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ABSTRACT

Aspart of ongoing investigations onthe effect of various field practices onthe quality of cane juice
inLouisiana, we noted that cane juice color decreased sgnificantly when soil was added to assessthe effect
of soil on cane juice qudity. In astudy of the 1999/00 crop in Louisiana, with addition of 5% and 10%
s0il to the cane juice, it was noted that polysaccharide was also removed, the first time this had been
reported. These observations run contrary to expectations that soil will degrade the quality of canejuice.
Raw juice from green cane, which had been topped, but still retained side leaves, was treated with 10%
added soil. Two soilsfrom the Louisiana cane growing area, Sharkey clay and Norwood sty clay loam
were tested. Thejuicewastreated for 30 minutesin ashaker either at room temperature (25°C) or heated
(80°C). Changes in pH, color, total polysaccharide, ash and filtration rate were noted. Both soils
decreased color and total polysaccharide and increased thefiltrationrate. pH and ashwerenot sgnificantly
changed.

INTRODUCTION

The god of cane harvedtingisto obtain the highest quaity cane juice possible in order to facilitate
production of raw sugar, and to obtain the highest yield, in order to maximize raw sugar production. The
qudity of cane juiceis affected by many factors-- the variety and maturity of the cane, weather conditions,
diseases, harvesting conditions, cut-to-crushdelays, and the amount of trashincorporated into the crushed
cane.

The 12 Ediition of the Cane Sugar Handbook (Chenand Chou, 1993) definesfiddtrashasleaves,
tops, dead stalks, roots, soil, etc., delivered together with cane,

In South Africa (Chen, 1985) it was reported that for each 1% addition of topsto cleancane, the
color of clear juice was increased by 1.3%, while with each 1% addition of mud to clean cane, the color
of clear juice was increased by 3.6%. Purchase, et al., (1991) confirmed the deleterious effect of leafy
trashonthe color and turbidity of juice. Ivin and Doyle (1989) in Audtrdia, documented the harmful effect
of leafy trashoncane juice quaity. Legendre, et al., (1996) showed a 1.6% decrease in raw juice color
for each 1% added increment of a sity clay loam (Mhoon) from Louisana, and a 13% increase in juice
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color for every 1% legfy cane trash added, up to the 10% levd. When mixturesof lesfy trash and soil were
added to juice, the competing effects of the mud (removed color) and the leafy trash (added color) were
clearly evident. Godshdl, et al., (2000) studied the effectsof various harvest practicesin Louisanaon the
color and polysaccharide concentration in cane juice. The presence of green leaves, especialy tops,
sgnificantly increased both color and polysaccharidesin cane juice.

Figures1 and 2 show the results of a previoudy unpublished study conducted on samples for the
American Sugar Cane League. Addition of 5% Sharkey clay to cane juice from topped cane with sde
leaves decreased color to the level of hand stripped clean canejuice. Addition of 10% Sharkey clay to

the same juice decreased
polysacc haride to the leve of
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Polysaccharidesin Cane Juice

Polysaccharides are naturdly present in milled cane juice. They include starch and soluble cdll
wadl polysaccharides that are released when cane is crushed and the cells disrupted. Sugarcane
polysaccharides are associated with high molecular weight color incane juice, may increase viscosty, and
contribute to increased color and turbidity in raw sugar. Thelevelsof polysaccharidesin canejuicerange
from 0.4-0.8% dissolved solids, with leaves and tops contributing to the higher levds (Godshdl, et al.,
2000). The concentration of polysaccharidein canejuiceisaso influenced by the cane variety, but not as
much as whether or not green leaves are included in the crush.

L ouisana Soils

Sugarcanein mainly grown inthe soil areasknown asthe Subtropicd Missssippi Vdley Alluvium,
with the dominant soils being Sharkey, Mhoon and Commerce. Some caneis aso grown inthe extreme
southern part of the Red River Vdley Alluvium in Norwood soil. Commerce and Mhoon soils arefridble
dlt loams and sty clay loams. Sharkey soil isclayey. The Sharkey series congsts of very deep, poorly
drained, very dowly permegble soils that formed in clayey dluvium. These soils are onflood plains and low
terraces of the Missssippi River.  Norwood soils occupy low natura levees at the highest devations of
the flood plains. The reddish-brown color of Norwood is a characterigtic of the geologica sediments of
the Permian Red Bed deposits on the eastern dope of the Rocky Mountains which were carried into
Louisana by the Red and other rivers. Norwood isa sty loam soil (Lytle).

MATERIALSAND METHODS

Norwood (fine-glty, mixed, superactive, hyperthermic Huventic Eutrudept) and Sharkey (very-fine,
smectitic, thermic Chromic Epiaquerts) soils were provided by Chris Finger at the USDA Sugarcane
Research Unit in Houma, Louisana The soils were washed and decanted of trash and dried and Seved
(<2 mm) before using.

Raw cane juice conssted of 6 samples from green cane, topped, with side leaves, |eft on aheap
for 1, 2 or 3 days (2 samples of each), provided by the American Sugar Cane League. Sampleshad been
kept deep frozen prior to use and were microwave defrosted.

To test the effect of the sail, 5 g of soil wasadded to 50 ml of cane juice, thenplaced onagyratory
shaker for 30 min. Experiments were conducted at 25°C and 80°C. Treated juice wasanayzed for pH,
color, total polysaccharides (TPS), ashandfiltrationrate. Color and conductivity ash were measured using
standard ICUM SA methods (ICUMSA 1998). Tota polysaccharides were determined by the SPRI
method (Roberts, 1980). Filtration rate was determined as ml cane juice that passed through a 47 mm
diameter, 0.451 pore-sze membrane in 5 minutes, using vacuum at 30 in Hg, and reported as ml/min.
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Soil chemica andyss was done by the Soil Tedting Laboratory at Louisana State Universty.
Organic matter was determined by Walkley-Black wet oxidation (Nelson and Sommers, 1982), soil pH
by a 1:1 soil:water ratio indelonized water, and ions were extracted with 1M ammonium acetate, pH 7.0,
and anadyzed by ICP. Soil texture was determined by the hydrometer method (Day 1965).

RESULTSAND DISCUSSION
Properties of the Soils

Tables 1laand 1b show the properties of the two soils under test. The cation exchange capacity
(CEC) isthe umof the basic cations present on the soil matrix. Itisused asanindex of thetota exchange
capacity of the soil.  The magnitude of the CEC is strongly corrdated to the soil’s content of clay and
organic matter. The greater CEC for the Sharkey s0il isassociated with this soil’ s higher clay content and
the predominance of smectite (principaly montmorillonite) minerasin the clay fraction. Montmorillonite,
and other smectite clay minerds, are expansible layer slicates. They possess a high CEC, large surface
area and due to ther ability to adsorb large quantities of water have a sgnificant shrink-swell potentia
(Borchardt, 1977).

Table 1la. Chemica properties of Louisana soils

CEC* P Na K Ca Mg
Sall pH meg/100 g .
mg/kg soil (ppm)
Sharkey 6.0 305 162 68 325 4215 1007
Norwood 75 94 175 31 201 1307 269

Table 1b. Physicd properties of Louisanasoils

Soil Organic Matter, % | Sand, % Sit, % Clay,% Texture & Color
Sharkey 0.51 28.5 22.2 49.3 Clay, brown
Norwood 0.98 46.8 39.6 13.6 Loam, red

*CEC = Cation Exchange Capacity.
Effect of Heat on Cane Juice

Table 2 reports the compaosition of the cane juice a room temperature, and Table 3 showsthe
composition of the juice after 30 min at 80°C. Hesat decreased the juice color by 4.33% and total

polysaccharide concentration by 6.05%. Ashincreased 4.69% and filtration rateincreased 14.9%. There
was essentidly no change in pH (0.02 pH unit decrease at 80°C). The data are summarized in Table 4.
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Note should be made of the fact that the total polysaccharide concentrationdid not change during
the 3 days the green cane stalks were on the hegp. An earlier sudy had shown that whole, green stalks,
piled in asmal hegp in cool weeather remained stable for 3 days (Godshdl, et d., 2000).
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Table 2. Andyticd results on cane juice before soil treatment. (Control, 25°C)

Juice pH Color, ICU TPS, ppm Ash, % Filtration rate
(mi/min)

G-33, 34 (Day 1) 5.64 11,091 4717 2.72 0.98
G-36, 37 (Day 1) 5.68 9,281 5795 2.52 0.70
G-49, 50 (Day 2) 5.60 12,150 5688 2.69 0.78
G-51, 55 (Day 2) 5.66 9,372 5463 2.35 0.94
G-81, 83 (Day 3) 5.62 9,127 4814 2.51 0.95
G-82, 84 (Day 3) 5.50 9,752 5184 2.59 0.88
Mean 5.62 10,129 5277 2.56 0.87

ICU = ICUMSA Color Units

TPS = Total polysaccharide

Table 3. Analyticd results on heated cane juice before soil treatment.

(Control, 80°C, shaken 30 min)
Juice pH Calor, ICU TPS, ppm Adh, % Filtration rate

(ml/min)

G-33, 34 (Day 1) 5.41 11,170 4569 2.77 1.1
G-36, 37 (Day 1) 5.66 9,098 5474 2.66 0.74
G-49, 50 (Day 2) 5.58 11,015 5359 2.80 0.95
G-51, 55 (Day 2) 5.66 8,666 4796 2.50 1.0
G-81, 83 (Day 3) 5.62 9,072 4473 2.65 1.1
G-82, 84 (Day 3) 5.58 9,118 5076 2.67 1.1
Mean 5.59 9,690 4958 2.68 1.0

Table4. Summary of cane juice, heated and not heated. (The effect of heat on canejuice)

Sample pH Coalor, ICU TPS, ppm Ash, % Filtration rate
(ml/min)

25°C 5.62 10,129 5277 2.56 0.87

80°C 5.59 9,690 4958 2.68 1.0
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% change in heated -0.53% -4.33% -6.05% +4.69% +14.9%

Effect of Soil on Cane Juice
Tables 5 and 6 report the effect of Sharkey clay on canejuice at 25°C and 80°C.

Table5. Andytica results on cane juice after treatment at 25°C with Sharkey clay

Juice pH Color, ICU | TPS, ppm Ash, % Filtration rate
(ml/min)
G-33, 34 (Day 1) 5.67 10,222 4731 2.57 2.8
G-36, 37 (Day 1) 5.67 7,585 4012 2.34 1.8
G-49, 50 (Day 2) 5.62 10,080 4204 2.49 2.8
G-51, 55 (Day 2) 5.68 8,028 3780 2.35 2.4
G-81, 83 (Day 3) 5.62 7,726 3135 2.38 34
G-82, 84 (Day 3) 5.54 8,578 4019 2.44 2.8
Mean 5.63 8,703 3980 2.43 2.67

Table 6. Analyticd results on cane juice after treetment a 80°C with Sharkey clay

Juice pH Calor, ICU TPS, ppm Adh, % Filtration rate
(ml/min)
G-33, 34 (Day 1) 5.56 10,139 3534 2.64 1.1
G-36, 37 (Day 1) 5.59 7,891 4531 2.53 0.74
G-49, 50 (Day 2) 5.52 10,254 4305 2.68 0.94
G-51, 55 (Day 2) 5.59 7,991 4014 2.44 1.1
G-81, 83 (Day 3) 5.53 9,420 3911 2.55 12
G-82, 84 (Day 3) 5.49 9,439 4188 2.59 11
Mean 5.55 9,189 4081 2.57 1.03

The effect of Sharkey on cane juice color in each sample at 80° C is shown in Figure 3 and on
polysaccharides in Figure 4. In Figure 3, It is noted that samples 5 and 6 had a dight increase in color
compared to the controls. Sincethiswas canejuicefrom caneleft onthehegp row for 3days, itispossble
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that changesinthe type of colorant inthe cane had occurred over that period of time. The same effect was

noted with the Norwood soil on the day 3 samples. The remova of polysaccharides, however, was not
affected in samples 5 and 6.

Figure 3. Effect of Sharkey Clay on Juice Colorat 80 C
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Tables 7 and 8 report the effect of Norwood on cane juice at 25°C and 80°C.

Table 7. Anayticd results on canejuice after treetment at 25°C with Norwood clay loam

Juice pH Calor, ICU TPS, ppm Adh, % Filtration rate
(ml/min)
G-33, 34 (Day 1) 5.68 10,790 3911 2.71 1.2
G-36, 37 (Day 1) 5.86 8,488 4896 2.63 0.7
G-49, 50 (Day 2) 5.80 10,932 4587 2.77 1.0
G-51, 55 (Day 2) 5.85 8,459 4246 2.53 1.2
G-81, 83 (Day 3) 5.78 9,150 3810 2.60 13
G-82, 84 (Day 3) 5.74 9,887 4327 251 1.3
Mean 5.79 9,618 4296 2.63 11

Table 8. Anayticd results on canejuice after trestment at 80°C with Norwood clay loam

Juice pH Calor, ICU | TPS, ppm Ash, % Filtration rate
(ml/min)
G-33,34 (Day 1) 551 10,828 3455 2.74 14
G-36, 37 (Day 1) 571 8,611 4509 2.61 1.0
G-49, 50 (Day 2) 5.65 10,415 4019 2.82 1.5
G-51, 55 (Day 2) 5.72 8,329 3888 2.51 1.4
G-81, 83 (Day 3) 5.61 9,173 3529 2.62 14
G-82, 84 (Day 3) 5.54 9,209 4063 2.68 1.4
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Mean 5.62 9,428 3911 2.66 1.35

Table 9a comparesthemeanresultsof dl treatments. Table 9b showsthe percentage changeswith
soils treetment; comparisons are made for the same temperature of treatment.

Table 9a. Summary of means of treasted and untrested samples

Filtretion rate
Treatment pH Color, ICU TPS, ppm Ash, % (ml/min)
Control, 25°C 5.62 10,129 5277 2.56 0.87
Control, 80°C 5.59 9,690 4958 2.68 1.0
Sharkey, 25°C 5.63 8,703 3980 2.43 2.67
Sharkey, 80°C 5.55 9,189 4081 2.57 1.03
Norwood, 25°C 5.79 9,618 4296 2.63 11
Norwood, 80°C 5.62 9,428 3911 2.66 1.35

Table9b. Summary of changesintreated canejuice samples. Treatmentsare compared to untrested cane
juice a thelr respective heating regime.

Filtration rate
Treatment pH Calor TPS, ppm Ash, % (ml/min)
Sharkey, 25°C +0.18% -14.1% -24.6% -5.08% +207%
Sharkey, 80°C -0.72% -5.2% -17.7% -4.10% +3.0%
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Norwood, 25°C +3.02% -5.0% -18.6% +2.73% +26.4%

Norwood, 80°C +0.54% -2.7% -21.1% -0.75% +35.0%

pH. pH showed no significant change for either soil or ether temperature. There wasa 3% increasein
pH in the Norwood trested juice at 25°C.

Color. Sharkey clay removed 14.1% color at 25°C but only 5.2% at 80°C. Norwood removed 5.0%
at 25°C and 2.7% at 80°C . Both soils take out morecolor at 25°C thanat 80°C, indicating a release of
color at the higher temperature. The higher color retention by Sharkey clay is a function of its higher ion
exchange capacity for the charged colorantsincane juice. Asprevioudy stated, thisretention is probably
associated with the montmorillonite present in the clay fraction.

Total Polysaccharides. Both soils removed significant amounts of polysaccharides. Sharkey clay
removed 24.6% polysaccharides at 25°C and 17.7% at 80°C . These results are smilar to those
previoudy encountered with the Sharkey clay (unpublished results mentioned in the Introduction).
Norwood removed 18.6% at 25°C and 21.1% 80°C .

Ash. Sharkey clay gave a4-5% decrease in ash, which was contrary to what might have beenexpected.
Both soils had been washed, so ash solubilized from the soils was probably aready removed. The
decrease in ash caused by Sharkey clay may dso be afunction of the exchange capacity of the Sharkey
clay. Whether these soils contribute to the ash load in juice in the field still needs to be investigated.
Norwood clay loam caused a smal increase of ash, 2.73% at 25°C and a very dight decrease of 0.75%,
at 80°C.

Filtration rate. Norwood increased thefiltrationrate 26.4% at 25°C and 35.0% at 80°C. Sharkey clay
doubled the filtration rate at 25°C (207%), but showed no change at 80°C. This result is probably
anomaous, as many filtrations with Sharkey cdlay in cane juice had shown as much as a 10-fold increase
infiltration rate & room temperature. However, with this series, the clay was dlowed to settle for only a
few minutes, and it is possible that the fines clogged the filter membrane. 1t should be noted that this
filtration test is very sringent, as sampleisfiltered through a very tight medium of 0.45 p, and a different
filtration medium may show different results.

CONCLUSIONS
This study has shown that two soils, Norwood and Sharkey, found inthe LouiSana cane growing
area have the ability to remove a amdl amount of color and a significant amount of polysaccharide from

cane juice, whileimproving filterability. At the sametime, the ash leve of the juice is not changed, or is
dightly decreased, and thereis no ddleterious effect on pH. Sharkey soil, because of its clay content and
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greater ionexchange capacity, removesdighly more color, but both Norwood and Sharkey remove about
the same amount of polysaccharide.

The larger color removal by Sharkey clay inearlier sudiesisattributed to the fact that the samples
had stayed in contact with the soil over along storage period prior to analys's, whereas the samplesin the
current study had been exposed to the soil for only 30 min. However, theremova of polysaccharideswas
not affected by storage.

These reaults are of interest because they are contrary to the reports from South Africa and
Audrdia, which indicate large color increases in cane juice in the presence of soils.

Thiswork is not intended to advocate or recommend bringing soil in with harvested cane. The
cleaner thejuice, the better in thelong run. Soil has destructive effects on the mills, increases the burden
to the clarifier, and contributesto disposal costs. Theresults are of considerable interest because they can
help explain some anoma ous behavior incane juice qudity when thereis alot of mud brought into the mill.
It may be possible, in the future, to consider how to explait the beneficia effects of the sails in the cane
growing area of Louidana
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