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=y INTRODUCTION

-

%}ech&limt'iml and shortage of lubor have revolutionized sugareane-
harTtestifz opeeations in Lonigiana during the past decade. To men-
tioy i;:ut'},‘mv of these chanyes, (he romoval of trash by hand has been
J:gc!_\' vepluced by a burning operafion after the cane is cut by

nchingut top and bottom and placed aeross adjacent vidges with
%0 aragbre rows forming heap-rows, Lt has been realized that this
burninggauses a certain amount of damage which has not been fully
evaluategd,

¢t e normaily decreases in value in £wo respects whenever there
is wn appreciable delay in its mitling: 1t loses weight through evapora-
tion of moisture from the stalks and it loses sucrose and quality
through enzymie delertoration.  Burning apparvently causes eane to
ellange its usual deterioration ¢harscternistics and it may also cause,
indirectly, other and more sertous-changes in sugarcane that is not
prosupily wilted.

Unfortunately, a considerable delay offen occurs under Louisiana
conditions and usually in feld operations.  Weather eonditions, of
course, greatly affect these losses in weigght and sugars; buk other lm-
portant factors, such as the variety and age of the cane, also have
considernble influence.  The early part of the harvesting season is
usually the more eritical, barving freezing injury later, both because

TRgtanitted Tor poldlention May 19, 31950,
Tilrgpsferred Magp L5, 190 (0 Bmrar Henneh, Pesdnetton snd Markefing Admdindstsation, -
U.:‘S. eppritnent of Apriealinee, Washingter, 13 C,
Raedired,
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the generally warm and relatively dry weather prevailing then favors
these losses and because sugarcane seems to show a minimum of resist-
ance toward deterioration at that time. o

If the seasonal avernge in weight loss should amount to 1 percent
per day, the crop would shrink approximately 45,000 tons each day
that cut cane was held in the field. Thus, if the average delay between
cutting and milling should be 5 duys, which is likely, cane growers may
Le losing 225,000 tons of cane, annually, worth sbout 1 ¥4 million dol-
lars. The losses in sucrose and in quality penalize the processor,
principaily, for it nteans a lower yield of sugar aud, often, increased
operating difficulties,

In order to obtain more basie information on the effect, of urning
on mill cune, especially under Louisinna conditions, so as to evaluate
better the losses which ure brought about Ly delayed milling, a vather
detailed study of the subject was undertaken by the authors. This
paper deals with only one phase of the problem ; namely, the relulive
effects of moioivre and temperature on the deteriorstion charncteristics
of birned cane in comparison to those of unburned cane stored ander
the same conditions.  Unfovtunacely, the datn are not transtatable into
terms of field practices, but it is expected that further work will sup-
ply this information.

LA

DIGEST OF LITERATURE

Data and conelusions resulting from the mn ny previous attempts to
evaluate the damage caused 1o harvested mill cane hy burniygg trash
are somewhat confhoeting,  This situation is not very surprising when
one considers the differing experimental conditions and variekies and
ages of cane that were used in these studies. The principal xcriterin
used for assessing the damnge were cane weight and sugmr losses
enconntered while the cane was hield for varying periods after being
hurned and cut down It should e mentioned that outside of Louist.
ann it is customary to burn ¢he cane while standing rather than after-
wards. It is believed. however, that (his difference in practices has
no real significance in interpreting the results, .

‘The effect of burning on weight loss in stored cane has not been fon
well established.  The views would be less conflict ing. perhaps; if the
complete experimental conditions were known,  Verett (#6) * and
Dymond (9) found, for instance, that binned cane stored in the field
under tow hnidity conditions lost weight at o much more rupid rate
than did unburned cane.  Bilisit (/0) and de Froberville (1) ob-
tnined similar adthongh much less siriking vesults.  On the other huand,
Bechard (4) and Dadds and Fowlie {6, 7, 8) report an opposite Ril-
g but the differences et ween thetr burned ane unburned eane samples
were so small that they probaldy are not significant.  In the latter
group of tests the cane was bundled in lots of 500 to 1,000 pounls each,
placed on the ground, and subjected to prevailing weather conditions.
Lauritzen (72}, in Louisiana, storing cane in a s mdy location, found,
averaging & tests. no difference befween burned and unburned cane
with respect to the yafe of weight loss.  In another test conducted
under Eeld conditions, he found that burning had an adverse effect but

* Italic nmmibers Lo parentheses refer 1o Liternture Cill, [
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he stated that the cane weights were subject to error and may have
been incorrectly determined and reported.

These various datn are summarized in table 1. The important fact
brought ont in the table is the relatively large loss of weight shown
for ent cane, whether burned or not, while being held for miliimg nnder
field conditions. 1t is obvious that further testing should be done
under actual field conditions, where drying is apt to be mare severe,
to determine whether or not there are any situations in Loutsiana
which would cause burned cane to behave diffeventiy from niburued
cane, in respect (o rale of weight loss.

Fanvis |.—Published data on cane weight losves in burned and unburned
cane
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The snucrose logs in sound. unbirned cane in storage has been studied
many times, bad most eritieally by Lauritzen. Baleh, and Fort (1.7).
The priveipal result of deteriveation in such cane is the hydeolysis of
sucrose to form reducing sngars. The other ¢hanges are of hitle
consequence, normadly, and ave detached oniy with diflicndiy. esist-
ance to deterioration, or Tack of it. is a vavietal characteristic; but
niany factorsalter the bebavior of any variety of cane placed in storage
after buing cut,

Moisture baltnee plays o domimant role in deferioration, The
hvdralytie provess is ield in cheek by maintaining storage eondifions
which prevent the loss of moistnre and, eonversely. deterioration i
favored by storing cane under drying condifions. Temperature is a
minor factor, The maburity of the cane 15 also important, since eane
becomes e pesistant o deterioration with the advance of the
harvesting season. L is possible that exposnre of the growing cane
{0 temperntuses close i freezing is the maporiant factor In this con-
nection. rather than the exira month or twe of growih. It has not
been possible to estuablish the e reason because these two fuctors
have not heen separabie,

Plie effeced of burning on the deterioration charaeteristies of har-
vested e laa also been varionsly veported. These studies yield
some definite conelustons, Tt is necessary to assume that mill cune
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from which trash has been removed by burning is physically dam-
aged by the hent of the fire with the vesult that some of its life
processes are either destroyed or definitely impaired (9), and also
that the damage to the various parts of the staiks is not uniform
owing to the varying intensity of the fire from spot to spot.  This loss
of life or injury to the cells of the stalks makes them subject to in-
vasion by micro-organisms which produce honsugars ab the expense
of sugars. Thus, in burned eane one ean expect fo encounter two
types of deterioration : one the result of the natural, thaugh impaired,
processes that cause inversion of suerose and the ofher the resuli of
the action of micro-orgnisms.  Factors which affect either one or
both of these processes hear upon the type and rate of deterioration
which burned eane undergoos when held in storage,

In many of the tnvest ignitions deading with 1he behavior of burned
cane in storage no recognilion was given to the influence of moisture
in bringing about deteviorntion.  Many of the tests were made ntder
drying conditions and it was found in these cases that burned cane
usually kept Letter than unbuened cane. This lends proof o the
assumpiion that burning partially destroys the enzymic systein of
the stalk which is responsible for sucrose hydrolysis and that dry
storage conditions refard ihe growth of micro-organisms, When fhe
stornge period is sullictently long (only a few days is generally re-
quired), however, the degree of deterioration of birned cane usually
equals or exceeds that of the unburned cane.  This result Uy uestion-
ably reflects the increasing activity of micro-organisms.

The effect of high moisture conditions on deterioration in quality
of burned cane has been variously reported. Willinms, Hugeh, and
Singh (7€) anil others (7, 3 decidod that sprinkiing burned cane
or keeping it covered with trash. after it wis cut. wis beneficial or
had ne il effect.  Others concluded. however. that high maoisture con-
ditions promoied deterioration, In Cubg processors were allowed,
by contruct. to refuse burned cine ar any fime during miny weather
but they would aceept burned cune in dry weather for periods up to
& days after burning (24, p. 16). The inference is thai moisture
is conducive to deteriorarion of burned cane, Recently, factual evi-
dence has been presenced to support thig conelusion.

Wold (/7). making a nmumber of rests on burned cune stored in
various ways, showed thai it kept better under dry conditions than
under wel conditions. These results gave ondy a partial picture as
heanade no coniparisong with similar cane swhich had not been burned,
Such @ comparizon was made by Lawritzen (/3) and his data show
thar burned cane n=ually has deterioration chnrnereristics Oppeasite
to those of nnburned cane.  Ir appears that the patterns af deteriora-
tionr in mill cane following the removal of reash by fire are quite
similar to those following o freezing injury. It may be assumed on
this basis that any tvpe of injury which allows (he cane stalks to
be invaded by micro-organisms will produce rather similar effects
und. that under any set of srorage conditions fhe rate of deterioration
will vary lavgely with the degroe of mjury and activity of the micro-
organising,  These points however. are difieull fo demanstrate.

The principal eritorin for measuring sucerose losses through deterio-
rakion in the studies reviewed were changes i apparent sucrose
(either as sucrose in juice or in e or calewlaied available sugar)
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and changes in apparent purity. Glucose determinations were made
in o few instances as a check on sucrose hydrolysis. These determi-
nations are quite satisfactory in studving deterioration of sound,
unburned ecane, but do not yield a clear picture of the chemical
changes which result from the action of micro-organisms. Changes
in pH and acidity are quite useful criteria in this connection and
only Dodds and Fowlie (6) report such values. They found that,
the acid content increased more in burned than in unburned cune
stored under similar conditions, as might be expected.

Sucrose losses vary so greatly with environmental conditions that
an average of the available data would not have much meaning. It is
sufficient to say that the snerose loss in either burned or unburned cune
has been shown in the litersture to be enormous within a few days
with some varieties under certain conditions.

EXPERIMENTAL CONDITIONS

Sampling.—The method of snmpling cine was essentially the same
in all of t]{e experiments (o be reported. Two adjacent heap-rows
cut by machine and consisting of three rows of cane each, furnished
material for the samiples. One heap-row was burned when condi-
tions were most appropriate and in accordance with usual field prac-
tice: the other heap-row was left unburned. The number of samples
of cach type selected varied with the experiment and was determined
by muliiplying the number of planned storage conditions by the num-
ber of storage periods after which the cane was to be analyzed, all
replicated 3 times. plus 3 samples for the check. or initial, analyses.
For the open-uir storage tesf, 33 samples were selected for use under
2 conditions and for 3 storage periods. For the tests conducted under
controlled conditions, 6 variations were uzed with either 2 or 3 storage
perioits.  Thus either 65 or 93 samples of burned and of unburned
cane were selecied for these experimenis,

The samples were obtuained by tuking {he cane from the selected
part of the heap-row and placing I stalk at a time in sequence in as
many piles ag ilie required number of samples until the desired num-
ber of stulks, usnally 20, were accumulated in each pile. The cane in
ench pile was then stripped of trash oy of any unburned matter. bound
and inken io the srornge house, Al bundles of cane were weighed.
Afrer removing the check samples un equal number of bundles ropre-
senting each iype of cune was placed ab random under the selected
stornee vonditions. The check samples were milled as promptly as
}'J&isinle after being brought from rhie field. At convenient intervals
{from 2 to - days). 5 replicated bundles of eane represeniing each
storage condition were removed from stornge, reweighed, and milled,

Néprage—1n the open-air siorage test hurned nnd unburned cane
were placed in racks. Half of each type of cone wag sprinkled three
times daily and the remainder was left ~dey.”  Some rain fell during
the course of the experiment which somewhai affected the results
obtained on the dry cane, us witl he digcussed later,

For ihe tesis under controlled conditions, the cane was placed in
insulated, constant-temperature rooms. 14 feet by 12 feet by 9.5 feet
high. in suitahle racks off the floor. to allow a relatively free movement
of nir around the hundles of cane. “The air was circulated by the elec-
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tric fan of the refrigerating mnit. Humidity of the rooms was man-
uvally controlled. with water humidifiers supplemented by sprinkling
used for high humidity conditions and caleium chlovide driers of
suitable capaecity used for drying conditiens.  Femperntures and
humidities (1o be reported later) varied Letween experiments,

Cane varictics—The open-nir storage test wasg nude on C. P, 29/120,
second siubble cane, The tests under controlled conditions involved
the following C. P, varieties: 29/120, plant cane; 34792, first stubble;
34/120, first stubble; nad 36/105, second stubble.  The inversion rat-
ings found for these varicties arve, respectively. 2.3, 3.6, 1.7 and 3.6
Co. 281 with a rating of 1.0 was used ag a comparalive standurd in
determining the rating of the other varicties,

Juice ewtraction.—The individual bundies of cane vepresent ing both
the check smnples and the smaples after selected infervals of storage
were passed one time threongh a3-roll, motor-driven cane mill adjusted
to give about 6 percent juice extraction. Unforbunadely, the extrac-
tion of duplicate sets of bundles on different davs was not ag nniform
as was destrable. and the variations doubtless affected the composition
of the juices 1o some degree. The error. however, is not lbelieved
suflicignt, to alter the conclusions,  The juice from each bundle of cane
was scriened throngh 16-mesh wire cloth and an aliquot {aken for
routine analysis,  'T'he data so obinined were appropriately averaged.
For the detailed anadysis, & composite julce sample was prepared from
each group of vepliciuted bundles of cane, thoroughly mixed, and given
an additional sereening through 200-mesh wirve cloth,

Methods of anad yses.—Rontine testing of the juice snmples consisted
of deivrmining the Brix solids by hydromneter, appavent sucrose by
polarization (Pol). und appuarent purity by calenlation, nsing the
customary wethads (2}, Mauy of the juice smuples from barned
cape stored nnder wet conditions for periods of G or more days eould
nof be cleared for polavization by the customary use of hasie lead
acetaie. T these cases it was necessary 1o resort to the use of alcoliol
Plus busie lead acotate on 2 nornal weighis of juice subsequently made
up to 100 ml.; and even then the clarily of the resultant seiution was
O}I.ﬁll not 100 oo,

The detxiled nnalyses consisted of the following determinations:
pH. electromelvically, using glass electrode; acidity, by Gieating 10
wl. of the seveened juice with Nyt alkadi using phenolphthalein as the
indicator s suevose. by o standard chemical method (2, p. 569) involv-
tig the determination of reducing sugars before and afier jnversion
with invertusi employing the Lane-Eynon method (4, p. 570) with 10
ml. Felidings solniion s total sugars, by swmmaiion of the initial re-
ducing sugar ronient and suerest ! dry substance. by drying weighed
samples of juice on sand under reduced pressurve al 70° C. (4, p. 557
and nonsugaes, by subtracting (olal sugars from the dry subsiance
value,

EXPERIMENTAL RESULTS

Since each of the five tests made in this series involved some change
i conditions, it was felt that the dida could nei be consolidated or

* Papubtishal dutg of Dlvlsion of Segae st fnvestigntions, Burtng of Maut Endustry,
Sedin, und Apricaitura] Boagineerbsg,
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averaged satisfactorily. The results of ench experiment are therefore
presented and discussed separately.

Experiment 1.—This test. was made on C. P, 29/120 cane eatly in
the harvesting season. The cane was stoved under prevailing open-
air condifions which nre simmumarized in table 2. Rain falling on 4
out of 6 days largely prevented the cane stored under #qrey® condilions
from losing weight after the thivd day.  The weight loss would have
been mnch greater had the original dry weather conlinued for the
darntion of the experiment,

PCaniss 2-—Conditions during period of open-air storage of buraed and
wnbiraed (sprinkled and not sprinkled) eane (€. P. 20120}

I Tempernture
|

e . Rainall
Maximum - Minimem ¢ Mean

Ociober 1947 Do fuehes Vv, FF e,
17. . o 89 6 77
- S . 0 ! 0 61 5
it i Truwee | i 2 4. 5
). . ! B0 82 62 72
oy L : LTh 83 63 73
29 . : 0 85 G4 74. 4
23 .. 13 S0 6 76

Polal and averges. . | i17 . 86, 4 G3. 4 4.9

Il

Routine analyses of {he juice samples from hoth the burned and
unburned cane were nmde after 3, 4, and 6 days. These data ave
ploticd in figure 1. The detatled wuniyses were made after 3 and §
days’ stornge and are reported in table 3. The data appear as changes
in composition, that is, as deviations from the values oblitined on the
juice from the cheek smnples of cane,

The lot of cane used in this experiment exhibited o low degree of
resistance 16 deferioration. 'This lew resistance was veflected in the
high rate of sucvose loss and the drep in purity even in juice from
cane stored nnder the most favarahle conditions. ‘Phis charneterisiic
is ustadly shown by early harvested cane. Lypieally. the most rapid
drop in purity occurred in unburmed cane stored under dry condi-
tiong—there was a deep in purity of over 19 points in 6 days. Burned
cane stored under wet conditions, the best conditions under which
to keep unburned cane, doleriorated wlmost as vapidly as the unburned
cane left unsprinkled. There seemed to be no significant difference in
the rate of deterioration of burned cane under dry conditions and
unburned cane kept moist,  In this experiment the burned cane thus
showed n deterioration paltern thai was opposife to that of the
unburned cane.

Judging from the yapid invasion of the bursed cane under moist
eonditions by micre-organisms, the cave must lueve been severely dam-
aged by the heat of the trash fire.  Afler 6 days of storage, this cane
yielded juices that conld not be clarified without the aid of aleohol
to precipitate the guins formed by bacterial action, Examination of
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EXPEAMNENT 1 - C R 25/120, 2 STUDBLE

= BRNED GANE -
Rt BRx 17,58
BHTOAL PR, .88~
@OTIAL APP. PUR. 828%

== ~UNBURNED CANE

LNITEAL  BRIX 18,357
RUTIAL POL. .80
WTAL APP. PUR.  BEE%

N

DECREASE IN APPARENT PURITY

QaYS STORAOE

|

L4 1 2 3 L
FIGLURE

Frovur L. —Duta from rontine anniysey of jniee emplos frons bavsed wnd snburaed
enue (€, P 2097120, second stubble) affer storage.

the juices showed a hirge inoculum of yeast which mnst also have
eontributed to the deterioration.

The detailed analyses of the juices froms burned cine that was sprin-
kled showed u progressive and pronounced drop in pH, increase in
acidity, a large loss of suerose withont an accompanying formation
of reducing sugars, and a snbstantinl inerease in nonsngars during
storage. Under dry conditions. the action of micro-organisms must
have been held in check as the ehanges in the composition of the juices
from the cane thus stored were found to be similar to those occurring
in unburned cane, as shown also by the reutine analyses,

These resalis wndicafe that the principal effect of burning on cane
is_physiological.  The stalks apparently lost their ability to ward
off invasion by micro-erganisms when conditions were favorable for
their growth and the enzyme system of the eane stalks responsible for
nverston of sucrese seeed to have been greatly impaired otherwise,
burned cane stored under dry couditions would not have kept so well,

The relatively high air (emperatures that prevailed during this
experiment undoubtedly contributed toward the rapid rate of deteri-
orztion, especiuily where the growth and activity of micro-organisms
were involved.

The physical conditions for burning the trash, in this test, were
most favorable. The warm, dry wenther following the cutting of the
cnne quickly dried the leaves. The burning wus judged excellent. To
obtain information on the degree of heating to which the cane stalks
were subjected in burning off the trash, a thermoceuple was inserted
underneath the rind ancf parallel to the surface of u stalk of cane
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TasLe 3.—Erperiment 1 (detailed analyses), C. P. 29/120, second. stubble, stored in open-air October 17-23, 1947

Field treatiment
of cane

Initial composition

Storage conditions

Changes in juice composition !

Treatient | Period

Sucrose

Reduc-
ing
sugars

Non-
sugars

Changes
in cane
weights

Burned. _ ... _..

Not burned

HSUCrose. v o waeonen

Reducing sugars...
Nonsugars,
Solidsaeonnonlao

Suerose. . .
Reducing sugars___
Nonsugars

Solids. .. oo

T

'Unmarked values, increase; negative v

85.62 percent. .
8.25 peréent. . .-
6.13 percent____
17.94 percent_ ..

525 e L2

6.80 pereent. ..
5.24 percent_ . __
18.53 percent. .

Sprinkled.

Not
sprinkled.

Sprinkled

Not {
sprinkled.

.05
.10

o

.09
.35

Percent
—35.92
—11.22

—3
—3.

.52
. 44

—5. 03

—6

. 32

—11. 57

~ 15

. 20

Percent
5. 36
4. 96

. 47
. 10
. 51
. 69

11.19
14. 19

Per-
cend
0. 55
. 26

.05
1. 34

.52
.63

.28
1.01

Percent
—0.01
—. 75

.83
. 68

.87

.10

. 86
1. 00

alues, decrease; sucrose, reducing sugars, and nonsugars based on solids.

2 Apprecinble acetic acid and gum formation was found by end of this period; samples also contained large inoculum of yeast.

ANVOHVONS JO NOLLVHOTHWLIA NO ONIN¥AE J0 LOIJId
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situated nenr the top of the heap-row before being fired. The lead
wires were profecied by nn ashestos covering,  The maxinuan fempera-
ture observed wus 5% Co which occurred very shortly after passage
of the flune-front.  Rather surprisingly, this temperafure remained
aractically constand for about 20 minutes. The stalks were foo hot to
]10I1E comforiably in the hand during this periosd. The stalk surfaces
were, of course, more strongly heated sinee their wax conding, which
melts at about 78°, had melted in many plices.

Faperiments 2 and J—"These and the following experitments were
condsicied under controlled temperiture and himnidily, v order (o
deierntine more precisely than possible in open-air festing thie reladive
effects of these two factors on the behavior of borned and unbumed
cane Alored affer cutfing,

Thi storage conditions were (lie same for Experiments 2 and 3.
The srorage raoms weee adjusted, in paies, (o terperatures of 152 (L
(60 100, 20° (TH° 1) el 260 (857 1) One room of cach pair was
adpusted 1o a satweation defivit of wpproxinmicly 05 el mocory
(swet condition) sl the remaining rovms (o sdeficit of approximadely
Q.86 inch merenry (dry condition).  Saturation deficils express (hi
waler-liolding eapactty of the air independent of temperature; i it
i possibles by (s syatem of contral, fo obtain about equal rates of
evaporal ion of moisture from the eane st different temperatures. The
reluvive hnidities and the aeiugl sutiwaiion deficits used e given
in table k foxperbueat 23 and table 5 gexperiment 3).

The variety COT 50120 wax need o Experment 2 and CL P86 105
i Experiment 3 Auwadyses were mude afier the eane had been stored

EXPERIMENT 2 - G P 344120, 18 STUBALE

o

-
ek St WA
Se ~—— BURNED CANE
ol INITIAL BRIX 16.00"
ae——n g INITIAL POL |2.67"
NI o GG IMITIAL APF PUR. P3.2%
> .
LN
=== UNBLRNED GaNE
- INITIRL  BIRIX 15,94
APFROY . % - ) MTIAL POL. 12 5"
547 [ICF 5aT DEF Y WTlAL APPR PUR. T8.0%
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3, 6, and 10 days, and 2 and 6 days, respectively, in the two experi-
ments. The analytieal data are mp(arte!l in figure 2 and in tables 4
and 5,

These data bring out n point not evident from Kxperiment 1,
nainely, that burned cane stored under dry conditions may deteriorate
as much as the sume cane under wet conditions, if storage is continued
long enough. However, the type of deterioration in the two cases
appears to be quite different.  ¥n burned eane kept dry, deterioration
showed litfle effect of action by micro-organisms—thers was w gain
reducing sugars in the juiees about equivalent to the loss of sucrose
and only small chasges in neidity and pH values were observed,

The behavior of the unburned cane nuder both wet wind dry con-
ditions was fypical. The mte of deterioration seemied to increase,
signifienntly, although nol greatly, with the temperature, Al least,
in the C. P 347120 smnples suerose loss in anburned enne ol 65° .
appeared to be definitely smaller than that ocenring ab the higher
temperntures; but this effect was nol so noliceuble with the C. P
36:105 cane. The maturally lower resistance of the lafter vaviety
could acconnt for (his result nad wlso explain the fact that the burned
P 367108 enne, stored under dry conditions and atb the sane ten:-

weratures. did not deteriorate as vapidly as ihe nnbireed eane, while
soth C. P 297120 and 347120 canes showed an opposite trend.

While these varinble resnlts could have been caused by o differing
deayee of heal anjury, this is not probable. since the eane was eon-
sidered to be well burned inall cases,  An attempt was made {0 obtain
a teinperature reading of the cane while burning. but the thermocouple
apparently beeanwe exposed to the passing flames. A very high tem-
perature was observed wmomentarily which dropped (o 54° C. shortly
affer the Bame-front pussed.  This probably represeated more nearly
the correct temperature of the cane.  This temperature is close Lo that
observed in the burning of the cane used m Experiment 1.

Eeperiment j—"This experiment was sel up similarly to the two
immedintely preceding exeept that a different set of femperatures and
suturniion deficiis was used.  The iemperatures used were 13° C. (55°
By, 24° (60° 1Y and 29° {757 F.} 1 and fhe approximate safuration
deficits of 0.030 ineh and 0.225 inch mercury were nuintained at each
of Lhese iemperalwres. Dryving condifions were less severe than in
experituents 2 and 3; yel the raie of weight loss was sbout the snme
in all three experbnents (see lable 8).

The cane for ihis experiment. O P 33/92, was barned ander rather
unfivorable conditions.  Rain fell during the night previous to burn-
ingr and the green leaves did not have time to dry thoroughly before
firing,  The trash burnied slowly and not. very well. A {emperalure
measurement of the burning cane showed only 4557 Coin contrast to
apparent temperaiures of 562 and 312 observed previeusty.  The ann-
Ivtiead resubts indicate that heat injury wag just as severe as in the
other experiments (fig, 3 and fadie 6).

There wus only a lidle evidence of gwnuny fermentation in the
juiees from Durned cane stored nnder moist conditions in this experi-
ment,  The action of micro-organisus was more evident, as might be
expected, at temperatures of 632 wal 75° T than at 553° F. The pat-
tern of deferioration exhilited by these samples 15 aboui the same as
shown by the preceding ones, stored under sinilar cowditions.
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TABLE 4.—Ezperiment 2 (detailed analyses), C. P. 34[120, first stubble, stored under controlled conditions, Odbber 24~
November 3, 1947 ‘

Initial composition Storage conditions Changes in juice composition 1

Field Changes

treatment R in cane
educ~ T h
n - & : Non- q
of cane Value X 11)3:1 5 O Sucrose ing su o:rs weights
sugars &

" Percent | Days : Percent | Percent.| Percent | Percent
—9. ¢ 0.05 . 0
~2. 1. . 64 —.
—8. 2 4 . —

|
.
o

v g v . b ."- - v . o h .
RNOO WNOIRWIDNNDWN

—1L

1
—1. 2.

i i

97. 42| —a

Sucrose. - 82.00 percent_ . 1 —11.

Burned Reducing 8.01 pereent__

Nonsugars 9.99 percent__ . 34 =16

Solids__________ 15.60 pereent. . ] .6 —8.
H : - 1.

—5.

1 =12, 56

Gres,

—3 )
—9.

P, s, NN,
THALTADIYHY JO “Lddd 'S 'n ‘130T NILATING TVIINHOTL ol



http:ducingsugars-8.01

A

]
@
f

4

1

1

=)
&
U
R AT
Hoim RO GO D RO e i D DI O

.

i1

82.84 percent.
Reducing sugars.| 7.49 percent__
Nonsugars 9.67 percent__
Solids 15.75 percent_
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.94

Sample
lost.

1. 92

2. 99
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! Unmarked values, increase; negative values, decrease; sucrose, reducing sugars and nonsugars hased on solids.
3 T=Temperature. 3 H=relative humidity and saturation deficit in inches mercury, respectively.
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TaBLe 5.—Ezperiment 3 (detailed analyses), C. P. 36/105, second stubble,k stored under controlied conditions, November
4-10, 1947 ‘

Initial composition Storage conditions Changes in juice composition !

Field e e — | Changes

} Tre;_atment Reduic- . in cane
of Cane , Value Pg:i | Sucrose ing :i f’,?;, weights

] . n sugars | gars

i

.| Percent | Day
96.
. 025
48.
. 320
98. o7
.01
Burned Reducing sugars_{ 5.46 percent_._ 60. - -
Nonsugars._____{ 7.59 percent__ . 346
Solids 18.44 percent_ 98. 5
. 024

@

Percenc i Percent | Percent | Percent | Percent
—0.38 ] 0.58 ; —0.20: —0.57 .
—5.01 E -

—31

ool =iel

2
S
3.
2
3
3

ol llellllal
| il Il‘l
oo, we | cepe

4

|

1ol
Tlhialhe!l
[

7 Sucrose_ - _____ 86.59 percent._
Not burned.. .. Reducing sugars_| .6.08 percent.___
Nonsugars.____._ 7.33 percent._ _
Solids 18.09 percent.

I
| = |
SN, SN, :
00k Gl = — IO CIDO D NN U0 O e

=

bl

TUALINOIYDY JO “LdEA 'S ‘N ‘1207 NILATING TVOINHOEL ¥l

SN ANAN ONAINONINDINDN

BN
!

o=,
!
o

1 Unmarked values, increase; negative values, decrease; sucrose, reducing sugars and nonsugars based on solids.
2 T="Temperature. 3 H=relative humidity and saturation deficit in inches mercury, respectively.
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FFFECT OI' BURNING ON DETERIORATION OF SUGARCANE 1§

EXPERIMENT 4
C.0 34792, % STUBBLE
FIGUAL 3

— BURNED CANL

INSTTAL BAIX
INITIAL POL.
INITHAL APP. PURITY

Rt X
-8, .78
M ~ €5" <=~ UNNURNED CANE

ITIAL BRIX
INITIAL POL,.
IRITIAL APP, FURITY

DECREASE 1IN APPARENT PURITY

APPROX.
SAT. DEF.-
0.22%" Hy

T T

0 2 4 6 8
DAYS STORAGE

Froves 3—Data from routine anndyses of Julee snmples of burned and unburned
cane (O, P. 34792, fivst stubble}, nfter stornge.

In spite of its higher inversion rating, C. . 34/92 did not deteri-
orate, under similar conditions, so badly as C. P. 29/120 and 34/120.
It is believed that this result is due to the increased resistance of this
it of cane to deterioration with the advanee of the season. The fac-
tors responsible for change in inversion rating of a sugareane might
be associnfed with exposure of the standing cane to cold weather, In
this experiment official minimum temperatures of 34° and 35° F, oc-
curred on the mornings of November 8 and 9, respectively, and the
eane from which these samiples were selected was cut on November 12.
The previous low temperature was 49° occurring on November 3.

Ewperiment 5—The variety C. P. 20/120 was uvsed agein to deter-
mine how it inight behave under controlled conditions 1n contrast to
those prevailing during the early season test. 'The cane was from a
different location, however, and from a plant instead of a stubble erop.
This lot of cane sumples was stored nt temperatures of 13° C. 855“ F.)
and 24° (65° F.) and at satuvation deficits of appreximately 6.030
inch, 0,062 inch, and 0.225 inch mercury, at each temperature. It was
hoped that an intermediate condition in respect to drying would re-
veal some useful information.

The analytical data obtained are given in figure 4 and table 7. The
contrast between these results and those obtained on this variety in
Experiment 1 is very striking. Here the cane showed unusual re-
sistance (o deterioration under all the conditions of storage used. The
somewhat lower storage temperatures were partially responsible for
this result; but it is believed that the natural increase in resistance was
& miuch morve important factor. This lot of cane was subjected to




TasLE 6.—Ezperiment 4 (detailed analyses) C. P. 34/92, first stubble; stored under controlled conditions; November 1/-20

1947

Field
treatment
of cane

Initial composition

‘Storage conditions

Changes in juice composition !

Ttem

Pe-
riod

Acid

Sucrose

Redue-
ing
sugars

Non-
sugars

Burned

Not burned . ..

Sucrose. _ . ...
Reducing sugars_
Nonsugars

Solids

Sucrose. - _.____|
Reducing sugars.
Nonsugars

Solids

I

86.91 percent.

5.17 percent..!
7.92 percent . .i
17.61 percent_:

5.12 percent, -
7.40 pereent. .
17.77 percent.

.+ Percent
97.
.013

)
]
<
3

1290 |
- 019

DWW WSWSIWSW AWSWSWaWaRWIW

RSN U B SR

NEEEEREEREE

Percent

—1. 41 1

—1. 41
—. 67
—2
—3.
4. f
—1.
—2.
—2.
-5 ¢
—2.
—1.
—1L
—3.
—1.
—1. &
—3. ¢
e
—1

—4

Percent
0:

3.

Percent
1.

st

oy
s,

Py
N,

!
Lo ol

] L

1)
N,
DO DT R ILI N WS L DU WIS O

]

|
N,

!"Unmarked values; increase; negative values, decrease; sucrose, reducing sugars and nonsugars based on sclids.

T="Temperature.

3 H=relative humidity and saturation deficit in inches mercury, respectively.
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EFFECT OF BURNING ON DETERIORATION OF SUGARCANE.

EXPERIMENT 8 —CP 29/120 PLANT CANE
FIGUAL &

- BUNNED CANE === UNBUANED CaNC

INITIAL BRIX 18.10* INITIAL DAY
INITIAL ®OL. 5.0 INITIAL POL.

INITIAL APR PURITY 80.0% JHITIAL APPE. PURIYY “..ﬂ L}

DECREASE IN APPARENT PURITY

L)
APPRON, APPRCR. Y o,
SAT. OEP. SaY, ogrd AS
Q.06 Hy. 0.2257 Hy.

1 11 | I T
o 2 4 0 2 4 8 8 0 2 4 & &
DAYS STORAGE

Froinz 4.—Data from rortine analyses of Juice samples from burned and un-
burned ecane {(C. B 20/120, plant vane), after storage.

temperatures possibly slightly below freezing on { wo successive morn-
ings immediately before custing, in addition to the nenr-freezing tem-
peratures earlier in the month (ko\’enwl.‘ 8and Y).

None of the juices from burned cane showed any pronounced fer-
mentation during the 7 days of observation, and the deterioration that
oceurred—a siluplu inversion of sucrose to reducing sugars—seemed
to be normal,  There were no signiticant changes in either the acidity
or pH of the juices.

The fichl conditions were not very faveorable for burning the cane
used in this experiment, especially in comparison with conditions ob-
taining in Experiment L. The trash burned quike satisfactorily, al-
though slowly. Temperainres of the burning cane were observed to
be 56° and G1° C. at two locations, The different behavior of this
cane cannot, therefore, be attributed to a lack of injury by fire,

DISCUSSION AND CONCLUSIONS

Numerous inconsistencies noted in the data may be explained by the
fact that, in spite of all the precautions normally taken to obtain
representative and uniform snmples of cane and cane juices and to
analyze these juices aceurniely. abrupt deviations from a definite trend
frequently occur. The greatest sonrce of error may be in sampling
the cane nlthough there is only indirect evidence in favor cfl this
opinion.




TaBLE 7.~—FErperiment 5 (detailed analyses), C. P. 29]120, plant cane; stored under controlled conditions, December 1-8, 1948

Initial composition Storage conditions Changes in juice composition !

Field . , O ORI D } . . R " Chunges
treatinent 1 in cane
: ; Redue- § - o
of cane Ttemn Value Pe- Non Solids weights

! Acid } Sucrose ing
riod Acid | Sucrose g sugars

sugars

Percent + Percent t Percent | Percent | Percent
—0.66 : 097 —0.31} —0.6 —0.
~1LI8) 13| —38| —5 1.
93 .22 -1 15| —
—1. 29 2,22 =. 93 - —1
—. 26 .95 . 9 . —2.
: .48 | —1.05 . —17.
. 09 — 70 .04 L
.12 —; 69 .1 — 1.
. 68 —. 82 . 24 - 1.
1.43 —. 36 . ~d
1. 15 —. Gk . 09 —3.
.13 | —1.83 e —35.
.23 —. 79 . 06 1

—. 01 . 0
—. 41 . O .
- 13 ) -
= 821 . -2
~.56 . L4 -7
-1 . .
—1.09 -0 -1
.63 S40 1 —1.03 ) —1.
.08 - T 1. 28 - 58 . —5.
.06 LHT . 021 — 581 L 46 —3
Sl =223 3 —~1.34 . L —6.

i i

Percent |
7

. 013

z = ] 80,
(pI 540___.. . 1{*>§ lo61
Acid.o. oo §.862 ml... . . o ek 05

1 Sucrose_ ..o ... .08 pereent.; |

Burned ~{YReducing sugars.} 5.53 pereeni. . 97.
Nonsugars. .. ... 6.30 percent. . 1L019
Solids_ .. ....... 18,45 pereent.!

~
~
=

A
&%

LSOO ODOTOD

MLQ-&—&&-—C“NG‘;—OG%
1434 S 0 ‘1201 NILAINg TVOINHDAL 8T

4 80
Acid. . . . ...V LAl Lo S A
Sucrose.. ... ..." 89.04 percent.; UL 198

061

540 .. .

Not burned. . 'Rcdl.xcingsugn-r'sf 492 percent., J 97
65.7] &

Nonsugars.. . ...} 6.04 percent. ..
Solids...no.. 0] 1871 percent. 87
. 070

019
i g
[ 63
|

ENFIURS RUCEN JUURN JUURN JUURS RUVIIES LR U RV NOUR S RV R R

WO = e QDN

. 228

FUALTADTHYY - 40

¥

1 Unmarked values, increase; ricgative values, deerease; suerose, reducing sugars and nonsugars baserl on solids.
? P="Temperature. 3 H=relative humidity and saturation deficit in inches mercury, respectively,
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An error of this type is particulurly noticeable in Experiments 4
and 5. The check sanples in both instances appeared to have a com-
sosition that was different from the cane sionples placed in storage.
‘his assumption is based on the devintions in the nonsngar content
of the juices of the stored samples af cane as compared with the devia-
tions found in the juice from the check samples.  In Experiment 4, nll
juices fram the stored cane showed an increase in nopsugar content;
whereas, in Experiment i, all jutce samples decreased in nonsnugar
condent,  Althongh it has not been definitely proved, it is probable
that there is a slight formation of nonsagars even in sownc, unburned
cane hehl i storage. A greater increase in dinnagred than in sound
cuhe cuh by expected,

Faulty milling also introduces errar in the data, for the compostlion
of the juices will vary slighily with the degree of extraction. The
degree of extraction was gencrully pood for the st of samples ground
consecutively on any one day while 1t was often several percents higher
or lower on another day.  Juice smmpling and analvsis introduce few
ereors, i carefully performed.

Prespite the sampling diflicndties and errors that may have entered
info the vesults, the effect of burning the trash on the behavior of
mill cane held in storage was gqanite clearly established.  The compila-
tian in tahle 8 of duain obiained in ithe four contrallod experiments
indicates that burning has no effect on the rate at which ent cane loses
weight throngh evaporation of moisture under deyiye conditions, at
least in cloged rooms aml af temperatures eanging from 55° to 83° F.
Adjusting the rooms io the sae saturation deficit resutted in approxi-
mately ihe same loss of moisture at the different temperatures. The
one exception was in cane stored af a sattoration deficit of 0L061 ineh to
(3.070 inch mercury {Experiment 5), the reason for this conflicting
result being unlknowa,

The patfern of suerose logs theongh deterioration for unburnel cane
was ihe sune as Towd previously (13). Moisture logs was the most
eriticul Factor affecting the rale and degree of zuerore hydrolysis in
any varicty of cane held instorage. For all praciieal purposes there
wus et i reducing sugars equal to the loss of sucrose. Phere wus
generally no significant change in gH or acidily vadues aside from
those caused by loss of meisture by evaporution.  Resistunce toward
deterioration nercased with the advanee of (he senson.

Rurning injured the stalks to such an extent that they were veadily
mvaded by micro-organisimsg under fuvorable moisture and tempera-
fure conditions.  Lypical acetic acid and gum-forming orgonisins ap-
parently predeminated although yeasts were also present.  As a result
of the aciion of these orgnnismg, burned eane did not keep welbl under
comditions favorable dor unburned cane. AL Tow humidities burned
cane usually did ot deteriorate as rapidly ag unburned cane for the
first few duys, apparently because the growth of micro-organisms
was held in check. Depending upon the activity of the micro-organ-
isms, the pattern of deteriomtion of burned cane varted from one.
that appenars normal--u simple hydrolysis of sucrose—to one in which
there was o rapid Tormation of nonsugars ab the expense of sugar,
This upplied to cane stored Tor peviods up to about | week ; therenfter
the rate of deterioration i burned cane, especially wider drying condi-
tiong, could be expected to increase rapidly.
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TABLE 8.~ Averaye cane weight losses during storage under controlled
drying conditions

Daity rale of weight

Experitient No.

e nn e r—a————

Helative
hureidity

Tempera-
fure

Burned

Pereent
. 62
147

Unburned

Pereent
. 47
1. GO

1. 62 1. 62

I 63

1. 70
I 31
L. 38
[
N
. 38
(49

)
=1

Average

L
Si

=] o

g ]

S

!at

Avernge. .

L T

—_——F =
PR
B

|

. 53

Y
" 99

Average__ .

Lo

L

Average__ .. .

Average. . . oL .

Average all foats. (oo ...

There wus some evidence that resistance toward deterioration in
burned cane miiy also increase with fhe advance of the season, but
further iesis ure needed Lo deleruine whether this iy so, such tests
should be made since this faclor is of practieal significance to Louisiana
SUZATreanG Frowers,

This study was not sufliciently extensive to warrant a true com-

arison beiween the individual varicbies, The data reported here
ndicaie that the varicty C. P 34/120 with an inversion raiing of 1.7
18 very little better thun the variety . P, 36/105 with o rating of 3.6.
The variery C, P, 20120 in iwo Lests under different conditions showed
the least and the greatest  esistance toward deterioration, respectively.
This is an excell- 91 example of the change which sugarcane frequently
undergoes with the advance of the Lonisiana season. It alse shows
how dillicult it is to mensure the resisiance of sugureane accurately
or to make a true comparison between varieties. 1f a varietal com-
parison is to be made, 1t is very important iliai the cane be subjected
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to the same cultural and weather conditions and be barvested at the

same time,

The datn given in this report furnish ample evidence that a con-
siderable degree of the difference between actual factory recovery of
sugar and theoretical recovery, bused upon the anaiysis of fresh, c-?eun
cane could be accounted for by delay in milling the harvested cane,
It is obvious that every effort should be made to insure the delivery
of freshly cut cune to the factory if losses are to be reduced or avoided.
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