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IN the early days of the South African sugar industry
there were no weighbridges, and planters took turns
in supplying cane to the mill. The miller processed
the individual's cane, keeping about one-third of the
sugar produced and returning the balance to the
planter, who took this sugar home to the farm and
marketed it himself. The grower thus had a vital
interest in the quality of his cane and the sugar
produced from it.

Later, with the establishment of the larger central
mills, weighbridges were installed, and the cane
purchased on a weight basis at a price per ton
dependent on the price received for sugar in Durban.
This system was in operation for some twenty years,
during which time the grower had no interest in
the quality of his product, and, in the words of the
Han. G. Heaton Nicholls when he opened our Con
gress in 1948, "he might just as well be supplying
wattle wood" as cane. Incidentally it was during
this period that the large alluvial flats in Zululand
were planted, and the low sucrose content of the
cane reaped from these flats was one of the chief
causes of the failure of the two companies which
operated the Umfolozi Mill before it became a co
operative concern.

At the same time, growers became more and more
dissatisfied with the price they received for their
cane, and after many years of struggle, into which
the Government was drawn, the planters managed
to introduce into the Fahey Conference Agreement
of 1926 the system of payment by sucrose content.
Thus once again the quality of their nroduct became
a matter of vital interest to growers.

With the introduction of this sucrose payment
system, the millers stipulated that they. should pay
for no more sucrose than that measured by them in
the total cane they received. This led to a tre
mendous advance in chemical control, and, as the
miller now had to think more deeply in terms of
sucrose and overall recovery, eventually led to the
present high state of efficiency of the South African
sugar factories.

The method of determining the sucrose content
of each individual consignment of cane, is the so
called "Java Ratio" method. By this method only
the juice expressed by the crusher, or first expressing
unit of the mills, is tested. The sucrose percentage
of the consignment is then arrived at by multiplying
the sucrose per cent. crusher juice by the Java Ratio.

This method of testing the crusher JUIce only is
used, because up to now it has not proved practical
to test separate consignments in any other way.
Much work has been done on various other methods
based on subsampling the whole cane, either by
drawing samples of whole sticks, or of chips after
the cane has been cut up by the knives, or by means
of shreds extracted by a circular saw operating in
the cane carrier. There are grounds for believing
that a sample of whole sticks or of chips, drawn
manually, is a representative one within certain
limits of accuracy, but the samples are bulky and
require too much labour to deal with them. The
mechanical devices so far tested for collecting chips
or shreds have failed to give a representative sample,
far too much trash and the more fibrous material of
the cane being collected in the sample obtained.

Many planters are under the impression that the
mill .laboratory determines the sucrose per cent.
cane from a Java Ratio. This is not so. The cane
testing laboratory determines the sucrose per cent.
cane from the Java Ratio, but the mill laboratory
determines its Java Ratio figure from the average
sucrose percentage of all the cane crushed during
(usually) a whole week, and the average of all the
crusher juice, which they sample continuously and
test every hour or four hours. The average sucrose
percentage of all the cane crushed is determined
from the weights of cane, mixed juice and bagasse,
and the sucrose contents of the mixed juice and of
the bagasse, the tonnage of sucrose in the mixed
juice added to the tonnage of sucrose in the bagasse,
being the total sucrose in the cane.

The cane-testing service's Java Ratio is deter
mined from the average of all the planters' juice
samples, drawn, also continuously, but from each.
consignment, and the average sucrose percentage of
all the cane crushed during the week. The miller's
Java Ratio and the cane-testing service's Java Ratio,
based on different samples, are seldom identical, the
miller's being usually higher. This discrepancy is
discussed later.

As the Java Ratio cannot usually be determined
accurately each day, the cane-testing service uses an
approximate Java Ratio for each planter's daily
test. This approximate Java Ratio is usually deliber
ately underestimated, so that when the corrected
figure for sucrose per cent. cane is worked out at
the end of the week, it is not lower than the daily
figure supplied to the grower.



It is now the general practice to use one Java
Ratio figure for all the cane crushed during a weekly
period, whether the cane be young or old, clean or
dirty and trashy, a low-fibred variety or a high-fibred
variety, or whether it be dry and drought-stricken
cane from a poor hillside or luscious cane from an
alluvial fiat. All these varying conditions of cane
lead to varying Java Ratios, and it is obvious that
the use of the same Java Ratio for all consignments
of cane means that the sucrose per cent. cane figure
calculated from it is not of great accuracy, however
well the sampling of the expressed juice is done.
Hence the attempts made to find some method of
testing the whole cane in a consignment, rather
than the Java Ratio method, for which the crusher
juice only is tested.

The Accuracy of the Java Ratio Method

The only information the writer has been able to
obtain under this heading is that provided by the
daily work-sheets of the Gledhow Experiments of
1935.9 During these experiments, large samples of
cane were drawn from each consignment of cane
crushed' at the mill, and these samples were tested
by means of a large laboratory mill, a complete test
of both juice and bagasse being made in each case.
This parallel testing was carried out for four weeks,
but only part of the record is available after all
these years. However this part of the record consists
of 339 tests carried out in the first two weeks, when
the cane was passed through the test mill once only,
and thus the figures given are truly .Java Ratio
figures. This information is shown below.

TABLE 111

Sucrose per
Average cent. cane
actual calculated

Number sucrose from average
Java of per cent. Java Ratio

Ratio. Tests. cane. of 77.46. Difference.

69.0-69.9 1 15.0 13.5 1.5
70.0-70.9 1 10.1 9.2 0.9
71.0-71. 9 1 14.2 13.2 1.0
72.0-72.9 4 13.0 12.2 0.8
73.0-73.9 27 14.0 13.3 0.7
74.0-74.9 29 13.8 13.3 0.5
75.0-75.9 52 14.3 13.9 0.4
76.0-76.9 67 14.4 14.3 0.1
77.0-77.9 38 14.0 14.0 0.0
78.0-78.9 33 14.0 14.2 0.2
79.0-79.9 21 13.4 13.8 0.4
80.0-80.9 20 13.5 14.0 0.5
81.0-81. 9 14 13.4 14.1 0.7
82.0-82.9 9 13.2 14.1 0.9
83.0-83.9 7 13.1 14.1 1.0
84.0-84.9 8 12.4 13.5 1.1
85.0-85.9 4 13.6 15.0 1.4
86.0-86.9 2 12.3 13.7 1.4
87.0-87.9 1 12.4 14.0 1.6

Average Java Ratio: 77.46
Total number of tests: 339
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The above figures are shown diagrammatically in
fig. 1. This data shows errors inherent in the use
of a common Java Ratio which, though large, are
not nearly as great as is commonly thought to be
the case. No test is more than 1.6 per cent. sucrose
in cane out; 99.4 per cent. of the tests are not more
than 1.5 per cent. out; 95 per cent. of the tests
are not more than 1.0 per cent. out; 89 per cent.
of the tests are not more than 0.7 per cent. out;
70 per cent. are not more than 0.5 per cent. out,
while 41 per cent. of the tests are not more than
0.2 per cent. cane out. In terms of Java Ratio,
these figures become: 99.4 per cent., 9° Java Ratio;
95 per cent., 6° Java Ratio; 89 per cent. 3° Java
Ratio; and 41 per cent., 1° Java Ratio out.

It must be borne in mind that this data is from
cane which varied from old, very trashy, Uba cane
of over 20 per cent. fibre content, down to P.O.].
canes less than twelve months old, grown on alluvial
fiats and with a fibre content of 8 per cent. The
fibre contents are shown in the correlation table
(table 2.). If it should be thought that because cane
is in general more trashy now than it was in 1935,
or that in hand-sampling of the cane an important
amount of trash was lost from the sticks and thus
not enough high fibre cane is represented in these
tests, it must be remembered that such objections
apply also to low fibre canes.

The great variation shown in Table 1 led to the
adoption in 1936 of a differential Java Ratio for
Co.290 and the P.O.]. canes as against Uba. This
differential Java Ratio has now been abandoned.

The Milling Process

In the milling process, the cane is first cut up by
heavy mechanical knives. These reduce all but the
small bottom layer of sticks of cane lying imme
diately above the carrier slats into small pieces or
chips. The next step is the squeezing of the cut-up
cane under heavy pressure by the crusher, the
expressed juice being the so-called "crusher" or
"first expressed" juice. From this juice is drawn
continuously two sets of samples, one from each
consignment of cane by the cane-testing service, to
determine the sucrose content of the consignments,
and the other by the mill laboratory to determine
the Java Ratio figure for their own records and
which is published by the factory. Thereafter the
cane is shredded and squeezed in several mills, while
water is sprayed on it in order to extract as much
sucrose as is economically possible. The juices
resulting from all these squeezes is mixed together
and called the "mixed juice," while the fibrous
residue is, of course, the bagasse, which still contains
a small quantity of juice.

The cane stalk we can consider as being made up
of juice and fibre. The juice consists of water in
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which is dissolved the sucrose and the other sub
stances which constitute the impurities of the juice.
What we call the fibre is the dry solid matter other
than that in the juice. It is not true fibre, but
consists of a host of substances of varying degree of
solubility such as cellulose, hemi-cellulose, gums,
and even the sand and soil adhering to the cane
when it. is weighed in.

Now, when cane is squeezed several times without
the addition of water,it is found that the successive
squeezings give juices which become progressively
less and less rich in dissolved solids (see table 3).
The crusher juice is therefore somewhat richer than
the total juice of the cane.

The Cane and its Effect on the Java Ratio

Fibre. It is obvious that the greater the percentage
of fibre in the cane the less the amount of juice
present. It follows from this that high fibre canes
will have a lower Java Ratio than low fibre canes.
This is what we find when we examine industrial or
experimental figures, from both of which fibre emer
ges as the most important single factor influencing
the Java Ratio. Its effect is so great that other
factors modify, but seldom obscure, the effect of
fibre. 1\. rise of one unit in fibre per cent. cane is
accompanied by a drop of about one degree in Java
Ratio, and similarly a drop of one unit in fibre per
cent. cane increases the Java Ratio by about one
degree, (see tables 2 and 4, and fig. 2).

State of Maturity of the Cane. It is found at the
beginning of the crushing season, when cane is still
unripe, that Java Ratios are high, and if we examine
the industrial records, we find that in the years
when the purity of the juice was comparatively low,
the Java Ratio was higher than one would expect
from the fibre content alone. Similarly it has been
found that the immature top of the cane has an
extraordinarily high Java Ratio. The writer found
a highly significant correlation to exist between the
reducing sugar ratio and Java Ratio in experiments
carried out with a small test mill at the Experiment
Station in 1938, so that the state of maturity of
the cane affects the Java Ratio, (see table 4).

Disease. It has been found that disease conditions
affect the Java Ratio. The evidence the writer has
been able to obtain from most tests made in this
country show the Java Ratio to be depressed by
disease. For example, the following is the result of a
test carried out at the Experiment Station on Ist
August 1946. In this test the diseased cane is dying
cane, drawn from the same stools as the fresh cane,
the variety being Co.331.

Sucrose Fibre
per cent. per cent. Java

Brix Pol Purity cane cane Ratio

Fresh cane .., 19.9 18.04 90.7 14.50 16.2 80.4
Dying cane ... 17.7 13.19 74.5 9.42 18.2 71.4
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Sucrose Content. This factor is held by some to
have an effect on Java Ratio, a high sucrose content
being associated with a high Java Ratio and a low
sucrose content to be associated with a low Java
Ratio. Naturally, since Java Ratio equals sucrose
per cent. cane divided by sucrose per cent. crusher
juice, if the sucrose per cent. figure in the formula
is varied, the Java Ratio will vary in proportion.
The evidence afforded by the industrial averages
year by year or month by month, however, is against
sucrose content having any effect on the Java Ratio,
(see tables 4 and 5, and fig. 3).

Wet Cane. Rainwater falling on cane adheres to
the outside of the stalk, and if the cane be trashy,
as is usually the case in wet weather, a large amount
of rainwater is held by. the trash. Eventually the
cane absorbs some of the rainwater, thus diluting
the juice within the' stalk, but long before this
happens, the effect is to dilute the crusher juice
inordinately, thus raising the Java Ratio. This
aspect has been adequately dealt with by Bechard!
and Moberly" and need not be enlarged upon here.

Trash. The dry cane leaves which we know as
trash, together with any soil or other foreign matter
adhering to the cane, add to its weight but not to
the amount of sucrose in it. Thus the presence of
trash and dirt lower the sucrose per cent. cane and
hence the Java Ratio. One of the greatest objections
to the use of a common Java Ratio, as at present,
is the fact that the grower who sends in clean cane
is automatically penalised by this lowering of the
Java Ratio, while the supplier of trashy, dirty cane,
is paid for the extraneous matter as if it were cane
with the same sucrose content as the actual cane
sent in by him. The air-dry trash has a moisture
content of between 15 and 20 per cent., but some
of the remaining substance is expressed by the mills,
and trash consequently shows a fibre content in the
neighbourhood of 70 per cent. This fibre has the
same effect as the fibre of the stalk on Java Ratio.

Tops and Green Leaves. The unripe top is im
mature cane, and has a low fibre content and an
extremely high Java Ratio, while the leaves and
trash .with which tops are almost invariably associa
ted, have a low Java Ratio, and so the nett effect
on the Java Ratio is small.

Stale Cane. When a long period elapses between
the cutting or burning and the crushing of cane, it
dries out and "goes bad." The drying out increases
the fibre content while the "going bad" brings about
disease conditions. Both of these conditions can
cause the Java Ratio to decrease. However, it
appears that about a week elapses," depending on
the original state of the cane and the weather con-



ditions, before any appreciable effect on the Java
Ratio is apparent.

A further important factor is the fact that old,
stale cane is usually the result of runaway fires, and
the intense heat of such fires results in the cane
being cleaned of all trash. Until this cane dries out
and disease conditions set in, therefore, it is general
experience that high Java Ratios are obtained with
such cane.

Variety. The few tests carried out- appear to
indicate that there may be a difference in the rate
of deterioration between varieties after cutting.

Some varieties have, in general, lower fibre con
tents than others. For example Co.290 was a
rapidly growing cane, and therefore cut when young
more so that the other varieties. Its lower fibre
consequently is reflected in the industrial averages
for the years 1938 and 1939, when it reached its
peak figures of production of 38 and 33 per cent. of
the total crop, the fibre content of the cane milled
fell to 14.51 and 14.80 per cent. while the Java Ratio
rose to 78.87 and 78.70, figures which had not been
attained before and which have not been equalled

. since.

The Milling Process and its Effect on Java Ratio

The Java Ratio varies from factory to factory to
a degree not explained by variations in fibre content,
and as successive squeezings of cane result in lower
and lower sucrose percentages of sucrose in the juice,
it has been held by some that variation in the pre
paration of the cane by knives, or variation in the
pressure applied at the crusher, can affect the Java
Ratio. As neither the knives nor the crusher can
affect the sucrose content of the cane, it follows that
the sucrose per cent. crusher juice only can be
affected.

Knives. It has been stated that overseas it has
been found that if cane be shredded before being
crushed, the sucrose per cent. crusher juice is lowered,
thus raising the Java Ratio, but no such procedure
has as yet been followed in South Africa. Knives,
however, are in general use at all factories, some of
which have more than one set on the cane carrier,
but from visual inspection, the nett result at all
factories is similar. Furthermore it has been proved
time and time again, that the crusher juice sucrose
percentage of the same cane, crushed at the same
time at more than one factory, is very similar.
There would appear therefore to 'be little or no
differential effect due to any varying preparation
by knives.

CrusherPressure. Experimental evidence obtained
by varying the pressure applied in squeezing cane
in laboratory mills, shows that the sucrose per cent.
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crusher JUIce is not affected by varying pressure,
except for a few tests (some of them doubtful),
which indicate that extremely low pressure or ex
cessively high pressure might have some effect, (see
table 6, a, b, c).

. As already stated, squeezing cane more than once
has an effect, but in the case of a single squeeze, a
large variation in pressure causes no appreciable
difference in the crusher juice, (see tables 6 a and b).
Furthermore, some factories with a poor extraction
at the crusher have Java Ratios just as high as, or
even higher than, those with a good crusher ex
traction. A very important fact in this connection
is that indicated above, that when the same cane
is crushed at different factories, the crusher juice
sucrose percentage remains very similar. Varying
pressure at the crushers therefore has not a material
effect on the Java Ratios recorded by the different
factories.

Mill Sanitation. Sugarcane juice is an extremely
good medium for the growth of yeasts and bacteria
which destroy sucrose rapidly. An outstanding
example is Leuconostoc mesenteroides, the results of
which are obvious when conditions are suitable for
its development. The writer has seen a South
African sugar factory brought to a standstill in a few
hours through the gummy product of this bacteria
blocking up tanks, pipes and pumps, when lime was
added to the cold juice immediately after weighing.

Every sugar factory operator knows that mill
sanitation is important, but he is not always given
the facilities to carry out the measures he knows
are necessary. Sufficient attention is therefore not
always paid to the cleaning of the milling plant,
gutters,' strainers, tanks and sampling devices which
come into contact with the juice before it is sterilised
by high temperature, or by large quantities of chem
icals, and even then, thermophilic bacteria can
persist weJl into the process.

Some factories are models of cleanliness, but in
most can be seen in varying degree the sJimy,
gummy growths which indicate the development of
micro-organisms and the destruction of sucrose.
These growths can be seen on any material other
than copper over which juice sprinkles, trickles or
flows. There is no room for either such growths or
the smell of fermentation in a sugar factory, any
more than there is room for the organisms that cause
"rope" in a bakery or for lactic acid bacteria in a
creamery.

Loss from the action of micro-organisms is not
only loss to the grower but also to the miller.
Sucrose, the extraction of which has cost much in
capital expenditure and in the maintenance and
operation of expensive machinery, should go into
bags, and not be destroyed by yeasts and bacteria.
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At each pressure the figure shewn is the average of
two very similar tests, and all tests were made on
subsamples composited from the same cane.

During these four complete' weeks of parallel
testing, the hand samples of cane were crushed once
only for the first two weeks, while during the second
two weeks they were passed through the test mill
twice.

As Moberly? pointed out, the quantity of water
used in all these bagasse tests was too high, and
the sucrose per cent. cane figure too low as a
consequence.

The argument that the hand sample tests are too
high in the Gledhow experiments because trash was
lost in sampling, is not valid, for besides the fibre
figures shewn above, the trash lost would have had
to have been about 5 per cent. on cane. Such a loss
could not possibly have bappened, as care was taken

cleaned. The addition of microscopical quantities
of disinfectants to the running juice is of no value,
and might be harmful (Dymond").

There is much circumstantial evidence pointing
to the loss of sucrose in the milling plant. Firstly,
we have the fact that hand samples tested in more
or less clean laboratory mills give sucrose tests much
higher than the factory test of similar cane. During
the Gledhow experiments of 1935,9 for instance,
when parallel testing of cane was carried out on
hand samples drawn from the consignments as they
were crushed, the following comparative figures were
obtained:-

20.32

16.31

20.34

16.52

Sucrose per cent. Cane. Fibre per cent. Cane.

Test Mill. Factory. Test Mill, Factory.

13.81 13.24 15.29 14.66
14.06 13.62 14.87 14.57
13.97 13.28 14.54 14.47
13.73 12.89 14.31 14.40

1st weekly run
2nd weekly run
3rd weekly run
4th weekly run

Notice that in the above figures the difference in
sucrose per cent. cane in favour of the hand samples
is greater when the samples were crushed twice.
This indicates that the hand sample test was too
low, because that sucrose which was not expressed
in the juice was not fully accounted for in the
bagasse test,and this type of result is evident in
all laboratory mill tests. To quote only one further
example, Hinchy" found in tests carried out at the
Experiment Station in 1942:-

Hydraulic pressure on top roller
of test mill (18"X 12" rollers) 26 tons 18 tons

Sucrose per cent. first expressed
juice.

Sucrose per cent. cane

The rapidity with which sucrose can be destroyed
by the slimy growth found in milling plants, is
indicated by the following tests made by the
author:-

The cure for insanitary conditions is, in the first
place, the use of copper wherever possible. Copper
can even be sprayed on to iron and steel. Then the
other necessary measures are the regular and sys
tematic use at short intervals of the ordinary hard
broom, scrubbing brushes, high pressure steam and
very hot water under pressure, followed by the use
of some disinfectant, such as E.c., sprayed onto
those surfaces which may come into contact with
juice after such surfaces have been thoroughly

In view of the above tests it appears to be danger
ous practice, especially during the warmer months,
to keep juice samples, even when treated with lead
acetate, for long periods before testing them for
sucrose. Indeed it would be much better if a pre
servative were added to the juice container before
the collection of samples. The fact that factory Java
Ratios are usually higher than those of the cane
testing service, points to deterioration taking place
in the samples of crusher juice, for samples used by
the factory laboratories stand for longer periods
before testing, than do the consignment samples.

There is no means of telling how much of the mill
slime and juice come into contact, but it should be
remembered that in a factory crushing 100 tons of
cane an hour, only some 25 tons of juice is in the
milling plant at any given moment between the
crusher and the sampling point at the mixed juice
scales; and that it takes about 20 minutes from the
time cane enters the crusher until the juice from
the mills is weighed, the last mill juice being in
circulation for a long time. Only 500lbs. of wet
slime form 1 per cent. of this 25 tons, and further
more the slime is only the visible sign of the organ
isms which are at work.

Sucrose % Mixed Juice.

Mill slime
Temp. added (1% on

Date of Time after weight of
of Test. Juice. first test. Control. mixed juice.),..

23/10/51 23°C 12.82 12.62
! hour 12.82 12.43
thour 12.82 12.03.. 1 hour 12.74 9.96

24/10/51 23°C 12.92 12.84
! hour 12.92 12.70
t hour 12.92 12.57

31/10/51 27°C 13.11 12.96
! hour 13.11 12.80

R/11/fll 27°C 10.06 9.99
! hour 10.04 \ 9.81
1 hour 10'.04 9.41



to avoid any loss, and it must be remembered
further that much of the cane sampled was burned
cane. Moberly's figures shew similar results."

Another fact is that the Java Ratios shewn by
the factories drop as the season progresses, as shewn
in table 5 and figure 3, and this drop in J ava Rat~o

can be correlated with rise in mean atmosphenc
temperature. Admittedly the temperatures shewn
were recorded at Mount Edgecombe, but over an
average of ten years provide a good sample of the
monthly variation in the sugar belt as a whole. The
correlation between temperature and Java Ratio is
even better than that between fibre per cent. cane
and Java Ratio. (The crude correlation coefficient
of Java Ratio with temperature is -.94, while that
with fibre is -.92, both of which are highly signi
ficant. Even the partial coefficients are very high,
although with only three degrees of freedom they
are not significant. Thus the partial correlati~n

coefficient between temperature and Java Ratio
when the effect of fibre is allowed for is -.72, while
that between fibre and Java Ratio when temperature
is allowed for is -.60.) Furthermore the effect of
fibre alone (crude regression coefficient) of one umt
of fibre percentage being equivalent to 2.80 Java
Ratio is absurdly high, while if temperature effect
be allowed for, it is more reasonable at fibre per cent.
cane equals _1.3 0 Java Ratio.

The correlation existing during the season between
temperature and Java Ratio is not fantastic, for it
must be remembered that the activity of micro
organisms is accelerated by such rises in temperature
as shewn. There appears to be no other explanation
of the phenomenal drop in Java Ratio during the
season, particularly at the end of the season, when
much young cane and plant cane is crushed and the
old cane is becoming more unripe, and one could
therefore expect the Java Ratio to rise and not fall.

Finally there appears to be no correlation what
soever between Java Ratio and sucrose per cent.
cane, for there is no sign of such in the industrial
figures for the seasons, (table 4), or within the season,
(table 5 and figure 3). There is not even correlation
with sucrose between factories for 1950-51, but there
is a strange and remarkable one between factories
for the season 1951-52. (Crude correlation coefficient,

74

+,66, and partial correlation coefficient with fibre
eliminated +.70, both of which are highly signifi
cant.) The inference to be drawn from this strange
correlation, which exists only in the past season's
figures, is surely obvious, but there can be no
suggestion that the analyses or calculations made
are other than correctly and conscientiously carried
out. South African sugar technologists' professional
standards are very high.

Conclusion

The properties of the cane associated with J ava~
Ratio are, first, and most important, fibre per cent.
cane, whether this be due to trash or the fibre of
the stalk itself; other factors are the state of
maturity of the cane and disease conditions, includ
ing those due to long delay between cutting or
burning and crushing. Fibre content, when high,
leads to low Java Ratios, while a low fibre percentage
causes a high Java Ratio. Unripe cane has a higher
Java Ratio than has mature cane and disease con
ditions lead usually to a lowering of Java Ratio.
Only a spurious correlation between Java Ratio and
sucrose per cent. cane has been found.

Variation between milling plants in the prepara
tion of the cane for crushing by knives, or in the
pressure applied by the crushers, have negligible or
no practical effect on Java Ratio, but the cleanliness

. of the milling plant is of the utmost importance.
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TABLE 2

"r,'
''"

Distribution of Java Ratio and Fibre per cent. Cane - Gledhow Experiment, 4th to 15th November, 1935

JAVA RATIO
No, of
Tests.

-- -,-

69.5 70.5 71.5 72.5 73.5 74.5 75.5 76.5 77.5 78.5 79.5 80.5 81.5 82.5 83.5 84.5 85.5 86.7 87.5
---------------------------------------

20.5 1 1
--------------------------------------

19.5 1 2 1 4
---------------------------------------

18.5 1 1 8 3 8 1 22
--------------------------------------

17.5 2 13 10 12 11 3 1 i 1 1 54
~ ----------------------'----------------
Z 16.5 1 3 10 21 33 4 4 76-<
(;.;l--------------------------1------------

~
15.5 1 5 10 18 14 9 3 2 62

Z --------------------------------------
~ 14.5 3 12 8 1 3 27(;.;l

=: --------------------------------------
~ 13.5 1 1 4 8 10 1 3 28
~ ------------------------

8 I 3
----------

~ 12.5 1 3 5 2 22
~ --... 11.5 1 6 4 5 3 2 1 22~
--------------------------------------

10.5 I I 2 2 2 1 7
---- -1- -1- -1-=1 2

9.5 5 4 11
---- ---- ---- ---- -

8.5 1 1 1 3
--------------------------------------

No. of 1 1 1 4 27 29 52 67 38 33 21 20 14 9 7 8 4 2 1 339
Tests.

In the' above correlation table the correlation coefficient Fibre per cent. Cane X Java Ratio is -.88, which is significant at P = .Ol.
Regression coefficient of Java Ratio on Fibre per cent. Cane is -1.106, leading to the formula: Java Ratio = 94.31 - 1.106 Fibre per
cent Cane, from which regression line of figure 2 is drawn.

-'I
Ol
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TABLE 3

This table shews the effect of double crushing on richness of the expressed juice. The figures are
abstracted from the Report of Cane Testing Investigation carried out at Gledhow in 1935 (page 13). This
report shews "Java Ratio" figures for the total juice expressed, but as the Java Ratio as used in South
Africa for cane testing purposes is based on first expressed juice only, these so-called "Java Ratios,"
which are naturally higher than those based on first expressed juice, are not shewn here.

Fibre per Sucrose per Juice expressed Sucrose per
Variety. cent. cane. cent. cane. per cent. cane. cent. juice. Purity.

P.O.].2725 12.0 14.83 First expression 58.4 18.02 87.9
Second expression 10.4 14.56 82.2

P.O.].2725 13.6 12.26 First expression 49.9 15.48 86.0
Second expression 13.4 13.11 81.0

Co.290. 12.4 13.80 First expression 56.1 17.04 88.8
Second expression 11. 5 14.02 83.0

Co.290. 13.0 13.67 First expression 58.4 16.76 89.1
Second expression 9.9 14.14 86.9

Dba .. , ... .. , 12.1 13.73 First expression 52.6 16.63 85.7
Second expression 12.6 14.52 81.1

Dba ... ... 14.3 16.10 First expression 44.0 19.49 94.2
Second expression 15.2 17.92 92.6

TABLE 4

Industry Averages for the Seasons 1928-1950
Sucrose Fibre Purity of Actual Calculated Sucrose Fibre Purity of Actual Calculated

per cent. per cent. crusher Java Java per cent. per cent. crusher Java Java
Season. cane. cane. juice. Ratio. Ratio. Season. cane. cane. juice. Ratio. Ratio:

1928 13.75 15.88 87.80 76.78 77.24 1940 13.19 15.56 87.44 77.94 77.69
1929 12.95 15.52 88.81 77.01 77.18 1941 14.00 15.66 87.94 77.74 77.39
1930 13.66 15.82 88.66 76.36 76.96 1942 13.40 15.24 88.27 77.67 77.66
1931 13.84 15.75 87.92 76.92 77.32 1943 13.14 15.26 88.70 77.78 77.47
1932 13.48 15.65 87.89 76.99 77.42 1944 13.67 15.83 88.35 77.38 77.07
1933 13.88 15.78 87.46 77.27 77.47 1945 14.28 15.99 88.36 77.36 76.92
1934 11.88 15.24 86.03 78.66 78.54 1946 14.21 16.21 88.22 77.03 76.77
1935 13.65 15.92 89.35 76.24 76.59 1947 13.32 15.80 88.48 76.99 77.05
1936 13.30 15.01 88.18 77.44 77.91 1948 13.89 15.90 88.12 76.98 77 .10
1937. 13.92 15.14 88.15 77.43 77.80 1949 13.52 16.19 88.64 76.47 ·76.62
1938 13.64 14.51 88.37 78.87 78.30 1950 14.19 15.80 88.70 77.42 76.96
1939 13.41 14.80 88.45 78.70 78.00

The values in the column headed Calculated Java Ratio are given by the regression:-
Java Ratio = 126.932 - .H36 Fibre per cent. Cane - .397 Purity of Crusher Juice.

Correlation coefficients.
Fibre per cent. Cane X Java Ratio, - .6326. Significant at P = .01.
Purity of Juice X Java Ratio, - .4458. Significant at P = .05.
Sucrose per cent. Cane X Java Ratio, - .3738. Not significant.

Partial correlation coefficients.
Purity of Juice X Java Ratio with Fibre per cent. Cane eliminated, -.465.

Significant at between P = .05 and P = .02.
Sucrose per cent. Cane X Java Ratio with Fibre per cent. Cane eliminated, - .1685.

Not significant.
Fibre per cent. Cane X Java Ratio with Purity eliminated, - .643.

Significant at P = .01. .
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TABLE 5

Variation during the season from June to November in Sucrose per cent. Cane, Fibre per cent. Cane,
Mean Atmospheric Temperature and Java Ratio:

June July Aug. Sept. Oct. Nov.

Sucrose per cent. cane. 12.95 13.62 14.16 14.55 14.34 13.79
Fibre per cent. cane ... 15.61 15.46 15.46 15.58 15.72 . 15.91
Mean atmospheric temperature in of. 63.08 62.32 64.20 66.85 68.68 70.75
Java Ratio ... 78.04 77.93 77.97 77.70 77.26 76.69

The above figures are the averages of ten seasons. With the exception of 1941, when little cane was
crushed in November, and 1942 and 1943 when no weather report was published in the Proceedings of
the S.A. Sugar Technologists' Association, the period covers from" 1938 to 1950.

The data is shewn graphically in figure 3.

Correlation coefficients are:-

Fibre per cent. cane X Java Ratio, -.924.
Temperature X Java Ratio, -.943.
Sucrose per cent. cane X Java Ratio, -.2527.

Significant at P = .01.
Significant at P = .01.
Not significant and negative.

Partial correlation coefficients are:-

Fibre X Java Ratio with temperature eliminated, - .60. Not significant.
Temperature X Java Ratio with fibre eliminated, - .72. Not significant.
Sucrose per cent. cane with fibre or temperature or both eliminated, is not
significant and negative, -.66, -.28 and -.32.

Regression formula:-

Java Ratio = 103.754 - 1.291 fibre per cent. - .091 temperature.
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TABLE 6a

Results obtained during the course of the Gledhow Experiments of 1935:-

Tests on different samples drawn from the same consignment shewing effect of varying pressure. Samples crushed
once only, Uba cane used. except for samples No. 150.

Maximum Pressuee,

Consignment number: 147. 148. 149A. 150. 15l. Average. ..
(Co.290)

Pol. (sucrose) of juice 19.62 18.87 18.70 17.19 19.15 18.70
Purity 94.3 92.0 90.8 90.5 91. 6 91.8
Expressed juice per cent. cane .. 48.28 53.55 54.03 59.56 52.00 53.48
Fibre 16.80 17.18 15.05 12.94 18.86 16.17
Sucrose 14.64 14.28 14.60 13.63 14.04 14.24
Java Ratio 74.6 75.7 78.1 79.3 73.3 76.2
Sucrose extraction 64.7 70.7 69.2 75.1 70.9 70.1

Lower Pressure.
Consignment number: 147. 148. 149A. 150. 15l. Average.

(Co.290)

Pol (sucrose) of juice 19.17 18.98 18.81 16.87 19.27 18.62
Purity 92.2 92.1 91.8 88.8 91.8 91.3
Expressed juice per cent. cane .. 44.53 49.81 51. 78 56.48 48.93 50.31
Fibre 16.71 17.48 15.89 14.29 18.91 16.66
Sucrose 14.31 14.07 14.66 13.19 14.03 14.05
Java Ratio 74.6 74.1 77.9 78.2 72.8 75.5
Sucrose extraction 59.7 67.2 66.4 72.2 67.2 55.6

Light Feed.
Consignment number: 147. 148. 149A. 150. 15l. Average.

(Co.290)

Pol. (sucrose) of juice 18.97 19.00 18.86 17.00 19.29 18.62
Purity 93.0 92.7 91.1 89.5 91.4 91.5
Expressed juice per cent. cane .. 38.55 41. 99 37.83 48.93 34.54 40.37
Fibre 16.27 17.88 16.40 13.43 19.42 16.68
Sucrose 14.07 14.19 14.35 13.38 13.80 13.96
Java Ratio 74.2 74.7 76.1 78.7 71.5 75.0
Sucrose extraction 52.0 56.2 49.7 62.2 48.3 53.7

Again from a different series during the same experiments we have:-
~

Sample A. Expressed Sucrose Fibre Sucrose
juice per per cent. per cent. per cent. Java

Purity. cent. cane. juice. cane. cane. Ratio.

Heavy feed 90.6 45.3 17.76 17.6 13.8 77.9
Top roller loosened .. 90.2 14.9 17.69 17.0 13.9 78.7-

Sample B.
Heavy feed 89.8 47.5 17.60 17.1 13.8 78.4
Light feed 89.4 !9.4 17.55 17.1 13.7 78.1

In both series of tests shewn above, the sucrose per cent. juice is the same, and the higher Java Ratio some-
times resulting from heavy feeds and consequent higher pressure, is due to the higher sucrose per cent. cane shewn.
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TABLE 6b

The following tests were obtained by Hinchy" at the Experiment Station after the test mill was
converted from a fixed mill to hydraulic pressure. The rollers of this mill are 18"X12".

Sucrose Date Sucrose
per cent. per cent.

Date Pressure expressed Date Pressure expressed
of Test. Variety. in tons. juice. of Test. Variety. in Tons. juice.

.. 22/9/42 Co.281 27 20.34* 30/9/42 Co.281 27 20.42
16 20.32· 21 20.47

23/9/42 Co.281 27 19.97 16 20.49
21 20.04 11 20.57
16 19.99 7/10/42 P.O.].2878 30 16.92
11 19.97 ·27 16.77

24/9/42 Co.281 27 19.97 21 16.98
21 19.95 16 17.11
16 19.96 8/10/42 M.P.R.28 30-38 19.59
11 19.84 27 19.37

25/9/42 N:Co.147 27 18.68 21 19.86
21 18.63 16 20.00
16 18.75 Average of 6 tests 27 19.60
11 18.78 21 19.61

28/9/42 Co.290 27 19.42 16 19.62
21 19.27 11 19.62
16 19.32 Average of 10 tests ... .. , ... 27 19.44
11 19.25 16 19.55

29/9/42 ... ... Co.301 27 19.15
21 19.29 * These two figures are averages of two tests each.
16 19.21
11 19.29

TABLE 6c

The following results are from a small laboratory mill (8" X 4" rollers) at the Experiment Station.
No record is left of how the subsampling was done or the percentage of juice expressed, and the sucrose
per cent. cane and fibre content tests make them appear of doubtful value ..

Sucrose per cent. Expressed Juice. Sucrose per cent. Cane. Fibre per cent. Cane.

Double Single Very light Double Single Double Single
Date crushing. crushing. crushing. crushing. crushing. crushing. crushing.

25/4/38 14.53 14.71 14.97 11.76 11. 60 14.40 13.87
26/4/38 14.76 14.79 14.99 12.36 11.60 13.52 12.99
27/4/38 14.87 15.21 15.68 12.26 11.97 13.52 12.59
28/4/38 15.85 15.46 15.88 13.31. 12.73 13.31 11.82
29/4/38 16.48 16.72 16.87' 13.81 13.48
3/5/38 16.53 16.39 16.99 13.71 12.31 12.00 12.31
5/5/38 16.54 16.21 16.74 13.56 12.99 11.78 13.77
6/5/38 17.12 17.56 17.47

10/5/38 17.07 17.54 17.72
11/5/38 16.62 16.77 16.93
12/5/38 16.88 16.56 16.96
13/5/38 15.66 16.69 16.62



Figure I GlEDHOW EXPERIMENT NOVEMBER, 1935
DISTRIBUTION OF JAVA RATIO
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Figure 2 GLEDHOW EXPERIMENT, 1935 (4th-9th, 11th, 13th, 15th November)
CORRELATION BETWEEN FIBRE PER CENT. CANE AND JAVA RATIO
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Figure 3

TEN YEAR AVERAGES OF INDUSTRIAL AVERAGES FOR NATAL SUGAR FACTORIES
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Mr. Dymond, in opening the discussion, stated that
the author had handled a difficult subject very well
indeed. There were many controversial issues raised
and there would now be an opportunity to discuss
these in detail.

Mr. Feltham stated that he and Mr. Christianson
had agreed to differ many years ago on certain aspects
of the Java Ratio, but he was certainly in complete
agreement with the author in stressing the need for
hygiene in a milling plant. However, he felt that the
effect of mill sanitation on Java Ratio was somewhat
over-stressed in this paper. The author had elimin
ated the effect of certain items on the Java Ratio,
such as knives, crusher pressure, etc., and he came
to the conclusion that it was only fibre per cent. cane
and mill hygiene that had any real appreciable effect
on the Java Ratio. Now, if that were the case, then
a difference in Java Ratio between factories crushing
cane of the same fibre content must be solely due to
mill hygiene and it would follow that Darnall,
crushing cane of approximately the same fibre as at
Amatikulu, should have had the same Java Ratio
if that figure had not been lowered as a result of
sucrose deterioration in the milling train, and ap
parently 2,600 tons of sucrose must have been lost
here to account for the difference in Java Ratio.
Similarly, comparing Gledhow with Doornkop, a loss
of 1,020 tons of sucrose must have occurred at Gled
how. At Tongaat the loss of sucrose must have been
2,644 tons to bring its Java Ratio to the same figure
as at Umzimkulu, which had approximately the same
fibre per cent. cane. The speaker said that in his
opinion Java Ratio was firstly affected by the
physical and chemical properties of the cane itself.
Secondly, by the preparation of the cane and Its
millability and thirdly, and to a lesser extent, by
mill hygiene. There were many other factors affect
ing the Java Ratio, he said, and we knew very little
about some of them and we were not in a position
to control them. Under these circumstances, he
thought that we should endeavour to get a direct
method for determining the sucrose per cent. cane
from each consignment. . .

Mr. Christianson, in reply, stated that he did not
like the method of comparing individual factories.
The factories mentioned for comparison drew their
cane from entirely different areas, the fibres were not
identical and the purities of the juice also differed a
great deal. He agreed, as was evident from his paper,
that there were several factors affecting Java Ratio,
but only two were of real practical .importance, _

Mr. Elysee said that the paper gave much food for
thought. He thought, however, that crusher pressure
had an effect on Java Ratio and that that largely
explained the difference in Java Ratio at Darnall and
Amatikulu last season. He thought also that col
loidal waters had a bearing on the subject. Cane
preparation and crusher juice must affect the amount
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of colloidal water in crushed juice and, therefore, the
Java Ratio.

Mr. Moberly congratulated Mr. Christianson and
stated that he was surprised to see that the author
had found that crusher pressure had no effect on
Java Ratio. He could well remember many years
ago, when they had some old mills with very ineffi
cient crushers, that the purity of the crusher juice
from these mills was very high. He was under the
impression that crusher juice purity and crusher juice
sucrose went together and consequently that the
Java Ratio would also be affected by crusher juice
purity. In fact, it was largely as a result of these
high crusher juice purities obtained in these old mills
that the Natal Ratio was introduced. Fibre un
doubtedly had an effect on Java Ratio, but he
thought the term fibre was rather too wide as fibre
derived from trash, and that from the cane cells
would have a different effect on Java Ratio. The
effect of fibre in trash was mathematical in so far that
it increased the cane weight, but the crusher juice
analysis remained unaffected. The fibre of the cane
cells, however, affected juice extraction and would
therefore have a different effect on Java Ratio. There
have been attempts to shorten the period over which
the average Java Ratio was determined from one
week to 24 and even eight hours. Of course, the
shorter the period the less likelihood there would he
of large variations in individual consignments, but
the accuracy in determining the Java Ratio must
necessarily suffer in attempting to determine it for a
shorter period because it is difficult, or impossible, to
get accurate cane and juice weights for such a short
period.

Mr. Dymond said he found it rather difficult to
understand how the Java Ratio could be affected by
a double crushing but not by variations in pressure
of the crusher. He had also noticed from the tables
in this paper that the purity of the juice was affected
by crusher pressure.

Mr. Christianson stated in reply that at these small
factories referred to by Mr. Moberly there were no
knives for cane preparation, but the pressure on the
crushers was unknown. Several things affected the
purity of the crusher juice, but Java Ratio and
crusher juice were not necessarily connected. He
thought that the Natal Ratio was excellent, but that
it had really been introduced to overcome the effect
of wet cane on Java Ratio. As regards shortening
the period for the average Java Ratio, he doubted
whether this could be determined over a short period
of 24 hours, and even if it could he doubted whether
there would be any advantage for the purpose of
sucrose distribution. In reply to Mr. Dymond, he
stated that he was not able to explain why the Java
Ratio was not affected by the hydraulic pressure on
the crusher, but it remained a fact that similar con
signments sent to different mills with different crusher



extracti?n~ would give the same sucrose per cent.
crusher JUIce, but as a result of different Java Ratios
the sucrose per cent. cane returns differed.

Dr. Douwes Dekker stated that he agreed with the
main conclusions in the paper. He was glad that the
need for sanitation was stressed, but he did not think
that it had a very big effect on Java Ratio. He drew
particular attention, however, to the fact that no
di~infe~t~nts were added to the crusher juice and
mixed JUIce samples and advocated experiments in
which the rate of deterioration of these samples could
be investigated, before they were analysed. He
thought that it was a great pity that we did not
know the accuracy of the Java Ratio. According to
the figures given by the author the accuracy of -the
method seemed fair, but in tests carried out at Illovo
last year bigger differences were found. The need for
getting more data on the accuracy of the present
Java Ratio method was stressed in a report by a
committee of the Sugar Association on the Java Ratio
method. He said that as far as South Africa was
concerned there was very little data on which to base
a knowledge of the Java Ratio.

Mr. Christianson agreed with Dr. Douwes Dekker
that there was a lack of figures by which to judge
the accuracy of the Java Ratio. -

Mr. dn Toil congratulated Mr. Christianson for
dealing so admirably with such a controversial sub
ject as the Java Ratio method. Although there might
be other factors influencing the Java Ratio and which
were not mentioned in this paper, he considered them
of minor importance. There was no doubt whatso
ever that fibre was by far the most important single
factor affecting the Java Ratio, and he was also
pleased that Mr. Christianson stressed the importance
of sanitation and its possible effect on the Java Ratio.
As regards crusher pressures, theoretically these
should affect the Java Ratio, but what Mr. Christian
son had found was that in the normal variations
found between mills the variation was so small as to
be of 'no significance. He agreed with the author that
diseased cane generally lowered the Java Ratio, but
he had seen instances where it had the opposite effect.

Mr. Feltham stated that he had noticed the change
in Java Ratio following an alteration in crusher
settings. tIe had also noticed that the feeding of the
crusher could affect the Java Ratio. In fact, it was
due to these variations that the Java Ratio method
of sucrose distribution had been discarded in many
countries.
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.Mr. Steyn thought that the high Java Ratio ob
tam~d at Umzimkulu was largely due to the low fibre
obtained there and to the high extraction of the
crusher.

Mr. Galbrai.th stated that some years ago, due to
a breakdown m the crusher, some temporary repairs
had to be made and the crusher pressure was lowered
appreciably, with the consequent fall in the Java
Ratio of from 2 to :) degrees.

Mr. Phipson also thought that crusher settings
could alter the Java Ratio appreciably.

Mr. Duchenne was glad that Mr. Christianson
str~ssed the p?ssibility ~f deterior~tion in the milling
tram. The rmcro-orgarusms causmg the destruction
of sucrose were very important and affected cane
payment. He explained his method of cane payment
at Umfolozi, where the approximate sucrose, from
differential ratios, and also the actual purities were
taken into consideration to arrive at the sugar re
c?very of each lot. A preliminary figure would be
gIven to the planter on the receipt of his cane con
signment, but these would be adjusted every month
and the planter would actually be paid for the sugar
made from the cane supplied by him. He thought
~hat this method had a great advantage over the one
m general use in the industry.

Mr. Feltham stated that last year excellent work
~as ~one at Z.S.M. to improve the mill hygiene, but
in spite of that the Java Ratio of this factory was
lower than that of Amatikulu, which handled cane
of much the same fibre content. This, therefore, was

.another indication that mill hygiene did not affect
the Java Ratio to such a large extent.

Mr. Christianson, in reply, stated that although a
number of speakers apparently thought that crusher
pressures had affected the Java Ratio they gave no
concrete figures to prove this and they had had no
controlled experiments carried out. He replied to Mr.
Moberly and stated that, although he had not given
the figures, it had been found that fibre in 'either
trash or in the cane stalk itself had much the same
effect on Java Ratio. He agreed with Mr. Duchenne
that a system of cane payments in which fibre per
cent. cane and purity of juice was taken into con
sideration had much to commend it.

Mr. Dymond asked the meeting to accord Mr.
Christianson a very hearty vote of thanks.


