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determinations, and about 8% for the fiber per cent cane.

The reproducibility and precision of the hydraulic press sample
extraction method for predicting the cane quality was then investigated.
The data derived from these studies showed the hydraulic press to be
highly reproducible. The per cent coefficient of variation in cane
quality parameters between replicate determinations was less than one
per cent for the pol and Brix per cent cane, and less than two per cent
for the fiber per cent cane.

The model developed to predict the expected sugar yield from cane
was tested on laboratory, semi-commercial, and commercial scales and was
determined to be more accurate than the cornventional method currently
employed in Louisiana. With clean cane both methods were accurate,
but with commercial cane deliveries the trash had an adverse influence
on the accuracy of the conventional method, while it did not affect
the core-press method appreciably.

Following these studies the core sampler has been installed in
one Louisiana sugar factory where it is performingisatisfactorily at

typical processing levels and conditions.
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CHAPTER I

SUMMARY

The accurate valuation of cane for payment purposes is desirable
to provide an equitable‘distribution of the proceeds to both grower
and processor. The accurate valuation of cane also provides an
incentive to growers to improve cane quality to the benefit of growers
and processors alike.

The present (conventional) Louisiana system for the payment for
cane was developed several decades ago with modifications implemented
over the years. The large quantity of trash (both leaves and field
soil) accompanying cane to the mills has greatly reduced the ability
of the conventional system to provide an accurate valuation of the
cane. At present the Louisiana system has become a system which
oéérates partially as an incentive system and partially as a flat rate
system, overpaying for substandérd cane, and underpaying' for high
quality cane.

Thé purpose of this research was to develop and evaluate a new
and improved cane sampling method suitable for Louisiana conditions.
The recent development of core samplers and improved juice extraction
units, such as the hydraulic press, provided the equipment on which

the new system was based.



Elements of a Sampling System

The elements of a sampling system are:

l. The removal of a representative sample.

2. The preparation of the sample for processing.
3. The processing of the sample.

4. The analysis of the sample.

5. The expressing of the results in meaningful terms.

In implementing a cane sampling system the goals should be to:..

l. Eliminate the judgement factor in selecting and processing
the sample.

2. Standardize the sample prﬁcurement and processing equipment.

3. Minimize personnel requirements.

4. Divorce the sampling system from the mill operation.

5. Reflect the effect of juice quantity as well as quality in
cane.

6. Evolve a model for accurately predicting the recoverable
sugar.

7. Provide data which supplements that of the routine factory

chemical control.

-Qutline of the Experimental Program

The experimental program entailed the following steps:
1. The testing of the core sampler for sample representativeness
2. The testing of the hydraulic press for reproducibility and

accurady of predicting the cane analysis.



3. The development of a model that predictgd the recoverable
sugar yield from the core-press cane analysis.

4. The testing of the procedure developed on the laboratory,
semi-commercial, and commercial scales.

5. The determination of the effect of various types of trash
(extraneous material in cane) on both the core-method and on
the conventional method sugar yield predictions.

6. The comparison of the core-press method with the conventional

method.

The Conventional Louisiana Cane Sampling System

" The Currxent Sampling System: The conventional Louisiana system of cane

sampling and testing for payment is based on the factory normal juice
analysis, and on the per cent trash in the delivered cane. In practice
two grab samples of a grower's cane are obtained for testing. The
first sample is manually detrashed to obtain the trash content. The
second sample is ground to yield a juice sample which is analyzed.
Correction factors which relate the sample mill juice to the factory
normal juice are applied to the sample mill juice analysis to give

the grower's 'normal' juice used in the payment formula. The validity
of the conventional method is affected by variations in the fiber
content of the cane. Mechanically harvested and loaded cane deliveries
contain large quantities of trash which increase the apparent fiber
content of the cane and lead to inequities in the payment for cane by

this method.



The disadvantages of the current conventional Louisiana cane

sampling system are

l.

2.

It accounts for juice quality but not juice quantity.
Constant mill efficiency is assumed, although it is
universally accepted that high fiber canes produce more
bagasse residue leading to greater losses than low fiber

canes.

~ The yield prediction is dependent on the factory's mill

performance (i.e. normal juice analysis) that varies from
factory to factory.
The system is labor intensive; typically seven to ten

persons are employed.
The sample consists of a limited number of whole cane stalks

from a single, limited area of the shipment.

The Core-Press Cane Sampling Method

The core-press method as developed for Louisiana differs from

the conventional Louisiana cane sampling system in three major aspects.

Sample Removal: Instead of a mechanical grab the cane sample is

removed by a corer (circular hollow tube with a circular saw) that

penetrates the full depth of the cane delivery.

Sample Processing: A hydraulic press separates the cane sample into

juice and bagasse, both of which are analyzed, the former for Brix and

pol, and the latter only for moisture. The pol, Brix and fiber

content of the cane is calculated from these analyses on the assumption



that the small quantity of juice remaining in the bagasse has the

same composition as that of the juice extracted.

Sugar Yield Model: The model developed to predict the theoretically

recoverable sugar takes into account the juice quality, juice quantity,
.and effect of fiber on the factory mill performance.

The formula developed is
Yield of 1b 96° sugar/gross ton cane (TRS) =

(0.28 s - 0.08 B) 100 - 56.67 F
100 - F

where S = pol % Cane
B = Brix % Cane
F = Fiber % Cane

The cane analysis (S, B, F) is derived solely from the core-
press data.

The formula assumes constant milling and boiling house
performance.

The predicted yieléé are thus independent of the factory

performance. Of course, actual factory yields will vary.



" Results

The studies showed that
On the average the core sampler extracts a representative cane
sample regardless of poin£ of coring in the load.
The juice obtained from the core sample is more closely related to
the factory normal juice than that from the conventional method.
The core sample yields a fiber % cane value that is very closely

related to that of the factory. On the other hand, the trash

determination of the conventional system bears very little

relationship to, the factory fiber % cane.

The hydraulic press is extremely reproducible. The standard
deviation of the theoretically recoverable sugar was only + 1.5%
of the mean.

The hydraulic press pol extractions of over 70% were much closer
to the 90% pol extraction achieved commercially, than the pol
extractions of sample mills (usually about 50%).

The pol % cane figure obtained by use of the hydraulic press is
within 2% of the value obtained by the direct cane wet digestion
method (the most accurate method available--but very time-
consuming) .

The hydraulic press responds to trash in the same manner as mills
do. For example, green leafy trash only lightly loads the mill,
while dry leaves load the mill greatly. Similarly, in the press,
dry leaves increase the bagasse % cane more than green leaves do.
The core sampling method more accurately predicts the factory

recoverable sugar than does the conventional method.



10.

The recoverable sugar in the' cane figured by the conventional
method only gives the growers about 60% of the premium value for
cane of above average quality. Conversely, the conventional
method only penalizes growers 60% of the penalty value for cane
of below average quality. Thus the conventional system falls
about midway between a c;ng payment system truly based on cane
quality (recoverable sugar basis) and a "flat rate" system (no
allowance for cane quality).

The 1975 and 1976 commercial core-press results at St. Martin

Sugar Cooéerative accurately predicted the factory sugar yield.

Conclusions

The core-press method of sampling cane meets all of the require-

ments of a good sampling system since:

The corer yields a representative sample.

The hydraulic press operation is reproducible.

The personnel requirements are minimized (3 - 4 people for a
core-press installation versus 7 - 10 people for the conventional
method) .

The system is independent of factory mill performance.

The effect of juice gquantity and quality are taken into account.
The method predicts recoverable sugar - a meaningful quantity.
The method yields a direct cane analysis that supplements the

routine factory chemical control.



The implementation of the core-press method of cane sampling in
Louisiana would put the ihdustry on a sound basis for the valuation
of cane. From the grower's stand point, growers supplying high
guality cane would recieve the full value (based on sugar) of their
cane, and growers supplying poor quality cane would not be subsidized
by the good growers. The result of payment for cane on a true qualiff
basis would encourage higher quality cane production since increased
grower returns would justify the additional expenditures required to
achieve higher quaiity cane. It is generally recognized that high
quality cane is the most important single requirement for a profitable
sugar industry. In Louisiana where climatic conditions make it
difficult to achieve quality cane, efforts to improve cane quality
would have a major impact on the profitability of the industry.

The disadvantage of the core-press method lies in its cost.

A new core-press installation suitable for the average Louisiana
factory would cost about $80,000, while the equipment required for the
coﬁventional Louisiana cane sampling system costs about $20,000 to
$25,000. The lower labor requirement for the core-press (4 people
versus 7 - 10 people for the conventional method) would save the |
factory about $10,000 per crop. Thus, on a labor-savings basis the
return (or payout period) is not attractive enough to warrant
conversion to the core-press method. However, the real justification
for the core-press installation is its accurate valuation of cane
which encourages good quality cane which improves the profitability
of growers and processors alike. The installation of the core-press

method at St. Martin Sugar Cooperative was accompanied by a sharp



increase in the quality of cane delivered to that factory. The
initial result of sampling cane by the core~press method appears to
improve the delivered cane quality by about 4 pounds of sugar per ton
cane. For a factory grinding 200,000 tons per crop the value of
this additional sugar (at 10¢/1b) is $80,000.

It is recommended that the conversion to core«~press sampling

in Louisiana be accelerated.



CHAPTER II

A GENERAL COVERAGE OF THE GROWTH, HARVEST,

AND CULTURE OF SUGAR CANE

The most important single factor in the economics of cane sugar
manufacture is the quality of the sugar.cane since the better the
quality of the cane the less is the cost of manufacture and the higher
the recovery of sugar per ton of cane processed and per dollar of
capital invested in factory equipment.

A high quality cane is one having a high sucrose content and a
relatively soft fiber of sufficiently low content to allow a high
sucrose extraction by the mills but one that nevertheless provides
sufficient bagasse to meet the steam requirements of the factory with-
out the necessity of purchasing supplementafy fuel.” 1In addition, the
juice of the cane should be of high purity, that is to say, having a
high sucrose/total solids ratio. Further, the non-sucroses should be
such as would give a minimum of difficulty in the manufacturing prodess
and perxmit a high recovery of sucrose.

In practice, cane quality depends on many factors, the major ones
being the climatic and soil conditions of the area in which the cane
is grown; the fertilizer and agricultural practices; the cane variety;

the stage of maturity of the cane when reaped; the degree of damage

*In some localities where other low cost fuel is available, bagasse has
a sufficiently high value for board-making etc., to permit other fuels

being substituted for bagasse.
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to the cane stalks by wind, insectsAand micro-organisms, and/or in the
course of the reaping and loading operations; and the time which
elapses between reaping and processing at the factory, i.e. the degree
of freshness.

Of the various factors by which cane quality is judged, the
sucrose (pol) coﬂtent of the cane holds first place but the purity of
the juice is also of major importance as both the quantity and the
nature of the non-sucrose components present with the sucrose greatly

influence the percentage of extracted sucrose that is recovered.

Review of the Literature

The literature on cane quality is voluminous but a brief summary
which will illustrate the significance of the major factors is given
below.

Effect of Climate on Cane Quality

The effect of climate on sucrose % cane has been summarized by
Shawl who collected and reported on data from a wide range of cane-
growing countries. A plot of sucrose % cane against latitude led him
to the generalization that "the data suggest that cane quality is an
inherent function of latitude. The curve obtained is bi-modal in form
with peaks of superior sucrose % cane at approximately 18°N and 189S
latitude. Abo?é latitude 18°N and S sucrose content drops rapidly as
the apparent ecological limits of latitudes 30°N and 30°S are

approached". The causal agencies associated with latitude appear to

1Shaw, M. R., "An International Glance at Sucrose Content of Cane",

Proceedings ISSCT, 1953, pp. 283-291.
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be the length of day and temperature.

At any given latitude, the intensity and distribution of rainfall
also affects the sucrose % cane. Very low or high rainfall tends to
low sucrose % cane values and moderate rainfall to high ones.

The distribution of the rainfall is also important. ‘ﬁest cane
gquality is obtained if the bulk of the rainfall is uniformly spread
over the first 70% to 75% of the growth cycle with light showers at
intervals over the remaining ripening period of growth. There is also
evidence that moderately large temperature differences between day and
night during ripening is conducive to higher than average sucrose %
cane and juice purity.

Cane Variety

The sugar cane is a large grass belonging to the genus saccharum.
" This genus contains numerous varieties many of which have been devel-
oped by controlled crossing of the so-called noble and wild varieties.
The noble canes which are of high sucrose content and low fiber with
relatively high juice purity were the only varieties formerly grown.
However, their yield of cane per acre was low as was their resistance
to diseases. In consequence, present day varieties in cultivation are
crosses between the noble and wild canes. Such crosses vary in
sucrose % cane and juice purity from good to poor depending on their
~genetic composition. The cane varieties grown in any given locality
will be those found to be best suited to the prevailing conditions and
therefore giving the highest monetary return. The breeding of better

cane varieties is a major objective in the industry.



Fertilizer and Agricultural Practices

Heavy applications of nitrogenous fertilizers tend to reduce the
sucrose % cane and the juice purity2 but coincident applications of
potash tend to offset such reductions in quality3. As an example of
the average effect of applications of nitrogen on the sucrose % cane,
the following formula has been shown to apply for clay soils in
Guyana4.

S = 100 + logN - 0.038N
where S = pol % cane as a percentage of the pol content without

nitrogen, and N = thelamduht of nitrogen applied in 1lbs.
per acre.

Agricultural practices, e.g. proper tillage, arainage and mulch~-
ing, etc., that avoid excessively high or low moisture levels in the
soil promote high sucrose % cane and juice purity, particularly if a

moderate degree of moisture stress occurs during the ripening period.

Stage of Maturity of Cane When Reaped

As may be expected, the sucrose % cane and juice purity usually

attain a maximum when full maturity of the cane stalk has occured.

Within the tropics, the cane usually attains maturity between 12

and 24 months age but outside of the tropics climatic conditions do

W}
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2Halliday, D. J., "The Manuring of Sugar Cane", Published by the Centre

D'Etude de L'Azote, Geneva, p. 71.
3

Saint, S. J., "Manurial Trials with Sugar Cane", Agric. J., Barbados,

1933, 2(4), 1-32; 1935, (4), 1-24; 129-164; 1937, (6), 20-41.

4Sugar Bulletin, No. 22 Dept. of Agriculture, Georgetown, British

Guiana, 1954, pp. 41-54.
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not always allow of reaping at this age. In Louisiana, for example,
the stubble cane is reaped after 8 or 9 months of growth and plant
cane usually one month less than stubble and in consequence the cane
is not fully mature when reaped.

Not all cane stalks in a field of cane are of equal age at time
of reaping and therefore the period of optimum cane quality may extend
over 3 to 5 weeks depending not only on climate and other conditions
but also on the age distribution of the stalk population.

The maximum sucrose % cane attained in any given cane stalk does
not necessaiily coincide with its physiological maturity although it
will usually be near that period of its life. The rainfall during
the ripening period is the major factor determining the period of
optimum sucrose % cane and juice purity during the life cycle.

The Degree of Damage Sustained by the Cane Prior to Reaping

When cane cells are damaged or killed by the action of high
winds, insects, micro-organisms, or by reaping and loading operations,
chemical changes occur in the damaged cells leading to the loss of
sucrose by inversion and to further decomposition of the reducing
sugars thereby produced as well as to decomposition of other plant
substances present in the juice of the cane. These decomposition
products are frequent causes of difficulties in the manufacturing
processes.

Damage to cane stalks leading to severe infection by micro-
organisms has assumed great importance with the wide adoption of
mechanized cutting and loading of canes. In particular, infection
of damaged stalks by leuconostoc mesenteroides bacteria results in

the conversion of sucrose to dextran which not only causes loss of
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sucrose but also results in serious manufacturing difficulties. This

has been the subject of much recent studys.

Time Elapsing between Reaping and Milling

Under favorable growth conditions, relatively few cane stalks
will have sustained much damage or have died at time of reaping. How-
ever, even under the best of conditions some stalks will have died £from
stalk competition or have been damagéd as the resﬁit of the action of
freezes, boring insects, micro-organisms, the splitting of stalks by
wind, or excessive drying out. As soon, however, as a cane stalk is
killed or severely damaged by fire in the course of reaping operations,
growth processes cease and inversion of sucrose by the enzyme invertase
(which is present in the juice of the cane) commences. The most
comprehensive investigation in this connection, covering several
million tons of cane over a number of years, was made in Guyanas.

Figure I summarizes the findings which are typical.

sTilbury, R. H., "Dextran and Dextranase", Proceedings ISSCT, 1972.
6Birkett, L. S., "The Deterioration of Cane After Burning", Tropical

Agriculture, 1947, (24), pp. 28-31.
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Figure 1

Deterioration of Cane Following Harvesting

DAYS AFTER BURNING.
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CHAPTER III

THE IDEAL CANE PAYMENT SYSTEM

The valuation of sugar cane has changed from the early flat rate
method to the more sophisticated methods of the present time which
reflect cane qqality. An excellent summary of the major cane payment
methods is given by Seip.l

There are four basic methods of valuing sugar cane and these are
listed in order of increasing suitability for determining its true
value as follows:

1. A price is paid per ton of cane with no regard to the quality

of the cane.

2. The price per ton of cane is based on a cane having a certain
pol % cane as standard with proportionate premiums and dis-~
counts on price as the pol % cane increases and decreases
relative to the standard.

3. The price per ton of cane is based on a cane having a certain
available pol % cane as standard with proportionate premiums
or discounts as the available pol % cane increases or decreases
relative to the standard. Available pol is the name given to
that portion of the total pol which will be recovered. The
universally used formula for availablepolis'the Winter-Carp

formula:

lSeip, J. J., "A Method of Determining Sugar Cane Quality in Louisiana",

Ph.D. Dissertation, LSU, January, 1963.
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Available pol = (1.4 - -%?9 x 100
where P is the juice purity.
4. The price per ton of cane is determined on the basis of
its quality and on the manner in which its quality.influences
factory performance, that is to say, on the resultant yield
of commercial sugar per ton of cane. Thus, in addition to
the available pol, the quantity of fiber (and hence juice)
should be taken into accéunt. This is the ideal method.
The ideal method for assessing the potential value of the cane
as a source of sugar should take into consideration the influence
of its quality on factory efficiency. It is desirable, therefore, to
describe briefly the inter-relationships between cane quality and
factory efficiency. 1In addition, the methods of measuring factory
efficiency must be indicated and also the efficiency standards which
are considered applicable to factories operating in the area of
application.

Inter-relationship between Cane Quality and Factory Efficiency

Cane Composition

The sugar cane consists of fiber and juices of different concen-
tration and purity. For instance, the juice of the top portion of
the mature cane is lower in Brix, pol and purity than that of the
middle and bottom portions. Also, the juice of the nodes is similarly
lower in Brix, pol and purity than that of the internodes. A uniform
mixture of all the juices present in the cane is termed the absolute
juice and this concept is adopted in practice as provides a

fixed basis for eva;uating the mill performance. That is to say,
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the cane is considered simpiy to consist of fibef'and absolute juice.
On the factory scale the composition of the absolute juice is calcu-
lated from the sum of the weights of Brix and pol in the extracted
juice plus the Brix and pol in the bagasse, the purity of the residual
juice in the bagasse being assumed to have the same purity as the lasﬁ
extracted juice.

Cane Quality

© No factorfvis capable of extracting all the absolute juice nor
is it practical to do so iﬁ the laboratory for routine control using
procedures similar +to those of the factory process. In methods of
assessing cane quality, the purity of that portion of the absolute
juice which is extracted by the mills, namely, the mixed juice, is used
instead of the absolute juice.

The major factors determining cane quality are the pol % cane,
the fiber % cane, and the purity of the mixed juice.

The percentage of the pol in the cane that is recovered as
commercial sugar is not directly proportional to the pol % cane but
depends upon the percentage of fiber in the cane and the purity of
the mixedvjuice assuming factory efficiency to be constant.

The fibér % cane influences the value of the cane since the
greater the fiber content of the cane, the lower will be its juice
content. In addition, high fiber increases the quantity of juice
lost in the bagasse. That is to say, the higher the fiber % cane the
greater will be the loss of absolute juice (and hence pol) in the
bagasse and therefore the lower will be the pol extraction and vice
versa. Accordingly, the efficiency of the milling process is best

measured by the amount of absolute juice lost per unit of fiber. 1In
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practice, the "absolute juice lost per cent fiber" is used. The ab-
solute juice lost per cent fiber is calculated from the following

formula:

Absolute Juice Lost % Fiber = (100 - Pol Extraction)(100 - Fiber % Cane)
Fiber % Cane

where the Pol Extraction is defined as

Pol Extraction = Pol Extracted in Mixed Juice x 100
Pol in Cane

The effect of the percentage of fiber on the pol extraction by
mills at constant milling efficiency is shown in Figure 2 where the
absolute juice lost % fiber is assumed to be 56.67 (a typical value
for Louisiana). For an absolute juice purity of 80 and a pol % cane
of 10%, the recoverable sugar at 10 and 16 fiber % cane is 168.67
and 160.57 lbs 96° Sugar/ton cane respectivély.

In Louisiana a typical value of the fiber % cane is 16, although
in any given crop the wvalues reported by the factories may vary from
12 to 22%. In Florida the avefage fiber % cane is 10-12 %. Drought
and/or freeze damaged cane usually results in an increase in the fiber
% cane.

In order to demonstrate the influence of the purity of the ex-
tracted juice (mixed juice) on the available pol thét is extracted,
it is first necessary to describe how the available pol is determined.
For this purpose the Winter-Carp formula which has found wide use
throughout the cane sugar industry and which is applicable to all cane
sugar products, is generally used. It is

Available pol % in product = 100(1.4 - 40/P)



