodology, 
errors to Brix measurement errors. 

ratios in the 

from weighing 

overall, standard deviations obtained for each variety were of 
the order of 2-3 units in % hygroscopic water, an improvement 
on previous determinations of this nature. 
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TABLE 10 
Pith and Fibre in Cane 

% Hvqroscopic Water 

Cane Variety Pith 

Q1l7 12.8 
15.6 
17.3 

-
16.9 
19.9 
17.1 
17.5 

Mean 16.7 

Q96 23.3 
26.4 
24.4 
22.1 
23.2 
22.6 
23.5 
20.2 

Mean 23.2 

TABLE 11 
Cane Fibre Characteristics 

Fibre 

1l. 0 
10.3 
1l.1 
9.8 
9.9 

10.1 
l3.5 
1l.0 

10.8 

19.3 
19.4 
18.4 
19.7 
19.5 
20.1 
18.2 
17.6 

19.0 

Constituent Plant Component 
in 

plant Pith Fibre 

Lignin (% ) 18-22 20-23 

Cellulose (% ) 26-36 38-43 

Length (mm) 0.25-0.40 l.0-2.0 

Data from MEADE and CHEN (1977), p105. 
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TABLE 1 2 
Sample Identification Data 

Sample Type Farm tI Mill tI Ratoon tI 

Herbert Region - Victoria Mill 

Q115 F2l5 422B 3RG 
Q119 F663 450A 3RG 
Q1l7 Fl62 588B 2RG 

Cassius F533 412B 10RG 
Triton F53 418B 10RG 

Q96 F162 450B 3RG 

Burdekin Region 

Kalamia Mill 
Q96 F69B n/a 3RG 

Q117 Fl95 n/a Plant 

pioneer Mill 
Q96 n/a n/a n/a 

Q1l7 n/a n/a n/a 

TABLE 13 
Variati on of % Hygroscopic Water 

With Cane variety 

Mill Variety Mean n 

Herbert Region Q115 17.0 21 
Victoria Mill 

Triton 20.3 20 

Cassius 18.9 19 

Q117 17.8 20 

Q96 19.8 20 

Q1l9 19.8 19 

Burdekin Q96 19.5 20 
Region Pioneer 

Q1l7 18.8 20 Mill 

Burdekin Q96 17.6 20 
Region Kalamia 

Ql17 19 . 7 16 Mill 
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Farm Owner 

Bosworth 
Pennisi 

Board 
Gollogly 

Balanzategui 
Board 

n/a 
n/a 

n/a 
n/a 

Standard 
Deviation 

2.6 

2.9 

2.3 

1.6 

1.8 

2.5 

1.2 

1.3 

1.2 

1.5 



The following table represents statis~ical data for varieties 
Q96 and Q117 grown in 3 locations. 

TABLE 14 
Statistical Data for 

varieties qrown in different r e qions 

Variety & Student t 
Mill Area n Randomly paired 

Q96 
Pioneer v Kalamia 20 6.84 ' 
Pioneer v Victoria 20 0.26 
Kalamia v Victoria 20 4.44' 

Q1l7 
Pioneer v Kalamia 16 1. 7 6 
Pioneer v Victoria 20 2.14 ' 
Kalamia v Victoria 16 0.97 

, - Statistically significant at the 95% cr. 

Variation of Hygroscopic water with Soil 

data 

From farms producing the six varieties of cane fibre analysed 
in this report, soil samples were collected in order to assess 
their hygroscopic water capacity (see Table 15 for sample 
details) . 

Of the soils analysed, results showed that soil from farm 162, 
on which cane variety Q96 was grown, yie-lded hygroscopic water 
results twice as great as all other soils tested. 

A test gauging particle size distribution for each soil 
revealed that soil collected from farm 162 contained a greater 
proportion of smaller sized (colloidal) particles than all 
other soils tested (see Table 16). Hence, owing to the 
physical size of particles present in the analysed sample, it 
would be expected that smaller particle size leads to 
increased surface area, thus increasing the water sorbing 
capability of that soil. 
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Run 
N° 

Farm 

1 

2 

3 

4 

5 

Mean 

Std Dev 

TABLE 15 
Hygroscopic Water Results 

Herbert Reqion Soils 

Variety Grown on Soil 

Cassius Q119 Triton Q115 

533 663 63 215 

5.7 4.5 4.1 4.9 
5.2 4 . 4 3.9 4.5 
6.6 4.9 3.3 4.6 
5.7 5 . 4 3.3 4.4 
5.2 5.7 3.4 4.4 
4.9 4.9 4.8 4.0 
3.9 3.0 1.1 2.1 
4.1 2.0 1.3 2 . 2 
4.1 2.6 2.6 3.1 
4.2 3.6 2.8 3.1 

5.0 4.2 3.1 3.7 

0.9 1.4 1.2 1.0 

Table 16 

Q96 

162 

8.3 
8.4 
9.6 
9.6 
9.2 
9.0 
6.8 
6.4 
7.6 
7.0 

8.2 

1.2 

Statistical Data - Soil particle size analysis 

Statistical Q119 Q115 Q96 Triton Cassius 
Data 

% < 1. 6~ 5.6 5.1 7.5 4.9 5.7 

n 15 14 10 15 14 

Std Dev 0.4 0.6 0.4 0.4 0.6 

The following table describes the moist soil samples for which 
analytical results have been previously mentioned. 
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TABLE 17 
Characteristics of moist soil samples -

Farm Observed colour Consistency Munsell Colour 
Number , Texture rating and 

description 

533 Dark reddish Medium 2/3" - dusky red 
brown coarse, 

sandy clay 

63 Reddish brown Moderately 4/3 - weak red 
fine, sandy 
clay 

663 As for 63 As for 63 4/3 - weak red 

215 As for 533 As for 533 2/3 - dusky red 

162 Dark brown to Clayey, 2/1 - reddish 
blackish, fine black 
finely mottled textured 
with dark 
reddish brown 
portions . 

" - Munsell Value/Chroma rating - Soil Survey Staff (1951) 

Result Comparison - Differential vs Dipping refractometer 

A comparison between the two instruments used in the 
investigation was performed in order to determine whether the 
application of differential refractometry made any improvement 
on previous determinations of this nature. 

Two areas investigated reveal the greater accuracy obtained 
for differential refractometer results. 

(i) Individual hygroscopic water results for 72 
determinations indicated that differential refractometry 
provides a more accurate reading than those obtained via 
dipping refractometry, see Table 18. Statistical data 
(95% CI, t = 18 .0) indicates that a significant 
difference exists between hygroscopic water results 
obtained for the two instruments, with Dipping 
refractometer results tending to be 3-5 units higher than 
Differential refractometer results. 

(ii) Refractive indices obtained from the instruments at 
4 and 10 Brix (see Table 19). In the measurement of 4 
Brix solutions, the Dipping refractometer (% C.V. = 0.84) 
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yielded a larger spread of results in comparison to the 
Differential refractometer (% C.V. = 0.77). Similarly at 
10 Brix, the Differential refractometer (% C.V. = 0.07) 
performed better (%C.V. = 0.16). 

consequently, all 
generated using 
otherwise stated. 

hygroscopic water and statistical data were 
Differential refractometer results unless 

Statistical 
Data 

TABLE 18 
Refractometer statistical data 

% Hvaroscopic Water resu lts 

Instrument Mean. Std Dev 

Differential 
Refractometer 18.9 1.6 

(a) 

Dipping 
Refractometer 19.7 3.6 

(b) 

Difference -0.7 4.0 
(a-b) 

TABLE 19 
Refractometer Statistical Data 

for Brix readinqs 

Brix 

4°Bx 100Bx 

Refractometer Type Refractometer Type 

Dipping Differential Dipping Differential 

Mean 4.02 4.03 10.00 10.01 

n 42 42 39 39 

Std Dev 0.03 0.03 0.02 0.01 

% C.V. 0.84 0.77 0.16 0.07 

polarimeter - comparison to Differential refractometer 

As the polarimeter is 
sucrose measurements 

one of the 
accessible 
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refinery, polarimeter readings 
hygroscopic water results in 
refractometer results. 

were used 
comparison to 

to calculate 
differential 

In order to investigate the reproducabili ty of the analysis 
using another method of sucrose measurement, a polarimeter was 
used to measure sucrose concentration for the hygroscopic 
water analysis. A Schmidt & Haensch automatic Polatronic-D was 
used for the evaluation, capable of measuring Pol accurately 
to ± O.Ol ° S. 

Table 20 reveals results obtained from both polarimeter and 
differential refractometer readings. Statistically (95% CI, 
t=1.5), differences between the paired data over various 
hygroscopic water readings were not significant, indicating 
the suitability of polarimeter derived results for hygroscopic 
water determinations. Results also indicate that polarimeter 
and differential refractometer results tend to follow each 
other, regardless of the range of hygroscopic water measured, 
evidence that the method is somewhat reproducible when 
monitoring sucrose changes in hygroscopic water analyses via 
polarimetry. 

TABLE 20 
Refractome ter vs Po l a rime ter Data 

% Hyqro scooic Wat e r 

Instrument Type 

Differential Polarimeter Difference 
Refractometer 

(a) (b) (a - b) 

23.5 19.5 3.7 
19.6 17 . 0 2.6 
21.S 26.4 -4 . 6 
19.2 21.S -2.6 
13.9 13.3 0 . 6 
24.2 24 . 2 0 
24.7 22.6 2.1 
23.S 15 . 0 S.S 
23.9 14.5 9.4 
25.3 20.1 5.2 
25.2 21.0 4.2 
21.1 21.4 -0.3 
21.2 20.0 1.2 

Mean 22.1 19 . 5 1.7 
StdDev 3.1 3.7 3 . 5 
% C.V. 13.9 lS.S -
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E. Discussion\Conclusion 

In order to assess whether the results obtained in this 
project were comparable to the currently used value of 25% for 
hygroscopic water, points such as the analysis and chemistry 
of hygroscopic water in cane fibre were examined. 
Theories supporting the possible occurrence of lower than 
expected hygroscopic water results came from several sources. 
In an attempt to explain hysteresis loops for hygroscopic 
isotherms relating to eucalypt cellulose, Urquhart et al 
(1924, 1929) stated that 

" ... hydroxyl groups of cellulose and lignin in 
drying wood are drawn closely together and may satisfy each 
other instead of binding water molecules. When water is 
adsorbed some of the hydroxyl groups continue to satisfy each 
other and therefore are not available for taking up water." 

The tendency for hydroxyl groups to satisfy one another may 
also explain Hermans' (1949) observations (Figure 14), in that 
dried cellulose is less capable of sorbing moisture than fresh 
or undried cellulose. 

% 

!ie/olin ,?umirli!y % 

FIGURE 14 : Sorption isotherms of Cellulose objects. 
1. Fresh fibre (desorption); 2. Adsorption and desorption 
after first drying. 

COTE and KOLLMANN (1968) from HERMANS (1949), p193 
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The effect of sample pretreatment on fibres ability to adsorb 
moisture was also demonstrated by Kollmann and Schneider 
(1963) in Figure 15. Their work highlighted the effects of 
heat-treated wood in comparison to untreated wood, indicating 
that heat-treated samples were less capable of adsorbing 
moisture. As the above observations indicated the importance 
of sample treatment prior to analysis, vacuum dried samples 
(80°C, 625mm Hg) were used for the analysis over the 
conventional drying method (105-110°C), in an attempt to 
minimise heat damage of the fibre samples. 

COTE 
p195 
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FIGURE 15 Average adsorption-desorption isotherms for 
untreated and heat treated wood at 20°C. 
and KOLLMANN (1968) from KOLLMANN & SCHNEIDER (1963), 

Results of the 6 varieties examined showed % hygroscopic water 
to range between 17 and 20 %, and although falling short of 
the previously determined figure of 25 %, are considered to be 
nearer the true value. 
As the inclusion of other than cane stalk material can be 
expected at the shredding stage of the milling process, the 
contribution to hygroscopic water of foreign material was also 
considered. Firstly, the inclusion of soil or root material 
will tend to reduce the total hygroscopic water component of 
the fibre sample analysed, if present in sufficient 
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quantities, leading to an overcorrection in hygroscopic water 
(i.e. an underestimation of the Brix in cane) . 
Secondly, the presence of tops in the processed sample, 
displaying a greater affinity for hygroscopic water (23-25%) 
than stalk material, will yield higher than expected results 
for the direct cane analysis, overestimating the Brix in cane. 

It therefore seemed possible, depending on the composition of 
the harvested cane, to produce samples of varying hygroscopic 
water content,. leading to erroneous readings for Brix in cane 
over a period of time if a constant value for hygroscopic 
water were used. 

In terms of cane variety it appeared that for all varieties, 
regardless of crop location, hygroscopic water was found to be 
present in similar quantities ranging from 17-20% on fibre. 
These results were considered to be comparable to the 
currently used value of 25%, owing to the possibility of 
reduced adsorptivity for oven dried fibres as discussed above. 

Although the use of modern equipment (e.g. Differential 
refractometer, analytical balances etc .. ) had reduced the 
uncertainty of readings taken during the analysis, errors 
associated with the methods of analysis still made some 
contribution to the variation in hygroscopic water results 
obtained. 

wet Disintegrator 

From the derivation of the unbound water formula (see equation 
4), the following equation was used to calculate the error 
associated with the system used. 
For one additional dilution -

0= 
(W2 - W, ) C2 - W, 

C, - C2 

where CII C, = initial and first dilution 
concentrations respectively. 

slurry 

W" W, = inital and 
ratios. 

first dilution cane:water 

Typically, 
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CI = 5. 510 ± O. 001 g /100 g 

C, = 4.843 ± 0.001 g/100g 

WI' W, = 300 and 350 respectively 

therefore, Q = 63.01 ± 1.16 

using values for total moisture (w), fibre (f) and Bx of cane 
as 66, 14 and 20 respectively, % hygroscopic water was 
calculated via equation (8) as 21.4 ± 9.0. 

Reducing the error in solution concentration readings to ± 
0.0001 g/100g, Q = 63.01 ± 0.12 and % hygroscopic water = 21.4 
± 1.6. 1>.s experimental data did not reflect this degree of 
accuracy, it was concluded that other errors in experimental 
procedure led to the variation in results. 

Dry Fibre contact method 

From equation (9) we are given -

where 

nO 
% Hygroscopi c Wa ter = W( 1 - """l) 

p 

W -_ weight sucrose solution x 100 
weight of fibre 

pO = Brix of sucrose solution prior 
mixing with fibre 

pI = Brix of sucrose solution after 
mixing with fibre 

At 4°Bx, pO = 4.00 ± O.Ol°Bx, pI = 4.05 ± O.Ol°Bx, W = 1875 ± 1 
and % hygroscopic water = 23.2 ± 11.2. 
At 10 o Bx, pO = 10.000 ± O.OOPBx, pI = 10.130 ± O.OOl°Bx, W = 
1875 ± 1 and % hygroscopic water = 24.1 ± 2.3. Hence, having 
reduced the error in reading solution concentration, % 
hygroscopic water readings should have become more accurate. 
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As the fibre contact data did not provide this degree of 
accuracy. it was concluded that other errors associated with 
the analysis contributed to the variation in results. 

Soxhlet extraction 

The comparison of Soxhlet extraction to wet disintegration 
results for % Brix on cane demonstrated that homogeneity of 
the analysed sample was of primary importance in order to 
obtain repeatable. reproducible results. 
The fact that both analyses were investigated using smaller 
than desired sample size (i.e. 30 to 100 g instead of 1 to 2 
kg) may have contributed to the variation in results obtained 
(see Table 21) . 

TABLE 21 
Brix % Cane results 

Soxhlet Extractor vs Wet disinteqrator 

Sample Type Soxhlet Extraction Wet Disintegration 

Q113 14.2 15.4 
15.6 14.6 
14.7 15.4 
13.2 13.3 
14 .2 15.5 
14.1 13.7 
15.8 -
14.4 13.5 
14.8 14.6 

Mean 14.6 14.6 

Standard Deviation 0.7 0.9 

Q124 15.6 15.6 
14.9 15.7 
14 . 1 15.7 
14.8 16.5 
15.8 16.9 
14.4 16.5 
14.6 16.6 
15.4 16.9 
14.8 16.8 
14.9 16.6 

Mean 14.9 16.4 

Standard Deviation 0.5 0.5 
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Results of sample Ql13 indicated that the soxhlet extraction 
technique may be used for the determination of solubles in 
cane, however sample Q124 results did not confirm ~his due to 
the higher than expected wet disintegrator resul ts ob~ained. 
Previous full scale wet disintegrator analyses were reported 
as having a maximum accuracy of ± 0.04 Brix % cane for a 
single determination (RICHARDSON, 1970). 
Statistically (95% CI), no significant difference existed 
between soxhlet extraction and wet disintegrator results for 
Q113 (t = -0.6), while for Q124 (t =' -6.8), a significant 
difference existed possibly due to dehydration of the sample 
during transport. In addition, correlation between extractor 
and disintegrator results yielded a higher coefficient for 
Q113 results (R' = 0.83) than for Q124 results (R' = 0.76) see 
Figures 16 and 17. In order to improve the repeatability of 
the analysis, it is recommended that -

a) larger sample size, representative of the gross sample 
be analysed (e.g. Kg amounts) 

b) prompt analysis of the extract solution in order to 
maintain solution integrity. 

c) increased ratio of cane to solvent in order to obtain 
a more concentrated extract for final analysis. For 
results generated in this report, final extrac~ Brix 
ranged from 1 to 2 °Bx depending on initial weight of 
cane, stage of extraction. 
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Wet DISintegrator (Brix % cane) 
17~------~----~--------~----------------~ 

16 
0113 

16 

14 

13 

12 

llL_ ____ -L ______ ~ ______ L_ ____ _L ______ _L ____ ~ 

13 13.5 14 14.6 15 16.5 16 

Soxhlet Extractor (Brlx % cane) 

FIGURE 16 : Soxh1et extraction vs wet disintegrator 
results - Brix % cane for sample Q113 

Wet Dlslntagrator (Brlx % cane) 
17r-------~----~--------~--------~------~ 

+ 

0124 
16.6 

16 

+ + 
+ 

15.6 

16L---------L---------~--------~--------~ 
14 14.5 16 16.11 16 

Soxhlet Extractor (Brlx % cane) 

FIGURE 17 : Soxhlet extraction vs wet disintegrator 
results - Brix % cane for sample Q124 

In terms of the quantity of cane present in the extraction 
thimble during analysis (i.e. density of processed cane), 
result trends indicated Brix % cane to be proportional to the 
mass of cane used, signifying that ccmplete extraction was not 
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achieved over the 4 hour extraction period chosen for the 
analysis (see Figure 18). As thymol tests were conducted in 
order to assess the time period required for complete 
extraction, solubles not accessible via the extraction method 
must have been retained by the fibre. 

16 
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FIGURE 18 Brix % cane as a function of Soxhlet 
extractor cane packing density 

possible solutions to this problem may be -

a} simply 
(although 
measurable 

increase the extraction period from 4 hours 
initial tests indicated no significant, 

improvement using increased extraction times) 

b) obtain a finer preparation of cane to be analysed 

c) devise a method of moving the extraction bed through 
the solvent (i.e. counter current contact) 

d) mix the extraction bed during the analysis to expose a 
greater proportion of the cane to the solvent 

e) reduce the solvent surface tension (e.g. by way of 
surfactants), in order to allow the solvent to permeate 
through the extraction bed more intimately. 
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Appendix A - Soil Sampling Technique 
(Japanese Industrial Standard, 1965) 

(]) 

Spread crushed increment 
to form squa re of tlu ckness 
as speClhed I n Table 3 o f the 
body of standard. 

10 

In the case when the number of 
Increments as taken [rom a }O{ 

is 20 and up to 50. s e lect at 
random cwo cells, e. g .. 
and <~) , In accordance with 
~. 5.2 (2) (c). 

Divlde the square, lnro 4 
equal parts of cell. e.g .. 
mark 2 x 2 matrix. 

.¥' 

Take at random each of One 

scoopful wIth a s coop from 
the cells f i) and 0 as 
selected at random. by 
InSertIng the scoop to the 
bottom. and obtam sample 
by combIning these scoopfuls. 



Appendix B 

Sampling technique - cane fibre samples 

3-4 Kg Lot 

0.5 Kg Sub-lot 0.5 Kg Sub-lot 0.5 Kg Sub-lot 

2 Kg Sample + 6 Kg Water 

et Disintegrator Processing \ Drying 

Analysis 

16 gram sample 16 gram sample 16 gram sample 



Appendix C 
standard Mill Wet Disintegrator Analysis 

POL - DETERMINATION IN BAGASSE BY 

WET DISINTEGRATION 

1.0 SCOPE AND FIELD OF APPLICATION 

This method is recommended for use within the Australian Sugar 

Industry. It applies to bagasse from all mills in a crushing train. 

Pol in bagasse is used to determine the extraction of sucrose from 

cane by successive mills and is an indication of the performance of 

the crushing station. Adjustments to mill sectings are based on pol 

losses calculated from the results. 

2.0 PRINCIPLE OF METHOD 

A weighed sample of bagasse is mixed with a measured volume of water 

and disintegrated in a high speed disintegrator. The fibre cells are 

broken, releasing the sucrose content. The disintegrated slurry is 

screened and the liquor obtained cooled and clarified by adding basic 

lead acetate. The pol of the clarified solution is read in a 200 mm 

polarimeter tube in a sugar polarimeter. 

read from a Table. 

Percent pol in bagasse i.s 

3.0 APPARATIlS 

Ordinary laborator y apparatus and glassware and 

3 • I Wet disintegrator. This is essentially a high speed (5,81)0 rpm) \.let 

blender. Either a commercially available unit such as the Je [tco wet 

disintegrator or a specially iabricaced onic is suitable. 

The disinr.egracor is ficted with J blades I each iSi) mm l o ng x 

12 mm wide x 1.5 mm thick . The blades are titted de the e nd o f ehe 

shaft "olith spacing nuts (13 rnm) bet\.leen "dch blade. Each bl ad e should 



be at an angle ot buo to the one below it, to balance the shaft and 

avoid vlbra[ions. The shaft should end about 3 mm above [he bottom or 

the drum. The blades should be sharpened regularly with a file. 

:;OTE ror more accurate analysis, e.g. investigational work, 

thinner, 0.8 m:n blades should be used to give better 

extraction. 

3.2 Wet disintegrator drum, 20 L capacity, with lid and rubber seal, and 

preferably fitted with a water-cooled baffled jacket. 

Safet y 

The machine must never be operated without the drum in position. Nuts 

and blades should be inspected regularly, tightened if necessary, and 

replaced if \olorn. When removing or placing the drum into position, 

make sure that the power isolator switch, as well as the ON/OFF switch 

f'Or the motor, is turned OFF. No work should be done on the 

disintegrator unless these switches are OFF and a DO NOT START tag 

placed on the isolator switch. 

A hinged guard to fit around the 20L drum should be provided in case 

of blade failure. 

3.3 Water dispeaser 9 kg ~ 50 g capacity. The accuracy should be checked 

weekly by weighing the water discharged. 

3." Cooling bath, with running cold water. 

3.5 Sugar Polarimeter. 

3.6 Polarimeter tube, 2fJO mm long tor automatic polarirneters; or 

400 ~ long tor visual polarimeters. 

3.7 Balance (0 weigh gOO + III g, plus container. 



4.0 REAGENTS 

4.1 Basic lead acetate powder (dry lead) or basic lead acetate solution 

(wet lead). Refer to the method for "Basic Lead Acetate 

Specification and Preparation oE Reagents and Methods oE Analysis" for 

specifications and safety precautions. 

5.0 TREATMENT OF SAMPLE 

Intermediate mill bagasse samples are placed in an airtight plastic 

bag and taken to the laboratory Eor immediate analysis. Frequency of 

sampling of intermediate mill bagasse may vary from mill to mill. 

Final mill bagasse is sampled hourly. The sample is placed in an 

airtight plastic bag and taken to the laboratory where 2-3 drops of 

toluene are added (as a preservative). The bag is sealed and the 

sample stored in the laboratory freezer until required for analysis. 

Nea r the end of each shif t the hourly samples are removed from the 

Ereezer, completely thawed and thoroughly mixed together to form a 

composite from which the sample to be analysed is taken. 

6.0 PR.OCEDURE 

6.1 Weigh out 91)0 ~ 10 g of bagasse and place into the 20 litre wet 

disintegrator drum. Place the drum and its contents in position on 

the wet disintegrator. 

~OTE A l..)rger sample may be needed with some varieties 

(e.g. varieties with long iib res) to ensure a reasonable fibre 

to wat~r ratio. 

0.2 Add 9 kg ~ 50 g of water. This ·.a t er is added volumetrically using 

the 9 lier" water dispenser (3.)). 

6.3 Fit the lid o n the drum "ar~iuily and ensure the rubber seal is 

C'Jrrectly positioned and tlrmly clamped. If the wet disintegrator has 

d wacer Jdckpt, turn !)n the c01d water and ensure an adequate water 

fl~w. Run w~c disintegrac or for 30 minuces + 30 seconds. 



6.~ Turn off machlne, ~aking sure t o turn OFF isolator swiech, unclamp and 

remove lid. Turn off the cooling water and remove hO:5eS from the 

couplings. Remove drum and pour 500 mL of slurry through a coarse 

sieve to remOve bagasse fibre into a clean dry, jar. Cover wieh lid 

and cool to room cemperature in a cooling bath. 

6.5 Transfer about 150 mL of the cool liquor to a dry 250 mL boiling 

flask. Immediately add the minimum quantity of dry lead (or wet lead) 

needed to clarify the juice. Hix well and allow to stand for 

2 minutes. 

6.6 Filter the solution through a Whatman IS em No. 91 filter paper in a 

covered filter funnel. Discard the first 10-15 mL and collect about 

100 mL of clear filtrate. 

6.7 Rinse twice then fill the polarimeter tube with Water. Read the water 

reading of the polarimeter and record to O.OI'S laverage 01 

4 readings). 

"lOTE With automatic polarimeters allow the reading or the water 

filled tube to stabilise and then re-set to zero. 

b.8 Rinse twice and fill the polarimeter tube with the clear !iltrate. 

Read the pol in a sugar polarimeter and record the results to O.OI"S 

(average of 4 readings). 

7.0 CALCULATIONS 

7.1 Record the percent water in bagasse obtained by the method, "Wa ter -

Determination in Bagasse by Drying in a Spencer Oven". 

7.2 Correct the pol reading of the liquor -

Corrected pol reading pol reading (6.8) - water read~"g (b.i) 



i.3 Percent pol in bagasse is obtained tram Table 16. 

Table 16 gives the pol in bagasse according to the corrected 

polarimeter reading, (in a 200 mm pol tube) and the percent water in 

the bagasse sample. 

~OTE ( i) If the pol is read in a 400 mID tube, 
,:: .• 

then divide the . a .. 

~ : -".,;, 
corrected pol reading (7.4) by 2, before obtaining 7. pol > .. -, 
in bagasse from Table 16. 

. . ~ . 
! . , . 

(ii) If the sample to water ratio is not in 10 (see 

Note 6.1), use the relationship given in Table 16 to . 

calculated 7. pol in bagasse. 

7.4 Record the result as % pol in bagasse to 0.01. 

8.0 PRECISION 

The precision of the method has not been determined. 

The expected range of results is 1.0% - 15.0% pol in bagasse. 

9 .0 REFERENCE 

1 - F0ster, D.H., (1955). The Determination of Pol in Bagasse. Prac .. 

Old. Soc. Sugar Cane Technol., 22nd Coni _ 2;9-283. 



Appendix D 
Conversion of RI to Brix - Chebyshev Series (@ 589nmr 

i 

0 
1 
2 
3 
4 
5 
6 

where 

and 

• Rosenbruch R. I . . (1982) 

r.. as a function of no;' at temperature of 20DC 

546 nm 

90.886541 
44 .346558 
-3.735553 
0.465150 

-0.045687 
0.004356 

-0.000854 

X· 

'" 

(n .... - 1.42) 

0.09 

S89Dm 

92.616348 
44.197959 
·3.705839 
0.462087 

-0.045247 
0.004160 

-0.000856 



Appendix E 
Standard Graph Data 

Collected Data - Differential Refractometer Calibration 

Date Cone Reading Temp Intercpt Slope Correlation 
Analysed (Brix) (Volts) (Oeg C) (Brix) 

27/9/89 0.010 0.155 23.5 0.0052 16.19 0.999 
0.020 0.310 
0.030 0.478 

28/9/89 0.010 0.147 22.3 0.0062 15.59 0.999 
0 .020 0.310 
0.030 0.458 

29/9/89 0.010 0.153 20+1-0.1 0.0049 15.9 1.000 
0.020 0.306 
0.030 0.471 

11110/89 0.010 0.155 20+1-0.1 0.0004 15.05 1.000 
0.020 0.306 
0.030 0.471 

17/10/89 0.011 0.151 20+1-0.1 0.0060 16.02 0.999 
0.021 0.312 
0.030 0.470 

26/10/89 0.010 0 .151 20+1-0.1 0.0005 15.84 1.000 
0.020 0.310 
0.030 0.471 

2111/89 0.010 0.150 20+1-0.1 -0.0100 15.69 1.000 
0.020 0.310 
0.031 0.470 

6/12189 0.010 0.149 20+1-0.1 -0.0031 15.3 1.000 
0.020 0.300 
0.030 0.455 

11112/89 0.010 0.159 20+1-0.1 0.0160 14.48 0.999 
0.020 0.315 
0.030 0.450 

18/12189 0.010 0.153 20+1-0.1 0.0005 15.25 1.000 
0.020 0.301 
0.030 0.458 

20/12189 0.010 0.154 20+1-0.1 0.0085 14.63 1.000 
0.020 0.304 
0.030 0.448 

3/1/90 0.010 0.145 20+1-0.1 -0.0012 14.65 1.000 
0 .020 0.288 
0.030 0.438 



5/1/90 0.010 0.148 20+1-0.1 -0.0068 15.3 0.999 
0.020 0.291 
0.030 0.454 

911/90 0.010 0.149 20+1-0.1 -0.0038 15.35 1.000 
0.020 0.300 
0.030 0.456 

1111/90 0.010 0.150 20+1-0.1 -0.0081 15.5 0.999 
0.020 0.291 
0.030 0.460 

15/1190 0.Q11 0.146 20+/-0.1 -0.0339 16.8 0.998 
0.020 0.313 
0.030 0.467 

17/1190 0.010 0.175 20+/-0.1 0.0197 15.22 0.999 
0.020 0.318 
0.030 0.478 

2211/90 0.010 0.148 20+/-0.1 -0.0091 15.75 1.000 
0.020 0.302 
0.030 0.463 

24/1190 0.010 0.151 20+/-0 .1 -0.0001 15.2 1.000 
0.020 0.301 
0.030 0.455 

30/1/90 0.010 0.148 20+1-0.1 -0.0042 15.18 1.000 
0.020 0.297 
0.030 0.450 

5/2190 0.010 0.149 20+1-0.1 -0.0005 15 1.000 
0.020 0.299 
0.030 0.449 

712190 0.010 0.151 20+1-0.1 0.0071 14.45 0.999 
0.020 0.293 
0.030 0.440 

9/2190 0.010 0.153 20+1-0.1 -0.0088 15.4 1.000 
0.020 0.295 
0.030 0.453 

1212190 0.010 0.151 20+1-0.1 -0.0002 14.9 0.999 
0.020 0.289 
0.030 0.449 

15/2190 0.010 0.151 20+/-0 .1 0.0071 14.6 1.000 
0.020 0.299 
0.030 0.443 

19/2190 0.010 0.151 20+/-0.1 0.0037 15 1.000 
0.020 0.303 
0.030 0.451 

21/2190 0.010 0.149 20+/-0.1 -0.0017 15.02 1.000 
0.020 0.298 
0.030 0.448 

2612190 0.010 0.150 20+/-0.1 0.0022 14.95 1.000 
0.020 0.300 
0 .030 0.449 



1/3/90 0.010 0.151 20+/-0.1 0.0037 14.88 0.999 
0.020 0.301 
0.030 0.450 

5/3/90 0.010 0.151 20+1-0.1 0.0028 15 1.000 
0.020 0.302 
0.030 0.451 

8/3/90 0.010 0.150 20+/-0.1 -0.0025 15.25 1.000 
0.020 0.298 
0.030 0.455 

1213/90 0.010 0.150 20+1-0.1 -0.0013 15.08 1.000 
0.020 0.303 
0.030 0.450 

Selected Cal ibration Data 
Differential RefrQctometer 

0.5 

0.45 

0.4 

0.35 

~ 
0.3 '0 

> 

025 

02 

0.15 

0.009 0.011 0 .013 0.015 0.017 0.019 0.021 0.023 0.025 0.027 0.029 

Brix (g/100q) 



Appendix F - Statistical Formulae 

1.0 From "Principles and Procedures of Statistics", STEEL 
and TORRIE (1982). 

1.1 Section 5.7, "Comparison of Sample Means; 
Meaningfully Paired Observations", pp 102. 

Where 

SE = 
L (D2) 

n 
(n-l) 

Sum 0' = sum of the squared differences between 
paired data points 

(Sum 0)' = sum of the differences between paired 
data, squared 

n = number of paired data 

0- = mean of the differences for the paired 
data 

S, = standard devia1:ion for the difference 
between 1:he paired data 

s~ = mean standard deviation 



2.0 NWA - Statpak, (1985), Appendices 4, 5 

2.1 Arithmetic Mean (X-) 

for i = 1, 2, 3 ..... . .. n 

2.2 Standard Deviation - Sample 

s= L (XrX) 2 

(n-1) 

2.3 Coefficient Of Variation 

c. v. % = s x 100 
X 
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Appendix H Mill Manufacture Data* 

CSIl Llmiceci. Mills Group SEASON SUMMARY Season 

2 pFC[XX:"TIVITf , I'.AJM':STrn:; , 1l1ANSPCRT ?aqe 

variecy , Harv TO."l!les p Ha a:s a:s p Ha , Area P lanced 

TOMes PLant Ratoon Plant Racoon Plane Racoon 1989 1990 

2.1 Pro::::::Jcclvicy 

2.1.6 vorietv Pe~formance 1J1cto=la 

0115 33.7 10 •. 9 89.6 14.65 13.B2 15.3 12 .3 35.3 

0119 15.6 ll3.' 88.2 13.6] 12.92 15 .• 11.4 13.5 

0117 10.2 ll •. 1 96.4 14 .43 1 •. 08 16.' 13.5 11.0 

Tricon 9.] 98.9 70.8 13.80 13.2' 13.6 9.3 0.2 

caSSJ.US 6.9 ll •. 8 80.B 14,04 13.72 16.1 !l.0 2.7 

012. •. 7 ll6.8 96.8 I' .26 13.52 16.6 13.0 16.6 

096 •. 6 ll9.6 87.9 14.58 13.48 17.4 ll.B 1.9 

2.1.6 Var~etv Pe~:o~ce ?laneer 

096 73.2 143.7 llO .3 1 •. 60 13.90 20.9 15.] 62.7 51.0 

0117 18.6 153.5 llB.6 15.20 15.0' 23.3 17.8 32.9 .6.6 

063 4.8 BO.B 90.1 14 ,89 13.77 12.0 12.4 0.2 

0133 2.1 121.8 102.8 14.33 13.60 17 .• 13.9 2.3 0.2 

2.1. 6 variety Perfor,Tdnce :<.a.lamla 

096 55.8 130.0 105.8 14.45 14.12 18.7 I •. 9 30.1 34.9 

0117 27.3 137.9 117.8 15.40 14 .96 21.2 17 .6 59.6 57.4 

063 8.B 106.4 90.6 ~3 .41 1<1.25 I •. 2 12.9 1.4 

0133 6.9 114,5 98.7 13.3Q 13.13 15.2 12.9 7.9 6.6 

* - Data taken from "CSR Sugar Mills, Mill Manufacture Report, 
season 1989" 

1989 

7 



Appendix I - Soil particle size - Method 

1.0 Weigh approximately 2 grams of soil into a pre
weighed beaker. Add volumetrically 100 mL of distilled water 
and place the covered solution on a magnetic stirrer for 5 
minutes. 

2.0 Once mixing is complete, filter the solution 
through the following steps. 

2.1 Filter initial solution through a 
preweighed Whatman No9l filter (retains particles > 10 ~m), 
collecting filtrate for step 2.2 . 

2.2 Filter filtrate from 2.1 through Whatman 
GF/A glass filter (retains particles approximately equal to 
1.6 ~m), collecting filtrate for step 2.3 . 

2.3 The filtrate collected in 2 . 2 is then 
evaporated to dryness in order to ascertain the quantity of 
soil particles smaller than 1.6 ~m. 

3.0 Having 
paper from steps 2.1 
110°C) until constant 

completed filtration, dry retentate + 
and 2.2 for 3 hours ± 5 minutes (105-

weight is obtained. 

4.0 Calculate % soil retained at each stage of 
filtration as follows . -

% Soil (S ) - (W) 
x 100 = 

ST 

where :-

W = mass of dry weighing dish + filter 

ST = initial mass of soil weighed (total) 

S = mass of filter + soil 



Appendix J - Derivation for the Calculation 
of Unbound Water 

The formula for calculating Brix of cane from wet 
disintegrator analysis was shown by Deicke to be . 

Ex Of cane = Ex extract (cjl + w) (1) 
(6 - Ex extract) ....... . 

where 

(x+Y) _ (l+_Z_) 
cjl = 100 _----=.Y ______ ::.1 =-0 A=-. 

(1 + ~) 
100 

e = 100 

(1 + z) 
100 

Y = weight of cane 
x = weight of water 
z = hygroscopic water 
w = moisture % cane 

By performing the wet disintegrator analysis 
different dilutions, it is possible to determine 
of cane without knowing the hygroscopic water in 
determining the water in cane (w). 

This may be seen mathematically as follows 

Starting with the Deicke formula above :-

Let 

then 

/}=1+ z 
100 

y = 1 and x = ratio water/cane 

at two 
the Brix 
fibre or 



cI> = 100 (x + 1-P) 
~ 

e = 100 -p-

BE( 100 (x + 1 - p) + 10') 
Brix of cane = -_.-LP---,,.-::-c::--_____ ........ (2) 

100 _ BE -p-

Let Be = Brix of cane 
BE = Brix of extract 

Be( 1~0 _ BE) = BE( 1~0 (x + 1 - p) + 10') •••••••• (3) 

expand and collect terms : 

BE( 1~0 (x + 1 - p) + 10' + Be) = Be( 1~0) ........ (4) 

(Be) p - 100 Be - (100 - 10') P + 100 (x + 1) = O ........ (5) 
BE 

if the analysis is done at 2 dilutions, we have 2 
equations like this with x, and x2 and BE, and BE2 in 
each respectively. Subtracting one from the other: 

Thus : 

100 (x, - x 2 ) 

Be = 100 100' ....... (7) 



P 

Rearranging terms in (5) 

p = 

( 100 ) Be - 100 (x + 1) 
BE 

--~B~C~--(~l~O~O----w~)----"""" (8) 

Since Be can be obtained in terms of BEl and BE, 
using two dilutions Xl and x" then B can be 
calculated in terms of these quantities with the 
additional knowledge of water in cane (w). 

Explicitly 

( 100 _ 100) + ( 100 x _ 100 x ) 
BEl BE, BE ' BE 1 

= 1 , 
........ (9) 

( 100 _ 100) (1 
- 1~0) + (x, - Xl) 

BEl BE2 

An alternate treatment can be seen as follows : 

If we take 100 part cane and disintegrate in Wadded 
water we can measure the concentration of the 
extract in units of gl100 solvent :-

BC Cl = -=,--'---::- X 100 ........ (10) 
Wl + 0 

where : Q is unbound water in 100 cane 
BC is Brix % cane 

similarly -

C, = BC x 100 . . ...•.• (11) 
W, + 0 

equations (10) and (11) can be solved for Q and BC 

(W, - w,.> C, o = I!.. C - Wl • ••.•••• (12) 



Rearranging equation 11 we get . 

C2 W2 C2 Q 
BC = 100 + 100········ (13) 

substituting equation 12 for Q and simplifying '-

BC = 
C; (W2 - W, ) 

+ 
100AC 

C2 (W2 - W, ) 
100 ........ (14) 

If the total water in cane is "w" then ' -

Hygroscopic water = w - 0 

or expressed as a percentage on fibre :

w-Q 
Z= F x100 ........ (15) 

If we do not wish to measure the concentration of the 
extracts in g/100 solvent we can measure them as Brix and 
convert to g/100 solvent or vice versa as follows :-

If corresponding to C, we have BE, Brix of extract. 

Then : 

and 

C, 
BE, = 

100 + C, 
x 100 

= 

C, = 

C, 

1 + 

1 -

C, 
100 

BE 
BE 

100 



One can also determine Q and BC graphically by using the 
inverted form of equation 11. 

= 
w. 

100 BC 
+ -:-:--=0=-=-= 

100 BC 

Plotting 1/C2 against values of W2I data will lie on a 
straight line giving a slope of 1/100BC and a y axis 
intercept of Q/lOOBC. 
Q is calculated by dividing the intercept by the slope 
which is equal to l/100BC. The physical interpretation of 
the intercept Q/100BC is the concentration in g/100 
solvent of absolute juice. 

If a sample is withdrawn from the disintegrator vessel, 
small errors are incurred unless corrections are applied to 
compensate. The following equations have been derived so that 
Q can be calculated from 2, 3 or more measurements on samples 
withdrawn after each solvent dilution. 

Where S grams of sample is withdrawn after the first 
water addition 

0= 1 C, CV C, 
(C2 W2 -C, W, + V, ( ) - ~(100 ) .. (16) 

C, -C2 C, 100 C, 
1 + 1 + 

100 100 

V, = ! x 100 g sample/lOa cane 

S = mass of sample wi thdrawn (grams) 

M = mass of cane used (grams) 

where a second sample 
addition, the equation 
the main report. 

is withdrawn after second water 
expands to the form as appears in 
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Appe ndix K 
Pilot Wet disintegrator method 

Principle of Method 

A weighed sample of processed cane is mixed with a weighed 
quantity of distilled water and disintegrated via a high speed 
homogeniser. The slurry obtained from the disintegration is 
then filtered, cooled and analysed for % solids (Brix). Brix 
of cane is then calculated using suitable formulae. 

Apparatus 

Ordinary laboratory apparatus and glassware and 

High Speed homogeniser 

Essentially a high speed blender, 
disintegrator method consisted of a 
disintegrating vessel (10 L capacity) and 
homogeniser (type : T45, 10000 rpm, 300 W) . 

the pilot wet 
suitably sized 
an Ultra Turrax 

Sample Pretreatment 

Billets of cane were initially sliced via guillotine followed 
by preparation using a domestic food processor. Once processed 
samples had a coarse consistency, being frozen in readiness 
for analysis. 

Procedure 

1. Weigh out 100. a ± 0.1 g processed cane into the 10 litre 
disintegrating vessel. 

2. Add 1000.0 ± 0.1 g distilled water to the vessel, 
the vessel with an appropriately holed out lid 
accommodate the homogeniser head) . 

sealing 
(i.e to 

3. Run the homogeniser 
the system to rest 
disintegration. 

for four 1 minute intervals, allowing 
for 1 minute in between each 

4. Having completed the disintegration, filter 15 mL of the 
slurry through Whatman 8 ~m membrane, in order to obtain a 
clear, readable solution. 

5. Once the filtered solution has cooled, determine the Brix 
of the solution via Dipping refractometer (see section C, 
"Experimental and Instrumentation" in main report. 



Calculations 

Brix of cane is calculated from wet disintegration via the 
Deicke equation -

where 

and 

Ex Cane= Ex Extractx (6+w) (1) (cP-Ex Extract) .......... . 

(X+Y) -(1+~) 
Y 100 e---"---~';:":"'- .................. (2) 

l+_z_ 
100 

100 
cP=-~- .................... (3) 

(1+~) 
100 

y = weight cane (g), x = weight water (g), z = % hygroscopic 
water, w = moisture % cane. 

Note : 1. moisture % cane is determined via oven drying of 
hammer milled cane samples at 105-110 °e/5 hours. 

2. a value of 25% (i.e. z = 25) is used for % 
hygroscopic water on fibre . 


